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ABSTRACT

ATTAINING THE LONG RUN
MINIMUM COST REORGANIZATION
OF THE MICHIGAN FERTILIZER INDUSTRY

By

George R, Perkins

For three consecutive years in the late 1960's the returns to
total assets in the fertilizer industry were below 2.0 per cent,
These low returns were largely the result of excess production and
marketing capacity that have created chaos in the marketing place.
Over four billion dollars were invested in the fertilizer industry
in the decade of the 1960's. The fertilizer industry in Michigan is
not currently using many of the technological advances that have been
available for several years.

A comprehensive computerized )linear programming model of the
Michigan fertilizer industry was developed tc determine and analyze
the long run minimum cost recrganization of the Michigan fertilizer
industry, The model was sufficiently flexible so that a variety of
problems could be studied by appropriate specification of constraints,
parameters or activities, |In this study the model was used to eval-
vate the impact of changing wage rates and changing capital returns
on the fong=run optimum organization of the industry. The transition
process from the current organizaticon to the long~run minimum cost
organization was also studied,

The long-«run minimum cost industry organization results in pro-
duction and use of three products, each of which is high in nutrient

content: anhydrous ammonia, monocammonium phosphate and granular potas-



George R, Perkins

sium chloride, Using the minimum cost industry organization, these
three products could be delivered and applied on the farm for about
32.4 per cent less cost than was actually paid by Michigan farmers in
1970. This cost reduction is based upon supplying the same levels of
N, PZOS' and Ko0 that were used by Michigan farmers in 1970.

Changes in the wage rate from $3.00 to $6.50 per man hour re=-
sulted in only minor changes in the long run minimum cost industry
organization., The effect of such changes in the wage rate are felt
primarily by the dry blended fertilizer producers. Throughout the
range of wage rates examined, there was no change in the mix of fer~
tilizer materials produced; however, there were minor changes in how
these materials were processed and handled,

The return on capital invested in manufacturing, processing, and
storage facilities was varied from -2,0 per cent to 20,0 per cent to
determine the impact on the long=-run minimum cost industry organiza-
tion, The impact of such variation was surprisingly small; dry blended
fertilizer producers are affected to the greatest extent, while there
is nc change in the mix of fertilizer materials produced,

A six-year transition from the current industry organization to
the long=run minimum cost organization was analyzed to determine which
products and processes should be discarded in favor of new investment
to supply the 1970 levels of N, P205, and K20 to Michigan, During the
transition, about 47.5 million dollars of new investment would be re=-
quired, while the total cost savings would amount to nearly 139.4
million dollars, as compared to maintaining the 1970 industry organiza-

tion and its associated total cost throughout the transition,



ACKNOWLEDGMENTS

Il wish tc extend sincere appreciation to David M. Bell and Dennis
R. Henderscn, my colleagues in research, whose cocperation and helpful
suggestions on the numerous drafts improved this study measurably.

Dr, David L. Armstrong and Dr. James D, Shaffer, co-directors of re-
search, provided stimulating guidance for this study.

Sincere thanks are extended to Dr, Lester V. Manderscheid, my
major professor, whose encouragement and guidance made graduate study
rewarding,

Dr., Dale E., Hathaway and his department are given my thanks,
particularly for the assistantship and research funds,

To my wife, Marcia, who typed the initial draft and continually

provided moral support, | give my heartfelt appreciation.



TABLE OF CONTENTS

ACKNOWLEDGMENTS . . . . . + o o« & 4 o o o o &
LISTOF TABLES ., ., ¢ & & ¢ ¢ ¢ o o o o & « &
LIST OF JLLUSTRATIONS . . . ¢ ¢ 4 o o o o o+ &
LIST OF APPENDICES . . . . 4 ¢ ¢« o « o « o »
CHAPTER

l. INTRODUCTION ., . . ¢ + ¢ o ¢ o o o &

The Problem Setting .
The Background . . . .
Objectives ., . . . . .
Review of Literature ,
The Research Approach ,

Organization of the Study

* 5 B & =
" [ L] ] L] [ ]
s & 8 8 & »
* 4 = % 8 @
* 8 & B b =
& & 5 % 8
« 8 & 8 8 ¥
« & ¢ & @ L]
LI T T T T ]

IMPACT OF WAGE RATES AND RATES OF RETURN ON
INVESTMENT ON THE OPTIMUM SHORT RUN I[NDUSTRY
ORGANIZATION . . . . . ¢ ¢ 4 4 4 o o « = o

The Impact of Alternative Wage Rates , . . .
Return on Investment in the Short Run . . .
Implications of the Optimal Short Run
Ol‘ganization a & » 8 3 8 W @ = & = 8+ =
SUMMBFY & o o o ¢ + o o +« o o o o « a » o =

THE IMPACT OF WAGE RATES AND RATES OF RETURN ON

INVESTMENT ON THE OPTIMUM LONG RUN INDUSTRY
ORMN IZAT'ON - - & - n - L] - - - - L] L] L) L -

The Impact of Alternative Wage Rates in the
Long RUn . . & & & 4 o o o o o o o o o o
Return on Investment in the Long Run ,
Implications of the Long Run Optimum
Ol‘ganization ¢ 8 5 8 & 5 * & *» &8 = @ B »
Sunlnal'y = * 2 * & * a4 » & &= + * = = s s =5 =

PP
[

L] [ ] L] -* » L ]

Page

vi

vii

14
17
18
20

25

27
27

53
57

59
59
68

77
82



CHAPTER

v,

v.

THE TRANSITION FROM

Page
THE CURRENT INDUSTRY ORGANJZA-

TION TO THE LONG RUN OPTIMAL . . ¢« + « ¢ o = » & 84
The Problem . . ¢ 4 o o ¢ o o o o o o o o s a » 84
The Assumptions a # 3 ® e & # 8 ® % & ® & & = » 85
Procedul‘e e ® % ® & » & ® W ® B B8 4 = & & &« = a 89
The Transition . .+ ¢« o ¢« ¢ ¢ o s ¢ 2 a o o = & 91
Year 0 to Yeal‘ 1 " & © @ & 8 » ¥ B * e e a a 92
implications of the First Transition Step . . 96
Year | to Year 2 . . . ¢ ¢ « o« o 2 « ¢« s » » 99
Year 2 to Year 3 ., . ¢ ¢ o s ¢ 2 o = = o = = 108
Year 3 to Year &4 . . ., . . 4 4 4 o 4 a4 o o o 11
Year 4 to Year § ., . . & o o« o o o o s o = & 114
Year § to YBar © . . ¢ « 4 o o o o o o « o 117
Implications for Years 2 Through &6 , . . , . 118
Costs, Investment, and Potential Savings . . . . 122
Costs and Potential Savings . . . « o & « o 122
Investments . . . . o o o o o o o o o & = 2 124
Sumary - * - - » - [ ] L L] [ ] - L] » [ ] » . L d L] L ] - 126
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS . . . . . 128
SUMMAKY o o o o« o 2 « » o = s 5 » s s » 8 + s o 128
ConclusSions . & v« & & ¢ ¢ o s ¢ o 4 o o o + = o 132
Re Commndat ions * & & & &= ®w ® 8 @ & 8 & + = & = I 35
B IBL IomAH"Y [ ] * [ ] - - - [ ] - - - L ] - - L ] - - » - - 137



LIST OF TABLES

Table Page
-1. North American production capability compared
with use and Michigan use, 1965 and 1970 . . . . 2
1-2. Comparison of selected returns on investment
1965-67 (per cent, annual) . & o« ¢ & & « a o = @ 12
{=3. Value added per man-hour for selected
industries ]965-67 L] - - - - - L] L] - L] L] - - » L 13
I-=1. The impact of wages in the short run . . . . . . . 30
il=-2. The effect of returns on investment in the
short run (in dollars) . . &+ « o & ¢ o a o « + &« L7
1i-1. The impact of wages in the long run . ., . . . . . 60
111-2, Employment in different industry organizations . . 63
1i1-3. Labor utilization and through-put volume in
bulk blending and custom blending (optimum) . . 64
(=4, The effect of returns on investment in the
long run (indollars) . . . ¢ ¢ ¢ o ¢ ¢ = 2 o = 73
1v-1. Cost data for the transition years . . ., . . « + = 123
V=2, Investment data for the transition years ., ., . . . 125



LIST OF ILLUSTRAT!ONS

1970 production capability compared to estimated
fertilizer use growth in North America . . . .

Nitrogen: production capacity, fertilizer pro-
duction capability and usage {North America) .

Phosphate: production capacity, fertilizer pro-
duction capability, and usage (North America)

Potash: production capacity, fertilizer pro-
duction capability, and usage (North America)

Anhydrous ammonia flow with interest on invest-
ment between 20.0 and 12,1 per cent, inclusive
(constrained cptimum) . . . « « « o « o o o

Anhydrous ammonia flow with interest on invest-
ment between 12,0 and 4.4 per cent, inclusive
(constrained optimum} . . . & ¢ & « o « « o =

Labor usage in the long and short frun , . ., . .

vi

Page

38

33
67



Appendix

An

LIST OF APPENDICES

1970 actual, constrained optimum, and optimum:

da ta - - - [ - - » -

Returns on investment

-

in the short run

- L]

- - - -

The labor market and the long run ,

Returns on investment in the long run

Transition constraints .

The transition years .

-

Page

140
182
218
224
230

283



CHAPTER 1|

INTRODUCT ION

The Problem Setting

In 1970, the estimated manufacturing capability of commercial
fertilizer companies in North America was 61 per cent greater than
estimated domestic use. At the same time, gross production capacity
was more than double domestic use.I This disparity between produc-
tion capability and consumption is part of a continuing trend of the
recent years. In 1965, for example, estimated fertilizer production
capability in North America was 16.21 million tons? of plant nutri-
ents. By 1970, this figure had grown to an estimated 27 .45 million
tons.3 This represents an annual compound growth rate of 11.1 per
cent. Meanwhile, domestic use in North America increased from 11.59
million tons in 1965 to an estimated 17,06 million tons in 1970 rep~
resenting an annual compound growth rate of 8.1 per cent (Harre, et
al., p- 23). Thus, the growth in fertilizer production capability

has been over 37 per cent greater than that of use in recent years.

Yaross production capacity is equal to estimated fertilizer pro-
duction capability plus the total production for all other industrial
uses. For example, besides the use of phosphates for fertilizer,
they have been commonly used in detergents,

2Throughout this study, '"tons'" will be used to mean ''short tons."

3see Table I-1.



Table 1-1. North American production capability compared with use and Michigan use 1965 and 1970
Nitrogen Phosphate Potassium Total
PRODUCTION CAPABILITY
North America (million tons)
1965 5.82 4,98 5,41 16,21
1970 10,89 7.46 9,18 27.45
Annual Growth 13.18% 8,424 11,16% 11,10%
USE
North America {million tons)
1965 4,83 3.79 2,97 11.59
1970 7.84 5.05 4,18 17.06
Annual Growth 10,17% 5.90% 7.07% 8.10%
Michigan (tons)
1965 92,243 120,649 112,604 325,496
1970 141,932 140,650 155,44} 438,023
Annual Growth 9.00% 3.1%, 6.65% 6.1%%
PRODUCTION CAPABI! . TY
AS PER CENT OF USE
North America
1965 120 131 182 140
1970 138 148 220 161

Sources: Compiled from Harre, et al,, Estimated World Fertilizer Production Capacity as Related to

Future Needs 1970 to 1975, p. 23, Table A-3; and Michigan Department of Agriculture,
'"Tonnage of Fertilizer Sold in Michigan from January 1 Through December 31, 1970."




The situation in Michigan was quite similar during this period,
Total nutrient use grew from 325,496 tons in 1965 (Hargett, p. 56)
to 438,023 tons in 1970 {Michigan Department of Agriculture). On
an annual basis, this growth corresponds to a rate of 6.12 per cent,

The Tennessee Valley Authority (TVA) estimates that fertilizer
use in North America will grow at slightly less than a 5.2 per cent
annual rate between 1970 and 1980, They have estimated 1980 use to
be 28.27 million tons of plant nutrients (Harre, et al., p. 23}.
Given the industry's production capability in 1970 and assuming
neither new investment nor loss from depreciaticn, fertilizer use
growing at 5.18 per cent annually would finally equal current exist-
ing production capability sometime just prior to 1980. Figure [|-]
graphically depicts this relationship.

While total productive capability in North America was growing
11.1 per cent compounded annually, nitrogen production capability
increased 13.18 per cent annually, during the five year period from
1965 to 1970. In 1965, estimated nitrogen fertilizer production
capability was 5.82 million tons yearly; by 1970, this figure had
nearly doubled to 10.81 million tons, Use of nitrogen during the
same period increased at a rate of 10,17 per cent annually (Harre,
et al., p. 23). Although the growth rate of nitrogen utilization
was the fastest of the three basic nutrients {nitrogen, phosphate,
and potassium), it was still less than the overall growth of produc-
tive capability. During the same period, nitrogen use in Michigan
grew at a 9,0 per cent annual rate. Nitrogen usage by Michigan
farmers was 92,243 tons in 1965 (Hargett, p. 56). By 1970, nitrogen

use had grown to 141,932 tons (Michigan Department of Agriculture).
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Nitrogen use in Michigan increased considerably faster than either
phosphate or potassium, yet its growth was somewhat less than the
*N.17 per cent annual growth of nitrogen use in North America.

Phosphate use in North America, with an annual growth rate of
5.9 per cent over the same five year period, had the slowest annual
increase on a percentage basis; purchases of 5,05 million tons in
North America during 1970 were only cne-third more than the 3,79
mitlion tons purchased in 1965, At the same time, productive capa-
bility for P05 increased nearly 50 per cent from 4,98 million tons
in 1965 to 7.46 million tons in 1970 (Harre, et al,, p. 23). Similar
to usage, phosphate productive capability had the lowest annual per-
centage increase; the annual increase was 8.42 per cent during the
five year period, In this same period, phosphate purchases in
Michigan grew 3.12 per cent annually. Comparable to the North Ameri-
can trend, phosphate usage in Michigan had the lowest growth rate of
the three basic nutrients during the pentade,.

Potash (potassium), produced largely in Canada, had an annual
growth rate of 11.16 per cent in production capacity during the
period from 1965 to 1970. At the beginning of the five year period,
estimated production capabiltity of KZO was 5.41 million tons in
North America, By 1970, production capability was 9.18 million tons.
Farm usage of KZO in North America grew at 7.07 per cent annually

during this period.h An interesting fact about the potash industry

uDuring 1970, Canada produced 3,497,901 tons of potash and ex-
ported 679,128 tons {0il, Paint, and Drug Reporter, March 29, 1971)
from North America. In 1968 (latest available figures), the U.S.
production of potassium was 1,575,834 tons (Harre, 1970), most of



is the disparity between production capability and usage., At the
beginning of the five year period, production capability was 182 per
cent of usage. By 1970, this figure was 220 per cent.5 Meanwhi le,
potassium usage in Michigan grew 6.65 per cent annually, from 112,604
tons in 1965 to 155,441 tons in 1970, Figures 1-2 through |-4 depict
the North American situation.6
Growth in productive capability of the magnitude experienced in
the fertilizer industry requires high levels of investment, It has
been estimated that during the decade of the 60's, there was 4
billion dollars invested in the fertilizer industry., About half of
this investment was for new production capability, while the remain-
ing 2 bitllion dollars went for marketing amd distribution facilities.
Turberville, speaking to the Fertilizer Production and Marketing

Conference in 1969, succinctly phrased the plight of the industry:

'Excess production capacity and excess marketing capacity operating

which was used within the U,.S5, This makes a total of 5,073,735 tons
produced with about 4,394,607 remaining in North America. The impli~
cation is that production capability was utilized to only 55 per cent
while 86.6 per cent of the total production remained within North
America, Furthermore, only 95,1 per cent of total production was
used; the remaining was probably stockpiled.

5The simitar figures for nitrogen and phosphorous at the begin-
ning of the period are 120 per cent and 13! per cent, respectively.
The period ending figures are 138 per cent and 148 per cent, respec-
tively.

6Figures 1=-2 through =4 also include the growth of total pro-
ductive capacity, which is distinguished from fertilizer production
capability, The difference between the two is the total production
capability for all other uses of the product in question., So, pro-
duction capacity is the gross production capacity for all purposes;
whereas, fertilizer production capability is that production desig-
nated for fertilizer purposes,
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wi thout management constraint have created chaos in the market place
and have made us a sick and unprofitable industry,'" (Turberville,
1969) .

In 1970, the level of investment utilized to produce and market
the fertilizer nutrients used in Michigan exceeded 75.4 million
dollars. On the other hand, had the industry been more efficiently
organized, the level of investment could have been about 37.6 million
dol]ars.? This is a reduction of over 50 per cent., |If the industry
were earning only 5 per cent on their investment, the reduction in
cost8 brought about by the lower investment would be 1,83 million
dollars., This is equivalent to $4.31 per nutrient ton of consumption
in Michigan., Clearly, overinvestment is evident in the fertilizer
industry. Furthermore, changes in the level of investment have sig-
nificant implications on the cost of supplying fertilizer to the
Michigan farmers.

For three consecutive years in the Tate 60's, the returns to
total assets in the fertilizer industry were below 2 per cent. |In
1965, the industry in the United States had total assets of 1,156
mi llion dollars and net income after taxes of 9.154 million dollars,

This corresponds to a 0,792 per cent return on investment, if total

7see Appendix A, Table A~-32, 1970 Actual and Optimum, respec-
tively.

8Return on investment is generally not considered to be a cost,
However, if management prices his firm's product such that it reflects
a positive return on investment, the difference in price from that
corresponding to a zero return on investment is a cost incurred by
the purchaser of the product. Thus, return on investment can be
thought of as a cost to the purchaser.
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assets are considered as investment. Meanwhile, all manufacturing in-
dustries combined had a 6,13 per cent return on investment (assets)
{Internal Revenue Service, 1965). In 1966, the fertilizer industry
had substantial gains in both total assets and net income after taxes,
Assets were up 21 per cent to 1,402 million dollars, while income in-
creased 147 per cent to 22,603 million dollars, These changes brought
about a 1,612 per cent return on investment (assets), while all manu-
facturers obtained a 6,26 per cent return (Internal Revenue Service,
1966). The fiqures for 1967 are quite discouraging to investors.

Net income after taxes for all fertilizer companies slumped to 5.123
miltion dollars, while total assets increased to 1,476 million dollars.
Although total assets were above the 1965 level, the decrease in net
income caused the return on investment to drop to 0.347 per cent.

That same year, all manufacturers combined, while receiving the lowest
return {(5.11 per cent) of the three years, attained nearly a 15 fold
advantage over the fertilizer industry on a bhasis of returns on in-
vestment, Table |-2 gives a summary of the above discussion and
presents an interesting comparison with prime commercial paper,

Prime commercial paper has been a more profitable investment, on the
average, than the fertilizer industry., Furthermore, prime commercial
paper would generally be associated with a much lower risk, Clearly,
the fertilizer industry has been receiving very low returns on in-
vestment, One can appreciate Turberville's statement, cited eartlier,

calling the fertilizer industry ''sick and unprofitable,’?

9Unfortunately, more recent data on investment returns in the
industry are unavailable, Sources in the industry claim that 1968
and 1969 were the worst investment years for fertilizer ©mpanies.
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Table 1-2. Comparison of selected returns on investment 1965-7
{per cent, annual)

a a Prime b
Year Fertilizer Industry ATl Manufacturing Commercial Paper

1965 0.792 6.131 L.38
1966 1.612 6.259 5.55
1967 0.347 5.110 5.10

Sources: Internal Revenue Service, 1965; 1966;: 1967; and U.S.
Government, February, 1971.

Fafter taxes.

bBefore taxes,

In 1970, over 645 thousand man-hours of labor were expended in

10 workers in

the fertilizer industry to meet Michigan's consumption.
the manufacturing industries averaged $3.36 per hour in the same year,
Five years earlier, the average hourly wage rate was $2.61 for this
group.ll The $0.75 increase in the rate represents a jump of nearly
30 per cent. In addition, this $0.75 increase would, assuming con-
stant technology, indicate an increase of over LBO thousand dellars

in the cost of fertilizer going to Michigan farmers in 1970, Even

under optimal conditions, where labor utilization drops to less than

400 thousand man-hcmrs,]2 the $0.75 change in the wage rate amounts

105ee Appendix A, Table A-32,

ll”Employment and Earnings,'' U.S. Department of Labor, Bureau
of Labor Statistics, Vol. 17, No. 11, May 1971, Table C-1, p., 89.

125¢e Appendix A, Table A-32.
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to nearly 300 thousand dollars, Cost changes of these magnitudes
imply a need tc analyze the various production and processing tech-
nologies to determine if shifts in the labor input would be econom-
ically desirable,

Although the returns on investment have been very poor in the
recent past, the situation with respect to labor is quite different,
In 1965, the value added per man-hour expended in manufacturing fer-
tilizer in the U.S, was $11.75; for mixing fertilizer only, the
figure was $10.28, These compare quite favorably with the $8.54
added per man-hour in 1965 in all manufacturing in the U,S, and the
$10.33 added per man-hour in all manufacturing in Michigan during

1967 (Table 1-3),

Table }-3, Value added per man-hour for selected industries 1965-67

1965 1966 1967
Fertilizer manufacturing $11.75 $12.43 $13.49
Fertilizer, mixing only 106.28 11.07 10.97
All manufacturing, U.S, 8.34 8.93 9.4t
All manufacturing, Michigan NA NA 10,33

Source: Census of Manufacturers, 1967.

TNot available,

In 1966, the value added per man~hour in the manufacturing of fertil=-
izers rose by nearly 6 per cent to $12.43. The figure for mixing
fertilizer rose more than 7 per cent to $11.07, while all manufac-
turing in the U.S, increased only 4.5 per cent to $8.93. The corre-

sponding figures for Michigan are unavailable for 1965 and 1966.
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In 1967, the value added per man=hour in manufacturing fertilizers
increased over 8.5 per cent. At the same time, mixing fertilizer
decreased to $10.97 per man=-hour., All manufacturing continued to
increase at nearly a constant rate to a three year high of $9.41.
Labor, although not used extensively in the fertilizer industry, has
certainly produced respectable value added data, especially during
the same period in which returns on investment have heen dismally
low, It appears as though the fertilizer industry is efficiently
utilizing labor, but investment decisions have not proved to be very
profitable,

Before delineating the objectives of this study, the perspective

and background of it needs to be ocutlined,

The Background

This study is part of a larger study of the fertilizer industry
in Michigan, A building-block approach was used to create a systems
model of the fertilizer industry with particular emphasis on its
activities in Michigan.

The model contains about 30 different 'blocks,' each of which
represents a specific fertilizer product or processing segment of the
industry. The entire model is formulated in a linear programming
framework. Each of the ''blocks'' is a collection of activities
(columns in a matrix) that are pertinent to the particular product
or process represented by the 'block.’’ Manufacturing, retailing,
storage, transportation, and distribution are among the activities

contained within a typical ''block,*
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The ''blocks'' are all tied together with the appropriate con-
straints (rows in the matrix) representing technical relationships
and controls. For example, each ton of a particular fertilizer
applied on the farm must activate the appropriate activities to
insure that the fertilizer was manufactured, stored, transported,
marketed, etc. In addition, the necessary inputs (such as labor,
capital, and raw materials) need to be activated; al] of this is done
by the controls or rows in the matrix.

The ''demand'' for fertilizer is represented by three separate
rows, one for each of the three basic nutrients, The model is con-
strained by these three rows to ''supply'' their respective levels of
nutrients to Michigan farms, Moreover, the model is required to
minimize the total cost of '"'supplying' the fertilizer, subject to
all the imposed constraints., With the appropriate controls, it be-
comes possible to simulate the fertilizer industry in Michigan,

Included in this simulation model are regional production facil=-
ities for the manufacture of nitrogen, phosphate, and potassium
products. For instance, the manufacture of anhydrous ammonia along
with the production of major forms of nitrogenous fertilizers at the
Gulf Coast are included in the modetl,

Phosphate materials are simulated as originating in Florida and
potassium products in Saskatechewan, Canada, The product output of
these facilities is assumed to flow into the distribution system for
the United States in general, as well as for Michigan.

In addition to the three regional locations, granulation facil-
ities and the manufacture of nitrogen and phosphate fertilizers as

well as terminaling operations are simulated in the Midwest, The
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Midwest facilities are included as a means of simulating activities
that serve the Midwest in general and are important to the distribu-
tion of fertilizers in Michigan.

Central Michigan facilities are also included in order to reflect
conditions of large-scale operations performed in proximity to final
use, Facilities in various outstate locations are all the smaller-
scale mixing facilities and retailing functions that typically serve
the farmer directly, In total, the model contains 2,654 activities
(columns) and 771 constraints {rows).

An example will help to give a better understanding of the
modeling technique employed. A centrally-located bulk blender in
Michigan can receive its input materials from a terminal in Michigan,
directly from Michigan manufacturers, from a Midwest terminal or
manufacturers, or from manufacturers located in the three regions of
basic production. Between the Michigan bulk blender and his potential
input suppliers are all of the possible transportation modes that are
potentially appropriate for the particular product in question,

From the bulk blender, the product can be transported in bulk or bags
to either a satellite warehouse or directly to the farm via any of
the potential transportation modes. The model not only includes the
organization of the fertilizer industry as it exists today, but also
numerous alternative arrangements of facilities and technical pro-
cesses that could be economically desirable.

It can be seen that the model contains many alternatives and
could be quite flexible. Within the framework of the model, many
problems can be analyzed. For example, the impacts of shifts in the

nutrient ratio of fertilizer use and the consequences of using sub-



17

optimal products can be determined; alternatively, .he consequences
and implications of sulfur oxide emissions that are converted to
various fertilizer materials can also be ana]yzed.13

With a general understanding of the content and structure of

the analytical model, let's examine the objectives of this study.

Objectives

The objective of this study is to determine and analyze an
optimum (from the standpoint of minimum total cost) transition path
from the current industry organization to a long run optimum {minimum
total cost) industry organization. Particular attention will be
given to shifts in the organization, the least cost product mix, the
cost of supplying the three basic nutrients, and the distribution of
fertilizer to the Michigan farmer., More specific objectives include:

1. Determine the sensitivity of the long and short run optimal
organizations of the industry to changes, especially in-
creases, in the wage rate,

2, Ascertain to what extent changes in the rate of return on
invested capital have on the short and long run optimum
industry organizations,

3. Analyze the transition with respect to the amount of new

investment required each year and the potential reduction

13These two problem areas are being analyzed by Dennis R.
Henderson and David M. Bell, respectively. Their findings and the
findings of this study will be combined in a report that discusses
the industry in greater detail.
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in the total cost of supplying Michigan farmers with the

levels of N, P205, and K,0 used in 1970,

Review of Ljiterature

The literature of capital budgeting contains considerable dis-
cussion of different types of rates of return and their usefulness in
making capital investment decisions. A survey by Miller indicates
widespread use of rates of return in evaluating prospective invest-
ments (Miller, 1960). The same survey also indicates that *'sophis-
ticated' measures of return, such as discounted cash flow rate of
return and net present value, are not as widely used as '‘unsophisti-
cated' measures of return, such as payout period and simple rate of
return. Sophisticated is a term applied here to those measures of
return that take into account the time value of money. With these
measures, cash flows that occur early in the life of an investment
are weighted more heavily than those that occur later in its life,
This weighting procedure is used to reflect the possibilities of
reinvesting early cash flows for additional cash flows before the
later ones are realized. Dean has focused attention on the sophis-
ticated measures of return as a means for improving capital invest=-
ment decisions (Dean, 1954),

In an industry that has experienced considerable change in
technology, such as the fertilizer industry, these sophisticated
measures might be very appropriate, Heavy weights could be placed
on the most immediate years such that investments that returned their
value as quick as possible might be selected. On the other hand, if

a projection of future industry organization can be utilized, invest-
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ments with slower pay-back might be preferred if they were a part of
the future industry organization, and the quick pay back investments
were not part of the long run optimal industry organization. For a
short lived investment, the difference between simple and time
adjusted rates of return may be of little importance, since the rates
would be nearly equal. Only when the life of the asset is quite long
is there an appreciable difference between the two methods., The time
adjusted process would be very appropriate for such investments as
inter-state pipeline facilities, which have an expected ]ife of 20
vears or more. On the other hand, the twc methods would yield approx-
imately the same results when applied to, say, a bulk fertilizer
spreader which has an expected |ife of perhaps 5 years.

Regardless of whether time adjusted or simple rate of return is
used to evaluate an investment, most assets with any appreciable
expected life may become '"fixed.,” A 'fixed asset' is one for which
there is a divergence of acquisition and salvage values (prices) and
more importantly, the value of the asset in its current use is be-
tween its acquisition and salvage values, That is, the marginal
value product of the asset in its current use is less than it would
cost to purchase more of the asset and, at the same time, greater
than the amount for which the asset could be sold. Thus, the most
profitable amount of the asset to use, if it is to be used at all,
is the amount currently on hand. This arises from the fact that the
marginal cost of obtaining more of the asset (acquisition price) is
greater than the marginal value product of the asset, Simultaneously,
the marginal value (revenue) of selling cne unit of the asset (salvage

price) is less than the marginal value of the asset in its current use,
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Edwards has delineated a set of rules for optimal adjustments
under conditions of fixed assets when credit facilities are limited
(Edwards, 1958). He used on=farm opportunity costs, relative to off=-
farm opportunities for acquisition and salvage factors, to determine
the best combination of fixed factors, Smith used a ]linear program=-
ming framework with divergent acquisition costs and salvage values
to demonstrate that cognizance of these two values in the factor
market can have a substantial effect on the organization of activities
and the flow of profits (Smith, 1955),

In Chapter IV of this study, zero salvage values will be assumed
for existing facilities, during the transition from the current in-
dustry organization to a long run optimal organization., During this
transition, new facilities will be '"purchased'' at their acquisition
costs and existing facilities will be utilized only if their total

variable costs are less than the total cost of new facilities.

The Research Approach

Three basic solutions were obtained with the model under varying
assumptions, These solutions are summarized in Appendix A, Common
to all three solutions is the assumption concerning the levels of N,
P205, and K,0 to supply to the Michigan farms. These ''demand'' con~-
straints represent the actual use of nutrients in Michigan during
1970 and were 141,932, 140,650 and 155,441 tons of N, 9205, and K20,
respectively,

The first solution, '""1970 Actual,' was made while constraining
the model to duplicate, as close as possible, the actual production,

processing, and use of fertilizer that transpired to service Michigan
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farmers' demand in 1970. While these restrictions became very con-
fining, the model was still free to choose the least cost transporta-
tion modes from those that exist. This solution is a benchmark in
that it represents the activities involved and costs incurred in the
fertilizer industry during 1970 while meeting Michigan's demands for
plant nutrients.
Very rigid controls {(constraints) were employed to insure that
the 1970 Actual solution would simulate the current fertilizer industry
in Michigan as accurately as possible, given the framework of the
model!. Nearly all products and processes in the model were scheduled
to operate at prescribed levels, The only optimizing that was allowed
involved the transportation activities; insufficient data precluded
the specification of levels of operation for transportation activities,
From an organizational standpoint, the 1970 Actual solution is
characterized by the production and processing of numerous products,
some of which are very low in nutritive content, The low nutritive
content of these products implies that additional tons of inert mate-
rial (usually either limestone filler or water in the cases of dry
and liquid mixed fertilizers) would have to be processed and transported
relative to substitute products of higher nutritive content, For exam-
ple, the use of aqueous ammcnia as a source of direct applicaticon
nitrogen instead of anhydrous ammonia would result in 2,91 tons of
additional material handling for each ton of nitrogen. This occurs
because aqueous ammonia contains only 24,2 per cent N; whereas, anhy-
drous ammonia contains 82,2 per cent N. In 1970, for example, 3,897
tons of aqueous ammonia were used for direct application, which re=-
sulted in over 11,000 additional tons of material handling, compared

to NH3.
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This additional product handling is very costly and may or may
not be partially offset by the low nutritive product selliing at a
lower cost. |t depends to a large extent on what the cost per unit
of nutrient is and on what the handling and transportation costs are,
From an agronomic standpoint, there is virtually no difference among
fertilizers of comparable nutritive content, assuming the nutrients
are readily available to the plant,

Table A-32 of Appendix A lists the average analysis and total
material tonnage of the three solutions. It can be inferred from
that table and Table A~1 of the same appendix that the low analysis
product used in the 1970 Actual solution were economically inferior
to the high analysis products used in the other two solutions. Note,
in particular, that the 1970 Actual sclution was the only one in
which Timestone filler was used in dry mixed products (Appendix A,
Table A-32),

From the standpoint of representing the true industry organiza-
tion, the 1970 Actual is quite good; on the basis of production of
specific products by particular technologies, the model very closely
represents the true industry, There are, however, some points on
which 1970 Actual (or the model) does not accurately represent the
real industry.

The most notable of these points is that of representing individ=
val firms. Like nearly all simulation models, the fertilizer industry
model lacks realism due to the necessary aggregation of individual
firms into a single or small number of ''typical’ firms. Closely
related to the aggregation problem, is the inability of the model to

reapresent real cost curves, In any simulation model that involves
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aggregation of economic units, the cost curve of the aggregate only
approximates the effect of the aggregated units cost curves, Unless
the aggregate cost curve is linear, linear programming techniques allow
only an approximation of the aggregate cost curve; more specifically,
linear programming assumes a constant marginal cost for each activity,
thereby implying & linear total cost curve. Consequently, the total
cost of 1970 Actual is an approximation of the total expenditures by
farmers. Moreover, 1970 Actual has a 7.5 per cent return on invested
capital built into it; whereas, firms in the industry probably did

not obtain a return that high,

Despite the preceeding short-comings and limitations of the model,
1970 Actual is a very close approximaticn of the industry as it ex-
isted in 1970. Industry participants validated every cost schedule
prior to its inclusion in the model and endless hours were spent
checking the accuracy of the mcdel and the included data. In addition,
numerous validation trials were made to eliminate logic errors,

The second solution, ''"Constrained Optimum,' is the result of
relaxing some of the constraints imposed during the 1970 Actual solu-
tion. Constrained Optimum is to be looked upon as a short-run optimal
industry organization, That is, the fertilizer industry could shift
to this organization today without incurring any new investment. In
other words, this solution is the answer to the question: ''Given
current facilities, how should the industry be organized (what products,
how and where processed and stored, how transported, etc.) to minimize
the cost of supplying Michigan with its 1970 levels of consumption of
N, P.,O_, and K_0?'"" This solution will be analyzed in the next chapter.

25 2
" The 'Optimum' solution is, in essence, the Constrained Optimum
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problem, except that the qualifying restriction of existing facili=-
ties was removed. Optimum can, then, be regarded as the long=-run
cptimal organization of the industry, since the model is allowed to
select those activities that minimize cost regardless of whether or
not the facilities exist. This solution is perhaps best interpreted
as how the industry would be organized if minimum cost were the
objective and all facilities had to be purchased.

Utilizing these three solutions as a background, this study will
investigate the sensitivity or stability of the lTatter two solutions
with respect to the wage rate and return on investment. Then, a
transition from Constrained Optimum will be made to Optimum under
various assumptions,

Labor was delineated in the model for most of the activities,
Those activities, for which labor cost at $4,00 per man-hour was less
than 10 per cent of the total variable cost of that activity, have
had the labor cost lumped in with the other costs rather than specify-
ing it as a specific input, That is, for such activities, the labor
cost is assumed to be unimportant and is included in the cost of the
activity rather than specifying a labor coefficient and forcing the
activity to ‘'purchase'' labor at the specified cost. This implies
that such an activity's total cost does not vary as the wage rate
changes, Different wage rates will be specified and their correspond-
ing impact upon the Constrained Optimum and CGptimum industry organiza-
tions will be analyzed., Of particular interest will be increases in
the wage rate, owing to the recent trend of wages,

Since return on investment has been extremely low in recent

years, it is desirable to examine the short and long run optimum
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industry organizations to determine to what extent various rates of
return change the optimum organizaticn of the industry. The under-
lying economic theory involved here is that of opportunity cost,
Theoretically, the firm can (should) invest its available money such
that it will receive the highest return. If investment external to
the firm yields greater return than internal investment, then the
former, rather than the latter, should be undertaken,

Ideally, management would like to receive a very high return on
invested funds--somewhere around 15 to 20 per cent would be quite
attractive, To investigate the effects of various rates of return
on investment, a range from =2 to 20 per cent will be used to reflect
management's willingness to accept minor losses and obtain handsome
returns, This will be accomplished by maintaining all other con-
straints and varying the rate of return on invested capital over the
prescribed range, utilizing both the Constrained Optimum and Optimum
solutions as points of departure.

