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ABSTRACT

ATTAINING THE LONG RUN 
MINIHUH COST REORGANIZATION 

OF THE MICHIGAN FERTILIZER INDUSTRY

By

George R. P e r k in s

For  t h r e e  c o n s e c u t iv e  y e a r s  in  th e  l a t e  1 9 6 0 's  the  r e t u r n s  to  

t o t a l  a s s e t s  in  the  f e r t i l i z e r  i n d u s t r y  were  be lo w  2 .0  per  c e n t .

These low r e t u r n s  were  l a r g e l y  th e  r e s u l t  o f  ex ce s s  p r o d u c t i o n  and 

m a r k e t in g  c a p a c i t y  t h a t  have c r e a t e d  chaos in  th e  m a r k e t in g  p l a c e .

Over  f o u r  b i l l i o n  d o l l a r s  w e re  in v e s te d  in  th e  f e r t i l i z e r  i n d u s t r y  

in  the  decade o f  th e  1 9 6 0 ' s .  The f e r t i l i z e r  i n d u s t r y  in  M ic h i g a n  is  

not  c u r r e n t l y  u s in g  many o f  th e  t e c h n o l o g i c a l  advances t h a t  have been  

a v a i l a b l e  f o r  s e v e r a l  y e a r s .

A com prehens ive  c o m p u te r iz e d  l i n e a r  programming model o f  th e  

M ic h ig a n  f e r t i l i z e r  i n d u s t r y  was d e v e lo p e d  to  d e t e r m in e  and a n a ly z e  

the  long run minimum c o s t  r e o r g a n i z a t i o n  o f  th e  M ic h ig a n  f e r t i l i z e r  

i n d u s t r y .  The model was s u f f i c i e n t l y  f l e x i b l e  so t h a t  a v a r i e t y  o f  

problems c o u ld  be s t u d i e d  by a p p r o p r i a t e  s p e c i f i c a t i o n  o f  c o n s t r a i n t s ,  

p a ra m e te rs  o r  a c t i v i t i e s .  In  t h i s  s tu d y  th e  model was used to  e v a l ­

u a t e  th e  im pact  o f  chang ing  wage r a t e s  and c h a n g in g  c a p i t a l  r e t u r n s  

on the  l o n g - r u n  optimum o r g a n i z a t i o n  o f  the  i n d u s t r y .  The t r a n s i t i o n  

p rocess  from t h e  c u r r e n t  o r g a n i z a t i o n  t o  th e  l o n g - r u n  minimum c o s t  

o r g a n i z a t i o n  was a l s o  s t u d i e d .

The l o n g - r u n  minimum c o s t  i n d u s t r y  o r g a n i z a t i o n  r e s u l t s  in  p ro ­

d u c t i o n  and use o f  t h r e e  p r o d u c t s ,  each o f  w h ic h  i s  h ig h  in  n u t r i e n t  

c o n t e n t :  anhydrous  ammonia, monoammonium phosphate  and g r a n u l a r  p o ta s -



George R. P e r k i n s

sium c h l o r i d e .  U s in g  th e  minimum c o s t  i n d u s t r y  o r g a n i z a t i o n ,  th e s e  

t h r e e  p r o d u c ts  c o u ld  be d e l i v e r e d  and a p p l i e d  on the  fa rm  f o r  a bout  

3 2 . 4  per  c e n t  l e s s  c o s t  than  was a c t u a l l y  p a id  by M ic h ig a n  fa r m e r s  in  

1970 .  T h i s  c o s t  r e d u c t i o n  is  based upon s u p p ly in g  the  same l e v e l s  o f  

N, P2&5 * and K2O t h a t  were used by M ic h ig a n  fa r m e r s  in  1970 .

Changes in  the  wage r a t e  f rom  $ 3 . 0 0  t o  $ 6 . 5 0  per  man hour  r e ­

s u l t e d  in  o n l y  m in o r  changes in  th e  long run minimum c o s t  i n d u s t r y  

o r g a n i z a t i o n .  The e f f e c t  o f  such changes in  th e  wage r a t e  a r e  f e l t  

p r i m a r i l y  by th e  d r y  b len ded  f e r t i l i z e r  p r o d u c e r s .  T h ro u g h o u t  th e  

range  o f  wage r a t e s  e x a m in e d ,  t h e r e  was no change in  th e  m ix  o f  f e r ­

t i l i z e r  m a t e r i a l s  produced;  ho w e ve r ,  t h e r e  were  m in o r  changes in  how 

th e s e  m a t e r i a l s  were  processed  and h a n d le d .