Since there is a substantial difference in the total cost among
the three organizational solutions derived by the model {Appendix A),
the transition path from the 1970 Actual to the Optimum is well worth
delineating., Feasible assumptions will be made concerning deprecia-
tion, return on new investment, capital rationing and other crucial

factors, These assumptions will be expounded upon later,

Organization of the Study

Chapter Il will be concerned with the impact of various rates of
return on investment on the Constrained Optimum industry organization.

In addition, that organization will be analyzed to determine if changes
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in the wage rate affect the optimum mix of products, facilities,

transportation, etc.
Chapter 11l will be devoted to analyzing the stability of the
long run Optimum organization when it is subjected to changes in the
rate of return on investment and in the wage rate. Chapter IV will
trace an optimal path of transformation of the current industry
organization to the long run optimal. Finally, Chapter V will sum-

marize the entire study and draw conclusicons from the analyses.



CHAPTER 11

THE IMPACT OF WAGE RATES AND RATES OF RETURN ON
INVESTMENT CN THE OPTIMUM SHORT RUN INDUSTRY ORGANIZATION
This chapter will examine the sensitivity of the Constrained
Optimum organization of the fertiilizer industry to changes in the
wage rate and the rate of return on investment capital.] The impact
of alternative wage rates on that organization is examined first,
The analysis then turns to the implications of alternative interest

rates,

The Impact of Alternative Wage Rates

Labor is an important input in the production of fertilizer.
Some products require a higher labor input in their production than
do other products. |In addition, certain products can be manufactured
by alternative processes, each of which uses a different level of
labor per ton of product., Consequently, variations in the wage rate
could cause a shift from one process to another or from one product
to another when minimizing the total cost of supplying the desired

levels of nutrients,

lChanges in these variables were not analyzed under the con-
straints of the 1970 Actual organization, owing to its suboptimal
nature, However, comparisons are made with the levels of utiliza-
tion of the various factors in that organization,

27
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In order to discover such shifts in the Constrained Optimum
organization, where only existing facilities can be used, the wage
rate was varied from $3.00 to $6,50 per man-hour, inclusive, This
range was identified as the most likely to be realized in the near
future, although the recent trend in wages suggests that the middle
and upper portions of this range will be the most probable,

Utitizing the flexibility of Control Data Corporation's linear
programming routine, ''Optima,' the wage rate was changed in $0.25
increments. Each resulting wage rate was then used to determine the
consequent minimum cost industry organization.

Given the alternative technologies included in the model that
were available for selection in the short run {viz., those technol-
ogies currently feasible and being used in existing facilities),
there is no combination of technologies that would be more economi=-
cally desirable (in terms of minimizing total cost) than those uti-
lized in the Constrained Optimum organization, provided the wage rate
is in the previously menticned range.2 Consequentily, the same prod-
ucts, processes, modes of transportation, etc, specified in the
Constrained Optimum are those comprising the most efficient organiza-

3

tion for each wage rate examined, This industry arrangement is

stable despite the fact that the total cost increased more than 1.5

2The wage rate assumed in the Constrained Optimum organization
was $4,00 per man-hour,

3since Appendix A outlines in detail the components of the
Constrained Optimum organization, refer to it for the optimal
organization of the industry for any wage rate in the range investi-
gated.
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million dollars and the wage bill as a percentage of the total! cost
increased more than 110 percent over the range of wages examined
(Table l1i=1).

The aforementioned 'Optima'’ routine calculates ''shadow-prices'’
for each constraint {Optima, p. 33). Since the N, P05, and K,0
"demands'' were modeled as constraints, each has a shadow-price com-
puted and printed, corresponding to each wage level, These shadow-
prices are essentially "'incremental costs! since each represents the
amount by which the total cost would change, over the narrow range
of the solution at hand, if the corresponding constraint were changed
by one unit (tons of plant nutrient) and all other constraints are
held constant (Optima, p. 33). They should not be considered equiv-
alent to either '""marginal' or '"average'' cost as the latter are defined
in economic theory,

Table |1~]1 presents some interesting data concerning the effect
of increasing wages on the incremental cost of nitrogen, phosphate,
and potassium. The cost of P205 was affected the most by changes in
the wage rate, An increase of $0.25 per man~hour caused an incre-
mental cost of $0.3647 per ton of PZOS' The same wage shift caused
an increase of $0,2580 per ton of KZO and only $0.0530 increase in
the cost per ton of nitrogen, Although the production of P205 is
the most sensitive to labor costs, the alternative processes that
can be used to produce it were not sufficiently affected by the
changing wage rate to cause change in the Constrained Optimum orga=-
nization,

Two possible reasons can be given as to why nc change in the



Table 11-1. The impact of wages in the short run
Total Man- a a Cost/ wage Wage as
Wage Rate Cost Hours  Cost Cost Cost Nutrignt Bill % of Tot.
(Dollars/man-hour)  (Dollars) Labor N P205 K,0 Ton (Dollars) Cost
3.00 52,103,065 452,182 108,12 152,77 101,33 118.90 1,356,546 2.60
3.25 52,216,111 452,182 108.18 153.13 101.59 119.16 1,469,592 2,81
3.50 52,329,156 452,182 108,23 153,50 101.84 119,42 1,582,637 3.02
3.75 52,442 202 452,182 108,28 153,86 102.10 119.67 1,685,683 3.23
L,00 52,555,247 452,182 108,33 154.23 102,36 119.93 1,808,728 3.6
4, 25 52,668,293 452,182 108.39 154,59 102.62 120.19 1,921,774 3.65
L, 50 52,781,338 452,182 108.44 154,96 102,88 120,45 2,034,819 3,86
k.75 52,894,384 452,182 108,49 155.32 103,13 120,70 2,147,865 L,06
5.00 53,007,429 h52,182l 108,55 155,69 103.39 120.96 2,260,910 4,27
5.25 53,120,475 452,182 108,60 156.05 103,65 121,22 2,373,956 L.47
5.50 53,233,520 452,182 108.65 156.42 103.91 121.48 2,487,001 L.,67
5.75 53,346,566 452,182 108.71 156,78 104,17 121,74 2,600,047 4,87
6,00 53,459,611 452,182 108.76 157.14 lob4,hk2 121,99 2,713,092 5.08

0f



Table f1=1, {cont'd,)

Total Man- a a Cost/ Wage Wage as
Wage Rate Cost Hours Cost®  Cost Cost Nutrient Bill % of Tot.
(Dollars/man-hour)  (Dollars) Labor N P.0c K0 Ton (Dollars) Cost
6.25 53,572,657 452,182 108,81 157.51 104,68 122,25 2,826,138 5.28
6.50 53,685,702 452,182 108,86 157.87 104,94 122,51 2,939,183 5.47
Change in nutrient
cost/$0.25 change
in wage rate 0.0530 0.3647 0.,2580

9ncremental cost per nutrient ton (dollars).

PTotal cost divided by total nutrient tonnage (438,023 tons).

Le
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optimal short run industry organization was experienced during
parameterization of the wage rate, First, those technologies that

do not appear in the Constrained Optimum organization may have cost
components other than labor that make them sub-optimal, That is,

the overall relative inefficiency of the excluded technoclogies more
than outweighs any relative advantage in labor utilization they may
hold over the technologies included in the Constrained Optimum orga-
nization, Secondly, those technologies in the Constrained Optimum
organization may have an absolute advantage over the excliuded tech-
nologies in terms of labor usage. |[f this is true, then increasing
the wage rate makes those included technologies even more desirable
from a minimum cost standpoint, On the other hand, lowering the wage
rate would, at some wage level, swing the absolute advantage in favor
of the excluded technologies. However, at the minimum wage rate in-
vestigated, $3.00, this phenomenon did not occur.,

Thus, over the range of wages examined, it is not possible to
discern any advantage or disadvantage, in terms of labor utilization,
that the technologies included in the Constrained Optimum may have
relative to the alternatives. It can only be concluded that, if a
relative disadvantage does exist, it is not sufficient enough to
induce a change in the short run optimal industry organization,

It should be noted that the 1inear nature of the linear program-
ming model embodies constant coefficients, This implies that, regard-
less of the level of utilization of a particular technology, the

same amount of labor will be required for each nutrient ton of product,
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given a particular technology.h Thus, the relative advantage a
particular technology may hold over others is a function of factor
costs (wage rate, input costs, etc.) and the constant coefficients
and is not, therefore, a function of the level of utilization of that
technology., This implies that the model cannot represent a change
in the amount of labor used per nutrient ton without changing tech-
noclogies, Therefore, the real world case of reduced (abor usage,
resulting from higher wages, with continued use of the same capital
equipment cannct be simulated within the model, Changes in the uti-
lization of labor per nutrient ton can occur in the model only by
changing the technology employed, The analysis will now turn to the
effect of changes in the rate of return cn investment on the Con-

strained Optimum industry organizatiocon,

Return on investment in the Short Run

Although new investment was not allowed in the short run, return

on investment capital5 was varied to reflect changes in total cost

brhe problem of indivisibilities is not serious in this study.
It is assumed that those activities (production, processing, etc.)
that are represented in the model as being located outside Michigan
(i.e., in the Midwest, Gulf Coast, Florida, or Saskatchewan), operate
at their most efficient rates., Any product of such operations that
does not flow to Michigan is assumed to be consumed in the remainder
of the U,S. Those activities located in Michigan are, for the most
part, of relatively small capacity. Consequently, a large number of
them are generally needed to meet the desired level of total product.
Thus, they are assumed to operate relatively close to their most
efficient level, any variation in total volume being spread among
the appropriate number of facilities to maintain this relationship.

5Not all activities had investment capital delineated in the
model, It was not specified for transportation activities, except
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that would be imposed if entrepreneurs tried to realize a return on
their investment equal to the opportunity cost of their invested
capital. That is, if the interest rate on long term investment-type
loans is, say, 10.0 percent and entrepreneurs feel they should be
receiving this same rate on their investment in capital, then they
would charge 10.0 percent of their invested capital as an operating
cost and price the product such that returns are equated to costs.
The cost of fertilizer to the farmer would reflect this charge since
the entrepreneur has passed on the interest cost in the form of
higher prices,

Return on investment is typically used as a measure of profit
by which two or more investment schemes may be compared., In addition,
it is a useful guide as to how well an individual investment is
succeeding., Theoretically, a firm should invest its funds in those
activities that return the highest return on investment, given that
profit maximization is its goal. Consequently, a firm would like to
receive a return on its investment that is comparable to that which
it could receive if the funds had been invested in alternative projects
ei ther external or internal to the firm.

As mentioned earlier, these returns on investment in the fertil-
izer industry, if positive, in some sense imply additional costs that

6

must be paid by the farmer. The extent of these costs and the changes

for pipe-line facilities, However, all manufacturing, processing
and storage facilities had investment capital broken out as a separate
cost item,

6This discussion precludes the problem of low returns causing
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in the industry organization resulting from different rates of
return on investment are discussed in the following pages for the
short run situation as implied by the Constrained Optimum organiza-
tion and its constraints.

Using the parameterization controls embodied in 'Optima,' the
rate of return will be changed over a prescribed range. Changes in
the optimal industry organization will be analyzed and the correspond-
ing rate of return noted.

The range of rates selected for analysis runs from -2,0 per cent
which reflects a minor loss on investment, to 20.0 per cent, repre-
senting more than 10 times the return currently being experienced in
the industry. This upper limit on the range will enable us to as=~
certain the associated costs to farmers if fertilizer companies were
to earn returns comparable to the most profitable corporations.7

The rate of return was set at 20,0 per cent and incremented
downward in steps of 2.0 percentage pocints. In the range of rates
from 6.0 to 4.0 per cent, it was discovered that numerous changes in
the optimal industry organization were being made; consequently, in-
crementation in steps of 0.1 percentage points was subsequently made
in this range to detail the analysis.

At the highest rate of return examined, 20.0 per cent, the

firms to drop out of the industry and thereby possibly causing higher
prices owing to decreased supply.

7in 1965, for example, ten of the largest 500 firms earned over
25 per cent, after taxes, on their investment (Economic Concentration,
Part 5A, p. 2185).
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product mix was unchanged from that of Constrained Optimum (compare
Appendix Tables A-1 and B~1), However, the types of facilities used
to produce that product mix were somewhat different. When return on
investment is at 20.0 per cent, diammonium phosphate is produced via
the TVA process in Florida and in the Midwest (Appendix B, Table B-11),
This process is used until the return on investment is lowered to
14.0 per cent, at which rate the slurry ammoniation process replaces
it, The latter process is less labor and more capital intensive
relative to the TVA process (Henderson, et al.). Consequently,
return on investment greater than 14.0 per cent causes the investment
cost to outweigh the labor savings, thereby giving the TVA process a
lower total cost.

Lowering the return on investment to 12,0 per cent resulted in
utilization of anhydrous ammonia retailers, which had not been
utilized at higher rates of return, The NH3 retailer replaces direct
shipment of NH, from the Gulf Coast manufacturer by barge to the
Midwest terminal and truck transportation to the farm, This change
is brought about by the desire to use low cost rail transportation
(relative to the total of rail and truck). The high return on invest-

ment (above 12,0 per cent) made the NH_, retailing facility's cost

3
more than offset the difference between the two transportation
schemes; consequently, the NH3 retailing function was eliminated,

With returns equal to or less than 12.0 per cent, however, the savings
in transportation cost more than outweighs the cost of utilizing the
NH3 retailer.

Another change occurring when the rate of return on investment

was lowered from 12,1 per cent to 12,0 per cent was the switch in
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source of supply of NH3 for the Midwest nitric acid, ammonium nitrate,
ni trogen manufacturing solutions, and diammonium and monoammonium
phosphate producers, Pricr to the change, NH3 came from the Gulf
Coast for these producers while all the NH3 procduced in the Midwest
went directly to the Michigan farmers (Figure t1-1). When the return
on investment dropped to 12,0 per cent, however, the anhydrous ammonia
used by the Midwest producers originated with the Midwest NH3 manufac-
turer, and 36,387 tons of NH3 from that producer went directly to
the farms {Figure 11-2 and Appendix B, Table B-2)}.

One of the constraints in Constrained Optimum forces anhydrous
ammonia produced at the Gulf Coast and in the Midwest to be in a
fixed ratio to simulate the existing capability of these two loca-
tions to provide nitrogen to Michigan. This constraint forced
ni trogen to be produced at the Gulf Coast when return on investment

was high and the NH_ retailer was sub-optima). Consequently, the

3
NH3 produced there had to be used somewhere; shipment to the farms
was the minimal cost cption. When return on investment was somewhat
lower (between 12.0 and 6.0 per cent, inclusive), the previously
mentioned NH3 forced production at the Gulf Coast moves to the
anhydrous ammonia retailers. Moreover, when the return on invest-
ment is between 5.9 and 4.4 per cent, inclusive, retailing NH3 comi ng
from the Gulf Coast is economically desirable to such a degree that
there was a decrease in the production of the nitrogen manufacturing
solutions at the Gulf Coast (utilizing Gulf Coast NH3), thereby,
allowing an increase in retailing of NH3 produced there. Simulta-

neously, the Midwest nitrogen manufacturing solutions producer in-

creases his volume to match the decrease observed at the Gulf Coast.
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The result is that the total level of nitrogen méanufacturing solutions

is essentially constant and the level of NH_, retailing increases

3
while direct shipments of NH3 to the farms from the Midwest decrease
{(Appendix B, Tables B-2 and B-5, and Figures II=1 and {1-2),

The transition of rate of return on investment from 6,0 per cent
to the range from 5.9 to 4.4 per cent, inclusive, brought about a
change in the ammonium nitrate segment as well. Actually, this change
is caused by the change in the nitrogen manufacturing solutions seg-
ment, since the former is used by the latter. A ratio constant in
Constrained Optimum forces ammonium nitrate to be produced in a
constant ratio, if at all, between the Gulf Coast and Midwest, Since
all the ammonium nitrate produced is used to make nitrogen manufactur=-
ing solutions, the decrease in production of the latter at the Gulf
Coast caused the ammonium nitrate produced there to be shipped to
the Midwest nitrogen manufacturing solutions producer,

A decline of returns on investment from 4.4 to 4.3 per cent
completed the trends previously established, That is, at the latter
rate of return, all nitrogen manufacturing solutions are produced in
the Midwest. Similarly, all the ammonium nitrate produced at the
Gulf Coast was shipped to the Midwest nitrogen manufacturing solutions
producer, Direct application of NH3 from the Gulf Coast routed
through the anhydrous ammonia retailer continued to increase slightly

by 622 tons, while direct shipments of NH, from the Midwest producer

3
to the farmers decreased by the same amount (Appendix B, Table B-2).
Although the previous situation was constant for a return on

investment of 4.2 per cent, jowering the return to 4.1 per cent had

a significant effect in numerous segments of the industry,
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Lowering of the rate of return on investment to 4,1 per cent
made production of diammonium phosphate in Michigan for direct appli-
cation economically superior to its use in a granulated dry mi xed
fertilizer. Thus, direct application of diammonium phosphate was
initiated and the level of granulated dry mixed fertilizer production
was reduced {Appendix B, Tables B-1) and B-15). The small scale
granular mixed fertilizer producer located in cutstate Michigan was
the one affected by the change; whereas, the large scale one Jocated
at central Michigan was unaffected. Reference to ''granular mixed
fertilizer producer' in the following pages will imply the small one,
unless otherwise specified,

The production of diammonium phosphate in Michigan used NH3
from the Gulf Coast (Appendix B, Table B-2) and caused white phos-
phoric acid to be produced in Michigan; white acid utilizes elemental
phosphorus as an input (Henderson, et al.). Consequently, these
latter two products entered the organization when return on invest-
ment was set at 4.1 per cent (Appendix B, Tables B-1, B-6, and B-7).
White rather than green phosphoric acid was utilized because it is
less expensive to transport the highly concentrated elemental phos-
phorus (229 per cent P,0; equivalent) to Michigan to be used in an
inefficient process, relative to green acid production, than it is
to transport either rock phosphate (29 per cent P205) from Florida
for production of green phosphoric acid, or diammonium phosphate
from the Midwest or Florida., That is, there are three basic schemes
for supplying diammonium phosphate to Michigan: (1) ship elemental
phosphorus from Florida to Michigan to be made into white phosphoric

acid and subsequently diammonium phosphate; (2) ship rock phosphate
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from Florida to Michigan to be made into green phosphoric acid and
subsequently diammonium phosphate; and (3) make the diammonium phos-
phate in either Florida or the Midwest and ship it to Michigan, The
mode] contains a fourth alternative, namely, produce either white or
green acid in either Florida or the Midwest and then ship it to the
diammonium phosphate producer in Michigan. However, this last alter-
native is not very economical owing to high transportation rates
imposed on phosphoric acid due to its high corrosive properties,

Of these four methods, the first was selected as being the
most economical when return on investment was L.l per cent, However,
the current capacity in Michigan to produce diammonium phosphate is
only 19,800 tons annually. Therefore, continuation of the two options
under alternative (3) were needed to meet the total P205 requi rement
in Michigan (Appendix B, Table B=11). 1In fact, both Florida and Mid-
west production of diammonium phosphate increased slightly. These
increases are the result of a change in relative levels of dry blended
fertilizers (Appendix B, Table B-1).

Return on investment at rates between 20.0 and 4.2 per cent,
inclusive, had 185,535 tons of 7-28-28 bulk blended fertilizer and
86,465 tons of a 1-3-6 nutrient ratio custom blend fertilizer, This
latter blend was composed of 6.05, 18.3, and 36.05 per cent N, P205,

and K,0, respectively, with the phosphate being derived from diam-

2

monium phosphate; whereas, the bulk blend fertilizer obtained its
phosphate from monoammonium phosphate (Henderson, et al.). When the
rate of return on investment was lowered to L.1 per cent, 135,075 and
136,925 tons of the bulk and custom blend fertilizers, respectively,

were supplied (Appendix 8, Table B-1). Consequently, this relative



L3

change in levels of blend fertilizers caused the amount of diam-
monium phosphate used to increase, thereby substantiating the in-
creases in the levels of it flowing to outstate Michigan producers,
as recorded in Table B-11 of Appendix B. This relative change be-
tween blends also accounts for the decrease in monoammonium phosphate
supplied as witnessed in Table B-12 of Appendix B. Other effects of
the change in the relative levels of the blended fertilizers include
increased usage of granular potassium chicoride and granular triple
superphosphate, both of which are used in the custom blend fertilizer
(Appendix B, Table B8-1).

The dectine of granular mixed fertilizer production was respon-
sible for several organizational changes, Since this type of fertil-
izer is the sole user of nitrogen manufacturing sclutions, the latter
also dropped in level of utilization when the return on investment
was lowered from 4,2 to 4,1 per cent. Nitric acid, which is used to
make the ammonium nitrate used as an input in producing nitrogen
manufacturing solutions, also had a drop in its level of production
as a result of the decline of granular mixed fertilizers. Thus, a
domino effect, involving nitrogen manufacturing solutions, ammonium
nitrate, and nitric acid, was created as a result of decreased usage
of granular mixed fertilizers.

Two other products were affected by the reduction of granular
mixed fertilizers., First, run-of-mine potassium chloride (Appendix
B, Table B~13) had decreased shipments to the outstate granular mixed
fertilizer producer (the one which decreased). Secondly, run-of-pile
triple superphosphate also had a reduction in shipments toc the out-

state producer. Similar to potassium chloride that had constant flow
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to central Michigan, run-of-pile triple superphosphate also had con-
stant shipments to central Michigan, However, there was a sltight
change in the reltative levels coming from Florida and the Midwest
(Appendix B, Table B-39). The reason for the change in levels is that
granular triple superphosphate used run-of-pile as an input. Pre-
viously, we saw that the relative change in levels of blended fertil-
izer caused an increase in the usage of granular triple superphosphate,
Consequently, this increase caused an increase need for run-of-pile
production in Florida, where granular is made. Thus, while total
tonnage of run-of-pile triple superphosphate fell from 115,303 to
112,087 tons (Appendix B, Table B-1), production in Florida increased
slightly from L4, 234 to 45,066 tons, which is only 832 tons. However,
the demand for run-of-pile for the production of granular triple
superphosphate increased by 3,139 tons, from 5,380 to 8,519 tons per
year, Consequently, there was a reduction in the tonnage shipped
from Florida to central Michigan processors, from 38,854 to 36,547
tons. The remainder of the constant usage by central Michigan pro-
ducers (the large scale granular mixed fertilizer producer) was,
therefore, supplied by a slight increase from the Midwest; whereas,
there was a decrease in Midwest production of run-of-pile and an even
larger decrease in shipments from there to the ocutstate Michigan
granular mixed fertilizer producers,

Thus, we see that a change in the return on investment from 4.2
to 4,1 per cent has numerous effects upon the short run optimal orga-
nization of the industry. Briefly recapping the major effects, we
see five substantial changes: (1) direct application of diammonium

phosphate replaced some of the phosphate formerly being supplied by
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the granular mixed fertilizers; (2) white phosphoric acid was used to
produce diammonium phosphate in Michigan for direct application; con-
sequently, green phosphoric acid production decreased; (3) the decline
of granular mixed fertilizers brought about a reduction in the produc-
tion of nitrogen manufacturing solutions, ammonium nitrate, and nitric
acid; (4) run-of-pile triple superphosphate, monoammonium phosphate, and
run-of-mine potassium chloride had reduced usage; and (5) there was a
change in the relative levels of bulk and custom blended fertilizers,
Further lowering of the rate of return on investment did not
induce a change in the optimal industry organization until a return
of 2,0 per cent was reached. At this rate of return, increased usage
of the anhydrous ammonia retailer became less expensive than trans-
porting NH3 from the manufacturer in the Midwest directly to the
farms by truck. In order to increase the usage of the NH3 retailer,
the quantity of anhydrous ammonia that was previously flowing {at
higher rates of return on investment} from the Gulf Coast to the
Michigan diammonium phosphate producer is now being supplied by the
Midwest NH3 manufacturer. That is, the diammonium phosphate producer
in Michigan uses 4,346 tons of NHq (Appendix B, Table B-2), and this
amount is supplied by the Gulf Coast anhydrous ammonia manufacturer
when the return on investment is between 4,1 and 2.1 per cent, in=-
clusive. When the return on investment drops to 2.0 per cent, however,
that quantity of NH3 is supplied by the Midwest NI-I3 manufacturer,

Consequently, this frees 4,346 tons of anhydrous ammonia, produced on

the Gulf Coast, to be routed through the NI-I3 retailer.8 This is

8Keep in mind that Constrained Optimum forces a constant ratio of
NH3 production between the Gulf Coast and the Midwest,
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exactly what happened, since we see in Table B-2 of Appendix B that

shipments of NH, to the retailer increased by 4,346 tons, from

3
45,739 to 50,085 tons; whereas, total tonnage of NH3 being applied
direct was constant at 125,867 tons per year. No other changes
occurred at this rate of return on investment,

The return on investment was lowered to -2,0 per cent without
incurring any further changes in the optimal organization, This
implies that minor losses on investment result in the same optimal
industry as do small positive returns, Furthermore, it implies that
those activities in the observed organization are quite efficient in
non-investment factors. This follows from the fact that the linear
programming routine treats the negative returns on investment as a
profit or reward for using investment., Consequently, those items
using large investment would be more desirable, given other things
equal, Since the organization was not changed when the returns on
investment went to -2,0 per cent, any advantage that facilities not
selected might have because of their large investment, was cut weighed
by the efficient usage of other factors by those facilities in the
optimal organization,

From a cost standpoint, high returns on investment are serious
to the Michigan farmer, When returns on investment are 20.0 per cent,
the total cost of supplying Michigan with 1970 levels of consumption
of N, PZOS’ and K,0 is $57,634 445, Of this figure, nearly 14 per
cent of it, or $7,971,178 are returns to invested capital (Table 11-2).
If the industry shifted to the short run cptimal organization corre-
sponding to 2.0 per cent return on investment (slightly higher than

that experienced in the industry in recent years), then the total cost



Table |[-2,

The effect of returns on investment in the short run (in dollars)

Return on Investment Total Cost’ Cost® Cost®
(per cent) Cost Investment N P205 K40 Returns
20,0 57,634 ,L45 39,855,889 118.96 168.75 no.bly 7,971,178
18.0 56,837,333 39,855,889 117,44 166,35 109,17 7,174,060
16.0 56,040,215 39,855,889 115,92 163,94 107.89 6,376,942
14,0 55,241,216 39,970,270 RN 161.57 106.56 5,595,838
12,0 5k, 424,856 41,546,854 112,63 159.29 105,26 4,985,622
10,0 53,593,919 1,546,854 110,72 157,04 103.97 4,154,685
8.0 52,762,981 41,546,854 108,81 154,79 102,68 3,323,748
6.0 51,932,044 41,546,854 106,90 152,54 101.39 2,492,811
5.9 51,890,456 41,639,142 106,81 152,43 101,33 2,456,709
b4 51,265,869 41,639,142 105,37 150,74 100.36 1,832,122
4.3 51,224,209 41,660,694 105, 28 150,62 100,29 1,791,410
4.2 51,182,548 h1,660,69k 105,18 150.51 100.23 1,749,749
4,1 51,140,633 42,453,730 105,09 150,40 100.16 1,740,603

iy



Table 11-2, (cont'd,)

a

Return on Investment Total Cost? Cost? Cost
(per cent) Cost Investment N P205 KZO Returns
4,0 51,098,180 42,453,730 104,99 150. 28 100,10 1,698,149
2.0 50,247,079 42,604,192 103,08 148,02 98.79 852,084
0.0 k9,394,995 42,604,192 101,17 145,75 97.48 -0=-
-2,0 48,542,911 42,604,192 99.26 143,48 96.17 -852,084

q)ncremental cost per ton,

8%
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of supplying Michigan would be only $50,247,079. This would amount
to a savings of nearly 7.4 million dollars as compared to the short
run optimal organization associated with 20,0 per cent return on
invested capital, More importantly, the cost savings over the
current organization is $21,198,588, or more than 42 per cent of the
total cost of the short run optimal organization with 2.0 per cent
return on investment., Thus, Michigan farmers could save over 2]
million doltlars if the fertilizer industry would shift to the short
run optimum industry organization with a return on investment compa-
rable to that currently being earned in the industry,

A return of only 2.0 per cent on investment is definitely not
very attractive. But, even when comparison is made with a more
attractive return of, say, 10,0 per cent, the cost savings of the
short run optimal industry organization (with 10.0 per cent return
on investment) is still nearly 18 million dollars when compared to
the current industry organization. The prospect of making more than
a five fold increase in the rate of return on investment should pro-
vide considerable impetus to the industry participants to shift to
the short run optimal organization, At the same time, the Michigan
farmers would be receiving a reduction of nearly 25 per cent in their
fertilizer bill, if the industry was organized optimally with 10,0
per cent return on investment,

Turning to the sensitivity of the three basic nutrients, we see
from Table I1=-1 that potassium experiended the least change in in-
cremental cost per ton throughout the range of returns investigated,
When returns were 20.0 per cent, the incremental cost per ton of K,0

was $110.44; whereas, it fell by $14.27 to $96.17 when returns on in-
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vestment went to -2,0 per cent, Phosphate, the most sensitive to
changes in the rate of return on investment, had an incremental cost
of $168,75 corresponding to 20.0 per cent returns and $143,.48 per ton
of P205 when returns dropped to «2.0 per cent. This change in in-
cremental cost per ton is $25.27. Over the same range of rates of
return, nitrogen had a change in incremental cost of $19.70 per ton,
from $118,.96 to $99.26.

Although the change in the incremental cost of nitrogen was with-
in the extremes set by potash and phosphate, most changes in the short
run optimal organization involve the nitrogen segment of the industry.
This results from the important role of nitrogen and, in particular,
anhydrous ammonia, in the industry., Anhydrous ammonia is directly or
indirectly involved with nearly every nitrogen product in the model,
In addition, it is relatively important in the primary phosphate
products, such as monocammonium and diammonium phosphate., Thus, changes
in the nitrogen segment can occur as the result of impetus outside
that segment, Let us now examine the implications of the effects of
various rates of return on investment,

Recall that in the short run, only existing facilities were
allowed to be used, Consequently, the preceeding changes in the short
run optimum industry organization affect only existing facilities,
$o, any changes in investment have a direct effect upon the number
and value of idled facilities. With the 1970 Actual organization of
the industry, over 75 miltlion dollars were invested in the industry
(Appendix A, Table A-32}; whereas, the short run optimum industry
organization had investment ranging from 42.6 to 39.8 million dollars

(Table 11-2). This implies that the level of investment in the short
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run would be only 53 to 57 per cent of the existing facilities, de~
pending upon the rate of return on investment, Thus, the rate of
return on investment had very little effect on the level of total
investment in the short run optimal industry organization,

Total investment changed very little, relative to either total
cost or returns on investment, As expected, total investment was at
its lowest when return on investment was 20.0 per cent. The
$39,855,889 invested at that rate was only $2,748,303 less than the
$42,604,192 invested at -2,0 per cent (Table 1i=2). Total cost
changed by over 9 mitlion dollars and returns on investment changed
by over 8.8 million dollars throughout the range of rates of return
on investment examined,

These last two figures indicate that over 97 per cent of the
change in total cost can be directly attributed to the change in the
returns on investment, Thus, the investment associated with high
returns is very slightly less efficient in the use of other factors
contributing to total cost than is the investment corresponding to
low returns, Consequently, if the industry organization was maintained
as that corresponding to 20.0 per cent return on investment, then very
little potential cost savings would be foregone as compared to allow-
ing the industry organization to change., |If, for example, the optimal
organization corresponding to 20.0 per cent return on investment were
used for all rates of return, then the only change in total cost would
be that associated with the change in total returns. Consequently, if
we substract the $7,971,178 returns to investment, associated with
20.0 per cent returns, from its associated total cost of $57,634, 445,

we get $49,663,267. This would be the total cost corresponding to
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the optimal industry organization associated with 20,0 per cent re-
turn on investment, but with a zero return, Comparing total cost to
that of the optimal industry organization associated with zero per
cent return on investment, we see that only $268,272 would be saved
by changing the organization of the industry. This savings would
amount to less than six-tenths of one per cent of the total cost.

Even less difference in total cost could be obtained by maintain-
ing the organization denoted by Constrained Optimum, It is exactiy
that organization associated with rates of return on investment rang-
ing from 6.0 per cent to 12,0 per cent, inclusive (Appendix B and
Table 11-1). By maintaining this organization, a return of zero per
cent on investment would imply a loss of potential cost savings of
only 344,238, which is considerably less than one-tenth of one per
cent of total cost, Constrained Optimum organization with 20.0 per
cent return on investment would have a total cost of $57,748,604,
which is only $114,159 more than the optimal organization correspond-
ing to 20.0 per cent return on investment, This amounts to less than
two-tenths of one per cent of total cost. Thus, we see that the
Constrained Optimum industry organization is extremely efficient (in
terms of minimizing total cost) over a considerable range of rates of
return on investment, More importantly, it is the optimal organiza-
tion over a range of rates of return from 6.0 per cent to 12,0 per
cent, inclusive. This range of rates of return on investment would
surely be acceptable to the industry participants, especially in view
of their current returns,

We have seen that to have the minimum cost industry organization

in the short run, over various rates of return on investment, implies
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considerable changing in the organization to maintain minimal cost,
At the same time, however, we have seen that the Constrained Optimum
organization is very nearly the minimal cost organization throughout
the range of rates of return on investment examined. The use of that
organization in the short run implies very small losses of potential
cost savings as compared to the optimal organizations over the range

of rates investigated,

Implications of the Optimal Short Run Organization

The quantity of N, PZOS' and K,0 used in Michigan in 1370 could

2
have been supplied with the existing industry facilities at a con-
siderable cost savings to the Michigan farmers., 1In order to realize
this cost savings, a number of changes would need to be made in the
supply and use patterns,

The following is a list of the major changes that would be nec-
essary to bring about the aforementioned cost savings:

1. Increased use of the existing anhydrous ammonia production
facilities in Michigan, with direct application utilizing this produc-
tion;

2, Decreased NH3 retailing facilities, with the retailing
function being performed primarily by NH3 producers;

3. lncreased production ard use of moncammonium phosphate and
granular potassium chloride;

L. Elimination of dry bagged and liquid fertilizers;

5. A shift in the performance of dry fertilizer retailing activ-

ities from the retaiier to the processor;
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6. A decrease in the number of small dry blenders and a corre-
sponding increase in the number of large blenders; and,

7. An elimination of suboptimum products.

These changes have implications for several groups participating
in the industry. The following paragraphs contain discussions of
some of the important implications,

The existing capacity to produce anhydrous ammonia in Michigan
is being under-utilized, The total existing capacity could be used
to produce NH3 for direct application; whereas, a reduction in the
supply of NH3 coming from the Gulf Coast producer is indicated in
the analysis.

From a technological viewpoint, the piston type NH3 technology
appears to be inefficient relative to the centrifugal technology.
This is indicated by the complete shut-down of the piston compressor
in the Midwest while the centrifugal compressor output is maintained
at nearly constant production level when comparing 1970 Actual and
Constrained Optimum,

Other nitrogen producers are either shut-down or produce at
greatly reduced levels in the Constrained Optimum organization. The
only exception to this is the case of nitrogen manufacturing solutions
producers; their output in the short run coptimum situation is slightly
higher than under existing conditions. Hence, in the short run, re-
organization of the industry in a minimum cost framework would idle
numerous nitrogenous fertilizer producers. It can be concluded that
investment in these suboptimal facilities would be no longer desired,
Therefeore, if such a reorganization were to be made, firms currently

producing such products as aqueous ammonia and urea might seek to
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either scrap their facilities or convert them into the production of
other optimum products. This latter alternative, however, is not
very practical, owing to the specialized nature of fertilizer produc-
tion technology.

In the phosphate sector, a comparison of 1970 Actual and Con=-
strained Optimum suggests that monoammonium and diammonium phosphate
are more efficient sources of phosphate than rock phosphate or triple
or normal superphosphate, Accompanying this shift to ammoniated
phosphates is the trend towards relocation of phosphate processing
facilities closer to the Florida rock mines,

Phosphate producers could close their normal and/or triple super-
phosphate facilities in the Midwest in order to minimize total cost
to the Michigan farmer. The existing capacity in Flerida could be
utilized more heavily for the production of moncammonium phosphate,

Granular and run-of-mine potassium chloride appear to be more
economical than the standard and coarse grades of potash., It would
not be extremely difficult for the potassium producers to alter their
screening process to produce the appropriate gquantities of granular
and run of mine potassium,

Furthermore, a change in the marketing of potash products needs
to be made in the quest for minimum total cost., The traditional potash
retailers are eliminated in the short run optimum organization. All
potash is mixed with other fertilizer products prior to application,
given the Constrained Optimum organization,

tn the transportation sector of the industry, several important
implications arise as the result of reorganization to minimize total

cost.
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The increase in phosphate production in Florida will require
additional rail cars for transporting ammoniated phosphate products
to Michigan. 1In 1970 Actual, phosphoric acid was being shipped to
the Midwest and Michigan for the production of phosphatic fertilizers.
Under the short run optimum organization, ammonia that was previously
going from the Gulf Coast to the Midwest and Michigan for processing
and direct application will be partially redirected te Florida for
the manufacture of ammoniated phosphate products, Therefore, addi-
tional hopper-bottom cars will be necessary to transport these phos-
phate products to Michigan,

The shift of anhydrous ammonia production away from the Gulf
Coast implies that there will be a decreased need for tank cars for
transporting NH3 north, However, at the same time there will be an
increased usage of pipeline facilities to bring natural gas from the
Gulf Coast into Michigan for NH3 production,

Elimination of the anhydrous ammonia retailer and the increased

usage of direct application of NH_, calls for more trucking of NH3

3
over longer distances, Anhydrous ammonia is trucked from the Midwest
producer to the farm in the short run optimum industry organization;
whereas, under the current organization of the industry, NH3 is
shipped by rail from the Midwest producer to the Michigan processors.
Consequently, Constrained Optimum would imply a decreased usage of
rail and increased usage of truck transportation of NH3.

Farmers stand to benefit the most from a short run optimum orga-
nization of the industry, Although fewer products will be available,

there will be a very substantial cost savings for those farmers that

can readily switch to the optimum products.
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There are, however, some additional costs for those farmers
currently using liquid fertilizers.9 Since liquids would no longer
be produced, it would become necessary for a conversion to be made
to dry products., Liquids have different handling and application
equipment than that used for dry fertilizers., Consequently farmers
currently using liquids will find it costly to convert to dry products,
This cost has not been accounted for in the model,

In practicality, it is doubtful that there would be an immediate
shut-down of all liquid plants, Therefore, farmers that are currently
using liquids could {and should) continue to do so in the short run.
As their equipment depreciates and liquid plants close, they should

make the conversion to dry product handling equipment.

Summary

The Constrained Optimum solution is compietely insensitive to
change in the wage rate over the range of rates examined, 1t was the
short run optimum organization for rates of return from 6.0 per cent
to 12.0 per cent, inclusive, For rates of return less than 6.0 per
cent, it was suboptimal by less than one~tenth of one per cent of the
total cost of the optimal organization, despite the multitude of
organizational changes necessary to obtain optimality.

Of the three nutrients, phosphate is the most sensitive, in
terms of change in incremental cost per ton, to changes in the rate

of return on investment. Potassium is the Jeast sensitive.

9See Henderson, Dennis R., 'Fertilizer Consumption and Industry
Adjustment,' unpublished Ph,D. thesis, Michigan State University,
pp. 95-105, for a detailed analysis of these additional costs,
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The anhydrous ammonia retailing function is rather sensitive to
changes in the return on investment,

In general, the Constrained Optimum organization of the industry
is a desirable goal for industry participants., |Its primary advantage
is that of substantial potential cost savings. At the same time,
some producers and retailers would be completely eliminated by an
immediate switch to the Constrained Optimum organization. |In addition,
those farmers currently using liquid products would incur additional
handling and application costs, owing to the differences in physical
characteristics between dry and liquid fertilizers,

From a practical standpoint, a complete and immediate switch
to the Constrained Optimum organization is not desirable, New and
nearly new investment in equipment and facilities for handling and
processing products that are suboptimal in the Constrained Optimum
solution, should be used until they are depreciated, At the same
time, farmers currently using these suboptimal products can begin to

change tc the optimal cones,



CHAPTER 111

THE IMPACT OF WAGE RATES AND RATES OF RETURN ON
INVESTMENT ON THE OPTIMUM LONG RUN INDUSTRY ORGANIZATION

The Impact of Alternative Wage Rates in the long Run

The analysis of the impact of wage rates on the Optimum industry
organization follows the format used for the constrained optimum
organization, Since the N, P205, and K,0 constraints are the same in
both the short and long runs, a comparison of Optimum, Constrained
Optimum and 1970 Actual can be made. Unlike the Constrained Optimum
model, the Optimum model allowed the purchase of those facilities
that would minimize total cost, regardless of whether or not the
facilities currently exist., Thus, facilities were not restricted to
current capacity as was the case in the short run analysis.

The wage rate was ranged from $3.00 to $6.50 per man~hour, just
as in the short run analysis., However, this time changes in the
optimal organization occurred at wage rates of $3.75 and $5,00
(Appendix C). The total cost ranged from 47,886,689 dollars to
49,258,673 dollars, corresponding to wage rates of $3,00 and $6.50,
respectively (Table 1l1~1),

This increase of nearly 1.4 million dollars was over 200 thousand
dollars less than the increase experienced during examination of
Constrained Optimum,

The number of man-hours utilized at a wage of $3.00 was 416,102
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Table 111~1,

The impact of wages in the long run

Total Man- a Cost/ Wage Wage as %
Wage Rate Cost Hours Cost Costd Cost® Nutrignt Bill of Tot.
(Dollars/man=hour) (Dollars) Labor N PZOS K20 Ton {(Dollars) Cost
3.00 47,886,689 416,102 87.74 146,28 91,41  109.28 1,248,306 2,61
3.25 47,990,714 Lie,102 87.79 146,84 91,54  109.5] 1,352,332 2,82
3.50 48,094,739 416,102 87.83  147.39 91,66  109.75 1,456,357 3.03
3.75 48,198,377 397,545 87.88 147,94 91,79 109.99 1,490,794 3.09
4,00 48,297,764 397,545 87.92 148,36 91.91 110,22 1,590,180 3.29
b.25 48,397,150 397,545 87.97 148.79 92,04 110.44 1,689,566 3.49
4,50 48,436,536 397,545 88.02 149,21 92,16 110,67 1,788,953 3.69
k.75 48,595,922 397,545 88,06  149.64 92.29  110.90 1,888,339 3.89
5,00 48,695,129 375,697 88,11 150,06 92,41 111,12 1,878,485 3.86
5.25 48,789,053 375,697 88,15 150,34 92,54  111.3L 1,972,409 b,oh4
5.50 48,882,977 375,697 88,20 150,61 92,66 111,55 2,066,334 h.23
5.75 48,976,901 375,697 88.24 150,88 92,79 11,77 2,160,258 b 41

09



Table 11J=1, (cont'd,)

Total Man- a Cost/ Wage Wage as %
Wage Rate Cost Hours Cost® Cost Cost® Nutrient Bill of Tot,
(Dollars/man-hour) (Dollars) Labor N P205 K50 TonP (Dollars) Cost
6.00 k9,070,825 375,697 88,29 151,16 92,91 111,98 2,254,182 4,59
6.25 49,164,749 375,697 88.34% 151,43 93,04 112,19 2,348,106 4,78
6.50 49,258,673 375,697 88,38 151,70 93,16  112.4 2,442,031 b,96

qncremental cost per nutrient ton (dollars),

Brotal cost divided by total nutrient tonnage (438,023 tons).

19
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annual ly; whereas, at $3.75 per man~hour labor utilization dropped
to 397,545 and at $5.00 the figure was 375,697, These figures are
substantially lower than the 452,182 man-hours used throughout the
range of wage rates in the short run analysis, Assuming a work week
of 40 hours and a 50 week year, switching from 1970 Actual (at $4,00
per man-hour) with utilization of 645,405 man-hours to Constrained
Optimum (again at $4.00 per man-hour) would involve a reduction of
97 employees (Table 111-2), The most serious implications on employ~-
ment involve a shift from 1970 Actual to the long run organization
with ending wage rate of $5,00 or more per man-hour. This shift would
reduce employment needs by 135 employees, which is nearly 42 per cent
of all employees needed to produce Michigan's 1970 fertilizer con-
sumption. While this reduction may be serious for the fertilizer
industry, the national employment situation would be relatively un-
affected. Even if comparable changes in employment practices were
undertaken in the fertilizer industry throughout the U.S5., there
probably would be no noticeable impact on unemployment and relief
programs.I

The largest reduction in employees resulting from a single change
is that invoclved in a change from 1970 Actual to Constrained Optimum.

The 97 potentially displaced employees were largely utilized to pro-

duce suboptimum products or were employed in sub-optimal processes.2

IThis arises from the low lTabor usage in the fertilizer industry.

2y comparison of 1970 Actual and Constrained Optimum (Appendix A)
will readily show which products and facilities would be excluded
during such a shift,
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Table 111-2. Employment in different industry organizations
Organization wWage Rate Man-Hours Employees®
1970 Actual $4.00 645,405 323
Constrained optimum $3.00-%6.50 L52,182 226
Optimum $3.00-$3.50 416,102 208
Optimum $3.75-%4.75 397,545 199
Optimum $5.00=-%6.50 375,697 188

Sources: Appendices A and C.

qpased on 40 hour week and 50 week year,

The effects of changes in the wage rate in the long run are felt
primarily by bulk blenders (Appendix C, Table C-6). When the wage
rate changed from $3.50 to $3.75 per man~-hour there was a decrease of
18,557 man-hours (Table 111-2),. During this change, buik blending
and the associated retailing function accounted for a total labor
reduction of 18,624 man-hours (Table 111-3). This indicates that the
change in labor utilization of all other activities combined was an
increase of 67 man-hours,

The only other major effect that occurred during this change in
the wage rate was an increase in the level of direct application of
granular potassium chloride (Appendix C, Table C-5). The direct
application level, for wage rates between $3.00 and $3.50 was 27,163
tons; at $3.75 per man-hour for labor, application increased to
86,319 tons. Accompanying this change was a change in the bulk blend
product mix (Appendix C, Table C=6). Prior to increasing the wage

rate to $3.75 per man-hour, 502,321 tons of a 7-28~28 grade product3

37-28-28 dencotes that the product contains 7 per cent nitrogen,
28 per cent P,0g, and 28 per cent Ky0,



Table 1{1-3, Labor utilization and through-put volume in bulk blending and custom blending (optimum)

Wage rate
(Dollars per man-hour)

Man-hours $3.00 to $3,75 to $5,00 to

per ton $3.50 $4.75 $6.50

Bulk blending 0,1905 95,962 62,806 71,293

Custom blending 0.1905 -0~ 21,641 ~0-
Retailing 0.25 62,790 55,411 46,780
Total (btending and retailing) 158,482 139,858 118,073

Per cent of all labor 38,09 35,18 31,43

Sources: Compiled from Appendix C, Table C-6, and Henderson, et al,

3satellite warehouse product handling,

49
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were bulk blended, For wages between 53,75 and $4.75 per man-hour,
inclusive, the bulk blenders produced 329,689 tons of 7-28-28 and
113,601 tens of a 10.6-42,55-10,.85 custom blend fertilizer.u Since

it was economicalily desirable to direct apply granular potassium
chioride, the mix of the two bulk blend products was necessary to
maintain N, Py05, and K,0 constraints. Thus, the 1-4-1 ratio custom
blend material, being reiatively high in phosphate and low in potassium,
replaced some of the 7-28-28 which has a 1-4-4 ratio, as total bulk
blending dropped to 443,290 tons.

It should be pointed out that the probable impetus for the de-
crease in bulk blending and increase in direct application is the
fact that labor costs, in the model, for bulk blending vary directly
with changes in the fertilizer industrial wage rate; whereas, the
cost of direct application of fertilizer materials does not vary with
the industry wage rate. This assumption is based largely upon an
assumption that farm workers are the primary source of any labor
needed for direct application and their wages are independent of
those in the fertilizer industry.

Changing the wage rate from $4.75 to $5.00 per man-hour had an
effect similar to changing it from $3.50 to $3.75. This time, however,
the decrease in labor utilization by bulk blending was 21,785 man-hours
(Table 111-3), The total decrease in labor usage was 21,848 (Table
111-2), which implies all other activities decreased their labor

utilization by 63 man-hours.

4% Custom blend fertilizer is made specifically to order and is
generally in a nutrient ratio, such as 1-3~2, not to be confused with
the designation for grades as explained in footnote 3. Thus, 10.6~-

42,55-10.85 approximates a 1-4-1 ratio of N to P305 to K;0.
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Direct application of potassium chloride declined by 26 tons to
86,293 tons., At the same time, monoammonium phosphate direct applica-
tion was used at a level of 68,965 tons. The combination of these
two products being applied directly allowed bulk blending to revert
to a single product, namely, 7-28-28., The level of blending dropped
from L43,290 to 374,243; whereas, the amount of 7-28-28 blended in-
creased from 329,689 to 374,243 tons,

Figure 111-1 presents what could be considered as labor '‘demand"’
curves for the long and short run optimum organizations.5 These
graphs show the amount of labor required to minimize total cost for
the various wage rates, given the constraints associated with each
organization. As mentioned previously, the level of labor utilization
in the Constrained Optimum industry organization is constant through-
out the range of wages examined. This phoenomenon is represented by
the continuous vertical line in Figure Ill=-1, Non-zero changes in
labor utilization between twoc consecutive wage rates are represented
by dashed lines,

Thus, we have seen that bulk blending is replaced to some extent
by direct application of fertilizer materials as the wage rate in-
creases, Nearly a million dollars in total cost could be avoided by
reorganizing the industry into the long run optimum scheme. This
cost savings reflects only the difference directly attributed to a
reduction in labor utilization at constant wages., [n the following

section, we will further investigate the Optimum industry organization,

5These, of course, are not true demand curves, since the quantity
of fertilizer nutrients produced was held constant while the wage
rate was varied,
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Return on Investment in the Long Run

Similar to the short run analysis, the rate of return on in-
vestment was examined for rates from 20,0 to =-2.0 per cent, Unlike
the short run analysis, the model was allowed to select those activ-
ities required to minimize total cost, regardless of whether or not
those facilities currently exist, This analysis, then, investigates
the effects of various rates of return on investment on the optimal
industry organization, given that those facilities desired to minimize
total cost would be selected among those known to be currently feasi-
ble, but not necessarily in current use,

Return on investment was set at 20.0 per cent and then scaled
down by 2.0 per cent increments to -2,0 per cent, {n addition, the
upper limit of validity of the Optimum organization was determined
by C.1 per cent increments in the appropriate range.

Throughout the entire range of rates examined, there was very
little change in the products produced in the optimal organizations
(Appendix D, Table D-1)., The most noticeable change is that occurring
in the dry blending segment of the industry; custom blended fertil-
izers are not used for either high or low rates of return on invest-
ment. This will be explained in greater detail,

wWhen return on invested capital was set at 20.0 per cent, 374,243
tons of bulk blended fertilizer were produced (Appendix D, Table D=6).
Additional dry fertilizer being consumed was composed of direct appli=
cation of granular potassium chloride and monoammonium phosphate,
Direct application of the latter product amounted to 68,965 tons
{Appendix D, Table D~4); whereas, total production of this product was

nearly constant throughout the range of rates of return on investment
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analyzed. The observed variation in its level of production is com-
pletely explained by the rounding errors in the dry blend formula-
tions, since this is the only phosphatic material used and total
PZO5 required remained constant. Similarly, the variation in the
level of production of granular potassium chloride (the other directly
applied dry fertilizer) can be explained entirely by the same rounding
errors; whereas, the variation in the level of direct application is
due targely tc changes in the blending segment, Direct application
of granular potassium chloride, when returns on invested capital were
20.0 per cent, amounted to 86,293 tons (Appendix D, Table D=5},
Anhydrous ammonia was the only other product to be applied directly.
Return on investment of 20,0 per cent is associated with 129,830 tons
of N|-|3 being applied directly (Appendix D, Table D-2).

Lowering the rate of return in increments of 2,0 percentage points
did not produce a change in the optimal organization of the industry
until 10,0 per cent was reached, Subsequently, incrementation by 0.1
percentage points determined that 10.7 per cent return on investment
was the rate at which the optimal organization changed. For rates
greater than or equal to 10.8 per cent, the optimal organization is
identical to that associated with a return on invested capital of
20,0 per cent, With return on investment set at 10,7 per cent, the
long run optimal organization of the industry is identical to that of
Optimum, which assumed a rate of 7.5 per cent,

At 10.7 per cent return con investment, the direct application of
moncammonium phosphate becomes sub-optimal; consequently, it is no
longer a part of the optimal industry organization. Dry blending of

fertilizer becomes more economical than direct application of mono~
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ammonium phosphate, A slight decrease in bulk blending is augmented
with the implementation of custom blending (Appendix D, Table D-1)

to result in an increase of 69,047 tons of dry blended fertilizers,
This amount is nearly identical to the tonnage of monoammonium phos-
phate that was previously (at higher rates of return) directly applied.
Meanwhile, direct application of granular potassium chloride remained
nearly constant as did direct application of anhydrcocus ammonia
(Appendix b, Tables D~2 and D-5).

The causal factor of the decrease in direct application of mono-
ammonium phosphate is that of returns on investment. At high returns
on investment (above 10.7 per cent), the cost of coperating the dry
blender is sufficiently high that direct application of moncammonium
phosphate becomes economically superior, despite the fact that only
two nutrients {(monoammonium phosphate contains 13 per cent N and 52
per cent P205) are being applied; whereas, the blended material con-
tains all three, Thus, direct application of monoammonium phosphate
requires that an extra application charge be met, since it and the
blended material must be applied; whereas, with returns on investment
less than or equal to 10,7 per cent but at least as great as 8 per
cent, the decreased cost of blending makes that additional application
charge sub=-optimal, Actually, as we will see momentarily, the extra
application charge remained sub-coptimal through and incliuding returns
on investment of ~2.0 per cent,

The remainder of the organization was essentially unchanged by
the lowering of the rate of return on invested capital toc 10.7 per

cent, Furthermore, this organizational scheme, which is identical
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to that of the long run Optimum organization, remained unchanged
until the rate of return reached 6,0 per cent,

With returns at 6.0 per cent, the trend toward increased dry
blending of fertilizer continued, Total blending increased by 59,031
tons to 502,321 tons, of which all of it was bulk blended fertilizers
(Appendix D, Tables D-1 and D-6). Given this same rate of return,
direct application of granular potassium chloride was 27,163 tons
annually, which is 59,156 tons lower than at previously higher rates
of return on invested capital {(Appendix D, Table D=5), Thus, the
reduced rate of return has caused some of the direct application of
granular potassium chloride to be replaced by dry blended fertilizer,
In order to accomplish this change and continue to meet the N, PZOE'
and K50 constraints, the observed switch from a combination of bulk
and custom blend fertilizer to solely bulk blending was necessary,

When the custom blended fertilizer was being made, the formula-
tion of it had a nutrient ratio of 1-4-1, which contained 10.6, 42,55,
and 10.85 per cent N, P,05, and K,0, respectively. The bulk blend
fertilizer used throughout the entire range of rates examined was
composed of 7 per cent nitrogen and 28 per cent of each P205 and K,0,
Thus, it is easily seen how the bulk blend fertilizer used up the
59,156 tons of granular potassium chloride that were previously directly
applied. The low nitrcgen and phosphate content of the bulk blend
fertilizer, relative to the custom blend, allowed NH3 direct applica-
tion to remain nearly constant and used all of the phosphate required
to meet the PZOS specification; thus, no direct application of PZOS
was required,

As mentioned earlier, the direct application of moncammonium
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phosphate becomes sub-optimal when sufficiently low rates of return
are imposed, viz., rates of return below and including 10,7 per cent,
Consequently, blending all P,0g becomes an implied constraint for
minimizing total cost, given rates of return less than or equal to
10.7 per cent, With rates of return less than or equal to 6.0 per
cent, direct application of Ko,0 becomes sub-optimal, as witnessed by
the decrease of 59,156 tons of direct application of granular potassium
chloride, Therefore, we can now readily understand why the 7-28-28
bulk blend fertilizer was used at such a high level. |In attempting

to blend atll P205 and K,0, without producing excess of either, each
ton of 7-28-28 contained a total of 56 per cent of P,05 and K,0 com-
bined; whereas, the previously used custom blend could only supply a
total of 53.4 per cent of P205 and K,0 per ton. Moreover, the 7-28-28
formulation exhausted the P205 requirement before it had met the K,0
needs (this follows from the fact that all P,05 is blended and some
Ko0 is still being applied directly); whereas, had the custom blend
fertilizer been used, its 4 to | ratio of P,05 to K,0 would have re-
quired that a larger number of tons of granular potassium chloride be
applied directly, relative to the use of 7-28-28,

The cost situation in the long run analysis is similar to that
viewed in the short run. When returns on invested capital are set at
20.0 per cent, the total cost of supplying the 1970 levels of N,

P205, and K50 in the long run is $52,936,032. Just under 14 per cent
of this figure can be attributed to the $7,386,560 in returns (Table
I11=-4), |If the industry would switch to the long run optimal industry
organization corresponding to 2.0 per cent return on invested capital,

which is a slightly greater rate than that received in recent years in



Table Ill-4, The effect of returns on investment in the long run (in dollars)

Return on Investment Total Costa Cost? Cost
(per cent) Cost Investment N P205 Ky0 Returns
20.0 52,936,032 36,932,798 95,98 162,04 96,34 7,386,560
18.0 52,197,376 36,932,798 94,69 159.95 95.63 6,647,904
16.0 51,458,720 36,932,798 93,40 157.86 94,92 5,909,248
14,0 50,720,064 36,932,798 92,11 155.76 94, 21 5,170,592
12,0 49,981,408 36,932,798 90,82 153.67 93.51 k,431,936
10.7 43,501,018 37,601,696 89.99 152,31 93.05 4,023,381
10,0 49,237,806 37,601,696 89.53 151,44 92,80 3,760,170
8.0 48,485,772 37,601,696 88.25 148,98 92.09 3,008,136
6.0 47,726,487 38,420,188 86,96 146.31 91,38 2,305,211
k.0 46,958,084 38,420,188 85.67 143,39 90.67 1,536,808
2,0 4,189,680 38,420,188 84,38 140,47 89.96 768,404
0.0 45,421,276 38,420,188 83,09 137.54 89.25 -0~
-2,0 4,652,872 38,420,188 81.81 134,63 88.55 -768, 4ok

qncremental cost per ton,

¥4
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the industry, the total cost of supplying that same quantity of
fertilizer would be only $46,189,680, This lower return on invest-
ment would save Michigan farmers over 6.7 million dollars as compared
to a return of 20.0 per cent. More importantly, the cost savings as
compared to the nearly 71.5 million dollars of the current organiza-
tion (Appendix A, Table A~1) is $25,255,987, which is over 55 per cent
of the total cost of the long run optimal organization, given that
return on investment is 2,0 per cent.

If, on the other hand, industry participants switched to the
long run optimal industry organization associated with a return on
invested capital of 10.0 per cent, the cost savings to Michigan
farmers would still be over 22 million dollars, when compared with
the current industry organization., The return of 10,0 per cent would
certainly be attractive to the industry entrepreneurs, while at the
same time, Michigan farmers would cbtain an effective 31 per cent
reduction in their expenditures on fertilizer,

Similar to the results in the short run analysis, potassium ex-
perienced the least change in its incremental cost per ton. A rate
of return of 20,0 per cent is associated with an incremental cost of
$96,34 per ton of K,0; whereas, the figure was $88.55 per ton when
returns were -2,0 per cent, This change amounts to only $7.79 per
ton., During the same change in the rate of return, phosphate had a
decrease of $27.41 in cost per incremental ton. The 20.0 per cent
rate of return figure for P205 was $162.04 while the lowest figure
was $13L,.63, to give P205 the greatest change among the three nutri-
ents. Nitrogen, having a change in incremental cost per ton of $14.17,

was in between the other two. Its high and low incremental costs were

$95.98 and $81.81 per ton, respectively,
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Total investment changed by less than 1.5 miltion dollars, given
the range of rates of return to invested capital examined, A rate of
return on investment of 20.0 per cent corresponds to an optimal tevel
of investment of $36,932,798, given that cost minimization is the
objective. This figure increases to $38,420,188 when the rate of
return drops to 6.0 per cent (Table 111-4)}, Total cost changed by
$8,283,160 and returns on invested capital changed $8,154,964 over
the range of rates examined. Consequently, 98.5 per cent of the
change in total cost is accounted for by the change in return on
investment. Thus, the long run optimal industry activities are rel-
atively efficient users of non-investment factors,

The relatively small change in total investment noted above is
somewhat surprising, given the range of rates examined. On the other
hand, the fertilizer industry is largely technology oriented; con-
sequently, once the minimum cost product mix is established, changes
in the rate of return on investment are not likely to result in a
change in that mix. Furthermore, the relatively high capital inten-
sive nature of the industry combined with a limited number of alter-
native technologies make the least cost product mix rather stable.
Once a capital intensive technology has been selected as being mimimum
cost, increases in the rate of return would cause it tc be replaced
only if an alternative product or technology resulted in a lower total
cost, The high degree of inter-dependence among the various activities
in the linear programming model would tend to make changes from one
product to another rather complex; this arises because a particular
product or technology in the least cost solution is directly or

indirectly connected with several other activities forming an inter-
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woven group. In order for one activity in that group to be replaced,
a major portion of the group would have to change. For example,
suppose that monocammonium phosphate (MAP} is used in a dry bulk blend
formulation with some other unspecified products. iIn order for, say,
triple superphosphate (TSP} to replace MAP, several activities must
change, Among those that would need to change are: the bulk blend
formulation; the transportation activities for MAP, TSP, and the
other products composing the formulations; MAP and TSP storage; other
nitrogenous fertilizers {since TSP does not contain N, but MAP does)
and their related activities; etc, Thus, we see that once the minimum
cost solution has been established, an alternative product or tech-
nology would need to have a considerable cost saving advantage over
an activity in the least cost solution hefore the solution would
change.

If the Optimum organization (Appendix A) were imposed throughout
the range of rates of return examined, then cnly small improvements
could be made towards cost minimlzation for those rates of return on
investment for which the Optimum organization is sub-optimal. For
rates of return between and including 6.0 and 10.7 per cent, the
Optimum industry organization results in minimum cost,

If the return on investment was 20.0 per cent, the Optimum orga-
nization would result in a cost equal to $52,997,976, which is only
$61,944 more than the optimal organization for that rate of return,
The minimum cost organization would, thus, save just over one=-tenth
of one per cent of the total cost of the Optimum organization. On the
other hand, if the rate of return on investment was zero per cent,

use of the Optimum organization would result in an increase of $56,360
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in total cost, which is just more than one-~tenth of one per cent of
the total cost of the minimum cost organization. The Optimum industry
corganization is, therefore, very nearly the optimal organization over

the range of returns to investment investigated.

Implications of the Long Run Optimum Organization

The stability of the Optimum solution under various wage rates
and rates of return on investment and its potential cost savings
suggest that it is an appropriate long term goal for the industry.
Optimum has rather dire implications for the suboptimal product man-
ufacturers and processors, On the other hand, it implies growth in
the use of the optimal products. Let's examine more closely some of
the specific implications of the Optimum solution,

The major long run adjustments are:

1. ({Increased use of anhydrous ammonia produced in Michigan along
with a shift to centrifugal compressor technology and to distribution
of NH3 directly to the farms;

2. Increased usage of large-scale blenders and elimination of
small-scale blenders and all granulators;

3. Construction and operation of large terminating facilities in
Michigan for the distribution of potassium chloride directly to farms;

L, Usage of monoammonium phosphate as the only source of phos-
phate; and,

5. Elimination of all 1ocal retailing cutlets with the retailing
function being performed by manufacturer, blenders, and terminals,

Let's examine these adjustments to see what they imply.

The Optimum solution implies that it is more economical to produce
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anhydrous ammonia in Michigan for direct application than at the Gulf
Coast, Currently, most of the NH3 manufacturing is done on the Gulf
Coast because of the availability of natural gas from which anhydrous
ammonia is made, The Optimum scolution indicates that it is cheaper
to pipe the natural gas to Michigan to make NH3 than it is to ship NH3
from the Gulf Coast to Michigan, However, NH3 production at the Guif
Coast is still important for the ammonia input in ammconiated phos-
phates produced in Florida,

About one-fourth of the nitrogen supplied under the Qptimum solu-
tion comes from monoammonium phosphate, The NH3 production on the
Gulf Coast is very important for the economical production of ammoni-
ated phosphate in Florida, No other phosphate product is used in the
long run, Consequently, phosphate producers might strive to phase
out the normal and triple superphosphate facilities in the Midwest,
Furthermore, the existing capacity to produce ammoniated phosphate
near the Florida mines could be used to produce monocammcnium phosphate,
Priority on new investment in phosphate productiocn should be placed
on ammoniated phosphate facilities in Florida, if the Optimum organiza=-
tion is to be installed,

In the remainder of the nitrogen sector, improved coordination
will be needed to move anhydrous ammonia directly from the producer
to the farmer, since the local retailer is eliminated in the Tong run.
Until such improved coordination is realized, NH3 from the Gulf Coast
producer is competitive with Michigan production, Thus, as centrifugal
compressor technolegy is installed in Michigan and the necessary co-
ordination is obtained, Gulf Coast NH3 for direct application in

Michigan should be phased out with the anhydrous ammonia retailer to

fully realize the Optimum organization.
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Facilities for the production of other nitrogencus products
would not be replaced as they depreciate. The long run optimal solu-
tion indicates that NH3 and monoammonium phosphate would be the only
sources of nitrogen, Thus, nitrogen producers in Michigan would make

new investment only in centrifugal NH_, production facilities,

3

In the potassium sector, the Optimum solution indicates that
granular potassium chloride is the optimum source of Ko0. It might
be difficult for the producers to make a sufficient supply of granular
grade potassium chloride, Thus, efforts may be needed to develop
improved refining processes in order to produce sufficiently large
quantities of granular grade potassium chloride.

The processing/mixing sector of the industry will be dominated
by large bulk blending facilities., Granular mixers, liquid mixers
and small bulk blending facilities would not be replaced as attrition
and deterioration cause them to fold. In all, about 50 large blenders
capable of blending 9,000 tons annually would be required to meet the
level of blending indicated in the Optimum solution, It is estimated
that 28 such facilities currently exist; therefore, 22 new 9,000 ton
blenders will be needed to meet the long run blending volume of the
optimal industry organization.

The optimality of the larger blenders indicates that in the long
run, greater capital outlay will be needed for entry intc the process-
ing/mixing sector of the industry as compared to recent years. In
addition, improved marketing programs will need to be implemented to
handle the larger volume through=-put of the new blenders,

The long run Optimum industry organization has implications for

several segments of the transportation sector of the industry,
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The shift of anhydrous ammonia production from the Gulf Coast to
Michigan has implications for rail and pipeline modes of transporta-

tion, Currently, a large portion of NH, used in Michigan is shipped

3
by rail from the Gulf Coast to Michigan, {f industry evolves as out~
lined by the Optimum solution, then the use of rail for NH3 transporta-
tion will decrease, At the same time, increased usage will be made

of the pipeline for natural gas shipment to Michigan from the Gulf
Coast., Limited pipeline availability has been one of the expressed
factors attributing to the shortage of natural gas in the Michigan
area, Thus, the suggested shift in the nitrogen sector coculd be
hampered by the 1limited availability of pipeline transportation facil-
ities in the short run. In the long run, additional pipeline facil~-
ities is an investment item that should be given considerable thought
by the nitrogen sector,

!1f phosphate production shifts primarily to Florida, then there
will be a need for additional rail capacity to haul monocammonium
phosphate to Michigan, This will increase the burden on an already
taxed rail fleet, Therefore, in order to successfully complete the
indicated shift in phosphate production, the supply of rail cars
suitable for hauling ammoniated phosphate products will need to be
augmented,

It is quiie possible that some of the rail cars needed for phos-
phate products are currently being used by the potash sector. The
implementation of terminals for potash will free some of the previously
needed rail cars, This will come about since some of these cars were
used primarily to meet the peak season rush period, With the instal-

lation of the terminals, the effect will be that of reducing some of
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the seascnality, since one function of the terminal is to stock-pile
fertilizer; consequently, a smaller number of rail cars making more
hauls should be able to keep up with demand, if they have the terminal
system in which to stock=-pile during the off-season,

Truck transportation within Michigan will come under heavy use
for a very short period of time during the year, Distribution of
potash and anhydrous ammonia from the Michigan terminal and producer,
respectively, directly to the farm is highly seasonal work. The
current available supply of such trucks is unknown, but it is likely
that the supply is insufficient to meet the peak seasonal demand.
Currently, the variety of product forms and the numerous retailers and
small processors tend to diminish the effect of seasonality on trans-
portation, since the product is spread out over the state in these
facilities rather than being concentrated in a central terminal and
a small number of large blenders,

One of the most important changes involves the farmer, Analysis
of the Optimum solution indicates that there will be a significant
change in the products used by farmers, The ability and willingness
of farmers to shift to products other than those they are currently
using is a very necessary step in the switch to the Optimum industry
organization,

The most serious implications involve those farmers currently
using liquid fertilizers. Since these products are suboptimal in the
long run, farmers currently using them will need to switch to other
fertilizers if the cost savings potential of the Optimum organization
is to be realized. As pointed out in Chapter I!, the model has not

taken intc account the cost of switching from liquid to dry fertilizer
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handling equipment, In the short run, there is likely to be a gradual
phase-cut of liquid products, during which time farmers that are
currently using liquids should switch to dry blended fertilizers and

their associated handling equipment.

Summary

The Optimum solution has proved to be very nearly optimal when
subjected to various wage rates and rates of return on investment,

Changes in the wage rate had a minimal impact upon the Optimum
solution; direct application of moncammonium phosphate and granular
potassium chloride replaced some of the dry blending activity as
increased wages were imposed upon the model.

The Optimum scolution is the long run optimal industry organiza-
tion for rates of return on investment from 6.0 per cent to 10.7 per
cent, inclusive, For rates less than 6.0 per cent, Optimum would re-
sult in a maximum increase in total cost of $56,360. This figure is
equivalent to an increase of $0,129 per nutrient ton of consumption
in 1970 in Michigan, On the other ha;d, implementation of Optimum
could save Michigan farmers $25,255,987 when compared to the 1970
Actual solution, This savings is equivalent to $57.66 per nutrient
ton,

Direct application of monoammonium phosphate and granular potas=-
sium chloride are affected as changes in the dry blending segment
take place in attempting to minimize total cost to the Michigan farmers
over various rates of return.

tmplementation of the Qptimum solution would have a significant

impact upon the organization and operation of the fertilizer industry
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in Michigan, Most notable among the numerous impacts would be the
elimination of suboptimal products and the producers and marketing
network associated with them.

For the farmer, the Optimum sclution to industry organization has
two very important implications. First, Michigan farmers could stand
to receive a decrease in fertilizer expenditures equivalent to 32 per
cent of the amount they spent in 1970, Secondly, the elimination of
some products, liquids in particular, will mean an increase in the
cost of handling and application of fertilizer for some farmers,

Thus, not all farmers could receive the full 32 per cent reduction

in fertilizer expenditures.



CHAPTER IV

THE TRANSITION FROM THE CURRENT
INDUSTRY ORGANIZATION TO THE LONG RUN OPTIMAL

The Problem

In view of the potential reduction in cost to farmers and/or
increased returns to industry participants discussed in the previous
chapters, an optimal transition from the current industry organiza~
tion {(as simulated by 1970 Actual in Appendix A) to the long run
Optimum (Appendix A) organization is desirable. Since this long run
optimal industry organization utilizes some facilities which do not
currently exist, it is appropriate to analyze the investment required
to transform the current industry into that coptimal organization,

In making such a transition, several important questions need to
be answered. Industry investors need to know which products to pro=-
duce and the appropriate technology to employ for that production,
Moreover, the timing of the investment in new facilities must be
closely coordinated with the scrapping of old facilities. The crucial
questions here are those of which products and technocliogies would
replace current products and technologies; what jevel of annual in-
vestment in new facilities would be immediately scrapped and which
would remain in use; and which investment would be made first, This
chapter is devoted to answering these questions, In addition, this

chapter will supply answers to questions concerning the necessary

84
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levels of services, such as transportation, that would be required
by the proposed transformation of the industry. To answer these
questions the transition was made in accordance with certain assump-

tions,

The Assumptions

The following is a list of assumptions made concerning the tran-
sition from 1970 Actual to the long run Optimum industry organization:
1. Since the Constrained Optimum organization is composed of
only existing facilities, it is assumed that the transition could be

made to this organization within the time period of one year. An
implied assumption that is closely related to this first year of
transition, as well as to the remainder of the transition years, is
that farmers would willingly purchase the products supplied, given
the reduction in cost to them,

2, Existing facilities were assumed toc be at their midlife,
This is based on the tremendous growth in the industry that took place
five to six years ago. Therefore, most of the facilities would be at
least five years old and would be in the declining years of their
productivity. Normal attrition plus the relatively poor returns on
investment experienced in recent years suggests that a 20 per cent
rate of deterioration of physical capacity would be appropriate for
the existing facilities that are used each year, |If, however, exist-
ing facilities are not used, it is assumed that 40 per cent of their
capacity would be eliminated., This is based on normal attrition and
poor economic conditions in the industry and the belief that these

forces {and others) that caused the facilities to be idled would con-
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tinue to harass them, such that only half of those shut down would
again be operated. Thus, current facilities could be used for a
maximum of five years if they were used every year; whereas, they
would no longer be available after three years if they were not used
at all,

3. New facilities could not be ''purchased' until after the tran-
sition was completed from the 1970 Actual organization (Year 0) to the
Constrained Optimum organization (Year 1). In addition, the model was
not allowed to purchase new facilities that were not used in the long
run Optimum organization. Since the model is not recursive, it could
not simul taneously determine the long run optimal industry organiza=-
tion and the optimal transition path to achieve that organization,
Consequently, teo prevent the model from possibly selecting, during
each step of the transition, facilities that are not used in the
Optimum organization, the purchasing restriction was imposed, Without
that restriction, the model could have possibly selected facilities
that are not in Optimum, Such selection would have caused additional
investment in attempting to minimize the short run total cost and
would have prolonged the complete attainment of the long run optimal
organization, since new facilities are assumed to have a ten year life,

L, New facilities, those '"purchased'' by the model, were assumed
to physically deteriorate at the rate of 10 per cent of their original
capacity annually. This is based on the fact that a facility would
normally lose some of its original capacity and on the recent economic
record of the fertilizer industry. This figure may be somewhat high
and could, thereby, result in upward bias of the new investment costs

of the transition.
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5. Return on investment of existing facilities and those at
least one year old was assumed to be zero., This is consistent with
the classical economic theory of the short run. This theory states
that a productive process {facility) will be used in the short run
if its returns are at least equal to its variable costs. Thus, a
facility need not obtain any returns to be applied towards its fixed
costs {investment) in the short run, provided its variable costs are
met. In other words, once an investment has been made, it will be
utilized in the short run regardless of investment (fixed) cost, if
its variable costs are recovered; thus, it is as though fixed costs
were zero, which is what this assumption implies,.