The r e t u r n  on c a p i t a ]  in v e s t e d  in  m a n u f a c t u r i n g ,  p r o c e s s i n g ,  and 

s t o r a g e  f a c i l i t i e s  was v a r i e d  f rom  - 2 .0  per  c e n t  t o  2 0 .0  per  c e n t  t o  

d e t e r m in e  th e  im pact  on t h e  l o n g - r u n  minimum c o s t  i n d u s t r y  o r g a n i z a ­

t i o n .  The im pact  o f  such v a r i a t i o n  was s u r p r i s i n g l y  s m a l l ;  d r y  b len d e d  

f e r t i l i z e r  p ro d u c e r s  a r e  a f f e c t e d  t o  th e  g r e a t e s t  e x t e n t ,  w h i l e  t h e r e  

i s  no change in  th e  m ix  o f  f e r t i l i z e r  m a t e r i a l s  p ro d u c ed .

A s i x - y e a r  t r a n s i t i o n  f rom  the  c u r r e n t  i n d u s t r y  o r g a n i z a t i o n  to  

the  l o n g - r u n  minimum c o s t  o r g a n i z a t i o n  was a n a ly z e d  t o  d e t e r m i n e  w h ich  

p r o d u c ts  and p ro c e s s e s  s hou ld  be d i s c a r d e d  in  f a v o r  o f  new in v e s tm e n t  

t o  s u p p ly  th e  1970 l e v e l s  o f  N ,  p2°5  * anc* t o  M i c h i g a n .  D u r in g  th e

t r a n s i t i o n ,  a bou t  4 7 . 5  m i l l i o n  d o l l a r s  o f  new in v e s tm e n t  would  be r e ­

q u i r e d ,  w h i l e  the  t o t a l  c o s t  s a v in g s  would  amount t o  n e a r l y  1 3 9 . 4  

m i l l i o n  d o l l a r s ,  as compared t o  m a i n t a i n i n g  th e  1970 i n d u s t r y  o r g a n i z a ­

t i o n  and i t s  a s s o c i a t e d  t o t a l  c o s t  t h r o u g h o u t  t h e  t r a n s i t i o n .
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CHAPTER 1

INTRODUCTION

The Problem  S e t t i n g

In 1970 ,  t h e  e s t i m a t e d  m a n u f a c t u r i n g  c a p a b i l i t y  o f  commercia l  

f e r t i l i z e r  companies in  N o r th  A m e r ic a  was 61 p e r  c e n t  g r e a t e r  th a n  

e s t i m a t e d  d o m e s t ic  u s e .  A t  the  same t i m e ,  gross  p r o d u c t i o n  c a p a c i t y  

was more th a n  d o u b le  d o m e s t ic  u s e . ' T h i s  d i s p a r i t y  between p ro d u c ­

t i o n  c a p a b i l i t y  and consum ption  i s  p a r t  o f  a c o n t i n u i n g  t r e n d  o f  th e

r e c e n t  y e a r s .  In  1965 , f o r  e x a m p le ,  e s t i m a t e d  f e r t i l i z e r  p r o d u c t i o n
7

c a p a b i l i t y  in  N o r t h  A m e r ic a  was 1 6 .2 1  m i l l i o n  to n s  o f  p l a n t  n u t r i ­

e n t s .  By 1 9 70 ,  t h i s  f i g u r e  had grown t o  an e s t i m a t e d  2 7 .^ 5  m i l l i o n  
3

t o n s .  T h is  r e p r e s e n t s  an annual  compound grow th  r a t e  o f  11 .1  p e r  

c e n t .  M e a n w h i le ,  d o m e s t ic  use in  N o r th  A m e r ic a  in c r e a s e d  f rom  1 1 .5 9  

m i l l i o n  tons  in  I 965  t o  an e s t i m a t e d  1 7 .0 6  m i l l i o n  to n s  in  1970 r e p ­

r e s e n t i n g  an annu a l  compound gro w th  r a t e  o f  8 .1  p e r  c e n t  ( H a r r e ,  e t .  

a j . . , p .  23 ) .  T h u s ,  t h e  growth in  f e r t i l i z e r  p r o d u c t i o n  c a p a b i l i t y  

has been o v e r  37  p e r  c e n t  g r e a t e r  th a n  t h a t  o f  use in  r e c e n t  y e a r s .

Gross p r o d u c t i o n  c a p a c i t y  i s  e q u a l  t o  e s t i m a t e d  f e r t i l i z e r  p r o ­
d u c t i o n  c a p a b i l i t y  p lu s  th e  t o t a l  p r o d u c t i o n  f o r  a l l  o t h e r  i n d u s t r i a l  
u s e s .  For  e x a m p le ,  b e s id e s  th e  use o f  phosphates  f o r  f e r t i l i z e r ,  
t h e y  have been commonly used in  d e t e r g e n t s .