6. Return on investment of new facilities, i.e., those purchased
during the current transition year, was set at 15,0 per cent., This
not only imposed fixed costs upon these facilities, but also reflected
management's insistence on receiving an equitable return on new invest-
ment, After this first year of utilization, the facility then became
a member of that group described under assumption 5, that is, its
return on investment was set to zero.I

7. Salvage values of all facilities were assumed to be zero,
Since there are essentially no alternative uses for most fertilizer
production equipment, the zero salvage value becomes appropriate, In

essence, this assumption implies that any cost involved in scrapping

lThe 15.0 per cent return on new investment was selected to
allow for the risk associated with such ventures, The 15.0 per cent
plus the 10,0 per cent depreciation approximates the often expressed
rule of thumb in manufacturing industries of not making an investment
unless it could be expected to be ''paid of f" within four years.
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a facility is just offset by the sale of its components. Actual
salvage values of the facilities are not known to exist. Further-
more, incorporation of non-zero salvage values would have nearly
doubled the size of the model, which already had 771 rows and 2,654
colums, The effect of this assumption is to allow facilities to sit
idle without imposing a maintenance cost for such idleness. However,
as pointed out under assumption two, an idle facility was assumed to
physicaliy deteriorate at twice the rate of one that is utilized.

8. For existing facilities not in Michigan it is assumed that
the maximum amount they could supply to Michigan is the greater of
their level of supply under the 1970 Actual or Constrained Optimum
organizations. That is, for supplying fertilizer to Michigan, those
existing facilities outside the state could not supply more than that
quantity supplied under either 1970 Actual or Constrained Optimum.
This was done to approximate the current situation and establish an
upper limit on existing facilities.

9. Specific products would not be forced into production after
Year 0. That is, 1970 Actual {(Year 0) would be the only year in the
transition in which specific products would have forced production.
Thereafter, only N, PZOS' and KZO levels would be forced. |In Year 1,
Constrained Optimum production of products would be 1imited to those
technologies and facilities currently in existence; therefore, capac-
ity constraints were used during Year 1 to limit production to the
existing capacities.

10. The ''demand' for N, PZOS’ and K20 were maintained at the
1970 levels of consumption. This was done to serve as a basis for

comparison among the various stages of transition.
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11, It is assumed that there is no effective capital rationing,
either internal or external to the firm, |In other words, the necessary
investment funds are assumed to be available regardless of the desired
quantity, This assumption may not be very realistic, but it allows
us to determine the amount of investment that should be made to mini-

mize total cost.

Procedure

As previously mentioned, the 1970 Actual organization is used as
the point of departure for tracing the transition to the long run
optimal industry organization, Furthermore, the first year was assumed
to be utilized to make the appropriate organizational changes necessary
to be consistent with the Constrained Optimum organization. Thus, the
capacity constraints necessary to make the first year's transition are
exactly those of Constrained Optimum (Appendix E, Table E~1), The
constraints on non-existing facilities were all set equal toc zero for
this first year of transition, The non-zero capacity constraints in
Table E~1 were derived after a careful study of the existing facil=-
ities in Michigan,

The Constraints to be used for the second year of transition
were derived by applying assumptions 2 and 8. Some example calcula-
tions will aid in understanding the procedure. The constraint for

Year 2 for Gulf Coast production of anhydrous ammonia by the centrif-

25ee Bell, et al,, for a thorough description of the Michigan
fertilizer industry.
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ugal process (Appendix E, Table E-2) was obtained as follows: since
this particular facility was used in both 1970 Actual and Constrained
Optimum, the maximum of either 60 per cent of its level of use in

1970 Actual or 80 per cent of its level of use in Constrained Optimum
was the constraint value used for the second year., From Appendix A,
Table A-2, we see that this facility was used at a level of 73,033
tons under 1970 Actual; whereas, 80,308 tons were processed through

it under the Constrained Optimum organization. Clearly, 80 per cent
of the latter figure (64,846) is greater than 60 per cent of the
former (43,820). Thus, 64,846 tons is the constraint for the facility
in question for the second year. In the case of non-pressure nitrogen
solutions produced in the Midwest (Appendix A, Table A-6), the level
of use under the 1970 Actual organization is 40,912 tons; whereas, the
facility was idle under the Constrained Optimum corganization, Con-
sequently, a reduction in potential capacity of 60 per cent was made
(20 per cent for going from 1970 Actual to Constrained Optimum plus

40 per cent for being idle under Constrained Optimum). This left only
40 per cent of 40,912, or 16,365 tons, as the capacity for the second
transition year (Appendix E, Table E-2},

The constraints for the third year were made in a similar manner,
except that 90 per cent of the capacity of the facilities purchased
during the second year (using assumption number 4) was added to the
new capacity calculation, reflecting an additional year of physical
deterioration (Appendix E, Table E-3)., This procedure was repeated
to establish the capacity constraints for the ensuing years (Appendix
E, Tables E-4 through E-6}. When all of the currently existing facil-

ities were fully deteriorated, the process was halted,
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After the transition to Year 1 and prior to that of Year 2, the
ratio constraints were removed from all facilities, That is, the
constraints utilized under the first transition (to Constrained
Optimum) to maintain a constant ratio of production between specific
facilities (e.g., NH3 production in the Midwest and Gulf Coast), for
the purposes of simulating reality, were removed prior to making the
transition to Year 2, They were no longer needed, since, beginning
with the transition to Year 2, new facilities could be purchased;
whereas, previously the purchase activity was not allowed,

Since the return on investment on new facilities is set at 15,0
per cent, it is necessary to compare the transition organizations with
a variation of Optimum that embodies a higher rate than the 7.5 per
cent imposed on it, The results obtained in the previous chapter
when return on investment was greater than 10.7 per cent in the long
run are exactly what we need for a basis of comparison. Actually the
facilities used are the same whether comparison is made to Optimum
with 7,5 or 20.0 per cent return on investment, but there s a small
change in the relative levels of the various facilities. Therefore,
the column headed by ''20,0% to 10.8%' in all the tables of Appendix D
should be referred to if the specific quantities of each facility are
desired; otherwise, reference can be made to Optimum in Appendix A
when comparing the transitional organizations to the desired long run

optimal organization of the industry.

The Transition

The complete transition will be discussed year by year, First,

those activities affected will be analyzed, then a cost analysis will
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be undertaken. In the next section, the costs will be related to the

needed investment and potential savings.

Year 0 to Year |

During the first year of transition (from 1970 Actual to Con-
strained Optimum), numerous changes in the organization of the industry
were realized. Sixteen products made during Year 0 were not made dur-
ing Year 1 {Appendix A, Table A-1). In addition, seven other products
decreased in the level of their supply to Michigan; whereas, seven
products increased in the level of their utilization.

In the anhydrous ammonia sector, Gulf Coast and Midwest produc-
tion declined stightly; whereas, Michigan production increased more
than one-third {(Appendix A, Table A-2). Most notable was the complete
shut down of the Gulf Coast piston type production for Michigan con-
sumption and the more than doubled use of direct application of NH3.
Year 0 utilized only 62,082 tons of NH3 for direct application, while
Year 1 used 128,338 tons. The use of direct application of anhydrous
ammonia as a primary source of nitrogen in Year | caused agueous
ammonia, non-pressure nitrogen solutions, low-pressure nitrogen solu-
tions and urea {all of which are nitrogen products) to no longer be
utilized. Anhydrous ammonia, being extremely high in nitrogen con-
tent, 82.2 per cent N, makes it a very economical source of nitrogen
relative to the other products mentioned.

Nitric acid production dropped nearly 50,000 tons during the tran-
sition to Year 1. The impetus for this decrease came solely from the
reduction of ammonium nitrate (Appendix A, Tables A-4 and A-5). Prior

to the transition, ammonium nitrate was being used in the production



93

of nitrogen manufacturing solutions, low and non-pressure nitrogen
solutions, and granulated mixed and dry blended fertilizers. In
addition, 27,704 tons were used for direct application. DOuring Year
1, however, it was used only for the production of nitrogen manufac-
turing solutions which were eventually used to make granulated mixed
fertilizer., Furthermore, ammonium nitrate was not used for direct
application during Year 1.

The major portion of nitrogen manufacturing solutions production
switched from the Midwest to the Gulf Coast as a consequence of the
reorganization in the NH; sector (Appendix A, Tables A-1 and A-8),
Year 1 had over 80 per cent of the Midwest NH3 going directly to the
farms; whereas Year O had none, The production constraints of Year 0
forced most NH3 to be used for the production of products that were
consumed in 1970, but are sub-optimal given the organization and
capacities of the existing facilities,3 Therefore, when these con-
straints were removed for making the transition to Year 1, those sub-
optimal products were replaced with ones that are more economical,

As a result, the NH3 produced in the Midwest was no longer needed for
Midwest and Michigan producers of those sub-optimal products, and it
could then flow directly to the farms. Similarly, production of sub-
optimal products at the Gulf Coast and Florida, using Gulf Coast NH3,
ceased upon the removal of the aforementioned product constraints,
Thus, NH3 was available at the Gulf Coast to produce the nitrogen

manufacturing solutions that had previously been produced in the Midwest,

35ee assumption number nine,
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The trade-offs between shipping NH3 from the Gulf Coast through the
retailer and then to the farm for direct application, shipping NH3
directly from the Midwest NH3 producer to the farms, and production
and shipment of nitrogen manufacturing sclutions in the Midwest and
Gulf Coast to the Michigan granulated mixed fertilizer producers are
such that they favor production of a majority of nitrogen manufactur-
ing solutions at the Gulf Coast (Appendix A, Tabile A-8).

The production of elemental phosphorus during Year 0 was abandoned
in Year 1, Elemental phosphorus was used in the production of white
phosphoric acid in Michigan which in turn was used by the Central
Michigan diammonium phosphate producer, Reduction of granulated mixed
fertilizer production during Year | resulted in @ shut-down of the
Central Michigan diammonium phosphate producer, thereby indirectly
eliminating elemental phosphorus production, Elemental phosphorus
was also used for producing superphosphoric acid in the Midwest,

This acid was used in the production of ammoniated polyphosphate
liquids, which became sub-optimal in Year 1. Consequentiy, elemental
phosphorus and white and super-phosphoric acids were not produced in
Year | (Appendix A, Tables A-11, A-12, and A-14),

Normal superphosphate, which is only 20 per cent P205, was re-
placed in Year 1 by monoammonium phosphate as a source of Py05 in
granulated mixed and dry blended fertilizers (Appendix A, Table A-17),
The extremely high analysis of monocammonium phosphate, 13 per cent
nitrogen and 52 per cent P205, makes the use of normal superphosphate
uneconomical, Similarly, monocammonium phosphate replaced a major
portion of diammonium phosphate for use in granulated mixed and dry

blended fertilizers (Appendix A, Tables A-20 and A-21), In the tran-
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sition from Year 0 to Year 1, production of monocammonium phosphate
increased from 26,24l to 99,910 tons, while diammonium phosphate
production decreased from 105,205 to 77,810 tons (Appendix A, Table
A-1).

Green phosphoric acid became the sole source of phosphate during
Year 1. In Year 0, phosphate was supplied by green, white, and super-
phoric acids., [In Year 1, however, the latter two acids gave way to
an increase in production of green phosphoric acid from 195,455 to
236,748 tons {(Appendix A, Tables A-1, A-12, A-13, and A-14),

The continued use of granulated triple superphosphate in dry
blended fertilizers was its only utilization in Year 1; whereas, it
had been used for direct application in addition to blending in
Year 0 (Appendix A, Table A-19). Run-of-pile triple superphosphate,
used to make granulated triple superphosphate, decreased slightly
from 138,945 to 115,303 tons in Years 0 and 1, respectively., Much of
the decrease is the result of decreased granulated mixed fertilizer
production from 388,555 to 303,655 tons {Appendix A, Tables A-1, A=-27,
and A-28). In addition, hovever, some of the decreased usage of run-
of-pile triple superphosphate is the direct result of decreased usage
of granular triple super-phosphate, which is made from run-of-pile
(Appendix A, Table A-18),

In the potash sector, the major change that occurred as a result
of the transition from Year 0 to Year 1 is the increased usage of
granular potassium chloride, |Increases in dry blended fertilizer's
usage of it are responsible for this reaction (Appendix A, Tables A-]
and A-25). Although dry blended fertilizer production decreased in

total volume produced from 203,213 to 185,535 tons, the average potas-
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sium content obviously increased, since more potassium is going into
fewer tons of blended fertilizer, Similarly, run-of-mine potassium
chleoride usage in granulated mixed fertilizers increased, although
the latter decreased. Other notable changes in the potash sector

of the industry include the abandonment of direct application of
granular and coarse potassium chloride,

Bagged fertilizers were not used at all in Year 1; whereas,
208,617 tons were supplied in Year 0. This tonnage was composed of
155,400 tons of granulated mixed fertilizers and 53,217 tons of dry
blended fertilizers (Appendix A, Tables A-27 and A-29). The elimina-
tion of bagged fertilizer is consistent with the current trend toward
bulk material. The small farmer would probably reily on custom applica-

tion service rather than purchase application and handling equipment,

Implications of the First Transition Step

The transition from Year 0 to Year | has significant implications
for various groups participating in the industry. The following
paragraphs will point out some of the anticipated problems associated
with this first step of the transition.

A total of 16 products that were produced in Year O are not pro-
duced in Year 1, For the farmer, adjusting to new products could
present some problems. For example, none of the fertilizer produced
in Year 1 reaches the farm in a liquid state (excluding anhydrous
ammonia). If a farmer was previously using liquid fertilizer, his
fertilizer application equipment would no longer be useful. Further-
more, he would need to either buy or borrow dry bulk application

equi pment or make arrangements for custom application, Thus, some
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farmers would find they would be paying more for application of
fertilizer, but the reduction in cost of the fertilizer material
should easily offset it,

Jn addition to the change in product form, the farmer will need
to become acquainted with new products. Although the industry is not
producing any new products, many farmers will be using a fertilijzer
material that they had not previousiy encountered, In Year 0 there
ware {9 basic products being applied on the farm; whereas in Year 1
there were only three distinct products being applied (counting all
bulk and custom blend products as a single product), Thus, a farmer
that was previously using urea as a direct application source of
nitrogen will need to become acquainted with anhydrous ammonia,

These two products differ not only in physical form but in their
nitrogen content,

Another problem directly affecting farmers is that of distribu-
tion, The industry organization in Year 1 would likely have fewer
firms supplying fertilizer to farmers. Consequently, each farmer
might not be able to get his fertilizer exactly when he wants it,
since each firm would be serving more farmers,

Most firms in the industry are going to be hesitant to switch
to the organization of Year 1. They will most likely want to continue
operating those facilities that produce suboptimal products such as
urea or liquid mixes, [If farmers are sufficiently informed (probably
by an extension program) about the potential cost savings of the
Year 1 products, then those firms that continue to operate facilities

producing suboptimal products will quickly learn that they no longer
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have a market for those products., Consequently, they would not be
able to recover even their variable costs and would find it unprofit-
able to continue production.

On the other hand, those firms that would stand to increase their
production such as anhydrous ammcnia or green phosphoric acid, would
readily support a switch to the industry organization of Year 1.

Their total sales would increase and it is likely they could also in-
crease their profit, but these producers would not be without problems.
in Year 0, nearly 74 per cent of all fertilizer production flowed
through retailers; whereas, in Year 1 this figure dropped to less

than 6.5 per cent. A major portion of the retailing function was
absorbed by these producers, while some of it was taken on by dry
mixers, Thus, these producers could not only increase their total
production but they could also provide additional services with their
product,

The fertilizer retailer is affected very significantly. All dry
and liquid retailers are idled by the transition from Year 0 to Year
1. In addition, the anhydrous ammonia retailer decreases his activity
by more than 25 per cent. No longer can the farmer rely on his
neighborhood fertilizer retailer to supply the products and services
he desires. Instead, the farmer will find it necessary to transact
his business with the regionally located producer or mixer, This
could have some undesirable income redistribution effects on small
agricultural communities,

The transportation associated with fertilizer products will be
affected in three basic ways. First, the change in product forms

(elimination of liquids, etc.) will affect the type of transporting
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vehicle required, Secondly, the average distance of a typical haul
to a farm will be increased, since the local retailers have been
essentially eliminated. Thirdly, the total volume hauled will be
nearly 20 per cent less in Year | as compared to Year 0. This last
factor arises from an increase in average total analysis from 49.9
per cent to 62.2 per cent (Appendix A, Table A-32), while total nu-
trient tonnage remained constant; in dry blended products, over
15,000 tons of limestone filler were eliminated.

The most significant implication of the first step of the tran~
sition is the reduction in total cost (this will be discussed in
greater detail later). Total expenditures for fertilizer (including
transportation and application) would be about 18 million dollars (or
about 26 per cent) less in Year | than in Year 0, This savings, if
passed on, would be a welcome break for farmers who have been faced
with increasing input prices in recent years; fertilizer prices,
however, have been stable or declining in recent years.

The remaining steps of the transition have important implications

for investment decision making; but, first, let's examine those steps,

Year | to Year 2

The transition to Year 2 marked the beginning of the purchasing
of new facilities, At the same time, the capacity constraints on
existing facilities were updated to reflect physical deterioration,
Table E-2 of Appendix E shows the updated constraints, the level of
use of old facilities, purchases of new facilities in tonnage capacity,
and total vutilization for each constrained facility. The only con-
straints omitted from Appendix E are those used to prevent the purchase

of facilities that are not in the long run Optimum organization,
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A comparison of Table F-]1 and Table A-1, in Appendices F and A,
respectively, shows that nearly the same products were used in Year
2 as in Year 1 (Constrained Optimum). The noticeable exceptions are
elemental phosphorus and white phosphoric acid. In addition, coarse
potassium chloride was used in Year 2,

The utilization of these products with interest on investment at
zero per cent (assumption number 4), while they were not used in
Optimum with interest on investment at 7.5 per cent, suggests that
they are just barely sub-optimal in the long run., On the other hand,
they were not optimal in the short run with interest on investment at
7.5 per cent, but when their interest is dropped to zero, they become
optimal, given they exist and other facilities are charged 15,0 per
cent on investment,

Anhydrous ammonia underwent considerable change during the tran-
sition to Year 2, The most noticeable change was the purchase of
86,244 tons of NH3 productive capacity in Central Michigan (Appendix
F, Table F-2). Additional productive capacity was purchased on the
Gulf Coast; the existing 64,245 tons of capacity were supplemented
with the purchase of 10,522 tons of new capacity. Meanwhile, 11,315
tons of NH3 were produced in the Midwest, all of which was produced
with existing facilities. I[Interestingly enocugh, not all of the
available capacity at the Midwest NH3 manufacturer was utilized,

Less than one-third of the available 36,140 tons of capacity were
used (Appendix E, Table E-2). The implication is that Guif Coast
and Central Michigan NH3 production are cheaper than the Midwest
production for NH3 uses, other than direct application and production

of nitrogen manufacturing solutions, nitric acid, and ammonium nitrate,
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which are all used directly or indirectly by the granulated mixed
fertilizer producer, This is true even when the Midwest producer
is not charged for interest on investment and the other two are each
charged 15.0 per cent, |If this were not true, then all of the capacity
in the Midwest would have been utilized; whereas, sufficient capacity
was used to produce NH3 for some direct application and production of
nitric acid, ammonium nitrate, and nitrogen manufacturing solutions,
while the remainder of the capacity was left idle,

A factor of prime importance that enters into the explanation of

the idle NH, capacity in the Midwest is that of nitrogen storage. As

3
you will recall, the model forces 50 per cent of each nutrient to be
stored, in Year 2, all of the available NH3 storage capacity at the
Midwest and Gulf Coast producers was utilized, In addition, 19,972

tons of NH, storage were purchased at the Central Michigan NH3 manu-

3
facturer, which was the only location NH3 storage could be purchased
as a consequence of assumption number seven, Exactly all of the NH3
produced in the Midwest that is used for direct application is stored
at the manufacturer; no other NH3 is stored there, Consequently,
direct application of NH3 from the Midwest manufacturer is optimal
only if storage can be used without paying @ charge for capital
investment, For example, the model would have allowed full use of
the available NH3 productive capacity in the Midwest and correspond=
ingly lower new production capacity in Central Michigan, with the

same level of NH_, storage at the Central Michigan manufacturer. That

3
is, production of 36,431 tons of NH; in the Midwest (25,116 tons more
than optimally produced there) and production of 25,116 fewer tons in

Central Michigan (61,128 tons of NH3 at the new manufacturer) could
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have taken place., Storage at the Central Michigan manufacturer could
still have been 19,972 tons, which would imply that a larger per-
centage of Central! Michigan and smaller percentage of Midwest produc-
tion would have been stored. Although this sclution would have had
less new investment on which to pay interest charges (since fewer tons
of new NH3 production capacity would have been purchased at Central
Michigan), the solution with higher interest costs was cheaper. The
explanation of this seemingly paradoxical situation is that transpor-
tation from the Midwest is more expensive than from Central Michigan
to the farms. The NH; was railed at a cost of $9.80 per ton (Henderson,
et al.) from the Midwest manufacturer to the Michigan terminal. From
there the transportation cost by truck to the farms is exactly the
same as it is from the Central Michigan NH3 manufacturer, Consequently,
the optimal organization utilizes all the cheap storage at the Midwest
manufacturer and then avoids the $9.80 extra transportation charge,
Another interesting phenomenon occurred in Year 2. The available
capacity of piston compressor type NH3 production for Michigan con-
sumption was diverted from the Gulf Coast producer to other areas,
and the Central Michigan producer was idled, A total of 41,274 tons
of capacity were idled or diverted, while new centrifugal compressors
were purchased at both locations. This implies that the piston com-
pressors are not economically competitive with the centrifugal com-
pressors, even when they are given the advantage of zero return on
investment, This indicates that the centrifugal compressor technology
is much more efficient in its utilization of non-investment factors,
Furthermore, it is even cheaper to pay for transportation of NH3

from the Gulf Coast to Michigan than to utilize the existing piston
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type NH3 production technology in Michigan. Thus, investment plus
transportation charges would not prevent the centrifugal type
technology from replacing the piston type.

A service activity that is not used in the long run Optimum
organization, but is used during the transition, is the no-store
option at the Michigan terminal. Years 0 and | both used the anhydrous
ammonia retailer as a means of transferring from one transportation
mode to another; however, Year 2 uses the Michigan terminal for this
function., No product is stored in either case. The terminal was
selected as having minimal cost, even though the retailer was not
charged with interest on investment., Since the transportation transfer
is a service, it, like transportation, does not incur investment
charges.

Al though neither nitric acid nor ammonium nitrate utilize their
full available capacity during Year 2, they are directly linked with
the Midwest nitrogen manufacturing solutions producers which operate
at full capacity (Appendix E, Table E-2, and Appendix F, Tables F-3,
F-~4, and F-5). While the Midwest nitrogen manufacturing solutions
producer is at full capacity, the Gulf Coast producer is not used at
all. This creates excess capacity in the nitric acid and ammonium
nitrate sectors of the industry. Furthermore, ammonium nitrate is no
longer used either for direct application or in dry blended fertilizers,
thereby creating additional excess capacity on the Gulf Coast and in
the Midwest in the ammonium nitrate and nitric acid sectors.

Directly connected with these three sectors (viz., nitric acid,
ammonium nitrate, and nitrogen manufacturing solutions) is the gran-

ulated mixed fertilizer producer. It is difficult to determine whether
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the shut down of the outstate Michigan granulator caused the excess
capacity in the three mentioned sectors, or whether the causal re-
lationship is in the opposite direction, Regardless of the direction
of causality, all four sectors possess excess capacity. Granulation
of mixed fertilizers has 104,147 tons of excess capacity as a result
of the transition from Year 1 to Year 2, while nitric acid, ammonium
nitrate, and nitrogen manufacturing solutions have 30,752; 40,197;
and 11,053 tons of excess capacity, respectively (Appendices E and F,
Tables E-2, F-1, F-3, F-4, F-5, and F-15),

Non-pressure and low-pressure nitrogen solutions and urea are
all unused during Year 2, Their idled capacities are 16,365; 11,268;
and 20,802 annual tons, respectively (Appendix E, Table E-2). Their
idleness is a continuation of the trend established in Constrained
Optimum (Year 1). All three are products currently used in consider-
able quantities in Michigan, but they become sub=optimal when they
no longer have forced production,

White phosphoric acid is used to its full existing capacity,
while elemental phosphorus, which is used in the production of white
acid, is just slightly below its constrained capacity. Elemental
phosphorus production used 1,591 of the available 1,602 tons of capac-
ity, while production of white phosphoric acid was 6,746 tons in
Year 2 (Appendices E and F, Tables E-2, F-6, and F-7).

Green phosphoric acid, on the other hand, uvtilized its full
capacity in Florida and purchased an additional 117,918 tons of annual
capacity, making total production in Florida 242,603 tons. Although
58,714 tons of available capacity exist in the Midwest, none of it was

used. This idle capacity in.the Midwest is largely a result of the
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idleness of the major phosphate product manufacturers there, Diam-
monium and monoammonium phosphate have idle capacities of 10,582 and
13,588 annual tons, respectively, in the Midwest, In Florida, how-
ever, all diammonium capacity is utilized and moncammonium production
was augmented with the purchase of 103,980 tons of annual capacity
(Appendices E and F, Tables E~2, F-8, F~10, and F~11). |In addition,
granulated triple superphosphate has 15,959 tons of idle capacity in
Florida, and run-of-pile triple superphosphate has 53,019 tons idled
in the Midwest,

These idle tonnages are caused largely by the changes in granu-
lated mixed and dry blended fertilizers, The former decreased from
272,000 to 245,699 annual tons, Furthermore, the change in dry blend-
ing formulations was such that no diammonium phosphate was used in
Year 2 in blended fertilizers; on the other hand, moncammonium phos=-
phate supplied all the phosphate for blended products during that
same year. In addition granufar triple superphosphate, that was
blended in a custom blend fertilizer in Year |, is not used for blend-
ing during Year 2,

Direct application of diammonium phosphate (Appendix F, Table
F-10)} amounted to 35,386 tons in Year 2; whereas it was not applied
directly in any of the preceeding years. The zero investment charges
for its production make it rather economical, but not to the extent
that additional blending facilities would be purchased to maintain
the formulation which had previously used it.

Although diammonium facilities were left idle in the Midwest,
production of it for direct application was undertaken in the existing

facilities in Florida, where cheaper anhydrous ammonia is available
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(from the centrifugal compressor on the Gulf Coast) and green phos-
phoric acid is produced. It is less expensive to ship the relatively
high analysis diammonium phosphate (18-~46-0) from Florida to Michigan
than it is to ship anhydrous ammonia from the Gulf Coast and green
phosphoric acid from Florida. Alternatively, the existing green acid
and piston compressor NH3 manufacturers in the Midwest could have
supplied the production inputs to the idled Midwest di ammonium phos-
phate producer, but this, too, was more expensive than the optimal
scheme,

Simitarly, monoammonium phosphate was produced in Florida with
existing and new facilities despite the existence of the available
input and processing facilities in the Midwest. Again the combination
of cheaper inputs and less transportation expenditures resulted in
idle facilities in the Midwest.

In the potassium sector of the industry, standard potassium
chloride was not used; this continued the trend established after
Year 0. Standard potassium chloride (in Year 0) was originally used
to make clear mixed liquid fertilizers; however, the removal of their
forcing constraints rendered them suboptimal.

Coarse potassium is still used for direct application. Its
original 50,000 tons of capacity were reduced to 20,000 tons, because
this potash product was not used during Year | (Appendices A and F,
Tables A-1 and F-14).

Run-of-mine potassium chloride used only part of its 97,170 tons
of existing capacity. 1ts decrease is due primarily to the decreased
production of granulated mixed fertilizers. In Year 2, granulators
used 59,323 tons of this potash product; whereas, in Year 1 they used

121,462 tons annually.
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Dry blending of fertilizer used only 113,390 tons of granular
potassium chloride in Year 2; whereas, 137,590 tons were used for the
same process in Year 1. Furthermore, the amount of granular potassium
chloride per ton of blended fertilizer decreased from 50.58 per cent
in Year 1 to 46.15 per cent. At the same time, however, total granular
production increased by 42,114 tons, while 69,632 tons of new produc-
tion capacity were purchased, 0Oirect application, not previously
used, accounted for 66,314 tons of the 179,704 tons of total produc-
tion, Similar toe anhydrous ammonia, granular potassium chloride,
destined for direct application, changed transportation modes at the
Michigan terminal (Appendix F, Table F-13).

Dry blending fertilizer production, while down slightly from the
previous year, obtained 44,099 tons of new capacity in outstate
Michigan. At the same time, the 16,000 tons of available capacity at
Central Michigan were left idle (Appendices E and F, Tables E~2 and
F-16). In addition to the new production facilities purchased in
coutstate Michigan, 22,050 tons of new retailing capacity were pur-
chased to supplement the existing 100,800 tons.

The major facilities purchased for use during Year 2 include;
86,244 tons of centrifugal compressor capacity to produce NH3 in
Central Michigan; 111,918 tons of green phosphoric acid capacity in
Florida; 103,980 tons of mencammonium phosphate production in Florida;
69,632 tons of granular potassium chloride facilities in Saskatoon;
and the outstate Michigan purchase of 44,099 annual tons of dry
blending capability. These five new facilities should be given
highest priority if a transformation of the fertilizer industry is

toc be made, On the other hand, facilities such as the piston tech-
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nology for producing NH3, the production of urea, ammoniated poly=-
phosphate liquids and granular triple superphosphate should be among
the first ones to be scrapped.

The general trend of the transition has been established; the
ensuing years will continually bring the organization of the fertilizer

industry closer to the long run optimal organization.

Year 2 to 3

The products produced in Year 3 are exactly the same as those
supplied during the previous year (Appendix F, Table F-1); only the
quantities varied,

An increasingly larger share of total anhydrous ammonia produc=-
tion is produced at Central Michigan. In Year 2, 50.0 per cent was
produced there; while in Year 3 the 96,721 tons produced there accounted
for 56.1 per cent of the total NH3 produced to supply Michigan with
nitrogen, At the same time, Midwest and Guif Cocast production con-
tinued to decrease, despite the fact that 10,044 tons of new capacity
were purchased on the Gulf Coast (Appendix F, Table F-2).

Direct application of NHy increased slightly to 127,764 tons
with 95,852 tons coming from Central Michigan, The remaining 869 tons
of Central Michigan NH3 production went into the production of diam=-
monium phosphate.

The Gulf Coast NH3 manufacturers continued to supply the Midwest
nitric acid, ammonium nitrate, and nitrogen manufacturing solutions
producers, These three Midwest producers continuved to decrease in
volume of production, with the pace determined by the constraint on
nitrogen manufacturing solutions, The other two had excess capacity

(Appendices E and F, Tables E-3, F-3, F-4, and F-5).
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Elemental phosphorus and white phosphoric acid were again uti-
lized to the constraint established for white acid (Appendix E, Table
E-3). Total production of white acid was 3,373 tons during Year 3
in which 795 tons of elemental phosphorus were used, Since phospheric
acid is the sole source of phosphate for fertilizer manufacturing,
the decrease in production of white acid necessarily implies increased
production of green acid, given constant demand for phosphate, Con-
sequently, total green phosphoric acid increased by 7,085 tons, from
242,603 tons in Year 2 to 249,688 tons in Year 3 {(Appendix F, Table
F-8).

Run-of=-pile triple superphosphate production was again at its
limiting constraint in Florida, but was considerably below the con-
straint on Midwest production. Just as in the previous year, the
total production of run-of-pile triple superphosphate was utilized by
the granulated mixed fertilizer producers (Appendix F, Table F-g).

The continued decrease in granulated mixed fertilizer production
was responsible for much of the decreased production of diammonium
phosphate., |In addition, direct application dropped by nearly 9,000
tons, leaving total production of diammonium phosphate at 42,709 tons
for Year 3 (Appendix F, Tables F-1 and F=-10).

in Year 3, 57,732 tons of new productive capacity of monoammonium
phosphate were purchased in Florida to augment the existing 143,338
tons of capacity., This resulted in an increase of over 30,000 tons
of production of which nearly all went to dry blended fertilizer pro=-
duction (Appendix F, Table F-11). About 23 per cent of the total
production, 45,690 tons, went to the farms for direct application,
This figure marks an increase of over 7,500 tons for this same

procedure in the previous year,
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The potash sector of the industry experienced the same types of
changes as in the previous year. Run~of=mine and coarse potassium
chloride continued to decrease in utilization, while 64,246 tons of
new capacity of granular potassium chloride were purchased in
Saskatoon. The decrease in coarse was forced by the capacity limita-
tion; whereas, the decrease in run-of-mine production was induced by
the decreased production of granular mixed fertilizers. Increases in
dry blending usage of granular potassium chloride, supplemented by
increased direct application, were responsible for the nearly 30,000
ton increase in its production (Appendices E and F, Tables E-3, F-12,
F-13, and F=14),

Dry blended fertilizer production increased by more than 40,000
tons annually., To the existing 190,889 tons of utilized capacity,
97,654 tons of new capacity were added. The Central Michigan blending
facilities remained idle, as they were in the previous vear (Appendix
E, Table E-3). Nearly 50,000 tons of retailing capacity were purchased,
bringing the total retailing capacity to 144,271 tons (Appendix F,
Table F-16).

Year 3 was highlighted by increased purchases of those facilities
required to supplement the existing ones in minimizing the total cost
of supplying fertilizer to Michigan, Additional NH3 productive capa-
bility was built in Central Michigan and on the Gulf Coast. Green
phosphoric acid and monoammonium phosphate facilities were augmented
in Florida, and granular potassium chloride production in Saskatoon
received increased capacity. The trade-off between increased dry
blending and decreased granular mixing was largely responsible for
the decline or rise of particular products. |In addition, the reduced

capacity constraints forced decreased production of some products.



Year 3 to 4

The transition to Year &L brought the transformation of the in-
dustry considerably cioser to the long run optimal organization,
Three products that are sub-optimal in the long run became sub-
optimal in Year 4; elemental phosphorus, white phosphoric acid, and
coarse potassium chloride were not produced. In addition, several
other products were nearly phased out,

None of the original piston compressor technology for production
of anhydrous ammonia existed in Year 4, At the same time, centrifugal
compression technology was continuing to increase in Central Michigan.
During Year 4, 21,012 tons of new capacity were purchased in Michigan.
This brought the total capacity there to 107,198 annual tons, all of
which was used to supply NH3 for direct application. 1In addition

11,050 tons of NH, capacity were purchased on the Gulif Coast, bringing

3
the total capacity there to 60,630 tons (Appendices E and F, Tables
E-4 and F~1), The Midwest NH3 manufacturer continued to operate well
below his capacity in Michigan, direct application of NH3 continued
to rise slowly despite the decreased contributions of the Gulf Coast
and Midwest producers.