^Throughout t h i s  s t u d y ,  " t o n s "  w i l l  be used t o  mean " s h o r t  t o n s . "

^See T a b l e  | - | .
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Table 1-1. North American production capability  compared with use and Michigan use 19 6 5  and 1970

Ni trogen Phosphate Potassi urn Total

PRODUCTION CAPABILITY 
North America (m ill io n  tons) 

1965 5.82 4.98 5.41 16.21
1970 10.89 7.46 9.18 27.45
Annual Growth 13.18% 8,42% 11.16% 1 1 . 10%

USE
North America (m ill io n  tons)

1965 A. 83 3.79 2.97 11.59
1970 7.84 5.05 4.18 17.06
Annual Growth 10.17% 5.90% 7.0 7% 8.10%

Michigan (tons) 
1965 92,243 120,649 112,604 325,496
1970 141,932 140,650 155,441 438,023
Annual Growth 9.00% 3.12% 6.65% 6.12%

PRODUCTION CAPABP ITY 
AS PER CENT OF USE 

North America 
1965 120 131 182 140
1970 138 148 220 161

Sources: Compiled from Harre, e t a t . ,  Estimated World F e r t i l i z e r  Production Capacity as Related to
Future Needs 1970 to 1975. p. 23, Table A-3; and Michigan Department of Agriculture, 
'Tonnage of F e r t i l i z e r  Sold in Michigan from January 1 Through December 31, 1970."



The s i t u a t i o n  in  M ic h i g a n  was q u i t e  s i m i l a r  d u r in g  t h i s  p e r i o d .

T o t a l  n u t r i e n t  use grew from 325,**96  to n s  in 1965 ( H a r g e t t ,  p. 56)  

to  **38 ,023  to n s  in  1970 (M ic h ig a n  D e p a r tm e n t  o f  A g r i c u l t u r e ) .  On 

an annual  b a s i s ,  t h i s  g ro w th  c o r re s p o n d s  to  a r a t e  o f  6 . 1 2  per c e n t .

The Tennessee V a l l e y  A u t h o r i t y  (TVA) e s t i m a t e s  t h a t  f e r t i l i z e r  

use in  N o r th  A m e r ic a  w i l l  grow a t  s l i g h t l y  less  th a n  a 5 * 2  per c e n t  

annual  r a t e  between 1970 and 1980. They  have e s t i m a t e d  1980 use to  

be 2 8 . 2 7  m i l l i o n  tons  o f  p l a n t  n u t r i e n t s  ( H a r r e ,  e t  a l . .  p .  2 3 ) .  

Given th e  i n d u s t r y ' s  p r o d u c t i o n  c a p a b i l i t y  in  1970 and assuming  

n e i t h e r  new in v e s tm e n t  n o r  loss  f rom  d e p r e c i a t i o n ,  f e r t i l i z e r  use 

grow ing  a t  5 . 1 8  per  c e n t  a n n u a l l y  would  f i n a l l y  e q u a l  c u r r e n t  e x i s t ­

ing p r o d u c t io n  c a p a b i l i t y  sometime j u s t  p r i o r  to  I 9 8 O. F i g u r e  1-1 

g r a p h i c a l l y  d e p i c t s  t h i s  r e l a t i o n s h i p .

W h i le  t o t a l  p r o d u c t i v e  c a p a b i l i t y  in  N o r th  A m e r ic a  was growing

11.1  per  c e n t  compounded a n n u a l l y ,  n i t r o g e n  p r o d u c t i o n  c a p a b i l i t y  

in c r e a s e d  1 3 .1 8  per  c e n t  a n n u a l l y ,  d u r i n g  the  f i v e  y e a r  p e r i o d  from  

1965 t o  1970 .  In  1965 ,  e s t i m a t e d  n i t r o g e n  f e r t i l i z e r  p r o d u c t io n  

c a p a b i l i t y  was 5 . 8 2  m i l l i o n  tons y e a r l y ;  by 1970 ,  t h i s  f i g u r e  had 

n e a r l y  doub led  t o  10 .81  m i l l i o n  t o n s .  Use o f  n i t r o g e n  d u r i n g  the  

same p e r i o d  in c r e a s e d  a t  a r a t e  o f  1 0 . 1 7  per cent  a n n u a l l y  ( H a r r e ,  

e t  a l . .  p. 2 3 ) .  A l t h o u g h  the  growth r a t e  o f  n i t r o g e n  u t i l i z a t i o n  

was th e  f a s t e s t  o f  th e  t h r e e  b a s ic  n u t r i e n t s  ( n i t r o g e n ,  ph osphate ,  

and p o t a s s i u m ) ,  i t  was s t i l l  le s s  th a n  t h e  o v e r a l l  g r o w th  o f  produc­