Year 4 will be the last for nitric acid, ammonium nitrate, and
ni trogen manufacturing solutions, since they have reached the end of
their deterioraticn schedule, Their levels of utilization are 1,716;
2,243; and 3,213 tons, respectively, Once again, the nitrogen manu-
facturing solutions constraint is the limiting one; the cther two
products have excess capacity (Appendices E and F, Tables E-=4, F-3,
F-4, and F=5),

Green phosphoric acid has completely replaced white phosphoric
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acid. Total green acid production in Year 4 was 256,774 tons, of
which 56,04s tons was newly purchased. Over 99.67 per cent of all
green acid produced in Florida during Year &4 is used in Florida to
make phosphate products. The other four-tenths of one per cent is
shipped to the Midwest to be made into run-of-pile triple super-
phosphate (Appendix F, Tables F-8 and F-9),

Diammonium phosphate production in Florida dropped tc 25,833 tons,
while the Central Michigan plant was completely shut-down, Of the
total! production, 17,924 tons, or nearly 70 per cent, were shipped to
Michigan to be applied directly., The remaining 7,909 tons went to
the Central Michigan granulated mixed fertilizer manufacturer,

The 63,510 tons of new monoammonium phosphate capacity in Florida
brought the total up to 231,823 and resulted in more than a 30,000 ton
increase in total capacity, as compared to Year 3 (Appendix F, Table
F-11). Direct application increased by nearly 8,000 tons, while dry
blended fertilizer's consumption of monocammonium phosphate increased
more than 22,000 tons to a total of 178,459 tons annually. New
storage facilities with 39,846 were purchased for the Florida manu-
facturer to make total storage capability 133,844 tons.

Coarse potassium chloride production fell to zero during Year 4
as a result of the deterioration scheme, Run-of-mine potash was
supplied to granulated mixed fertilizer producers in the amount of
19,772 tons, The other potash product, granular potassium chloride,
necessarily picked up the slack left by cocarse and run~cof-mine, since
K,0 demand was held constant. New capacity of 70,678 tons augmented
the existing 168,563 tons to make total annual capacity 259,006 tons

(Appendix F, Tables F-12, F-13, and F-14), To the existing storage
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capability of 86,318 tons, 43,217 tons of new storage facilities were
added. Direct application of granular potassium chloride increased
nearly 10,000 tons from 76,307 tons in Year 3 to 86,300 tons in Year
L. Dry blended fertilizers used 152,941 tons during Year L; this
amount is over 59 per cent of the total production.

Granulated mixed fertilizer production for Year 4 was 49,431 tons,
which is less than half of the 100,000 ton capacity constraint
(Appendix E, Table E-4). Dry blended fertilizers continued to repiace
granufated mixed products as production of the former increased
almost 43,000 tons, and the latter's production decreased more than
49,000 tons (Appendix F, Table F-1)}.

Year 4 purchases of new dry blending capacity were 107,432 tons,
all of which were located in outstate Michigan., Total blending capac-
ity for the year was 331,400 tons. The Central Michigan dry blended
fertilizer manufacturer was phased out by the deterioration schedule;
consequentiy, all blending capacity was in outstate Michigan. Nearly
60,000 tons of new retailing facilities were purchased to supplement
the existing 128,041 tons (Appendix F, Table F-16),

In Year 4, additional purchases of new facilities and reduction
or total elimination of other facilities brought the transition of
the industry very near to the long run optimal organization. Those
facilities that are not in the long run optimal organizaticn but were
still used in Year &4 are all in the last year of their deterioration
schedule, except for the anhydrous ammonia producer in the Midwest,

Significant purchases of new facilities were made during the
year. Most notable were the 24,692 tons of NH3 production capacity

in Central Michigan; the 56,044 tons of green phosphoric acid and the
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63,510 tons of monoammonium phosphate capacity in Florida; the 70,678
tons of granutar potassium chloride production facilities in Saskatoon;
and finally the installation of 107,432 tons of dry blending capacity
in outstate Michigan,

Three major products were phased ocut during the year, namely,
elemental phosphorus, white phosphoric acid, and coarse potassium
chioride,

The transition to Year 5 will nearly complete the transformation

of the fertilizer industry.

Year 4 to 5

From the standpecint of products supplied, Year 5 is identicatl
to the long run optimal organization of the industry. However, the
facilities used to supply those products differ slightly from those
composing the long run Optimum, The anhydrous ammonia and dry blend-
ing sectors of the industry are the only ones in which the facilities
are not equivalent to those used in the optimal long run organization,

The continued use of the Midwest anhydrous ammonia manufacturing
facilities caused the Year 5 organization to differ from the long run
optimal organization, Although 9,035 tons of capacity were available
there, only 1,529 tons were produced (Appendix E, Table E-5). This
production, combined with the L] ,407 and 94,562 tons of existing
capacity at the Gulf Coast and in Central Michigan, respectively, and
supplemented by the 10,574 and 24,691 tons of new capacity purchased
at the Gulf Coast and in Michigan, respectively, brought total produc~
tion up to 172,763 annual tons (Appendix F, Tables F-1 and F-2). The

small volume of production by the Midwest producer just fully utilized
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his available storage capacity, In previous years, a portion of his
production was converted into nitric acid, ammonium nitrate, and

ni trogen manufacturing solutions, the remainder being shipped to
Michigan for direct application, However, in Year 5, the three
mentioned processors were phased out, leaving only direct application
to utilize his production. Just as in the previous year, all of the
NH3 manufactured by the Central Michigan plant went for direct appli-
cation. {In addition, 9,108 tons of the Gulf Coast's production were
applied directly, making a total of 129,890 tons of NH3 used for
direct application by Michigan farmers (Appendix F, Table F-2).

Nitric acid, ammonium nitrate, and nitrogen manufacturing solu-
tions were among the seven products and processes that were used in
Year 4, but were phased out in Year 5, The others in the group were:
run-of-pile triple superphosphate, diammonium phosphate, run-of<mine
potassium chloride, and granulated mixed fertilizer production
(Appendix F, Table F-1).

Green phosphoric acid production increased slightly from the
previous year's level of 256,774 to 260,487 tons. All of the produc-
tion, of which 58,275 tons were from new facilities, took place in
Florida. In Year &4, 822 tons were shipped to the Midwest manufacturer
of run-of-pile triple superphosphate, However, in Year 5, the phase
out of that Midwestern manufacturer freed all] green acid to be made
into moncammonium phosphate in Florida (Appendix F, Table F-8).

Replacing beth run-of-pile triple superphosphate and diammonium
phosphate, moncammonium phosphate production spurted upward by nearly
LO,000 tons. Total production in Year 5 was 270,495 tons, of which

201,530 tons were used in dry blended fertilizer production and the
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remaining 68,965 tons went for direct application. The existing
192,716 tons of productive capability were supplemented with 77,779
tons of newly purchased capacity (Appendix F, Table F~11).

In Year 5, the only source of K20 was granular potassium chloride,
Its total production for the year was 269,006 tons, of which dry
blended fertilizer took 172,713 tons and direct application accounted
for the remaining 86,293 tons. New purchases of production capacity
of 67,739 annual tons augmented the existing 191,267 tons of capacity
in Saskatoon (Appendix F, Table F-13).

With a jump in total production of nearly 43,000 tons, dry blend-
ing of fertilizers replaced most of the foregone granulated mixed
production of the previous year. All of the 374,243 tons of total
production were produced in outstate Michigan. Existing facilities
with a total capacity of 256,081 tons were supplemented with the
purchase of 118,162 tons of new capacity. In addition to the 128,041
tons of existing dry blended retailing facilities, 59,081 tons of new
retailing capacity were purchased in Year 5 (Appendix F, Table F-16).

The continued use of the horizontal dry btending plant in out-
state Michigan (Appendix F, Table F-16) and the Midwest anhydrous
ammonia manufacturer were the only twec exceptions in which the facil-
ities of Year 5 differed from those of the long run optimal organiza-
tion (Appendix D). 1In all other sectors of the industry, the purchases
of new facilities when combined with the existing facilities exactly
duplicated those utilized in the long run optimal organization.

In the next section we will see which purchases of new facilities
are necessary to complete the transition, Then, attention will be

focused on the costs of supplying fertilizer to Michigan in each of
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the transitional years and on how they compare to the 1970 Actual and

the Tong run optimal corganizations.

Year 5 to 6

The transition to Year 6 completes the transformation of the
industry into an organization that supplies Michigan farmers with the
1970 levels of consumption of N, P05, and K0 at the least possible
cost, given current feasible technology.

In order to complete the transformation, 25,741 tons of anhydrous
ammonia capacity were purchased in Central Michigan and 11,172 tons
were purchased on the Gulf Coast, Although the total levels of pro-
duction at the two locations are somewhat different than they were in
Year 5, the total production of NH3 is exactly the same (Appendix F,
Tables F-1 and F-2). |In addition, the flow of anhydrous ammonia to
direct application and other uses is at the same tonnage levels of
the previous year; however, the sources are somewhat different.

The 60,330 tons of new green phosphoric acid production capacity
purchased in Florida just off-set the deterioration of the existing
facilities to yield the same level of total production as in Year §
(Appendix F, Table F=8). All of the 260,487 tons of green acid produc-
tion went to the Florida moncammonium phosphate manufacturer,

Nearly 47,000 tons of new monocammonium phosphate productive ca-
pacity were necessary to offset the deteriocration of the existing
facilities. Total production remained constant as did the distribu-
tion between dry blending and direct application (Appendix F, Table
F=11).

Similarly, 54,747 tons of new granular potassium chloride capacity
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were purchased in Saskatoon to maintain a constant level of production,
With the distribution equivalent to that of the previous year, dry
blending used 172,713 tons of KZO and direct application accounted

for 86,293 tons (Appendix F, Table F~13).

The transition to Year 6 resulted in elimination of the hori-
zontal dry blender in outstate Michigan., To compensate for its pre-
vious production and deterioration in existing vertical blenders,
87,134 tons of new vertical blending facilities were purchased in
outstate Michigan (Appendix F, Table F-16). In addition, 43,567 tons
of retailing facilities were purchased to accompany the 143,555 tons
of existing retailing capacity. Total dry blending remained constant
at 374,243 annual tons.

Relatively few organizational changes were made in the transition
from Year 5 to Year 6., Elimination of the Midwest anhydrous ammonia
manufacturer and the horizontal dry blended fertilzier producer were
the two major changes that took place during the transition. Some
accompanying miner changes were needed to adjust the flow of the NH3
as a consequence of the phase-out of the Midwest producer, Otherwise,
the production and distribution of all other products were exactly the
same as in the previous year,

Having completed the transition, let's examine the implications

of its final steps.

Implications for Years 2 through 6

New investment in centrifugal type anhydrous ammonia production
facilities is very important. Although piston type production capa-

bility was available, it was left idle in Year 2 while over 85,000
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tons of new centrifugal production were purchased in Michigan. For

the Michigan NH, producer, the implication is that his current tech-

3
nology is clearly inefficient as compared to the centrifugal technology.
From the standpoint of minimizing total cost to Michigan farmers the
obsolete piston technology should be replaced with centrifugal tech-
nology, given the assumptions of the model. Even from the standpoint
of the NH3 firm, the total cost of production with the centrifugal
technology (including 15 per cent return on investment) is less than
just the variable costs of the piston technology, and would indicate
that the cost minimizing procedure would be to purchase the centrifugal
technology, The assumption concerning zero salvage values is crucial
in this case, but it seems to be an appropriate assumption, |If the
salvage value should happen to bhe negative, then the centrifugal tech-
nology might not be competitive. However, it is more reasonable that
the salvage value of the old (piston) technology wculd be either zero
or positive, in which case the centrifugal technology is clearly more
efficient, Thus, the NH3 producers should willingly support the
switch to centrifugal technology.

For several of the other products involved in the transition,
the purchase of production facilities to either replace an obsolete
technology (as was the case with anhydrous ammonia) or to replace an
inefficient product, is based upon essentially the same economic
criteria presented above. For some products, it is clear that the
total cost per nutrient ton of the new production facilities (in-
cluding 15 per cent return on investment) exceeds the variable cost
of the product being replaced. This is true, for example, in the

case of the large horizontal bulk blender in outstate Michigan., In
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Year 0 and Year 1, there were no vertical bulk blenders in outstate
Michigan; all of the large blenders there were of the horizontal type.
in the long run Optimum organization, all bulk blenders are of the
vertical type; consequently, it was the only type allowed to be
purchased during the transition, while the horizontal ones were being
phased out. Since existing facilities had their fixed cost set to
zero, the total cost of the horizontal blender per ton was exactly
that of its variable costs plus depreciation; whereas, the vertical
bienders had a total fixed cost equivaient to 15 per cent of the in-
vestment cost. That the horizontal blenders total cost was less per
ton than that of the vertical blender (with fixed costs) is evident
from noting that the horizontal blender was always used to its full
capacity and then additional blending capacity was obtained by pur-
chasing some vertical blenders., |[f the vertical blender had the lowest
cost, the horizontal blenders would have sat idle, but this was not
the case, We can conclude from this that some of the products and/or
technologies that are sub-cptimal in the long run can be quite com-
petitive during the transition,

From the preceeding discussion we can infer several things about
the transition. In cases similar to the NH3 example in which the new
technology or product is clearly more efficient than that which it
replaces, firms in the industry would likely invest in it quite rapidly,
thereby bringing about the realization of a portion of the long run
optimum organization in a period of time that would probably be shorter
than the 6 year transition presented above., At the same time, however,
some products or technologies (such as the case of the bulk blenders)

will not readily attract new investment, The transition for these
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products or technologies would likely evolve at the same rate as the
attrition of old plants and, therefore, could be somewhat slower than
the transition prescribed above. Of course, the extent to which the
various products and processes are interdependent could effect the
realized rate of the transition.

It is interesting to note that on an industry basis, there is
sufficient cost savings generated by the transition to pay for the
new investment for the following year. But it is not likely that
such cost savings could be actually realized by individual firms,
within the industry, except to the extent that the savings are generated
by that same firm,

The substantial cost savings of the completed transition could be
partially retained by the firms within the industry to reflect an
equitable return on their investment and the remainder could be passed
on to the farmer. The reduction in cost to farmers could result in an
increase in fertilizer usage in Michigan. Recall that the transition
outlined above was made under the assumption that the quantity of N,
PZOS' and K,0 demanded each year is constant, Subsequent analysis
with projected increases in the three nutrients revealed that the
transition would be essentially identical to the one outlined here,
except that the Tevels of purchases of new facilities would be changed
slightly, while the products and facilities in the transition and in
the long run optimum industry organization would be the same, The
N, P205 and K,0 demands were increased by making simple straight-line
projections to the year 1975. The levels of N, P,0g, and K,0 resulting
from the projections were 191,622, 160,650 and 198,276 annual tons,

respectively, The total cost for the production of these nutrient
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levels was just under $60 million, including processing, transporta=
tion, storage, marketing, application, etc., Although the total cost
increased about $12 million over that of constant nutrient demand,
the same types of facilities were selected by the model to minimize
the total cost of suppiying fertilizer to Michigan. Thus, changing
the demand to reflect @ simple linear growth in nutrient consumption
did not affect the long run industry organization, except for increased
total cost and proportional increases in the level of operation of
those facilities in Optimum.

The following section analyzes in detail the potential cost savings

as well as the investment requirements of the transition outlined above.

Costs, Investment, and Potential Savings

Costs and Potential Savings

If that portion of the fertilizer industry serving Michigan were
to be transformed as outlined above, then the total cost of supplying
fertilizer to Michigan farmers would be substantially reduced. The
1970 Actual organization which is equivalent to Year O in the transi-
tion, resulted in a total cost of $71,4L45,667 (Table IV-1), Evolving
the industry to Year |, which is equivalent to Constrained Optimum,
would allow the industry to supply Michigan's 1970 levels of consump-
tion for $52,555,247,. This is a reduction in total cost of 26.44 per
cent, |f the industry passed the cost reduction on to the farmers,
the cost per nutrient ton would fall from $163.11 to $119.98, which
would save Michigan farmers $18,890,420 (Table IV~1) on the total
nutrient tonnage of 438,023 (Appendix F, Table F=1).

A significantly larger cost reduction would be realized if the



Table IV=-], Cost data for the transition years
Reduction % Reduction Cost/Nutrient
Total Cost in Cost? in CostP Ton®

Year (dollars) (dollars) (per cent) (dollars)
o¢ 71, k45,667 -0- -0- 163.11
1 52,555,247 18,890,420 26, bk 119.98
2 48,490,653 22,955,014 32,13 110,70
3 47,292,651 24,153,016 33.91 107.97
b 47,168,520 24,277,147 33.98 107.69
5 47,019,035 2k 426,632 34.19 107,34
6 46,754,220 24,691,447 34.56 106, 74

3Total cost of Year 0 less the total cost for the year in question.

bReduction in cost for the year in question as a per cent of the total cost of Year O,
“Total cost for the year in question divided by total nutrient tons (438,023).
quuivalent to 1970 Actual,

eEquivalent to Constrained Optimum,

XAl
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transition were made to Year 2, The total cost for this particular
organization is $48,490,653, which is 32,13 per cent less than that
of Year Q. The potential savings is $22,955,014 when compared to
Year 0 and $4,064,594 when compared to Year 1,

The total cost continued to drop as additional years of transi-
tion are made., Total cost figures for Year's 3, 4, 5, and 6 are
$h7,292,651; $47,168,520; $47,019,035, and $46,754,220, respectively
(Table 1V-1), At the same time, the potential savings continues to
climb until it reaches $24,691,447 in Year 6, which corresponds to a
reduction in total cost of 34,56 per cent. Meanwhile, the cost per
nutrient ton fell from $163,11 in Year O to $106.74 in Year 6. Con-
sequently, transforming the industry such that it would be comparable
to the long run optimal organization involves the creation of very
signi ficant potential cost reductions. However, to achieve those

reductions, the industry would need to make rather large investments

in new facilities,

Investments

The 1970 Actual (Year 0) organization of the industry involves
$75,456,505 of capital investment., [If the industry would switch to
the Constrained Optimum (Year 1) organization, the investment figure
drops to $41,546,854, all of which is old (existing) facilities, This
implies a reduction of nearly 34 million dollars in needed investment,
or equivalently, a reduction of nearly 45 per cent (Table IV-2), which
would be a capital loss to the owners of these facilities,

Making the transition to Year 2 would involve $14,082,255 of new

investment, which is 38.01 per cent of the $37,048,229 of total invest=



Table V-2,

Investment data for the transition years

0ld New Total Per cent new % Reduction in
Investment [nvestment Investment investment? Total Investment

Year (dollars) (dollars) (doltars) (per cent) (per cent)

o° 75,156,505 -0- 75,456,505 -0- -0-

1€ 41,546,854 -0- 41,546,854 -0- Lh, 94

2 22,965,974 14,082,255 37,048,229 38.01 50.90

3 29,209,945 7,717,540 36,927,485 20.80 51.06

L 28,316,817 8,489,941 36,806,758 23,07 51.22

5 27,681,253 9,177,625 36,858,878 24,80 51.15

6 28,903,472 8,029,326 36,932,798 21,74 51.05

Gzl

3New investment as a per cent of total investment,
quuivalent to 1970 Actual,

“Equivalent to Constrained Optimum.
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ment used that year. This total is 50,90 per cent less than that of
Year O (Table IV-2), After Year 2, the first year new investment
purchases were allowed, the amount of new investment levels off to
average about 8.4 million dollars annually throughout the remainder
of the transition, Similarly, the total investment during the last
four years of transition levels off to average about 36.9 million
dollars per vyear, or about 51 per cent less than the total investment
of Year 0. As a per cent of total investment, the new investment of

the last four years averages about 22,6 per cent,

Summary

We have seen that a complete transformation of the organization
of the fertilizer industry could result in aimost a 25 million dollar
reduction in the total cost of supplying Michigan farmers with the
tevels of N, P205, and K50 they purchased in 1970,

At the end of the six=-year transition, the total cost of supply-
ing N, P205, and K,0 to Michigan would be $46,754,220 annually, or
about 34.56 per cent less than the current total cost. During the
six-year transition, about 47.5 million dollars of new investment
wouid be required, while the total cost savings would amount to neariy
139.4 million dollars, as compared with maintaining the current total
cost throughout the transition.

Anhydrous ammonia production in Central Michigan, green potas-
sium chloride facilities in Saskatoon, and dry blended fertilizer
production facilities in outstate Michigan are the major new investment
items, On the other hand, facilities such as the piston compressor

technology for producing NHB' the production of urea, ammoniated
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phosphate liquids and granular triple superphosphate are among the
facilities that first become idle.

Changing the ''demand'' to approximate a five year growth in
nutrient consumption, similar to that of the last five years (1965 to
1970), did not result in any changes in the mix of facilities selected

to minimize total cost,



CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDAT IONS

Summary

The fertilizer industry has been plagued with very low returns
on investment in recent years., Total productive capacity was about
61 per cent greater than estimated domestic consumption in 1970,
which is largely the cause of the low returns., Not only is productive
capacity greater than consumption, but the growth rates of these two
in recent years have added to the disparity, That is, growth of
capacity has exceeded growth in consumption such that the amount of
excess capacity has continued to grow.

In 1970, over 645 thousand man-hours of labor were used to man-
ufacture and process Michigan's fertilizer consumption, With labor
priced near $4,00 per man-hour, the total expenditure for labor exceeds
2.5 million dollars. |In 1967, the value added per man-hour in manu-
facturing fertilizers in the U.S. was $13.49, while that of all manu-
facturing was $9.41., Thus, labor is an important factor in the produc-
tion of fertilizer,

Information as to how the optimal short and long run organiza-
tions of the industry are affected by changes in the wage rate and
return on investment can be used to help the industry evolve to an
organization utilizing less labor and investment, and resulting in

lower total cost, yet supplying the same levels of N, P205, and K,0

128
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to the Michigan farms. |In addition, information concerning the re-
guired levels of new investment needed each year to transform the
industry into a more efficient (same output of nutrients for less
cost) organization is useful in determining whether internal and
external capital rationing will affect the transformation.

This study analyzed the effects of wage rates and return on
investment on the short run and long run least cost organizations of
the industry. To analyze these effects, a large linear programming
model was used that had been constructed for a more encompassing
study of the fertilizer industry. Within the framework of this model,
the industry as it serves Michigan was simulated. A short run optimal
organization {(Constrained Optimum) that utilized only existing facil-
ities was determined. Similarly, a long run optimal organization
(Optimum) was determined that was constrained only by existing feasible
technology and nutrient demands.

The simulation of the industry was used as a benchmark for com-
parison with the two optimal organizations. Wage rates and return on
investment were parameterized separately to determine what effects
they had on the Optimum and Constrained Optimum (from the standpoint
of minimum cost) organizations.

Finally, the transition of the industry from its current organi-
zation to the long run optimal organization was mapped out to ascertain
the intermediate optimal structure of the industry and the needed annual
investment to complete the transformation.

The short run optimal organization of the fertilizer industry is
insensitive to changes in the wage rate over the range from $3.00 to

$6.50 per man-hour. Despite the fact that within this range the total
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cost of labor changed by nearly 1.6 million dollars and the wage bill
approached 5.5 per cent of the total cost, the minimum cost organiza-
tion did not change.

In the long run, however, changes in the wage rate did affect
the optimal industry organization, but onty to a minor extent. The
effects of changes in the wage rate in the long run are felt primarily
by the dry blended fertilizer producers. When the wage rate changed
from $3.50 to $3.75 per man-hour, there was a decrease of 18,557 man-
hours. Offsetting this decreased production of dry blended fertil-
izers, direct application of granular potassium chloride increased by
nearly 60,000 tons per vyear.

The long run optimal organization of the industry remained
stable as the wage rate was ranged from $3.75 to $4.75 per man-hour,
inclusive. However, when the rate was raised to $5.00, a change
simit lar to that noted above occurred. This time, however, the de-
crease in labor utilization by dry blended fertilizer producers was
21,785 man-hours. At the same time, direct application cof monoammo-
nium phosphate was initiated at an annual level of 68,965 tons. No
other changes occurred when the wage rate was raised to the maximum
examined level of $6.50 per man-hour.

More important implications than those resulting from wage rate
changes are evident for the fertilizer industry laborer when investi-
gating a change in the industry organization from that of the current
structure to the long run optimal organization. Such a shift in in-
dustry organization would eliminate nearly 42 per cent of the fertil-
izer industry employees engaged in supplying Michigan with fertilizer.

This scunds rather drastic; however, only 135 fewer employees would be
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needed, which is only about one~half of one per cent of the total
employees in the U,S, fertilizer industry. On the other hand, re-
organization of the entire industry could have a substantial impact
on national unemployment,

The Constrained Optimum and Optimum organizations were very
nearly optimal throughout the range of rates of return on investment
examined, For rates of return less than 12.0 per cent, Constrained
Optimum is suboptimal by less than one-tenth of one per cent of the
total cost of the optimal organization; moreover, it is the optimal
short run organization for rates of return between 6.0 and 12.0 per
cent. Despite a considerably large number of changes in the optimal
organization for returns less than 6.0 per cent, Constrained Optimum
was just barely suboptimal in terms of total cost.

Similarly, Optimum was quite close in terms of total cost to the
optimal long run organizations for the range of rates of return on
investment examined, Maintaining the Optimum organization in the
long run regardless of the return on investment would mean that, at
the very worst, less than $0.13 per nutrient ton in potential cost
savings would be foregone, This is very insignificant when compared
with the potential $57.66 per nutrient ton that Optimum could save
Michigan farmers when compared with the 1970 Actual organization.

A transformation from the current industry organization to the
Optimum solution of industry organization would save Michigan farmers
over 23 million dollars or about 32 per cent of the current total
cost of N, PZDS’ and K20 consumed in Michigan, Among the new facil-
ities needed to complete the transition are centrifugal compressor

type anhydrous ammonia production facilities in central Michigan and
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additional dry blended fertilizer processing facilities in outstate

Michigan.

Conclusions

The overall objective of this study has been to analyze the
Constrained Optimum and Optimum industry organizations and to determine
an optimal transition from the current industry organization to
Optimum, Prior to and during the transition, assuming it is to be
implemented, two important concepts should be kept in mind, These
two concepts will be briefly discussed, after which specific con=-
clusions will be listed,

There are many aspects of the transition that will need to be
explained to all industry participants in educational programs before
it will be readily accepted. Agricultural extension personnel will
need to explain the cost saving advantages of the optimal products to
farmers and farm managers, As mentioned previously, farmer acceptance
of these optimal products is very crucial to successfully realizing
the transition, 1(In addition, extension personnel will need to help
farmers currently using liquid products to make the conversion to
dry product handling and application equipment,

Further educational efforts will be needed to insure proper
coordination of the new marketing and merchandizing plans that will
be used under the Optimum organization, Additional educational
programs will be necessary to inform fertilizer producers of the
advantages to them that the new industry arrangement affords; mcreover,
the producers and processors will need infermation on how and when

they should make new investments and/or scrap old technology or facil-
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ities, Thus, there is a large educational effort that is a necessary
part of the transition.

The second concept is that of farm policy. The decreased cost
of fertilizer to farmers will lTikely mean that they will use more of
it, thereby increasing total production, Given the inelastic demand
for farm production, Michigan farmers would likely receive a lower
total income. This assumes that the increased producticn does in
fact have a downward influence on prices farmers receive., I[t's
possible that the increased production in Michigan would have a
negligible effect on price, Those persons involved in making farm
policy should, however, be made aware of the potential effect of in-
creased output,

The following specific conclusions can be drawn from this study:

1. The Constrained Optimum organization of the fertilizer in-
dustry can be used as a short run target towards which industry par-
ticipants can set their sights., |[Its stability when confronted with
fluctuations in the wage rate, its proximity to optimality throughout
a wide range of returns on investment and its significant cost reduc-
tion over 1970 actual suggests that it is a desirable short term goal.

2, Changes in the wage rate in the short run, within the limits
studied, should not be the sole impetus for changing to a technology
not represented in Constrained Optimum, The fact that lTabor utiliza-
tion was constant for wage rates from $3.00 to $6.50 per man~hour
suggests that those technologies utilized in the Constrained Optimum
organization use labor efficiently.

3. The Constrained Optimum organization can be considered as

the short run optimal organization for returns on investment from -2,0
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to 12,0 per cent, inclusive; actually, it is suboptimal for returns
between -2.0 and 5,9 per cent, inclusive, but the difference is less
than one-tenth of one per cent of the total cost of the optimal orga-
nization, Therefore, if management received an equitable return on
investment there would be essentially no effect on the short run
optimal organization of the industry, given returns on investment
below 12,0 per cent,

4, The nitrogen segment of the industry is the most sensitive
to changes in the variables studied. In particular, anhydrous am-
monia is nearly always affected in one way or another; this is largely
due to the fact that it is the primary source of nitrogen and is used
in several production processes of fertilizers that are not predominate-
ly nitrogen,

5. {nvestment in anhydrous ammonia facilities in Central Michigan
appears to be a desirable long run venture., All of the long run
analyses had a considerable amount of the total anhydrous ammonia
production manufactured in Michigan.

6. Granular mixed fertilizer producers could be phased out and
replaced to a large extent by lower cost dry blended fertilizer pro-
ducers located in outstate Michigan, The granulators were never part
of any of the long run analyses; whereas, the blenders were selected
in every long run analysis to help achieve minimum cost.

7. Monoammonium phosphate appears to be slightly superior to
diammonium phosphate from an economic standpoint of minimizing cost,
However, it is quite possible that, given a different ratio of nitro-
gen to phosphate in the total demand, diammonium phosphate would

appear to be superior,
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8. The retative stability of Optimum, given the ranges of the
variables analyzed, and the nearly 23 million dollars it could sub-
tract from total cost suggest it should be the long term goal of the
industry, if cost minimization is the objective. Moreover, Optimum's
stability implies that the investments associated with it would not
be made uneconomical by changes in either the wage rate or the return
on investment, given the ranges examined, Therefore, there would be
less risk involved in investment made in the optimum facilities,

However, they could be made uneconomical by new technology.

Recommendations

The need for additional research became evident as this study
progressed,

The most cbvicous area that needs additional research is that of
the ''demands’' for N, P,05, and K,0. Somehow, these demands need to
be better specified than the aggregations utilized in this study, The
high degree of aggregation used in the long run optimal organization
resulted in only three products being produced. Since all P205 was
made into a 7-28~28 dry blended fertilizer, any crop requiring only
P205 would necessarily get N and K50, given the long run minimum cost
industry organization, Therefore, | would recommend specifying the
N, PZOS’ and KZO demands in accordance with the major crops produced
in Michigan, Perhaps this could be best utilized by inciuding crop
production activities with each crop represented in the model by
numerous levels of fertilization. The model could then be converted
such that it would maximize farm profit,

Secondly, the ever increasing excess capacity and extremely low
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returns on investment suggest that some in-depth research needs to be
done to analyze the investment decision-making procedures utilized
within the industry., |t appears that the current procedures are
either poor or are not used appropriately.

Thirdly, the assumptions made for the transition from 1970 Actual
to Optimum concerning the rate of detericration of existing facilities
directly affects the length of time required to complete the transition.
In addition, the existance of non-zero salvage values could possibly
change the transition to a considerable degree, The inter~-relation-
ships of these two assumptions point out the need for basic research
in these two areas. After completing such research, the transition
analysis could be reconsidered,

Finally, since anhydrous ammonia is made from natural gas and
since NH3 is so important throughout the industry, fluctuations in
the price of natural gas could result in changes in the optimal
industry organization., |In particular, variations in the price of
natural gas among the three production sites embodied in the model

could yield some very useful results.
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APPENDIX A

1970 Actual, Constrained Optimum, and Optimum: Data



Table A-1. Product use summary for 1970 actual, constrained optimum,

and optimum (in tons)

1970 Constrained
Product actual cptimum Optimum
Total cost (in dollars) 71,445,667 52,555,247 48,297,763
Anhydrous ammonia 164,309 171,894 172,828
Aqueous ammonia 3,897 -Q- -0-
Nitric acid 59,832 10,539 -0-
Ammonium nitrate 78,210 13,777 -0-
Nonpressure nitrogen solution 40,912 -0- -0-
Low pressure nitrogen solution 28,171 -0- -0-
Nitrogen manufacturing solution 16,067 19,737 -0~
Urea 52,006 -0- -0-
Granular ammonium sulfate 35,628 -0- -0=
Elemental phosphorous 4,004 -Q- -0-
White phosphoric acid 16,866 -0- -0~
Green phosphoric acid 195,455 236,748 260,565
Superphosphoric acid 207 -0~ -0-
Ammon i um polyphosphate liquid
(10-34~0) 4,832 -0~ -0-
Ammon ium polyphosphate liquid
{(11-37-0) 402 -0~ -0-
Normal superphosphate 53,791 -0- -0-
Run-of-pile triple superphosphate 138,945 115,303 =0-
Granular triple superphosphate 26,598 5,274 -0-
Diammonium phosphate 105,205 77,810 -0-
Monoammonium phosphate 26,244 99,910 270,576
Rock phosphate 277 -0- -0~
Run-of-mine potassium chloride 111,166 121,462 ~0-
Standard potassium chloride 1,877 -0- -0-
Granular potassium chloride 95,3919 137,590 259,032
Coarse potassium chloride 50,000 ~0- -0-
Granulated mixed fertilizers 388,555 303,655 -0-
Bulk blended fertilizers 203,213 185,535 329,689
Custom blended fertilizers 27,785 86,465 113,600
Hot process clear mixed liquids 11,450 ~0- -0-
Cold process clear mixed liquids 7,633 -0- -0~
Suspension liquids -0- -0- -G~
N supplied 141,932 141,932 141,932
P20 supplied 140,650 140,650 140,650
Ko0" supplies 155,441 155, bh) 155,441




Table A-2, Anhydrous ammonia product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum
Gulf Coast Production Centrifugal --- 73,033 80,308 42,886
Gulf Coast Production Piston -—- 10,363 -0~ -0~
Midwest Production Centrifugal - 46,913 45,175 -0-
{entral Production Centrifugal --- -0- -0- 129,942
Michigan
Central Production Piston ~-e 34,000 4o 411 -Q-
Michigan
Gulf Coast Mfr's. storage Cyrogenic --- 13,189 45 540 -0~
Midwest Mfr's. storage Cyrogenic - -0- 7,647 -0-
Central Mfr's storage Cyrogenic --= -0- -0- 64,239
Michigan
Gulf Coast Product On-site Gulf Coast 50,763 7,448 -0-
transfer producers]

Gulf Coast TRansportation Barge Florida ) 19,012 27,320 42,886

producers

Inl



Table A-2, {cont'd.)
Product tons per year
Originating Terminating 1970 Constrained
location Activity Type location actual optimum Opt i mum
Gul f Coast Transportation Rail Outstate 13,622 45,540 -0~
retailers
Midwest Product On-site Midwest 3 25,946 8,788 -0-
transfer producers
Midwest Transportation Rai l Outstate 2,157 -0- -0-
processors
Midwest Transportation Rail Qutstate 18,810 -0- -0-
retailers
Midwest Transportation Truck Farms -0- 36,387 -0-
Central Product On-site Michigan 5 h,350 -0- -0-
Michigan transfer producers
Central Transportation Truck Qutstate 29,642 -0~ -0-
Michigan retailers
Central Transportation Truck Farms 8 46,411 129,942

Michigan

(4



Table A-2, (cont'd.)

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum
Outstate Retailing --- --- 62,074 45,540 -0-
Michigan
Qutstate Transportation Applicator Farms 62,074 45,540 -0-
retailers
Farms Application --- --- 62,082 128,338 129,942

‘Nitric acid, ammonium nitrate, nitrogen manufacturing solutions, and urea producers.

2Diammonium phosphate and monoammonium phosphate producers.

3Nitric acid, ammonium nitrate, nonpressure and low pressure nitrogen solutions, nitrogen manufactur-

ing solutions, urea, ammoniated polyphosphates, diammonium phosphate, and moncammonium phosphate producers.

Aqueous ammonia, granular mixed and liquid mixed fertilizer producers.

2Di ammon i um phosphate and granular mixed fertilizer producers.

thl



Table A-3.

Aqueous ammonia product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum

Outstate Production Ammoni a --- 3,897 -0- -0-
Michigan converter

Qutstate Transportation Rail Qutstate 3,897 -0- =0-
Michigan retailer

Outstate Retailing -—- - 3,897 -0- -0-
Michigan

Qutstage Transportation Applicator Farms 3,897 -0- -0-
retailers

Farms Application —-- --- 3,897 -0~ -0-

izl



Table A-4. Nitric acid product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual opt imum Optimum
Gulf Coast Production Medium -—- 41,882 7,377 -0-
pressure
Midwest Production Medium --- 17,950 3,162 -0-
pressure
Gulf Coast Product On-site Gulf Coast b1,882 1,377 -0-
transfer producers
Midwest Product On-site Midwest | 17,950 3,162 -0-
transfer producers

VAmmonium nitrate producers.

Tl



Table A-5.

Ammonium nitrate product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual opt i mum Optimum
Gulf Coast Preduction Neutralization- --- 5k, 747 9,644 -0-
evaporation
Midwest Production Neutralization- “e- 23,463 4,133 -0-
evaporation
Gulf Coast Mfr's. storage Bulk -~ 4,879 -0- -0-
Guif Coast Product On-site Gulf Coast -0- 9,644 -0-
transfer producers
Guif Coast Transportation Barge Midwest , 20,106 -0- -0-
producers
Gulf Coast Transportation Rail Michigan 3 1,027 -0- -0~
producers
Gulf Coast Transportation Rail Outstate 3 5,912 -0~ -0-
processors
Gulf Coast Transportation Rail Outstate 27,704 -0- -0-

retailers

|



Table A-5. (cont'd.)

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum
Midwest Product On-site Midwest 23,463 4,133 -0-
transfer producers
Qutstate Retailing --- - 27,704 -0- -Q-
Michigan
Qutstage Transportation Applicators Farms 27,704 -0- -0-
retailers
Farms Application .- --- 27,704 -0- -0-

]Nitrogen manufacturing solutions producers,

2

3Granulated mixed and dry blended fertilizer producers.

Nonpressure and low pressure nitrogen solutions and nitrogen manufacturing solutions producers.

A ]



Table A-6.

Nonpressure nitrogen solutions product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum
Midwest Production Blending --- ko,912 -0~ -0-
Midwest Mfr's. storage Tank -—- 40,635 -0- -0-
Midwest Transportation Rail Outstate 1,109 ~0- -0-
processors
Midwest Transportation Rail Outstate 39,803 -0~ -0-
retailers
Qutstate Retailing .- --- 39,803 -0- -0-
Michigan
Outstage Transportation Applicators Farms 39,803 -0~ (-
retailers
Farms Application --- --- 39,803 -0~ -0-

Itold process liquid mixed

fertilizer producers.
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Table A-7.

Low pressure nitrogen solutions product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Opt imum
Midwest Production Blending .- 28,171 -0- -0-
Midwest Mfr's. storage Tank --- 9,472 -0- -0-
Midwest Transportation Rail Michigan 16,260 -0~ -0-
producers
Midwest Transportation Rail OQutstate 9,756 -0- -0-
processors
Midwest Transportation Rail Qutstate 2,155 -0~ -0-
retailers
Qutstate Retailing --- --= 2,155 -0- -0-
Michigan
Outstate Transportation Applicators Farms 2,155 -0- -0-
retailers
Farms Application --= ——- 2,155 -0- -0-

VGranulated mixed fertilizer producers.
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Table A-8.

Nitrogen manufacturing solutions product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum

Gulf Coast Production Blending --- -0- 13,816 -0-

Midwest Production Blending --- 16,067 5,921 -0-

Gulf Coast Mfr's. storage Tank -—- -0- 2,616 -0-

Midwest Mfr's. storage Tank --- 4,519 -0~ -0-

Gulf Coast Transportation Rail Michigan -0- 10,329 -0-
producers

Gulf Coast Transportation Rail Qutstate -0- 3,488 -0-
processors

Midwest Transportation Rail Michigan 10,042 5,921 -0~
producers

Midwest Transportation Rail Outstate 6,025 -0- -0-
processors

IGranulated mixed fertilizer producers.
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Table A-9.

Urea product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum
Gulf Coast Production Gas separation --- 29,470 -0- -0-
Gulf Coast Production Ammon i um --- 6,934 -Q- -0-
carbamate
slurry
Gulf Coast Production Water --- 10,401 -0- -0-
absorption
Midwest Production Gas separation --= 5,201 -0- -0-
Gulf Coast Mfr's. storage Bulk - 33,878 -0- -Q-
Gulf Coast Transportation Barge Midwest 9,651 -0- -0-
producers
Gulf Coast Transportation Rail Michigan 1,247 ~0- -0-
processors
Gulf Coast Transportation Rail Outstate 11,861 -0- -0-

processors
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Table A-9. (cont'd.)
Product tons per year
Originating Terminating 1970 Constrained
location Activity Type location actual opt i mum Optimum
Gulf Coast Transportation Rail Qutstate 24,047 -0- -0~
retailers
Midwest Product On-site Midwest 5,201 -0= -0-
transfer producers
Qutstate Retailing --- --- 24,047 -0- ~0-
Michigan
Qutstate Transportation Applicators Farms 24 047 -0- -0-
retailers
Farms Application --- .- 24,047 -0- -0-

| . .
Nonpressure nitrogen solutions producers,

2

Granulated mixed and dry blended fertilizer producers.
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Table A-10.

Ammonium sulfate product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual opt imum Optimum

Central Purchase --- - 11,174 -0- -0~
Michigan

Qutstate Purchase --- -—- 21,984 -0~ -0-
processors

Qutstate Purchase --- --- 2,470 -0- -0-
retailers

Outstate Retailing -~ - 2,470 -0- -0-
Michigan

Qutstate Transportation Applicators Farms 2,470 -0- -0~
retailers

Farms Application “-- --- 2,470 -0- -0-
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Table A-11. Elemental phosphorus product flow

Qriginating

Product tons per year

Terminating 1970 Constrained
location Activity Type location actual optimum Optimum
Florida Production Electric --- 4,004 -0- -0-
furnace

Fiorida Transportation Barge Midwest 27 -0~ -0-
producers

Florida Transportation Rai Michigan 3,977 -0~ -0-
producers

IHhite phosphoric and superphosphoric acid producers.
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Table A-12.

White phosphoric acid product flow

Product tons per year

Griginating Terminating 1970 Constrained

location Activity Type location actual optimum Cptimum
Central Production Furnace - 16,866 -0- -0-
Michigan process
Central Product On-site Michigan | 16,866 -0~ -0-
Michigan producer

Diammonium phosphate producer,

sal



Table A-13.

Green phosphoric acid product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum
Florida Production Wet process -—- 134,864 163,356 260,565
Midwest Production Wet process --- 60,591 73,392 -Q-
Florida Mfr's. storage Rubber-1ined .- 3,561 -0- -0-
Florida Product On-site Florida 134,864 163,356 260,565
transfer producers
Midwest Product On-site Mi dwest 55,843 73,392 -0-
transfer producers
Midwest Transportation Rai | Qutstate 4,748 -0- -0-
processors

| Ammoni ated polyphosphates, triple superphosphate, diammonium phosphate and monoammonium phosphate

producers.

2Hot process clear mixed liquid fertilizer producers.
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Table A-14. Superphosphoric acid product flow

Product tons per year

Originating Terminating 1970 Constrained
tocation Activity Type location actual opt imum Optimum
Midwest Production Thermal --- 207 -0- -0~
Midwest Product On-site Midwest | 207 -0- =0-
transfer producers

‘Ammoniated polyphosphates producers.
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Table A-15,

Ammoniated polyphosphate (10-34-0) product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual opt imum Optimum
Midwest Production Ammon i at ion --- L, 832 -0- -0-
Midwest Mfr's. storage Tank --- 3,624 -0- -0-
Midwest Transportation Rail Qutstate 4,832 -0~ -0-
processors

l¢otd process clear mixed liquid fertilizer producers.
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Table A-16.

Ammoniated polyphosphate (11-37-0) product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum
Midwest Production Ammoniation -—- 402 -0- -0-
Midwest Mfr's. storage Tank --- 302 -0~ -0-
Midwest Transportation Rail Qutstate 402 -0- -0-
processors

]

Cold process ciear mixed liquid fertilizer

praducers,
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Table A-17.

Normal superphosphate praduct flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual opt i mum Optimum
Florida Production Cone mixer -—- 21,791 -0- ~0-
Central Production Cone mixer --- 32,000 -0- -0~
Michigan
Florida Mfr's. storage Bulk -—- 16,660 -0- -0-
Florida Transportation Rail Qutstate 21,791 -0- -0-
processors
{entral Product On-site Michigan 31,540 -0- -0-
Michigan transfer producers
Central Transportation Rail Outstate 89 -0~ -0-
Michigan processors
Central Transportation Rail Outstate 371 -0- (-
Michigan retailers
Outstate Retailing --- -—= LY -0- -0-

Michigan




Table A-17. (cont'd.)

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Opt i mum
Qutstate Transportation Applicators Farms 3N -0- -0-
retailers
Farms Application --- --- 371 -0~ -0-

]Granulated mixed and dry blended fertilizer producers.
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Table A-18,

Run-of-pile triple superphosphate product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Opt imum
Florida Production Cone mixer --- 83,085 hi 234 -0-
Midwest Production Cone mixer --- 55,860 71,069 -0-
Florida Mfr's. storage Bulk --- 55,907 25,897 -0-
Florida Product On-site Florida 27,130 5,380 -0-
transfer producers
Florida Transportation Rail Michigan 14,024 38,854 -0-
producers
Florida Transportation Rai l Qutstate 41,930 -Q- -0-
processors
Midwest Transportation Rail Michigan 55,860 51,646 -0-
producers
Midwest Transportation Rail Outstate ~0- 19,423 -0-
processors

lGranulated triple superphosphate producers.

2Granulated mixed fertilizers producers.
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Table A-19.

Granular triple superphosphate product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual opt imum Opt imum
Florida Production Rotary drum --- 26,598 5,274 -0-
granulator
Florida Mfr's. storage Bulk --- 17,242 3,956 ~0-
Florida Transportation Rail Michigan 1,831 -0- -0~
processors
Florida Transportation Rail Outstate 21,159 5,274 -0-
processors
Florida Transportation Rail Qutstate 3,608 -0- -0-
retailers
Outstate Retailing -—- --- 3,608 -0- -0-
Michigan
Outstate Transportation Applicators Farms 3,608 -0~ -0-
retailers
Farms Application --- --- 3,608 -0- -0-

]Dry blended fertilizer producers.
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Table A-20.

Diammonium phosphate product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual opt imum Opt imum
Florida Production Slurry —-- 70,886 64,582 -0-
ammoniation
Midwest Production Slurry --- 14,519 13,228 -0-
ammoniation
Central Production Slurry --- 19,800 -0- -0~
Michigan ammoniation
Florida Mfr's. storage Bulk --- 51,194 28,358 -0-
Florida Transportation Rail Michigan -0~ 26,772 -0-
producers
Florida Transportation Rail Outstate 64,048 37,810 -0~
processors
Florida Transportation Rail Outstate 6,838 -0- -0-
retailers
Midwest Transportation Rail Michigan th, 478 13,228 -0-

producers




Tabie A-20.

{cont'd.)}

Product tons per year

Criginating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum
Midwest Transportation Rai | Outstate Lo -0- -0-
processors
Central Product On-site Michigan 19,800 -0- -0-
Michigan transfer producers
Outstate Retailing --- --- 6,838 -0- -0-
Michigan
Outstate Transportation Applicators Farms 6,838 -0- -0-
retailers
Farms Application --- --- 6,838 -0- -0-

lgranulated mixed and dry blended fertilizer producers.
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Table A-21.

Monoammon ium phosphate product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual opt i mum Optimum
Florida Production Slurry --- 21,783 82,926 270,576
ammoniation
Mi dwest Production Slurry --- b, 461 16,985 -0-
ammon i ation
Florida Mfr's. storage Bulk --- 17,231 74,933 202,932
Florida Transportation Rail Outstate 18,514 72,156 270,576
processors
Florida Transportation Rail Qutstate 3,269 -0- -0-
retailers
Florida Transportation Rail Michigan -0- 10,770 -0-
processors
Midwest Transportation Rail Michigan 2,180 -0- -0-
processors
Midwest Transportation Rail Outstate 2,281 16,985 -0-

processors

991



Table A-21.

(cont'd.)

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum
Qutstate Retailing --- --- 3,269 -0- =0-
Michigan
Qutstate Transportation Applicators Farms 3,269 -0- -0-
retailers
Farms Application --- --- 3,269 -0- -0-

'Dry blended fertilizer producers.
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Table A-22.

Rock phosphate product flow

Product tons per year

Originating Terminating 1970 Constrained
Location Activity Type location actual opt i mum Opt imum
Florida Production Grinding —n- 277 -0- -0~
Florida Transportation Rail Outstate 277 -0- -Q-
retailers
Qutstate Retailing --- ——- 277 -0- -0-
Michigan
Qutstate Transportation Applicators Farms 277 -0~ -0-
retailers
Farms Application -=- .- 277 -0- -0-

891



Table A-23.

Run-of-mine potassium chloride product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Opt imum

Saskatoon Production Flotation -~ 111,116 121,462 -0~

Saskatoon Mfr's. storage Bulk -~ 31,265 16,096 -0-

Saskatoon Transportation Rai} Michigan 69,479 100,000 -0-
producers

Saskatoon Transportation Rail Qutstate 41,687 21,462 -0-
processors

YGranulated mixed fertilizer producers,
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Table A-24,

Standard potassium chloride product flow

Product tons per year
Originating Terminating 1970 Constrained
location Activity Type location actual opt imum Opt i mum
Saskatoon Production Flotation --- 1,877 -0- -0-
Saskatoon Mfr's. storage Bulk - 1,407 -0- -0-
Saskatoon Transportation Rai | Outstate 1,877 -0- -0-
processors

THot and cold process clear mixed liquid fertilizer producers.
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Table A-25, Granular potassium chloride product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Opt imum
Saskatoon Production Flotation - 95,919 137,590 259,032
Saskatoon Mfr's. storage Bulk --- 62,943 103,192 129,535
Saskatoon Transportation Rail Michigan -0~ -Q- 86,319
terminal
Saskatoon Transportation Rail Michigan 6,321 9,230 -0~
processors
Saskatoon Transportation Rail Qutstate 77,602 128,360 172,713
processors
Saskatoon Transportation Rail Qutstate 11,996 -0- -0-
retailers
Michigan Transportation Truck Farms -0- -0~ 86,319
terminal
Qutstate Retailing -—- --- 11,996 -0- -0~

Michigan

WA



Table A-25. ({cont'd.)

Product tons per year

Originating Terminating 1870 Constrained
location Activity Type location actual optimum Optimum
Qutstate Transportation Applicators Farms 11,996 -0- -0~
retailers
Farms Application --- - 11,996 -0- 86,319

IDry blended fertilizer producers.

rAA |



Table A-26,

Coarse potassium chloride product flow

Product tons per vyear

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum
Saskatoon Production Flotation - 50,000 -0- -0-
Saskatoon Transportation Rail Qutstate 50,000 -0- -0-
retailers
Qutstate Retailing -== m-- 50.000 -0- =0~
Michigan
Qutstate Transportation Applicators Farms 50,000 -0- -0-
retailers
Farms Application --=- --- 50,000 -0~ -0-
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Table A-27.

Bagged granulated mixed fertilizers product flow

Product tons per year

Originating Terminating 1970 Constrained

location Activity Type location actual optimum Opt i mum

Central Production TVA --- 97,139 -0~ -0-
Michigan continuous

Outstate Production TVA --- 58,283 -0- -0-
Michigan (30,000 TPY)

Central Mfr's. storage Bagged wem 36,427 -0- -0-
Michigan

Central Transportation Truck Outstate 97,117 -0- -0-
Michigan retailers

Central Transportation Truck Farms 22 -0~ -0-
Michigan

Outstate Transportation Truck Outstate 58,283 -0- -0-
producer retailers

Outstate Retailing --- --- 155,400 -0- -0-
Michigan

Outstate Transportation Wagons Farms 155,400 -0~ =0-
retailers

Farms Application === .- 155,400 -0- -0-




Table A-28.

Bulk granulated mixed fertilizer product flow

Product tons per year

Originating Terminating 1970 Constrained

location Activity Type location actual optimum Optimum

Central Production TVA --- 145,708 250,000 -0~
Michigan continuous

Outstate Production TVA --- 87,425 53,655 -0-
Michigan continuous

Central Mfr's. storage Bulk -—- ~0- 187,500 -0-
Michigan

Central Transportation Rail Qutstate 145,708 -0- -0-
Michigan retailers

Central Transportation Truck Farms -0- 250,000 -0-
Michigan

Qutstate Transportation Truck Outstate 87,425 -0- -0-
producer retailers

Qutstate Transportation Truck Farms -0- 53,655 -0-
producer

Qutstate Retailing -- - 233,133 -0- -0-

Michigan
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Table A-28. {cont'd.)

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum
Qutstate Transportation Applicators Farms 233,133 -0~ -0-
retailers
Farms Application .- --- 233,133 3-3,655 ~0-
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Table A-29.

Bagged blended fertilizer product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Opt imum
Central Production Horizontal w/ --- 16, bhk ~0- -0-
Michigan rotary drum

Qutstate Production Horizontal --- 6,986 -0- -0~
Michigan (1000 TPY)

Qutstate Production Horizontal --- 29,787 -0~ -0-
Michigan {2500 TPY)

Central Transportation Truck Outstate 16, 44k -0- Q-
Michigan retailer

Qutstate Transportation Wagon Farms 36,773 -0- -0-
processors

Outstate Retailing --- --- 16, 4hh -0- -0-
Michigan

Outstate Transportation Wagon Farms 16, 4b4 -0- -0-
retailer

Farms Application -—- - 53,217 -0- -0-
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Tahle A-30.

Bulk blended fertilizers product flow

Product tons per year

Originating Terminating 1970 Constrained

location Activity Type location actual opt imum Optimum
Central Production Horizontal w/ = 2,902 20,000 -0-
Michigan rotary drum

Qutstate Production Horizontal --- -0- 252,000 -0-
Michigan (9000 TPY)

Qutstate Production Vertical --- -0- -0- 443,290
Michigan (9000 TPY)

Outstate Production Horizontal --- 141,653 -0- -0-
Michigan (2500 TPY)

Outstate Production Horizonta! --- 33,226 -0- -0-
Michigan (1000 TPY)

Central Transportation Rail Qutstate 2,902 =0~ -0~
Michigan retailers

Central Transportation Truck Farms -0- 20,000 -0-

Michigan
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Table A-30.

{cont'd,}

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual opt i mum Opt imum
Qutstate Transportation Truck Satellite -0- 126,000 221,645
processors out lets
Qutstate Transportation Applicators Farms 178,879 126,000 221,645
processors
Qutstate Retailing -=- --- 2,902 -0- -0-
Michigan
Outstate Transportation Applicators Farms 2,902 -0- -0-
retailers
Satellite Product - -—- -0- 126,000 221,645
outlets handling
Satellite Transportation Applicators Farms Q- 126,000 221,645
outlets
Farms Application --- --= 177,781 272,000 443,290
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Table A-31.

Clear mixed liquid fertilizer product flow

Product tons per year

Originating Terminating 1970 Constrained
location Activity Type location actual optimum Optimum

Qutstate Production Hot process --- 11,450 -0- -0~
Michigan (3000 TPY)

Qutstate Production Cold blend --- 7,633 -0- -0-
Michigan {1000 TPY)

Qutstate Transportation Applicators Farms 19,083 -0- -0-
processors

Farms Application --- --- 19,083 -0- -0-
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Table A-32. Miscellaneous items and factor usage

1970 Constrained
ftem Actual Optimum Opt imum
Labor {man-hours) 645,405 452,182 397,545
Wage bill @ $4.00/man-hour 2,581,620 1,808,728 1,590,180
Investment capital (dollars) 75,456,505 41,546 854 37,601,696
Operating capital (dollars) 28,535,706 17,212,759 16,087,234
Interest on investment P 7.5% 5,659,238 3,116,014 2,820,127
Limestone filler (tons) 15,482 -0- -0~
Total fertilizer material (tons) 877,131 703,993 659,551
Average content (per cent)
Al nutrients 49.9 62.2 66.4
N 16.2 20.2 21.5
P205 16.0 20.0 21,3
KZO 17.7 22,1 23.6
Limestone filler 1.77 -0- -0~
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APPENDIX B

Returns on Investment in the Short Run



Table B-1. Product use summary for returns on investment in the short run (in tons)

Rate of return

204 to 1h.0% to 12.0%2 to 5.9% to 4.3%3 to L.1%Z to 2.0% to
Product 14.1% 12,1% 6.0% b4y 4.2% 2.1% -2.0%
Anhydrous ammonia 171,894 171,894 171,894 171,894 171,894 171,974 171,974
Nitric acid 10,539 10,539 10,539 10,539 10,539 9,930 9,330
Ammonium nitrate 13,777 13,777 13,717 13,777 13,777 12,980 12,980
Nitrogen manufacturing solution 19,737 19,737 19,737 19,738 19,738 18,596 18,596
Elemental phosphorous -0- -0- -0- -0- -0- 3,977 3,977
Green phosphoric acid 236,748 236,748 236,748 236,748 236,748 220,645 220,645
White phosphoric acid -0- -0~ -0- -0- -0- 16,866 16,866
Run-of-pile triple superphosphate 115,303 115,303 115,303 115,303 115,303 112,087 112,087
Granular triple superphosphate 5,274 5,274 5,274 5,274 5,274 8,352 8,352
Diammonium phosphate 77,810 77,810 77,810 77,810 77,810 111,857 111,857
Monoammonium phosphate 99,911 99,911 99,911 99,911 99,811 72,737 72,737
Run-of-mine potassium chloride 121,462 121,462 121,462 121,h62 121,462 114,440 114,440
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Table B-1. (cont'd.)

Rate of return

203 to  14.0% to 12.0% to 5.9% to 4.33 to 4.1% to 2.0% to
Product 14.1% 12.1%  6.0% b, 4% 4.2% 2.1% -2.0%
Granular potassium chloride 137,590 137,590 137,590 137,590 137,590 144,629 144 629
Granulated mixed fertilizers 303,655 303,655 303,655 303,655 303,655 286,099 286,099
Bulk blended fertilizers 185,535 185,535 185,535 185,535 185,535 135,075 135,075
Custom blended fertilizers 86,465 86,465 86,465 86,465 86,465 136,925 136,925
N supplied 141,932 151,932 141,932 141,932 141,932 141,932 141,932
Py05 supplied 140,650 140,650 140,650 140,650 140,650 140,650 140,650
K,0 supplies 155,441 155,441 155,441 155,441 155,441 155,441 155,441
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Table B-2.

Anhydrous ammonia product flow

Rate of return

Originating Terminating  20% to 14.0% to 12.0¢ to  5.9% to
location Activity Type location 14.1% 12,12 6.0% b 4%
Product tons per year
Gulf Coast Production Centrifugal --- 80,308 80,308 80,308 80,308
Midwest Production Centrifugal --- 45,175 45,175 45,175 45,175
Central Production Piston --- he 411 46,411 46,411 46,411
Michigan
Gulf Coast Mfr's. storage Cyrogenic ~-- 36,752 36,752 45,550 48,205
Midwest Mfr's. storage  Cyrogenic wa- 16,435 16,435 7,647 4,981
Gulf Coast Product On-site Gulf Coastl 7,448 7,448 7,448 4,783
transfer praducers
Gulf Coast Transportation Barge Florida 27,320 27,320 27,320 27,320
producers
Gulf Coast Transportation Rail Qutstate ~0- -0- hs,540 48,205
retailers
Midwest Product On=-site Midwest 3 -0- -0- 8,788 11,454
transfer producers
Midwest Transportation  Truck Farms 45,175 45,175 36,387 33,721
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Table B-2, (cont'd.)
Rate of return
Originating Terminating  20% to 14,02 to  12.0% to  5.9% to
location Activity Type location 14.1% _12.1% 6.0% 4, 4%
Product tons per year
Central Transportation  Truck Farms 46,411 46,411 46,411 46 411
Michigan
Outstate Transportation  Applicator Farms -0- -0- 45,540 48,205
retailers
Farms Application .- 128,338 128,338 128,338 128,338 128,338
Gulf Coast Transportation Barge Midwest 3 8,788 8,788 -0- -0-
producers
Gulf Coast Transportation Barge Midwest 36,752 36,752 -0- ~0-
terminal
Midwest Transportation Truck Farms 36,752 36,752 -0- -0-
terminal
Gulf Coast Transportation Rail Michigan -0~ -0- -0- -0~

processors
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Table B-2. (cont'd.)
Rate of return
Originating Terminating  20% to  14.0% to 12,08 to  5.9% to
location Activity Type location 14.1% 12,13 6.0% b, 4%
Product tons per year
Midwest Transportation Rail Michigan -0- -0- -0- -0-
processors
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Table B-2., (cont'd.)

Rate of return

Originating Terminating 4.3% to 4.1% to 2.0% to
location Activity Type location L, 2% 2.1% ~2.0%
Product tons per year
Gulf Coast Production Centrifugal --- 80,308 80,345 80,345
Midwest Production Centrifugal --- 4s 175 45,196 45,196
Central Production Piston --- Le 411 46,433 b6 , 433
Michigan
Gulf Coast Mfr's. storage Cyrogenic --- 48,828 45,739 50,085
Midwest Mfr's. storage Cyrogenic --- 4,359 8,789 b, 443
Gulf Coast Product In-site Gulf Coast 4,160 3,920 3,920
transfer producers
Gulf Coast Transportation Barge Florida 27,320 26,340 26,340
producers
Gulf Coast Transportation Rai ) Outstate 48,828 45,739 50,085
retailers
Midwest Product On-site Midwest 12,076 11,501 11,501
transfer producers
Midwest Transportation Truck Farms 33,099 33,695 29,349
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Table B-2. {cont'd.)

Rate of return

Originating Terminating 4.3% to 5.1% to 2.0% to
location Activity Type location §,2% 2.1% -2.0%
Product tons per year
Central Transportation Truck Farms 46,411 46,433 46,433
Michigan
Outstate Transportation Applicator Farms 48,828 45,739 50,085
retailers
Farms Application - --- 128,338 125,867 125,867
Gulf Coast Transportation Barge Midwest -0- -0~ -0-
producers
Gulf Coast Transportation Barge Midwest -0- -0~ -0~
terminal
Midwest Transportation Truck Farms -0- -0~ -0~
terminal
Gulf Coast Transportation Rail Michigan -0- b,346 -0-
processors
Midwest Transportation Rail Michigan -0- -0- L, 346

processors
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Table B-2, (cont'd.)

]Nitric acid, ammonium nitrate, and nitrogen manufacutring solutions producers.
2Diammonium and moncammonium phosphate producers,

3Nitric acid, ammonium nitrate, nitrogen manufacturing solutions, and diammonium and monoammon ium
phosphate producers.

b . -
Granular mixed fertilizer producers.

681



Table B-3. Nitric acid product flow

Rate of return

Originating Terminating 20% to 14,02 to 12.0% to 5.9% to
location Activity Type location 14.1% 12.1% 6.0% b, 4%
Product tons per year
Gulf Coast Production Medium --- 7,377 7,377 7,377 7,377
pressure
Midwest Production Medium --- 3,162 3,162 3,162 3,162
pressure
Gulf Coast Product On-site Gulf Coast] 7,377 7,377 7,377 1,377
transfer producers
Midwest Product On-site Midwest 3,162 3,162 3,162 3,162
transfer producers]
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Table B-3, {cont'd.}
Rate of return
%.3% to 1% to 2,0% to
Originating Terminating 4.2% 2.1% -2.0%
location Activity Type location Product tons per year
Gulf Coast Production Medium ~e- 7,377 6,951 6,951
pressure
Midwest Production Medium - 3,162 2,979 2,979
pressure
Gulf Coast Product On-site Gutf Coast] 7,377 6,951 6,951
transfer producers
Midwest Product On-site Midwest 3,162 2,979 2,979
transfer producers

| Ammon fum nitrate producers.
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Table B-4.

Ammonium nitrate product flow

Rate of return

Originating Terminating  20% to  14.0% to  12.0% to  5.9% to
location Activity Type location 14.1% 12.1% 6.0% h.4%
Product tons per year
Gulf Coast Production Neutralization .- 9,644 9,6k4 9,644 9,644
evaporation
Midwest Production Neutralization --- 4,133 4,133 h,133 4,133
evaporation
Gulf Coast Product On-site Gulf Coastl 9,644 9,644 9,644 1,826
transfer producers
Gulf Coast Transportation  Barge Midwest -0~ -0- -0- 7,818
producers
Midwest Product On-site Midwest 4,133 4,133 4,133 4,133
transfer producers
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Table B-4. (cont'd.)
Rate of return
Originating Terminating 4,3% to 4.1% to 2.0%3 to
location Activity Type tocation 4.2% 2.1% -2.0%
Product tons per year
Gulf Coast Production Neutralization --- 9,6hk4 9,086 9,086
evaporation
Midwest Production Neutralization --- 4,133 3,894 3,894
evaporation
Gulf Coast Product On-site Gulf Coast -0- -0- -0-
transfer Producers
Gulf Coast Transportation Barge Midwest | 9,644 9,086 9,086
producers
Midwest Product On-site Midwest 4,133 3,804 3,894
transfer producers

‘Nitrogen manufacturing solutions producers,
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Table B-5. Nitrogen manufacturing sclutions product flow

Rate of return

Originating Terminating  20% to  [4.0% to 12.0% to 5.9% to
tocation Activity Type location 14.1% 12.1% 6.0% 4.4%

Product tons per year

Gulf Coast Product ion Blending - 13,816 13,816 13,816 2,616

Midwest Production Blending - 5,921 5,921 5,921 17,122

Gulf Coast Mfr's, storage Tank - 2,616 2,616 2,616 2,616

Midwest Mfr's. storage Tank -=- -0- -0- -0- -0-

Gulf Coast Transportation Rail Michigan ] 10,329 10,329 10,329 -0-
producers

Gulf Coast Transportation Rail Outstate 3,488 3,488 3,488 2,616
processors

Midwest Transportation Rail Michigan 5,921 5,921 5,921 16,250
producers

Midwest Transportation Rail Outstate -0- -0- -0- 872

processors
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Table B-5. (cont'd.)
Rate of return
Originating Terminating 4.3% to 4.0% to 2,0% to
location Activity Type location b2y 2.1% -2.0%
Product tons per year
Gulf Coast Production Blending - -0- -0- -0-
Midwest Production Biending --- 19,738 18,596 18,596
Gulf Coast Mfr's. storage Tank ~-- -0- -0- -0-
Midwest Mfr's, storage Tank -—- 2,616 1,760 1,760
Gulf Coast Transportation Rail Michigan -0- -0- -0~
producers
Gulf Coast Transportation Rail Outstate -0- -0~ -0-
processors
Midwest Transportation Rai ] Michigan 16,250 16,250 16,250
producers
Midwest Transportation Rai | Outstate 3,488 2,346 2,346
processors

]Granulated mixed fertilizer producers.
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Table B-6. Elemental phosphorous product flow

Rate of return

Originating Terminating  20% to 15.0% to  12.0% to  b.9% to
location Activity Type location 14,1% 12.1% 6.0%
Product tons per year
Florida Production Electric -- -0- =0- -0-
furnace
Florida Transportation Rail Michigan -0- -0- -0-
producers
Rate of return
5.3% to §.1% to 2.0% to
h.2% 2.1% -2.0%
Product tons per year
Florida Production Electric -- -0- 3,977 3,977
furnace
Florida Transportation  Rail Michigan -0- 3,977 3,977
producers

INhite phosphoric acid producers.
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Table B-7., White phosphoric acid product flow
Rate of return
Originating Terminating 20% to 14.0% to  12.0% to 5.9% to
location Activity Type location 14.1% 12.1% 6.0% 4, 4%
Product tons per year
Central Production Furnace --- -0- -0- -0~ -0~
Michigan process
Central Product On-site Michigan -0- -0- -0- -0-
Michigan transfer producers
Rate of return
4.3% to 1% to 2.0% to
4.2% 2.1% -2.0%
Product tons per year
Central Production Furnace --- -0- 16,866 16,866
Michigan process
Central Product On-site Michigan -0- 16,866 16,866
Michigan transfer producers

1

Diammonium phosphate producers.
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Table B-8.

Green phosphoric acid product flow

Rate of return

Originating Terminating  20% to  14.0% to  12.04 to  5.9% to
location Activity Type location 14.1% 12.1% 6.0% b 4%
Product tons per year

Florida Production Wet process -—- 163,356 163,356 163,356 163,356

Midwest Production Wet process .- 73,392 73,392 73,392 73,392

Florida Product On-site Florida 163,356 163,356 163,356 163,356
transfer producers

Midwest Product On-site Midwest 73,392 73,392 73,392 73,392
transfer producers
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Table B=8. (cont'd.)
Rate of return
Originating Terminating 4.3% to L.1% to 2.0% to
location Activity Type location h.2% 2, 1% -2.0%
Product tons per year
Florida Production Wet process --- 163,356 152,245 152,245
Midwest Production Wet process --- 73,392 68,400 68,400
Florida Product On-site Florida 163,356 152,245 162,245
transfer producers
Midwest Product On-site Midwest 73,392 68,400 68,400
transfer producers

’Triple superphosphate, and diammonium and monoammonium phosphate producers.
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Table B-9.

Run-of-pile triple superphosphate product flow

Rate of return

Originating Terminating  20% to  14.0% to  12.0% to  5.9% to
location Activity Type location 14.1% _12.1% 6.0% h, 4%
Product tons per year
Florida Production Cone mixer --- hy 234 44,234 hiy 234 4y 234
Midwest Production Cone mixer --- 71,069 71,069 71,069 71,069
Florida Mfr's. storage Bulk -—- 25,897 25,897 25,897 25,897
Florida Product On-site Florida 5,380 5,380 5,380 5,380
transfer producers
Florida Transportation Rail Michigan 38,854 38,854 38,854 38,854
producers
Midwest Transportation Rail Michigan 51,646 51,646 51,646 51,646
producers
Midwest Transportation Rail Outstate 19,423 19,423 19,423 19,423

processors
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Table B-9.

{cont'd.)

Rate of return

Originating Terminating 4.3% to  4.1% to 2.0% to
location Activity Type location b, 2% 2.1% -2.0%
Product tons per year
Florida Production Cone mixer -—= Ly 234 45,066 45,066
Midwest Production Cone mixer --- 71,069 67,021 67,021
Florida Mfr's. storage Bulk --- 25,897 17,424 17,424
Florida Product On-site Florida 5,380 8,519 8,519
transfer producers
Florida Transportation Rail Michigan 38,854 36,547 36,547
producers
Midwest Transportation Rail Michigan 51,646 53,953 53,953
producers
Midwest Transportation Rai) Qutstate 19,423 13,068 13,068
processors

Granulated triple superphosphate producers.

2Granulated mixed fertilizer producers.
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Table 8-10,

Granular triple superphosphate product flow

Rate of return

Originating Terminating  20% to  14.0% to  12.0% to  5.9% to

location Activity Type location 14.1% 12.1% 6.0% 4, by
Product tons per year
Florida Production Rotary drum --- 5,274 5,274 5,274 5,274
granulator
Florida Mfr's. storage  Bulk - 3,956 3,956 3,956 3,956
Florida Transportation Rai l Qutstate 5,274 5,274 6,274 5,274
processors
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Table 8-10. (cont'd.)
Rate of return

Originating Terminating 4.3% to L% to 2.0% to

location Activity Type location 4.2% 2.1% -2.0%

Product tons per year
Florida Production Rotary drum --- 5,274 8,352 8,352
granulator
Florida Mfr's, storage Bulk --- 3,956 6,264 6,264
Florida Transportation Rai | Qutstate g,274 8,352 8,352
processors

IDry blended fertilizer producers.
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Table B-11.

Diammonium phosphate product flow

Rate of return

Originating Terminating  20% to  14.0% to 12.02 to  5.9% to
location Activity Type location 14, 1% 12.1% 6.0% b, 4%
Product tons per year
Florida Production Slurry --- -0- 64,582 64,582 64,582
ammoniation
Midwest Production Slurry -—- -0~ 13,228 13,228 13,228
ammoniation
Central Production Slurry -=- -0~ -0~ -0- -0-
Michigan ammoniation
Florida Mfr's. storage Bulk --- 28,358 28,358 28,358 28,358
Florida Transportation Rai | Michigan 26,772 26,772 26,772 26,772
producers
Florida Transportation Rail Qutstate 37,810 37,810 37,810 37,810
processors
Midwest Transportation Rail Michigan | 13,228 13,228 13,228 13,228
producers
Florida Production TVA process -—- 64,582 -0- -0- -0-
Midwest Production TVA process --- 13,228 -0- -0- -0-
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Table 8-11. (cont'd.)

Rate of return

Originating Terminating 20% to 14,02 to 12.0% to 5.9% to
location Activity Type location 14.1% 12.1% 6.0% 4,43
Product tons per year
Michigan Transportation Truck Farms -0- -0- -0- -0-
Farms Application === --- =0- -0- -0- -0-
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Table B-11. (cont'd.)
Rate of return
Originating Terminating 4.3% to 4.1% to 2.0¢ to
location Activity Type location b.2% 2.1% ~2.0%
Product tons per year
Florida Production Sturry --- 64,582 76,407 76,407
ammoniation
Midwest Production Sturry --- 13,228 15,650 15,650
ammoniation
Central Production Slurry - -0- 19,800 19,800
Michigan ammon i ation
Florida Mfr's. storage Bulk --- 28,358 39,042 39,042
Florida Transportation Rail Michigan 26,772 24,350 24,350
producers
Florida Transportation Rai Qutstate 37,810 52,057 52,057
processors
Midwest Transportation Rail Michigan 13,228 15,650 15,650
producers
Florida Production TVA process --- -0~ -0- -0~
Midwest Production TVA process --- -0- -0- -0-
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Table B-11. (cont'd.)

Rate of return

Originating Terminating h.3% to 5.1% to 2.0% to
location Activity Type location 4,2% 2.1% -2.0%
Product tons per year
Michigan Transportation Truck Farms -0- 19,800 19,800
Farms Application --- --- -0- 19,800 19,800

lranulated mixed and dry blended fertilizer producers.
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Table B-12.

Monoammon ium phosphate product flow

Rate of return

Originating Terminating 202 to 14,02 to 12.0% to 5.9% to
location Activity Type location 14.1% 12.1% 6.0% 4,43
Product tons per year
Florida Production Sturry --- 82,926 82,926 82,926 82,926
ammon i at jon
Midwest Production Slurry --- 16,985 16,985 16,985 16,985
ammoniation
Florida Mfr's. storage Bulk --- 74,933 74,933 74,933 74,933
Florida Transportation Rail Qutstate 72,156 72,156 72,156 72,156
processors
Midwest Transportation Rail Qutstate 16,985 16,985 16,985 16,985
processors
Florida Transportation Rail Michigan 10,770 10,770 10,770 10,770

processors
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Table B-12. (cont'd.)

Rate of return

Originating Terminating 4.3% to 4.1% to 2.0% to
location Activity Type location b.2% 2.1% -2.0%
Product tons per year
Florida Production Slurry -— 82,926 60,372 60,372
ammoniation
Midwest Production Slurry --- 16,985 12,365 12,365
ammoniation
Florida Mfr's. storage Bulk coe 74,933 54,553 54,553
Florida Transportation Rai Outstate 72,156 49,602 k9,602
processors
Midwest Transportation Rail Outstate 16,985 12,365 12,365
processors
Florida Transportation Rail Michigan 10,770 10,770 10,770
processors

]Dry blended fertilizer producers.

602



Table B-13.

Run-of-mine potassium chloride product flow

Rate of return

Originating Terminating 20% to 14.0% to 12.0¢ to  5.9% to
location Activity Type location th,1% 12.1% 6.0% b, 4%
Product tons per year
Saskatoon Production Flotation .- 121,462 121,462 121,462 121,462
Saskatoon Mfr's. storage Bulk --- 16,096 16,096 16,096 16,096
Saskatoon Transportation Rail Michigan 100,000 100,000 100,000 100,000
producers
Saskatoon Transportation Rai l Outstate 21,462 21,462 21,462 21,462

processors
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Table B-13. (cont'd.)
Rate of return
Originating Terminating 4.32 to 1% to 2.0% to
location Activity Type location 4.2% 2.1% -2.0%
Product tons per year
Saskatoon Production Flotation -- 121,462 114,440 114,440
Saskatoon Mfr's. storage Bulk -- 16,096 10,830 10,830
Saskatoon Transportation Rail Michigan ] 100,000 100,000 100,000
producers
Saskatoon Transportation Rail Qutstate 21,462 14,4450 14, 440
processors

Granulated mixed fertilizer producers.
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Table B-14,

Granular potassium chloride product flow

Rate of return

Originating Terminating 20% to 14.0% to 12.0% to  5.9% to
location Activity Type location 14.1% 12.1% 6.0% 4. 4%
Product tons per year
Saskatoon Production Flotation --- 137,590 137,590 137,590 137,590
Saskatoon Mfr's. storage Bulk ~-- 103,192 103,192 103,192 103,192
Saskatoon Transportation Rail Michigan 9,230 9,230 9,230 9,230
processors
Saskatoon Transportation Rai | Outstate 128,360 128,360 128,360 128,360

processaors
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Table B-14, (cont'd.)
Rate of return
Originating Terminating 4,3% to 5.1% to 2.0% to
location Activity Type location b4.2% 2.1% -2.0%
Product tons per year
Saskatoon Production Flotation .- 137,590 144 629 bk, 629
Saskatoon Mfi's. storage Bulk -r= 103,192 108,472 108,472
Saskatoon Transportation Rail Michigan 9,230 9,230 9,230
processors
Saskatoon Trarsportation Rail Outstate 128,360 135,399 135,399
Processors

‘Dry blended fertilizer producers.
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Table B-15. Bulk granulated mixed fertilizer product flow

Rate of return

Originating Terminating  20% to 14.0% to 12.0¢ to  5.9% to
location Activity Type location 14,1% 12.1% 6.0% 4.4%

Product tons per year

Central Production TVA -=- 250,000 250,000 250,000 250,000
Michigan continuous

Qutstate Production TVA --- 53,655 53,655 53,655 53,655
Michigan continuous

Central Mfr's, storage Bulk --- 187,500 187,500 187,500 187,500
Michigan

Central Transportation Truck Farms 250,000 250,000 250,000 250,000
Michigan

Qutstate Transportation Truck Farms 53,655 53,655 53,655 53,655
producer

Farms Application 303,655 303,655 303,655 303,655
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Table B-15. (cont'd.)
Rate of return
Originating Terminating §.3% to 413 to 2.0 to
location Activity Type location 4.2% 2.1% -2.0%
Product tons per year

Central Production TVA --= 250,000 250,000 250,000
Michigan continuous

Outstate Production TVA --- 53,655 36,099 36,099
Michigan continuous

Central Mfr's, storage Bulk --- 187,500 187,500 187,500
Michigan

Central Transportation Truck Farms 250,000 250,000 250,000
Michigan

Qutstate Transportation Truck Farms 53,655 36,099 36,099
producer

Farms Application --- --- 303,655 286,099 286,099
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Table B-16.

Bulk blended fertilizers product flow

Rate of return

Originating Terminating 20% to 14.0% to 12.0% to 5.9% to
location Activity Type location 14.1% 12.1% 6.0% L, 4%
Product tons per year

Central Production Horizontal w/ --- 20,000 20,000 20,000 20,000
Michigan rotary drum

Qutstate Production Horizontal --- 252,000 252,000 252,000 252,000
Michigan {9000 TPY)

Central Transportation Truck Farms 20,000 20,000 20,000 20,000
Michigan

Outstate Transportation  Truck Satellite 126,000 126,000 126,000 126,000
processors outiets

Outstate Transportation  Applicators Farms 126,000 126,000 126,000 126,000
processors

Satellite Product --- --- 126,000 126,000 126,000 126,000
outlets handling

Satellite Transportation Applicators Farms 126,000 126,000 126,000 126,000
outlets

Farms Application - --- 272,000 272,000 272,000 272,000
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Table B-16. (cont'd.)
Rate of return
Originating Terminating 4.3% to 4.1% to 2.0% to
location Activity Type location h.2% 2.1% -2,0%
Product tons per year

Central Production Horizontal w/ --- 20,000 20,000 20,000
Michigan rotary drum

Qutstate Production Horizontal - 252,000 252,000 252,000
Michigan {3000 TPY)

Central Transportation Truck Farms 20,000 20,000 20,000
Michigan

Qutstate Transportation Truck Satellite 126,000 126,000 126,000
processors outlets

Outstate Transportation Applicators Farms 126,000 126,000 126,000
processors

Satellite Product --- --- 126,000 126,000 126,000
outlets handling

Satellite Transportation Applicators Farms 126,000 126,000 126,000
outlets

Farms Application .- .-- 272,000 272,000 272,000
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APPENDIX C

The Labor Market and the Long Run
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Table C-1. Product use summary for changes in the labor market in
the long run (in tons)
Wage rate

$3.00 to $3.75 to $5.00 to
Product $3.50 $4.75 $6.50
Anhydrous ammonia 172,764 172,828 172,763
Green phosphoric acid 260,492 260,565 260,487
Monoammonium phosphate 270,500 270,576 270,495
Granular potassium chloride 258,985 259,032 259,006
Bulk blended fertilizer 502,321 329,689 374,243
Custom blended fertilizer -0- 113,601 -0-
N supplied 141,932 141,932 141,932
P05 supplied 140,650 140,650 140,650
K,0 supplied 155, 441 155,441 155, b41




Table C-2,

Anhydrous ammonia product flow

Wage rate

Originating Terminating $3.00 to $3.75 to $5.00 to
location Activity Type location $3.50 $h,75 $6.50
Gulf Coast Production Centrifugal - 42,874 42,886 42,873
Central Production Centrifugal ——— 129,890 128,942 129,890
Michigan

Central Mfr's. storage Cyrogenic - 54,248 5k,239 62,429
Michigan

Gulf Coast Transportation Barge Florida 42,874 L2 886 L2, 873

producers

Central Transportation Truck Farms 129,890 123,942 129,890
Michigan

Farms Application —— -—- 129,890 129,942 129,890

Moncammonium phosphate producers,
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Table C=3, Green phosphoric acid product flow

Wage rate
Originating Terminating $3.00 to $3.75 to $5.00 to
location Activity Type location $3.50 $h.75 $6.50
Florida Production Wet process == 260,492 260,565 260,487
Florida Product On-site Florida 260,492 260,565 260,487
transfer producers

Monoammonium phosphate producers,

0zZe



Table C-4, Monoammonium phosphate product flow

Wage rate
Originating Terminating $3.00 to $3.75 to $5.00 to
location Activity Type location $3.50 $4,75 $6.50
Florida Production Slurry —-— 270,500 270,576 270,495
ammoniation
Florida Mfr's, storage Bulk -— 202,875 202,932 151,148
Florida Transportation Rail Outstate 270,500 270,576 201,530
processors
Farms Application -— ——— -0- -0- 68,965
Florida Transportation Rail Michigan =0- «0= 68,965
terminal
Michigan Transportation Truck Farm -0~ ~0- 68,965
terminal

]

Dry=blended fertilizer producers,
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Table C-5, Granular potassium chloride product flow
Wage rate
Originating Terminating $3.00 to $3.75 to $5.00 to
location Activity Type location $3.50 $4,75 $6.50
Saskatoon Production Flotation ——— 258,985 259,032 259,006
Saskatoon Mfr's, storage Bulk -— 173,866 129,535 129,535
Saskatoon Transportation Rail Michigan 27,163 86,319 86,293
terminal
Saskatoon Transportation Rail Qutstate | 231,821 172,713 172,713
: processors
Michigan Transportation Truck Farms 27,163 86,319 86,293
terminal
Farms Application - == 27,163 86,319 86,293

]

Dry-blended fertilizer producers.
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Tabl e C-GO

Bulk blended fertilizer product flow

Wage rate

Originating Terminating $3,00 to 8§3.75 to $5.00 to
location Activity Type location $3.50 84,75 $6.50

Qutstate Production Vertical —e- 502,321 443,290 374,243
Michigan (9000 TPY)

Qutstate Transportation Truck Sate!lite 251,160 221,645 187,121
processors outlets

Qutstate Transportation Applicators Farms 251,160 221,645 187,121
processors

Satellite Product - - 251,160 221,645 187,121
outlets handling

Satellite Transportation Applicators Farms 251,160 221,645 187,121
outlets

Farms Application — -——- 502,321 443,290 374,243
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APPENDIX D

Returns on Investment in the Long Run



Table D-1, Product use summary for returns on investment in the long run (in tons)

Rate of return

20.0% to 10.7% to 6.0% to
Product 10,8% 8.0% -2,0%
Anhydrous ammonia 172,763 172,828 172,764
Green phosphoric acid 260,487 260,565 260,492
Monoammonium phosphate 270,495 270,576 270,500
Granular potassium chloride 259,006 259,032 258,985
Bulk blended fertilizer 374,243 329,689 502,321
Custom blended fertilizer =0~ 113,600 -0-
N supplied 141,932 141,932 141,932
P,0c supplied 140,650 140,650 140,650

K20 supplied 155,441 155,441 155,441
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Tab]e D'Zc

Anhydrous ammonia product flow

Rate of return

Originating Terminating 20,0% to 10.7% to 6.0% to
location Activity Type location 10,8% 8,0% -2,0%
Product tons per year

Gulf Coast Production Centrifugal ——— 42,873 42,886 42,874

Central Production Centrifugal -m- 129,890 129,942 129,890
Michigan

Central Mfr's, storage Cyrogenic —-- 62,429 54,239 Sk, 248
Michigan

Gulf Coast Transportation Barge Florida 42,873 42,886 42,874

producers

Central Transportation Truck Farms 129,890 129,942 129,890
Michigan

Farms Application - - 129,890 129,942 129,890

IMonoammon i um phosphate producers,
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Table D~3, Green phosphoric acid product flow

Rate of return

Originating Terminatirng 20.0% to 10.7% to 6.0% to
location Activity Type location 10.8% 8,0% -2.0%

Product tons per year

Florida Production Wet process --a 260,487 260,565 260,492
Florida Product On-site Florida | 260,487 260,565 260,492
transfer producers

lMonoammoniurn phosphate producers,
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Table D=4, Monoammonium phosphate product flow

Rate of return

Originating Terminating 20.0% to 10.7% to 6.0% to
location Activity Type location 10.8% 8.0% =2.0%

Product tons per year

Florida Production Slurry ——— 270,495 270,576 270,500
ammoniation

Florida Mfr's, storage Bulk ——— 151,148 202,932 202,875

Florida Transportation Rail Outstate | 201,530 270,576 270,500
processors

Farms Application - - 68,965 -0- -0-

Florida Transportation Rail Michigan 68,965 ()= -0-
terminal

Michigan Transportation Truck Farms 68,965 -0~ -0~

terminat

iz

]Dry blended fertilizer producers,



Table D=5,

Granular potassium chloride product flow

Rate of return

Originating Terminating 20,0% to 10.7% to 6.0% to
Jocation Activity Type location 10,8% 8.0% -2.0%
Product tons per year
Saskatoon Production Flotation -— 259,006 259,032 258,985
Saskatoon Mfr's, storage Bulk --- 129,535 129,535 173,866
Saskatoon Transportation Rail Michigan 86,293 86,319 27,163
terminal
Saskatoon Transportation Rail Outstate 172,713 172,713 231,821
processors
Michigan Transportation Truck Farms 86,293 86,319 27,163
terminal
Farms Application -— - 86,293 86,319 27,163

IDry blended fertilizer producers,
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Table 0-60

A
L

Bulk blended fertilizers product flow

Rate of return

Originating Terminating 20,0% to 10,7% to 6.0% to

location Activity Type location 10,8% 8,0% ~2,0%
Product tons per year

Qutstate Production Vertical -—- 374,243 443,290 502,321
Michigan (9000 TPY)

Outstate Transportation Truck Satellite 187,122 221,645 251,161
processors outlets

Qutstate Transportation Applicators Farms 187,122 221,645 251,161
processors

Satellite Product - - 187,122 221,645 251,161
outlets handling

Satellite Transportation Applicators Farms 187,121 221,645 251,161
outlets

Farms Application -~ --- 374,243 443,290 502,321
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APPENDIX E

Transition Constraints



Table E-1, Transition constraints and levels of utilization for Year | (in tons)

Product Location Activity Type Constraint® Level

Anhydrous Gulf Coast Production Centrifugal nohe 80,308
ammonia

Anhydrous Gulf Coast Production Piston none =0~
ammoni a

Anhydrous Midwest Production Centrifugal none L5,175
ammonia

Anhydrous Central Production Centrifugal ~0- -0-
ammonia Michigan

Anhydrous Central Production Piston 68,000 L6, 411
ammoni a Michigan

Anhydrous Gulf Coast Mfr's, Cyrogenic none ks ,540
ammonia storage

Anhydrous Midwest Mfr's, Cyrogenic none 7,647
ammonia . storage

Anhydrous Central Mfr's, Cyrogenic -0- -0~
ammoni a Michigan storage

Nitric acid Gulf Coast Production Medium pressure honhe 7,377
Nitric acid Midwest Production Medium pressure none 3,162
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Table E-1,

(cont'd.)

Product Location Activity Type Constraint” Level

Ammonium Gulf Coast Production Neutralization none 9,644
nitrate evaporation

Ammon i um Midwest Production Neutralization none 4,133
ni trate evaporation

Ammon i um Gulf Coast Mfr's, Bulk none ~0-
nitrate storage

Non-pressure Midwest Production Blending none ~0-
N-solution

Non-pressure Midwest Mfr's, Tank none -0~
N-sclution storage

Low=pressure Midwest Production Blending none -0~
N=solution

Low-pressure Midwest Mfr's, Tank none ~0=
N-solution storage

N-mfg. Gulf Coast Production Blending none 13,816
solution

N-mfgq. Midwest Production Blending none 5,921

solution

1£2



Table E~1,

(cont'd,)

Product Location Activity Type Constraint® Level
N-mfg. Gulf Coast Mfr's, Tank hone 2,616
solution storage
N-mfg, Midwest Mfr's, Tank none ~0-
solution storage
Urea Gulf Coast Production Gas separation none -0-
Urea Gulf Coast Production Ammonium carba- none ~0-
mate slurry
Urea Gulf Coast Production Water none ~0-
absorption
Urea Midwest Production Gas separation none -0-
Urea Gulf Coast Mfr's, Bulk none ~0-
storage
Elemental Florida Production Electric none -0-
phosphorus furnace
White phos- Centratl Production Furnace 121,900 ~0-
phoric acid Michigan process
Green phos- Florida Production wet process none 163,356

phoric acid
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Product Location Activity Type Constraint® Leve]
Green phos- Midwest Production Wet process none 73,392
phoric acid
Green phos- Florida Mfr's, Rubber=1ined none -0~
phoric acid storage
10-34-0° Midwest Production  Ammoniation none -0-
10-34—0b Midwest Mfr's, Tank none -0-
storage
11-37-0° Midwgst Production Ammoniation none -0-
11-37-0° Midwest Mfr's. Tank none ~0-
storage
NSPd Florida Production Cone mixer none =Q=
NSPd Central Production Cone mixer 32,000 =0-
Michigan
NSPd Florida Mfrts, Bulk none -0-
storage
R=0-P TSP® Florida Production Cone mixer none Ll 234
R=0-P TSP® Midwest Production  Cone mixer none 71,069
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Table E-1, (cont'd,)

Product Location Activity Type Constrainta Level

R=0-P TSP Florida Mfr's, Bulk none 25,897

storage

Granylar Florida Production Rotary drum none 5,274
Tspf granulator

Granular Florida Mfr's, Bulk none 3,956
TsPf storage

Diammonium Florida Production Slurry none 6L,582
phosphate ammoniation

Diammonium Midwest Production Slurry none 13,228
phosphate ammoniation

Diammonium Central Production Slurry 19,800 -0~
phosphate Michigan ammoniation

Diammonium Florida Mfris. Bulk none 28,358
phosphate storage

Monoammon i um Florida Production Sturry none 82,926
phosphate ammoniation

Monoammon i um Midwest Production Sturry none 16,985
phosphate ammoniation

HeT



Table E=1, (cont'd.)
Product Location Activity Type Constraint® Level
Monoammon i um Florida Mfr's, Bulk none 74,933
phosphate storage
Rock Florida Production Grinding none -0-
phosphate
Super phos- Midwest Production Thermal none -0~
phoric acid
R=0=M KCLg Saskatoon Production Flotation none 121,462
R-0-M KCLI Saskatoon Mfr's, Bulk none 16,096
storage
STD. KCLh Saskatoon Production Flotation none =0-
STD. KCLh Saskatoon Mfr's, Bulk none =Q=
Gran, KCLl Saskatoon Production Flotation none 137,590
Gran, KCL' Saskatoon Mfr's, Bulk none 103,192
storage
Coarse KCLj Saskatoon Production Flotation none -0=-
Granulated Centrail Production TVA continuous 250,000 250,000
mixed fert, Michigan

3%



Table E~1, (cont'd.)

Product Location Activity Type Constrainta Level
Granulated Outstate Production TVA continuous 250,000 53,655
mixed fert. Michigan

Granulated Central Mfr's, Bulk none 187,500
mixed fert, Michigan storage

Bulk blended Central Production Horizontal w/ 20,000 20,000
fert, Michigan rotary drum )

Bulk blended OQutstate Production Horizontal 252,000 252,000
fert, Michigan (9000 TFY)

Bulk blended Outstate Production Vertical -0- =0=
fert, Michigan (9000 TPY)

Bulk blended QOutstate Production Horizontal 210,000 -0~
fert, Michigan (2500 TPY)

Bulk blended Outstate Retailing --- none 126,000
fert. Michigan

Dry Michigan Retailing -—- 687,300 -Q-
products

Anhydrous Michigan Retailing - 74,800 45,540

ammonia
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Table E-1, {cont'd.)

Product Location Activity Type Constraint® Level
Liquid Michigan Retailing o= 55,100 =0~
products

aLimiting capacity for current facilities during this year,
D Ammoni um polyphosphate liquid (10-34=0),

“Ammonium polyphosphate liquid (11-37-0).

dNormal superphosphate,

eRun-of—pile triple superphosphate,

fGranular triple superphosphate,

9Run-of-mine potassium chloride,

hStandard potassium chloride,

'Granular potassium chloride,

Jeoarse potassium chloride,

L£2



Table E=2,

Transition constraints and levels of utilization for Year 2 (in tons)

a b Purchased Total

Product Location Activity Type Constraint 0ld New® Use

Anhydrous Gulf Coast Production Centrifugal 6L, 246 6k, 246 10,522 74,768
ammonia

Anhydrous Gulf Coast Production Piston 4,145 =Q= NAd 0=
ammonia

Anhydrous Midwest Production Centrifugal 36,140 11,315 NAd 11,315
ammonia

Anhydrous Central Production Centrifugal -0- -0- 86, 244 86,244
ammonia Michigan

Anhydrous Central Production Piston 37,129 =0- NA =0~
ammonia Michigan

Anhydrous Gulf Coast Mfr's, Cyrogenic 36,431 36,431 NA 36,431
ammonia storage

Anhydrous Midwest Mfris. Cyrogenic 6,118 6,118 NA 6,118
ammoni a storage

Anhydrous Central Mfr's, Cyrogenic -0~ -0- 19,972 19,972
ammonia Michigan storage

Nitric acid Guif Coast Production Medium pressure 25,129 =0- NA =Q0-

geT



Table E-2,

(cont'd,)

b Purchased Total

Product Location Activity Type Constraint® Oid New® Use
Nitric acid Midwest Production Medium pressure 10,770 5,147 NA 5,147

Ammon i um Gulf Coast Production Neutralization 32,848 -0- NA ~-0-
nitrate evaporation

Ammon i um Midwest Production Neutralization 14,078 6,729 NA 6,729
nitrate evaporation

Ammon i um Gulf Coast Mfr's, Bulk 1,952 -0~ NA -0=
nitrate storage

Non-pressure Midwest Production Blending 16,365 -0- NA -0-
N-solution

Non=pressure Midwest Mfr's, Tank 16,254 -0~ NA ~Q=
N-solution storage

Low-pressure Midwest Production Blending 11,268 -0= NA «0=
N-solution

Low-pressure  Midwest Mfris, Tank 3,789 =0= NA -0~
N-solution storage

N-mfg. Gulf Coast Production Blending 11,053 -0- NA -0-

solution
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Table E-2, (cont'd.)
4 b Purchased Total
Product Location Activity Type Constraint 0ld New® Use
N-mfg., Midwest Production Blending 9,640 9,640 NA 9,640
solution
N-mfg. Gulf Coast Mfr's, Tank 2,093 -0- NA -0-
solution storage
N-mfg. Midwest Mfr's, Tank 1,808 -0~ NA -0-
solution storage
Urea Gulf Coast Production Gas separation 11,788 -0~ NA ~0=
Urea Gulf Coast Production Ammonium carba- 2,774 -0- NA -0
mate slurry
Urea Guif Coast Production Water absorption 4,160 -0 NA -0-
Urea Midwest Production Gas separation 2,080 -0- NA -0-
Urea Gulf Coast Mfr's, Bulk 11,788 -0- NA =0-
storage
Elemental Florida Production Electric 1,602 1,591 NA 1,591
phosphorus furnace
White phos-=  (entral Production Furnace 6,746 6,746 NA 6,746
phoric acid Michigan process

ohe



Table E-2, (cont'd,)
) b Purchased Total
Product Location Activity Type Constraint 014 New® Use
Green phos=- Florida Production Wet 130,685 130,685 111,918 242,603
phoric acid process
Green phos=  Midwest Production Wet 58,714 =0« NA -Q-
phoric acid process
Green phos~ Florida Mfr's. Rubber-1ined 1, b2k -0- =0- «(0=
phoric acid storage
10-34-0° Midwest Production Ammoniation 1,933 ~0- NA =0-
10-34-0° Midwest Mfr's, Tank 1,450 -0- NA -0-
storage
11-37-0f Midwest Production Ammoniation 161 =Q= NA =0-
11-37-0f Midwest  Mfr's, Tank 121 -0- NA -0-
storage
NSPI Florida Production Cone mixer 8,716 -0- NA -0-
NSPI Central Production Cone mixer 12,800 Qe NA -0-
Michigan
NsPI Florida Mfr's, Bulk 6,664 -0- NA -0-

storage

tHe



Table E-2, (cont'd,)
a Purchased Total

Product Location Activity Type Constraint 0id New® Use
R-0-p Tsph Florida Production Cone mixer 49,851 h9,851 NA Lg,851

R=-0~P TSPh Midwest Production Cone mixer 56,855 3,836 NA 3,836

h
R-0-P TSP Florida Mfr's, Bulk 33,058 =0= NA =0~
storage

Granular Ficrida Production Rotary drum 15,959 -0~ NA ~Q-
TSP! granulator

Granular Florida Mfr's, Bulk 10,345 =0- NA -0-
TSP? storage

Diammonium Florida Production  Slurry 51,666 51,666 NA 51,666
phosphate ammoniation

Diammonium Midwest Production  Slurry 10,582 -0= NA -0~
phosphate ammoniation

Diammonium Central Production  Slurry 7,920 7,920 NA 7,920
phosphate Michigan ammoniation

Diammonium Florida Mfr's. Bulk 30,716 -0~ NA -0-
phosphate storage

Monoammonium Florida Production  Sturry 66,341 66,341 103,980 170,321
phosphate ammoniation
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Table E-2, (cont'd,)
b Purchased Total
Product Location Activity Type Constraint®  0ld NewC Use
Monoammonium  Midwest Production  Slurry 13,588 =0= NA Q=
phosphate ammoniation
Monoammonium  Florida Mfr's, Bulk 59,946 59,94 39,286 99,232
phosphate storage
Rock Florida Production Grinding 11 -0- NA -0-
phosphate
Super phos- Midwest Production Thermal 83 -0- NA -0=
phoric acid
R=0-M KCLJ Saskatoon Production Flotation 97,170 £9,323 NA 54,323
R-0-M KCLJ  Saskatoon  Mfr's. Bulk 18,759 -0- NA -0-
storage
STD, KCLk Saskatoon Production Flotation 751 -0= NA -0-
STD. KCLK  saskatoon  Mfr's, Bulk 563 -0- NA -0-
storage
Gran. KCLI - Saskatoon Production Flotation 110,072 110,072 69,632 179,704
1
Gran, KCL Saskatoon  Mfr's, Bulk 82,554 82,554 2,489 85,043

storage
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Table E-2, (cont'd,)
a b Purchased Total

Product Location Activity Type Constraint 01d New® Use
Coarse KCL" Saskatoon Production Flotation 20,000 20,000 NA 20,000
Granulated Central Production TVA continuous 200,000 148,308 NA 148,308
mixed fert, Michigan

Granulated Outstate Production TVA continuous 52,455 ~0- NA =0-
mixed fert, Michigan

Granulated Central Mfris, Bulk 150,000 111,231 NA 111,231
mixed fert, Michigan storage

Bulk blended Central Production Horizontal w/ 16,000 =()- NA -0=
fert, Michigan rotary drum

Bulk blended Outstate Production Horizontal 201,600 201,600 NA 201,600
fert, Michigan (9000 TPY)

Bulk blended Outstate Production Vertical =0~ -0= Ly 099 4h,099
fert, Michigan (9000 TPY)

Bulk blended Outstate Production Horizontal 56,661 =0~ NA -0-
fert, Michigan (2500 TPY)

Bulk blended Qutstate Retailing - 100,800 100,800 22,050 122,850
fert, Michigan

Dry Michigan Retailing -—- 215,383 -0- NA -0-

products

e



Table E-2. (cont'd,)

b Purchased Total
Product Location Activity Type Constraint® Oid New® Use
Anhydrous Michigan Retailing --- 37,254 =0~ NA ~0-
ammonia
Liquid Michigan Retailing -— 18,342 -0~ NA ~(=
products

®Limiting quantity for OLD facilities during this year,

Total capacity from previous years after adjustments for physical depreciation,

“Total capacity of facilities purchased during this year,
dNot allowed,

®Ammoni um polyphosphate liquid (10-34-0).
Fanmonium polyphosphate 1iquid (11-37-0),
INormal superphosphate,

hRun-of—piIe triple superphosphate,

'Granular triple superphosphate,

JRun-of=mine potassium chloride,

SHe



Table £-2, (cont'd.)

kStandard potassium chloride,

lGranular potassium chloride,

MCoarse potassium chloride,

9hZ



Table E-3, Transition constraints and levels of utilization for Year 3 (in tons)
3 b Purchased Total

Product Location Activity Type Constraint oid New® Use
Anhydrous Gulf Coast Production Centrifugal 57,655 57,655 10,044 67,699
ammonia

Anhydrous Gulf Coast Production Piston -0=- -0= NAd -0-
ammoni a

Anhydrous Midwest Production Centrifugal 27,105 8,053 NA 8,053
ammonia

Anhydrous Central Production Centrifugal 77,620 77,620 19,101 96,721
ammonia Michigan

Anhydrous Central Production Piston 18,564 -0~ NA -0-
ammonia Michigan

Anhydrous Gulf Coast Mfr's, Cyrogenic 27,324 27,324 NA 27,324
ammonia storage

Anhydrous Midwest Mfr's, Cyrogenic 4,588 4,588 NA 4,588
ammonia storage

Anhydrous Central Mfr's, Cyrogenic 17,975 17,975 12,603 30,578
ammonia Michigan storage

Nitric acid Gulf Coast Production Medium pressure 8,376 =0=- NA -0~
Nitric acid Midwest Production Medium pressure 7,180 3,432 NA 3,432
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Table E-3, (cont'd.)
a b Purchased Total

Product Location Activity Type Constraint old New®© Use

Ammoni um Gulf Coast Production Neutralization 10,949 -0- NA -0-
nitrate evaporation

Ammon i um Midwest Production Neutralization 9,385 4,486 NA L, 486
nitrate evaporation

Ammon i um Gulf Coast Mfr's, Bulk -0- -0~ NA 0=
nitrate storage

Non-pressure Midwest Production Blending Q- -0- NA -0~
N=solution

Non-pressure Midwest Mfr's, Tank -0- -0- NA -Q0=
N=solution storage

Low-pressure Midwest Production Blending -0~ -0~ NA -0-
N=-scolution

Low=pressure Midwest Mfr's, Tank «Q~ -0~ NA -0~
N-solution storage

N-mfg, Gulf Coast Production Blending 5,526 -0- NA -0-
solution

N-mfg. Midwest Production Blending 6,427 6,427 NA 6,427

solution

ghe



Table E-3, (cont'd.)
a Purchased Total
Product Location Activity Type Constraint old New® Use
N-mfg. Gulf Coast Mfr's, Tank 1,046 -0~ NA -0-
solution storage
N-mfg. Midwest Mfr's, Tank ~0= -0~ NA -0-
solution storage
Urea Gulf Coast Production Gas separation -0- -0- NA -0~
Urea Gulf Coast Production Ammonium carba- ~0= -0- NA =0-
mate slurry
Urea Gulf Coast Production Water -0- -0~- NA =0=
absorption
Urea Midwest Production Gas separation =0 -0~ NA =0-
Urea Gulf Coast Mfr's, Bulk -0= -0- NA -0~
storage
Elemental Florida Production Electric 801 795 NA 795
phosphorus furnace
white Phos- Central Production Furnace 3,373 3,373 NA 3,373
phoric acid Michigan process

642



Table E=3. {cont'd.)
a b Purchased Total
Product Location Activity Type Constraint 0ld New® Use
Green phos- Florida Production Wet 198,740 198,740 50,948 249,688
phoric acid process
Green phos=- Midwest Proeduction Wet 29,357 -0- NA -0=
phoric acid process
Green phos- Florida Mfr's, Rubber=1ined -0~ -0 =0 =0~
phoric acid storage
10-34-0°8 Midwest Production Ammoniation -0- ~Q= NA -0=
10-34-0° Midwest Mfr's, Tank -0- -0- NA -0~
storage
11-37-0f Midwest Production Ammoniation -0- =0= NA -0-
11-37-0f Midwest Mfr!s, Tank -0~ ~0- NA =0=
storage
NspY Florida Production Cone mixer =0~ =0- NA -0-
NP9 Central Production Cone mixer =0= -0- NA -0=
Michigan
NsPY Florida Mfr's, Bulk -0~ -0- NA -0~

storage

042



Table E=3,

(cont'd,)

a b Purchased Total
Product Location Activity Type Constraint 0ld New® Use
R=0=P TSPh Florida Production Cone mixer 33,522 33,522 NA 33,522
R-0-P TSP Midwest Production Cone mixer h2,641 2,271 NA 2,271
R-0-P TSP"  Floride  Mfr's. Bulk 11,181 -0- M -0-
storage
GranY]ar Florida Production Rotary drum 5,320 -0= NA -0=-
TSP granulator
GranTIar Florida Mfr's, Bulk 3,448 -0- NA -0~
TSP storage
Di ammon i um Florida Production  Slurry 38,749 38,749 NA 38,749
phosphate ammoniation
Diammonium Midwest Production  Slurry 5,291 -0~ NA -Q=
phosphate ammoniation
Diammonium Central Production Sturry 3,960 3,960 NA 3,960
phosphate Michigan ammoniation
Diammon i um Florida Mfris, Bulk 10,239 -0~ NA =0-
phosphate storage
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Table E-3. (cont'd.)
b Purchased Total
Product Location Activity Type Constraint® 01d New® Use
Moncammonium  Florida Production Slurry 143,338 143,338 £7,732 201,070
phosphate ammoniation
Monoammonium  Midwest Production  Slurry 6,794 «0- NA -0-
phosphate ammoniation
Monoammonium  Florida Mfr's, Bulk 80,317 80,317 36,218 116,535
phosphate storage
Rock Florida Production Grinding -0- =0= NA ~0=
phosphate
Super phos- Midwest Production Thermal =0~ -0- NA -0=
phoric acid
R=0=M KCLJ Saskatoon Production Flotation 72,877 39,551 NA 39,551
R-0-M KCL'  Saskatoon  Mfr's, Bulk 6,253 -0- NA -0-
storage
STD, KCLk Saskatoon Production Flotation -0- -0- NA =0=
STD, KCLk Saskatoon Mfr's, Bulk =0- -0~ NA -0~
storage
Gran, KCLI Saskatoon Production Flotation 145,223 145,223 64,246 209,469
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Table E-3. (cont'd.)
a Purchased Total
Product Location Activity Type Constraint old New® Use
Gran, KCLl Saskatoon  Mfr's, Bulk 64,155 64,155 35,717 99,872
storage

Coarse KCL"  Saskatoon  Production Flotation 10,000 10,000 NA 10,000
Granulated Central Production TVA continuous 150,000 98,877 NA 98,877
mixed fert, Michigan

Granutlated Outstate Production TVA continuous 17,485 -0- NA -0
mixed fert, Michigan

Granulated Central Mfr's, Bulk 112,500 74,158 NA 74,158
mixed fert, Michigan storage

Bulk btended Central Production Horizontal w/ 8,000 -0~ NA =0-
fert, Michigan rotary drum

Bulk blended Outstate Production Horizontal 151,200 151,200 NA 151,200
fert, Michigan (g000 TPY)

Bulk blended OQytstate Production Vertical 39,689 39,689 97,654 137,343
fert, Michigan (9000 TPY)

Bulk blended Qutstate Production Horizontal 28,331 =0 NA -0=-
fert, Michigan (2500 TPY)

Y4



Tab]e E"3o

(cont'd.)

Purchased Total

Product Location Activity Type Constraint” 01d New® Use
Bulk blended Outstate Retailing -——- 95, L5 95,445 48,826 144 271
fert, Michigan

Ory Michigan Retaiting —— -0 =0~ NA -0~
products

Anhydrous Michigan Retailing —- 12,415 -0~ NA -0~
ammonia

Liquid Michigan Retailing -—- =0- -0 NA =0~
products

imiting quantity for OLD facilities during this year,

bTotal capacity from previous years after adjustments for physical depreciation,

Total capacity of facilities purchased during this year,

d

Not allowed,

€Ammoni um polyphosphate liquid (10-34~0),

fAmmonium polyphosphate liquid (11-37-0).

INormal superphosphate,

74



Table E-3, (cont'd.)

hRun-of—pile triple superphosphate,
iGranular triple superphosphate,
JRun-of-mine potassium chloride,
kStandard potassium chloride,
IGr'anular potassium chloride,

MCoarse potassium chioride,
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Table E-4, Transition Constraints and levels of utilization for Year 4 (in tons)

a b Purchased Total

Product Location Activity Type Constraint 0ld New® Use

Anhydrous Gulf Coast Production Centrifugal 43,580 49,580 11,050 60,630
ammonia

Anhydrous Gulf Coast Production Piston ~0- -0- NAd -0-
ammonia

Anhydrous Midwest Production Centrifugal 18,070 4,791 NA L,791
ammoni a

Anhydrous Central Production Centrifugal 86,186 8,186 21,012 107,198
ammonia Michigan

Anhydrous Central Production Piston -0- =0- NA -0-
ammonia Michigan

Anhydrous Gulf Coast Mfr's. Cyrogenic 18,216 18,216 NA 18,216
ammoni a storage

Anhydrous Midwest Mfr's, Cyrogenic 3,059 3,059 NA 3,059
ammonia storage

Anhydrous Central Mfr's. Cyrogenic 27,320 27,326 13,865 41,185
ammonia Michigan storage

Nitric acid Guif Coast Production Medium pressure -(- =0~ NA -0-
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Table E=4, (cont!d,)
a Purchased Total

Product Location Activity Type Constraint 01d New® Use

Nitric acid  Midwest Production Medium pressure 3,590 1,716 NA 1,716

Ammonium Gulf Coast Production Neutralization -0- -0~ NA -0~
nitrate evaporation

Ammoni um Midwest Production Neutralization 4,693 2,243 NA 2,243
nitrate evaporation

Ammonium Gulf Coast Mfr's, Bulk -(Q- -0- NA =0~
nitrate storage

Non-pressure Midwest Production Blending -0=- «{)= NA -0-
N-solution

Non-pressure Midwest Mfr's, Tank -0- -0 NA =0
N-solution storage

Low=pressure Midwest Production Blending ~Q~ =0- NA -0-
N-solution

Low-pressure Midwest Mfr's, Tank -0~ -0- NA -0~
N-solution storage

Nemfgq, Gulf coast Production Blending -0~ ~0- NA -0~

solution
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Table E-4, {cont'd,)
a Purchased Total
Product Location Activity Type Constraint 0ld New® Use
N-mfg. Midwest Production Blending 3,213 3,213 NA 3,213
solution
N-mfg. Guif Cast Mfr's, Tank =0~ -0~ NA -0~
solution storage
N-mfg, Midwest Mfris, Tank -0- -0- NA «(=
solution storage
Urea Gulf Coast Production Gas separation =0~ =0~ NA -0~
Urea Guif Coast Production Ammonium carba=- -0= «0- NA =0
mate slurry
Urea Gulf Coast Production Water -0= 0= NA ~Q=-
absorption
Urea Midwest Production Gas separation =0- -0= NA Q-
Urea Gulf Coast Mfr's. Bulk -0- -0~ NA -0-
storage
Elemental Florida Production Electric «(= -0- NA ~0=-
phosphorus furnace

852



Table E-4, (Cont'd,)
3 Purchased Total
Product Location Activity Type Constraint cld New® Use
White phos- Central Production Furnace =Q= -0- NA -0=-
phoric acid Michigan process
Green phos- Florida Production Wet 200,730 200,730 56,044 256,774
phoric acid process
Green phos- Midwest Production Wet -0- -0~ NA -0-
phoric acid process
Green phos- Florida Mfris, Rubber=~1ined -0~ B NA -0-
phoric acid storage
10=34-0° Midwest Production Ammoniation -0- -0- NA -0~
10-34-0° Midwest Mfr's. Tank -0- -0- NA -0-
storage
]I-37-0f Midwest Production Ammoniation -0~ -0~ NA -0-
Il-37-0f Midwest Mfr's, Tank -0- -0- NA -0-
storage
NsPd Florida Production Cone mixer -0- «Q= NA -0~
NsPI Central Production Cone mixer -0- -0- NA -0-

Michigan

6SZ



Table E-4, (cont'd,)
3 b Purchased Total
Product Location Activity Type Constraint 0ld New® Use
NS P9 Florida Mfr's, Bulk ~0- -0~ NA -0~
storage
R-0-P TsP" Florida Production Cone mixer 16,617 16,617 NA 16,617
R-0-P TSP"  Midwest Production  Cone mixer 28,428 1,277 NA 1,277
R-0-P TSE"  Florida  Mfr's, Bulk -0- -0- NA -0-
storage
Granglar Florida Production Rotary drum -0=- -0- NA Q-
TsP! granulator
Granular Florida Mfr's, Bulk -0~ -0- NA -0~
TSP storage
Diammonium Florida Production  Slurry 25,833 25,833 NA 25,833
phosphate ammoniation
Diammon i um Midwest Production  Slurry -0~ -0~ NA -0-
phosphate ammoniation
Diammonium Central Production  Slurry -0- 0= NA -0-
phosphate Michigan ammoniation

092



Table €-4, {cont'd.)
b Purchased Total
Product Location Activity Type Constraint®  01d New® Use
Diammon i um Florida Mfrfs, Bulk -0- «Q- NA -0-
phosphate storage
Monoammonium Florida Production  Siurry 168,313 168,313 63,510 231,823
phosphate ammoniation
Monoammonium  Midwest Production  Slurry -0~ -0- NA -0-
phosphate ammoniation
Monoammonium Florida Mfr's, Bulk 93,998 93,998 39,846 133,844
phosphate storage
Rock Florida Production Grinding -0- ~0- NA -0-
phosphate
Super phos= Midwest Production Thermal =0« -0- NA -0~
phoric acid
R-0-M KCU Saskatoon Production Flotation 48,585 19,772 NA 19,772
R=0-M KCLJ Saskatoon Mfris, Bulk -0= -0~ NA -0~
storage
STD. KCLK  Saskatoon  Production Flotation -0- -0- NA -0-
STD. KCL*  Saskatoon  Mfr's. Bulk ~0- -0- NA -0-

storage
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Table E-4, (cont'd.)
a b Purchased Total
Product Location Activity Type Constraint 0ld New® Use
k \
STD, KCL Saskatoon Production Flotation =0= -0- NA -0-
S0, KCLK Saskatoon  Mfr's. Bulk -0- -0- NA -0-
storage
Gran, KCL' Saskatoon Production Flotation 168,563 168,563 70,678 239,241
Gran, KCLl Saskatoon Mfrls, Bulk 75,413 75,413 39,293 114,706
storage
Coarse KCL™ Saskatoon Production Flotation -0- ~Q- NA -0~
Granulated Central Production TVA continuous 100,000 k9,431 NA 4a,431
mixed fert, Michigan
Granulated Outstate Production TVA continuous -0 =0= NA -0-
mixed fert, Michigan
Granulated Central Mfr's, Bulk 75,000 37,073 NA 37,073
mixed fert, Michigan storage
Bulk blended Central Production Horizontal w/ -0= -0~ NA =0=
fert, Michigan rotary drum
Bulk blended Oytstate Production Horizontal 100,800 100,800 NA 100,800
fert, Michigan (9000 TPY)
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Table E""'o

(cont'd.)

a b Purchased Total
Product Location Activity Type Constraint 0ld New® Use
Bulk blended Outstate Production Vertical 123,168 123,168 107,432 230,600
fert, Michigan (9000 TPY)
Bulk blended Outstate Production Horizontal -0- -0- NA =0=
fert, Michigan (2500 TPY)
Bulk blended Qutstate Retailing .- 111,983 111,983 53,717 165,700
fert, Michigan
Dry Michigan  Retailing - -0- -0- NA -0~
products
Anhydrous Michigan Retailing ~—— ~0- -0~ NA -0-
ammonia
Liquid Michigan Retailing - -0- -0~ NA -0~
products
Limiting quantity for OLD facilities during this year,
bTotal capacity from previous years after adjustments for physical depreciation,

“Total capacity of facilities purchased during this year,

dNot allowed,

£9Z



Table E-4, (cont'd.)

€Ammonium polyphosphate 1iquid (10-34-0),
fAmmoniu:n polyphosphate liquid (11-37-0),
INormal superphosphate,

hRun-of—pile triple superphosphate,
i granular triple superphosphate,
J.Run-of-mim‘a potassium chloride,
kStandard potassium chloride,

]Granu]ar potassium chloride,

m . .
Coarse potassium chloride,

h9e



Table E=5,

Transition constraints and levels of utilization for Year 5 (in tons)

a b Purchaged Total

Product Location Activity Type Constraint 01d New Use

Anhydrous Gulf Coast Production Centrifugal 41,407 41,407 10,574 51,981
ammoni a

Anhydrous Gulf Coast Production Piston -Q0=- -0~ NAd -0-
ammon i a

Anhydrous Midwest Production  Centrifugal 9,035 1,529 NA 1,529
ammoni a

Anhydrous Central Production Centrifugal 94,562 94 562 24,691 119,253
ammonia Michigan

Anhydrous Central Production Piston -0~ -0~ NA -0-
ammonia Michigan

Anhydrous Guif Coast Mfr's, Cyrogenic 9,108 9,108 NA 9,108
ammonia storage

Anhydrous Midwest Mfr's, Cyrogenic 1,629 1,529 NA 1,529
ammoni a storage

Anhydrous Central Mfr's, Cyrogenic 36,541 36,541 15,251 51,792
ammonia Michigan storage

Nitric acid Gulf Coast Production Medium pressure -0~ -0- NA ~0-
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Table E-5. (cont'd,)

3 b Purchased Total

Product Location  Activity Type Constraint 0ld New® Use

Nitric acid Midwest Production Medium pressure -0- ~0- NA -0~

Ammon i um Gulf Coast Production Neutralization -0- -0- NA -0-
nitrate evaporation

Ammoni um Midwest Production Neutralization -0~ -0~ NA =0~
nitrate evaporation

Ammon i um Gulf Coast Mfr's, Bulk -0~ -0- NA -0~
nitrate storage

Non-pressure  Midwest Production Blending -0~ -0= NA -0~
N-solution

Non-pressure Midwest Mfr's, Tank -0=- -0~ NA -0-
N=sclution storage

Low-pressure  Midwest Production Blending =0- -0- NA -0-
N-solution

Low-pressure Midwest Mfr!s, Tank -0- -0- NA -0-
N-solution storage

N-mfg, Gulf Coast Production Blending -0- -0- NA -0~
solution

N-mfg, Midwest Production Blending -0~ -0- NA -0-

solution
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Table E-§,

(cont'd.)

3 b Purchased Total
Product Location Activity Type Constraint 01d New® Use
N-mfg, Gulf Coast Mfr's, Tank -0- -0~ NA -0~
solution storage
N-mfg. Midwest Mfr's, Tank Q- =0~ NA -0-
sofution storage
Urea Gulf Coast Production Gas separation -0- -0~ NA -0-
Urea Gulf Coast Production Ammonium carba- -0- -0~ NA -0-
mate slurry
Urea Gulf Coast Production Water -0- -0- NA -0~
absorption
Urea Midwest Production Gas separation -0- =0 NA -0-
Urea Gulf Coast Mfr's, Bulk ~0=- «0- NA -0-
storage
Elemental Florida Production Electric == =0~ NA «0-
phosphorus furnace
White phos- Central Production Furnace -0- «Q- NA ~0-
phoric acid Michigan process
Green Phos~ Florida Production Wet 202,212 202,212 58,275 260,487

phoric acid

process
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Table E-5,

(cont'd,)

a Purchased Total

Product Location Activity Type Constraint old New® Use

Green phos- Midwest Production Wet =0~ -0- NA -0-

pheric acid process

Green phos- Florida Mfr's, Rubber-1ined -0~ =0~ NA -0~
phoric acid storage

10-314-0e Midwest Production Ammoniation =0- =0- NA -0~

10-34-0° Midwest Mfr's, Tank -0~ -0- NA -0-
storage

ll—37-0f Midwest Production Ammoniation =0~ (0= NA ==

11-37-0f Midwest Mfr's. Tank -0- -0- NA -0-
storage

NSPY Florida Production Cone mixer -0- -0- NA -0-

NS P9 Central Production Cone mixer =0~ -0= NA -0-

Michigan

NspS Florida Mfr's. Bulk ~0- -0- NA -0-
storage

R=0-P TSPh Florida Production Cone mixer =0~ =0= NA -0-

R-0-P TSPh Midwest Production Cone mixer 1,214 ~0- NA -0-
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Table E-5,

(cont'd.)

a " Purchased Total
Product Location  Activity Type Constraint.  0Old New® Use
R-0-P TSP Florida  Mfr's, Bulk -0- -0~ NA -0-
storage
Granular Florida Production Rotary drum -0- ~0- NA -0-
TSP! granulator
Granylar Florida Mfels, Bulk ~0= =0« NA -0-
TSP! storage
0iammonium Florida Production  Sturry ~0=- -0- NA «0-
phosphate ammoniation
Diammonium Midwest Production  Slurry -0~ -0- NA -0-
phosphate ammoniation
Diammonium Central Production Slurry ~0- -0- NA ~0-
phosphate Michigan ammoniation
Diammon i um Florida Mfr!s, Bulk -0= ~0- NA -0-
phosphate storage
Monoammonium Florida Production  Slurry 192,716 192,716 77,779 270,435
phosphate ammoniation
Monoammonium  Midwest Production  Slurry -0- -0~ NA -0-

phosphate

ammoniation
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Table E-5,

(cont'd,)

Purchased Total

Product Location Activity Type Constraint® Oldb New® Use
Monoammonium Florida Mfr's, Bulk 107,323 107,323 43,825 151,148
phosphate storage
Rock Fiorida Production Grinding -0~ -0~ NA -0~
phosphate
Super phos- Midwest Production Thermal -0~ -0- NA -0-
phoric acid
R~0-M KCL? Saskatoon Production Flotation 24,292 -0= NA 0=
R-0-H KCL'  saskatoon  Mfr's. Bulk -0- ~0- NA -0-
storage
STD. KCLk Saskatoon Production Flotation -Q- -Q= NA =0-
STD, KCLk Saskatoon Mfr's, Bulk -0- -0- NA -0-
storage
i
Gran, KCL Saskatoon Production Flotation 191,267 191,267 67,739 259,006
gran. KcL! Saskatoon Mfr's, Bulk 86,318 86,318 43,217 129,535
storage
Coarse KCL™ Saskatoon Production Flotation =0~ =0= NA -0~
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Table E-5,

(cont'd,)

a Purchased Total

Product Location Activity Type Constraint old New® Use
Granulated Central Production TVA continuous 50,000 -0~ NA -0-
mixed fert, Michigan

Granulated Outstate Production TVA continuous -0= == NA =0~
mixed fert. Michigan

Granulated Central Mfr's, Bulk 37,500 -0- NA -0~
mixed fert, Michigan storage

Bulk blended Central Production Horizontal w/ -0- -0~ NA ~0-
fert. Michigan rotary drum

Bulk blended Qutstate Production Horizontal 50,400 50,400 NA 50,400
fert, Michigan (9000 TPY)

Bulk blended Outstate Production Vertical 205,681 205,681 118,162 323,843
fert, Michigan (9000 TPY)

Bulk blended Outstate Production Horizontal -0- -0~ NA -Q=-
fert, Michigan (2500 TPY)

Bulk blended Qutstate Retailing ——- 128,041 128,041 59,081 187,122
fert. Michigan

Dry Michigan Retailing - -0~ -0~ NA -0~

products
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Table E~5, (cont'd,)

a b Purchased Total

Product Location Activity Type Constraint Otd New® Used

Anhydrous Michigan Retailing - -0= =0~ NA =0~
ammonia

Liquid Michigan Retailing —-- -0- -0- NA =0-
products

3Limiting quantity for OLD facilities during this year,

bTotal capacity from previous years after adjustments for physical depreciation,
“Total capacity of facilities purchased during this year,

ot allowed,

®Ammonium polyphosphate liquid (10-34-0),

FAmmonium polyphosphate Tiquid (11-37-0).

INormal superphosphate.

hRun-of—pile triple superphosphate,

| granular triple superphosphate,

jRun-of-mine potassium chloride,
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Table E-5. (cont'd,)

kstandard potassium chloride,
lgranular potassium chloride,

Mcoarse potassium chloride,
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Table E-6,

Transition constraints and levels of utilization for Year 6 (in tons)

a y  Purchased Total

Product Location Activity Type Constraint 0ld New Use

Anhydrous Gulf Coast Production Centrifugal 31,701 31,701 11,172 42,873
ammonia

Anhydrous Gulf Coast Production Piston -0- -0- NA -0~
ammonia

Anhydrous Midwest Production Centrifugal -0~ -0- NA ~Q-
ammoni a

Anhydrous Central Production Centrifugal 104,149 104,149 265,741 129,890
ammonia Michigan

Anhydrous Central Production Piston -0~ -0~ NA -0-
ammonia Michigan

Anhydrous Gulf Coast Mfr's, Cyrogenic -0~ -0- NA -0~
ammon i a storage

Anhydrous Midwest Mfrts, Cyrogenic =-Q- -0 NA =0~
ammonia storage

Anhydrous Central Mfr's, Cyrogenic 45,623 45,623 16,806 62,429
ammonia Michigan storage

Nitric acid Gulf Coast Production Medium pressure -0~ =0~ NA =0~
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Table E-6,

(cont'd,)

3 b Purchased Total

Product Location Activity Type Constraint 01d New® Use

Nitric acid Midwest Production Medium pressure -0- -Q- NA -0-

Ammon i um Gulf Coast Production Neutralization -0- -0~ NA =0=-
nitrate evaporation

Ammoni um Midwest Production Neutralization =0- =0- NA -0~
nitrate evaporation

Ammon i um Gulf Coast Mfr's, Bulk -0- =0~ NA -0
nitrate storage

Non=pressure Midwest Production Blending =0= =0- NA -0-
N-solution

Non-pressure  Midwest Mfr's, Tank -0- ~0=- NA «0=-
N-sclution storage

Low=pressure Midwest Production Blending -0- -0~ NA =Q0=
N-solution

Low=pressure Midwest Hfr's, Tank -0- -0~ NA -0-
N-solution storage

N-mfg. Gulf Coast Production Blending -0~ =0- NA -0~

solution
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Table E-6,

(cont'd.)

a b Purchased Total
Product Location Activity Type Constraint 0ld NewC Use
N=-mfg. Midwest Production Blending -0~ -0~ NA -Q-
solution
N-mfg, Gulf Coast Mfr's, Tank -0= «Qe- NA -0~
solution storage
N-mfqg, Midwest Mfr's. Tank -0- -0~ NA -0-
solution storage
Urea Gulf Coast Production Gas separation «Q=- -0- NA -0-
Urea Gulf Coast Production Ammonium carba- -0= =0~ NA -0-
mate slurry
Urea Gulf Coast Production Water -0= -0= NA -0-
absorption
Urea Midwest Production (as separation -0~ -0~ NA ==
Urea Guif Coast Mfr's, Bulk =0~ -0=- NA =0=
storage
Elemental Florida Production Electric =0~ -0~ NA =0
phosphorus furnace
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Table E-6, (cont'd,)
a b Purchased Total
Product Location Activity Type Constraint 0ld New® Use
White phos- Central Production Furnace -0~ -0~ NA -0=
phoric acid Michigan process
Green phos- Florida Production Wet 200,097 200,097 60,390 260,487
phoric acid process
Green phos- Midwest Production Wet -0- ~0=- NA =0~
phoric acid process
Green phos- Florida Mfr's, Rubber-1ined -0=- -0- =0- -0~
phoric acid storage
10~34=0° Midwest Production  Ammoniation -0~ -0- NA -0-
10-34-0° Midwest Mfr's. Tank -0- -0- NA -0-
storage
II-37-0f Midwest Production Ammoniation =0- ~Q= NA -0-
l|-37-0f Midwest Mfr's, Tank =0- Q= NA -0-
storage
NSPg Florida Production Cone mixer -0~ =Qm NA -0-
NsPd Central Production Cone mixer (= -0= NA -0=-

Michigan
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Table E-6,

{cont'd,)

a b Purchased Tota)
Product Location Activity Type Constraint 0ld New® Use
NSP® Florida Mfr's. Bulk -0- -0- NA -0-
storage
R=0=P TSPh Florida Production Cone mixer -0- -0~ NA -0-
R-0-P TSPh Midwest Production Cone mixer -0~ -0- NA -0-
R-0-P TSP"  Florida  Mfr's, Bulk -0- -0- NA -0-
storage
Granylar Florida Production Rotary drum -0~ -0- NA -Q=
TSP granulator
Granular Florida Mfr's, Bulk -0= =0= NA -0-
TSP! storage
D i ammon i um Florida Production Slurry -0- -0- NA ~0=
phosphate ammoniation
Diammon i um Midwest Production  Slurry ~0- -0~ NA -Q0=
phosphate ammoniation
Diammon i um Central Production Slurry -0- -0- NA ~0=-
phosphate Michigan ammoniation
D i ammon i um Florida Mfr's, Bulk -0- -0~ NA -0~
phosphate storage
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Table E-6,

(cont'd.)

3 b Purchased Total
Product Location Activity Type Constraint 0ld New® Use
Monoammonium  Florida Production  Slurry 223,610 223,610 46,885 270,495
phosphate ammoniation
Monoammonium  Midwest Production  Slurry -0- -0~ NA -0~
phosphate ammoniation
Monoammonium  Florida Mfr's, Bulk 120,244 120,244 30,904 151,148
phosphate storage
Rock Florida Production Grinding -0- “(- NA -0=
phosphate
Super phos- Midwest Production Thermal -0- -0- NA -0~
phoric acid
R=0-M KCLJ Saskatoon Production Flotation -0- -0- NA -0-
R-0-M KCL?  Saskatoon  Mfr's, Bulk -0~ ~0- NA ~0-
storage
k
STD, KCL Saskatoon Production Flotation -0- -0- NA -0~
STD. KCLk Saskatoon Mfr's. Bulk -0- -0- NA ~0-
storage
Gran, KCL] Saskatoon Production Flotation 204,259 204,269 54, 7h47 259,006

6.2



Table E-6, {cont'd,)
a Purchaged Total
Product Location Activity Type Constraint New Use
Gran, KCLI Saskatoon Mfr's, Bulk 32,710 129,535
storage

Coarse KCL"  Saskatoon  Production Flotation NA -0-
Granulated Central Production TVA continucus NA -0=
mixed fert, Michigan

Granul ated Qutstate Production TVA continuous NA =0~
mixed fert, Michigan

Granulated Centrai Mfr's, Bulk NA =Q=
mixed fert, Michigan storage

Bulk blended Central Production Horizontal w/ NA -0~
fert. Michigan rotary drum

Bulk blended Qutstate Production Horizontal NA -Q-
fert, Michigan (9000 TPY)

Bulk btended Outstate Production Vertical 87,134 374,243
fert, Michigan (9000 TPY)

Bulk blended Qutstate Production Horizontal NA -0~
fert. Michigan {2500 TPY)
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Table £-6, (cont'd,)
a b Purchased Total

Product Location Activity Type Constraint 0ld New® Use
Bulk blended Outstate Retailing ——- 143,555 143,555 43,567 187,122
fert. Michigan

Dry Michigan Retailing -—— -0~ =0= NA =0~
products

Anhydrous Michigan Retailing - -0~ -0= NA -0~
ammoni 3

Liquid Michigan Retailing - -0- -0= NA -0~
products

3Limiting quantity for OLD facilities during this year,

bTotal capacity from previous years after adjustments for physical depreciation,

Sotal capacity of facilities purchased during this year,

dNot allowed,

€Ammonium polyphosphate 1iquid (10=34=0),

fammonium polyphosphate 1iquid (11-37-0),

SNormal superphosphate,
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Table E-6, (cont'd.)

hRun—of—pile triple superphosphate,
iGranu]ar triple superphosphate,
jRun-of-mine potassium chloride,
kStandard potassium chloride,
'Granu]ar potassium chloride,

mCoarse potassium chioride,
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APPENDIX F

The Transition Years



Table F~1. Product use summary for the transition yearsI (in tons)

Product Year 2 Year 3 Year &4 Year 5 Year 6
Anhydrous ammonia 172,327 172,473 172,619 172,763 172,763
Nitric acid 5,147 3,432 1,716 -0- -0-
Ammonium nitrate 6,729 4,486 2,243 -Q- -0~
Nitrogen manufacturing solution 9,640 6,427 3,213 -0- -0-
Elemental phosphorous 1,591 795 -0- -0- -0-
Wet process phosphoric acid 242,603 249,688 256,774 260,487 260,487
Furnace process phosphoric acid 6,746 3,373 -0- -0- -0-
Run-of-pile triple superphosphate 53,687 35,793 17,894 ~0- -0-
Diammonium phosphate 59,586 42,709 25,833 -0~ -0-
Monoammonium phosphate 170,321 201,070 231,823 270,495 270,495
Run=of-mine potassium chloride 59,323 39,551 19,772 -0- -0-
Granular potassium chloride 179, 704 209,469 239,241 259,006 259,006
Coarse potassium chloride 20,000 10,000 -0- -0- -0-
Granulated mixed fertilizers 148,308 98,887 49,431 -0- -0~
Bulk blended fertilizers 245,699 288,543 331,400 374,243 374,243
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Table F-1. (cont'd.)

Product

Year 2

Year 3 Year 4 Year 5 Year 6
N supplied 141,932 141,932 141,932 141,932 141,932
P05 supplied 140,650 140,650 140,650 140,650 140,650
K20 supplied 155,441 155, 441 155,441 155,441 155, k41

]For years 0 and 1, see Appendix A, 1970 Actual and Constrained Optimum, respectively.
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Table F-2,

Anhydrous ammonia product flow

producers

Originating Terminating
location Activity Type location Year 2 Year 3 Year 4 Year 5 Year 6
Gulf Coast  Production Centrifugal  --- (new) 10,522 10,044 11,050 10,574 11,172
Gul f Coast Production Centrifugal -—- 64,246 57,655 49,580 41,407 31,701
Midwest Production Centrifugal --- 11,315 8.053 4,791 1,529 -0-
Central Production Centrifugall --- (new) 86,244 19,101 21,012 24,691 25,741
Michigan
Central Production Centrifugal -~ -0- 77,620 86,186 94,562 104,149
Michigan
Gulf Coast Mfr's, Cyrogenic --- 36,431 27,324 18,216 9,108 -0-
storage
Midwest Mfr's. Cyrogenic e 6,118 4,588 3,059 1,529 -0-
storage
Central Mfr's, Cyrogenic] --- (new) 19,972 12,603 13,865 15,251 16,806
Michigan storage
Central Mfr's. Cyrogenic e -Q- 17,975 27,320 36,541 45,623
Michigan starage
Gulf Coast Transportation Barge Florida 38,337 40,375 42,414 42,873 42,873
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Table F-2.

(cont'd.)

Originating Terminating
location Activity Type location Year 2 Year 3 VYear 4 Year 5 Year &
Midwest Product On-site Midwest 3 5,197 3,465 1,732 -0- -0-
transfer producers
Central Product On-site Michigan 1,738 869 -0- -0- -0-
Michigan transfer producers
Ceatral Transportation  Truck Farms 84,506 95,852 107,198 119,253 129,890
Michigan
Farms Application .-- --- 127,055 127,764 128,473 129,890 129,890
Gulf Coast  Transportation Rail Michigan 36,431 27,324 18,216 9,108 -0-
terminal
Midwest Transportation Rai) Michigan 6,118 4,588 3,059 1,529 -0-
terminal
Michigan Transportation  Truck Farms 42,549 31,912 21,275 10,637 -0-
terminal

]These facilities represent new investment.

2 ammonium and monoammonium phosphate producers.

IWitric acid, ammonium nitrate, nitrogen manufacturing solutions, and diammonium and monoammonium
phosphate producers.

Diammonium phosphate and granular mixed fertilizer producers.
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Table F-3. Nitric acid product flow

Originating Terminating
location Activity Type location Year 2 Year 3 Year 4 Year 5 Year 6
Midwest Production Medium --- 5,147 3,432 1,716 -0~ -0-
pressure
Midwest Product On-site Midwest 5,147 3,432 1,716 -Q- -0-
transfer producers
IAmmonium nitrate producers.
Table F-4. Ammonium nitrate product flow
Originating Terminating
location Activity Type location Year 2 Year 3 Year 4 Year 5 Year 6
Midwest Production Neutralization --- 6,729 4,486 2,243 -0- 0=
evaporation
Midwest Product On-site Midwest 6,729 4,486 2,243 -0- -0-
transfer producers

1,,. .
Nitrogen manufacturing

solutions producers.
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Table F-5.

Nitrogen manufacturing sclutions

product flow

Originating Terminating
location Activity location Year 2 Year 3 Year 4 Year 5 VYear 6
Midwest Production Blending --- 9,640 6,427 3,213 -0- -0-
Midwest Transportation Michigan 9,640 6,427 3,213 -0- -0-
producers
]Granular mixed fertilizer producers.
Table F-6. Elemental phosphorous product flow
Originating Terminating
location Activity location Year 2 Year 3 Year 4 Year 5 Year 6
Florida Production Electric -=- 1,591 795 -Q- -0- -0-
Florida Transportation Michigan 1,591 795 -0~ -0~ -Q-
producers

White phosphoric acid producers.
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Table F-7. White phosphoric acid product

flow

Originating Terminating

location Activity Type location Year 2 Year 3 Year 4 Year 5§ VYear 6
Central Production Furnace --- 6,746 3,373 -0- -0- -0-
Michigan process
Central Product On-site Michigan 6,746 3,373 -0- -0- -0-
Michigan producers

]

Diammonium phosphate producers.

682



Table F-8. Green phosphoric acid product flow

Originating Terminating
location Activity Type location Year 2 Year 3 Year 4 VYear § Year 6
Florida Production Wet | --- (new) 111,918 50,948 56,044 58,275 60,390
process
Florida Production Wet --- 130,685 198,740 200,730 202,212 200,097
process
Florida Product On-site Florida 240,133 248,225 255,952 260,487 260,487
transfer producers
Florida Transportation Barge Midwest 2,40 1,463 822 -0- -0~
1 producers

]These facilities represent new investment.

2Diammonium and monoammonium phosphate producers.
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Table F=9, Run-of=-pile triple superphosphate product flow
Originating Terminating
location Activity Type location Year 2 Year 3 Year 4 Year 5 VYear 6
R
Florida Production Cone mixer -—- Lo ,B51 33,522 16,617 -0- -0~
Midwest Production Cone mixer ——— 3,836 2,271 1,277 =0= =Q=
Florida Transportation Rail Michigan 49,851 33,522 16,617 -0- -0-
producers
Midwest Transportation Rail Michigan 3,836 2,271 1,277 =0~ -0-
producers

1

Granular mixed fertilizer producers.
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Table F-10,

Diammonium phosphate products flow

Originating Terminating
location Activity Type Jocation Year 2 Year 3 Year 4 Year 5 Year 6
Florida Production Slurry -— 51,666 38,749 25,833 -0~ -0-
ammoniation
Central Production Sturry --- 7,920 3,960 -0- =0 -0-
Michigan ammoniation
Florida Transportation Rail Michigan 23,729 15,820 7,909 -0 -0-
producers
Farms Application cam —e 35,856 26,889 17,924 =0= -0=-
Central Transportation Truck Farms 7,920 3,960 =0~ -0- -0-
Michigan
Florida Transportation Rail Michigan 27,937 22,929 17,92k -0- ~0-
terminal
Michigan Transportation Truck Farms 27,937 22,929 17,924 Q- =0=
terminail

IGranular mixed and dry blended fertilizer producers.
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Table F=-11,

Monoammonium phosphate product flow

Originating Terminating
location Activity Type location Year 2 Year 3 Year 4 Year 5 Year 6
Florida Production Slurry -—- (new) 103,980 57,732 63,510 77,779 46,885
ammoniation
Florida Production Slurry - 66,341 143,338 168,313 192,716 223,610
ammoniation
Florida MEr's. Bulk’ - (new) 39,286 36,218 39,84 43,825 30,90k
storage
Florida Mfr's, Bulk ——- 59,946 80,317 93,998 107,323 120,244
storage
Florida Transportation Rail Qutstate 132,309 155,380 178,459 201,530 201,530
processors
Farms Application -e- - 38,012 45,690 53,365 68,965 68,965
Florida Transportation Rail Michigan 38,012 45,690 53,365 68,965 68,965
terminal
Michigan Transportation Truck Farms 38,102 45,690 53,365 68,965 68,965
terminal

]These facilities represent new investment,

2Dry blended fertilizer producers.
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Table F-12, Run-of-mine potassium chloride

product flow

Originating Terminating
location Activity Type location Year 2 Year 3 VYear 4 Year 5 Year 6
Saskatoon Production Flotation —-— 59,323 39,551 19,772 -0- =0=
Saskatoon Transportation Rail Michigan i £9,323 39,551 19,772 -0- -0-
producers

lGranular mixed fertilizer producers,
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Table F=13,

Granular potassium chloride product flow

Originating Terminating
location Activity Type location Year 2 Year 3 VYear 4 VYear 5 Year 6
Saskatoon Production F]otationl -—— (new) 69,632 64,246 70,678 67,739 54,747
Saskatoon Production Flotation ——- 110,072 145,223 168,563 191,267 204,259
Saskatoon Mfr's, BulkI cea (rew) 2,489 35,717 39,293 43,217 32,710
storage
Saskatoon Mfr's, Bulk -— 82,554 64,155 75,413 86,318 96,825
storage
Saskatoon Transportation Rail Michigan 66,314 76,307 86,300 86,293 86,293
terminal
Saskatoon Transportation Rail Outstate 113,390 133,163 152,941 172,713 172,713
processors
Michigan Transportation Truck Farms 66,314 76,307 86,300 86,293 86,293
terminal
Farms Application - —-— 66,314 76,307 86,300 86,293 86,293

IThese facilities represent new investments,

zory blended fertilizer producers,
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Table F=14,

Coarse potassium chloride product flow

Originating Terminating
location Activity Type location Year 2 Year 3 Year 4 Year 5 Year 6
Saskatoon Production Flotation n—- 20,000 10,000 =0=- -0- -0-
Farms Application -~ --- 20,000 10,000 -0- -0- -0-
Saskatoon Transportation Rail Michigan 20,000 10,000 -0~ =0= =0~
terminal
Michigan Transportation Truck Farms 20,000 10,000 -0- ~0- -0-
terminal
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Bulk granulated mixed fertilizer product flow

Originating Terminating
location Activity Type location Year 2 Year 3 Year 4 Year 5 VYear 6
Central Production TVA ana 148,308 98,877 49,431 -0- -0-
Michigan continuous
Central Mfr's, Bulk -—— 111,231 74,158 37,073 -0=- «(=-
Michigan storage
Central Transportation Truck Farms 148,308 98,877 49,43) =Q- -0=
Michigan
Farms Application cma - 148,308 98,877 49,431 =Q- =0-
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Table F-16,

Bulk blended fertilizers product flow

Originating Terminating
location Activity Type location Year 2 Year 3 Year 4 Year 5 VYear 6

Qutstate Production Horizontal —- 201,600 151,200 100,800 50,400 -0-
Michigan (9000 TPY)

Outstate Production Vertical e (new) 44,099 97,654 107,432 118,162 87,134
Michigan (9000 TPY)

Qutstate Production Vertical - -0- 39,689 123,168 205,681 287,109
Michigan (9000 TPY)

Outstate Transportation Truck Satellite 122,850 144,271 165,700 187,122 187,122
processors outlets

Outstate Transportation Applicators Farms 122,850 144,271 165,700 187,122 187,122
processors

Satellite Product -= ——- (new) 22,050 48,826 53,717 59,081 43,567
outiets handling

Satellite Product .ee --= 100,800 95,445 111,983 128,041 143,555
outlets handling

Satellite Transportation Applicators Farms 122,850 144,271 165,700 187,122 187,122
outlets

Farms Application .—- m—- 245,699 288,543 331,400 374,243 374,243

Mhese facilities represent new investment,
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