t i v e  c a p a b i l i t y .  D u r in g  th e  same p e r i o d ,  n i t r o g e n  use in  M ic h iga n  

grew a t  a 9 . 0  per  c e n t  a nnu a l  r a t e .  N i t r o g e n  usage by M ic h ig a n  

f a r m e r s  was 92 ,2**3  to n s  in  1965 ( H a r g e t t ,  p. 56 ) .  By 1 9 7 0 ,  n i t r o g e n  

use had grown to  1**1 , 9 3 2  tons  ( M ic h i g a n  D epartm ent  o f  A g r i c u l t u r e ) .
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N i t r o g e n  use in  M ic h ig a n  in c r e a s e d  c o n s i d e r a b l y  f a s t e r  th a n  e i t h e r  

phosphate o r  p o ta s s iu m ,  y e t  i t s  g ro w th  was somewhat le s s  th a n  th e  

’ 0 . 1 7  p e r  c e n t  annual  g ro w th  o f  n i t r o g e n  use in  N o r th  A m e r ic a .

Phosphate  use in  N o r th  A m e r ic a ,  w i t h  an annual  g row th  r a t e  o f  

5 . 9  p e r  c e n t  o v e r  th e  same f i v e  y e a r  p e r i o d ,  had t h e  s lo w e s t  annual  

i n c r e a s e  on a p e r c e n t a g e  b a s i s ;  purchases  o f  5 .0 5  m i l l i o n  tons in  

N o r th  A m e r ic a  d u r i n g  1970 w ere  onTy o n e - t h i r d  more th a n  th e  3 . 7 9  

m i l l i o n  to n s  purchased in  1965 .  A t  th e  same t i m e ,  p r o d u c t i v e  capa­

b i l i t y  f o r  P2^5 i n c r e a s e d  n e a r l y  50  per  c e n t  from 4 . 9 8  m i l l i o n  tons  

in  1965 t o  7 . 4 6  m i l l i o n  to n s  in  1970 ( H a r r e ,  e t  a l . .  p .  2 3 ) .  S i m i l a r  

to  u s a g e ,  phosphate  p r o d u c t i v e  c a p a b i l i t y  had th e  lo w e s t  annual  p e r ­

c e n ta g e  i n c r e a s e ;  t h e  annual  i n c r e a s e  was 8 . 4 2  p e r  c e n t  d u r i n g  th e  

f i v e  y e a r  p e r i o d .  In  t h i s  same p e r i o d ,  phosphate  p u rc h a s e s  in  

M ic h ig a n  grew 3 . 1 2  per  c e n t  a n n u a l l y .  Comparable  t o  th e  N o r th  A m e r i ­

can t r e n d ,  phosphate  usage in  M ic h ig a n  had the  lo w e s t  g row th  r a t e  o f  

the  t h r e e  b a s i c  n u t r i e n t s  d u r i n g  th e  p e n ta d e .

Potash ( p o t a s s i u m ) ,  produced l a r g e l y  in  Canada,  had an annual  

growth r a t e  o f  1 1 .1 6  pe r  c e n t  in  p r o d u c t i o n  c a p a c i t y  d u r i n g  th e  

p e r io d  f rom  1965 t o  1 9 7 0 .  A t  th e  b e g i n n i n g  o f  th e  f i v e  y e a r  p e r i o d ,  

e s t i m a t e d  p r o d u c t io n  c a p a b i l i t y  o f  K2O was 5 * 4 )  m i l l i o n  to n s  in  

N o r th  A m e r ic a .  By 1 9 7 0 ,  p r o d u c t i o n  c a p a b i l i t y  was 9 . 1 8  m i l l i o n  t o n s .  

Farm usage o f  1^0 in N o r t h  A m e r ic a  grew a t  7 . 0 7  per  c e n t  a n n u a l l y  

d u r i n g  t h i s  p e r i o d .  An i n t e r e s t i n g  f a c t  a b o u t  th e  p o ta s h  i n d u s t r y

UD u r in g  1970 ,  Canada produced 3 * 4 9 7 , 9 0 1  to n s  o f  p o ta s h  and e x ­
p o r te d  6 7 9 , 1 2 8  tons  ( O i l ,  P a i n t ,  and Drug R e p o r t e r ,  March 2 9 ,  1971)  
f rom  N o r t h  A m e r ic a .  In  1968 ( l a t e s t  a v a i l a b l e  f i g u r e s ) ,  t h e  U .S .  
p r o d u c t i o n  o f  p o ta s s iu m  was 1 , 5 7 5 , 8 3 4  to n s  ( H a r r e ,  1 9 7 0 ) ,  most o f
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is  th e  d i s p a r i t y  be tween p r o d u c t i o n  c a p a b i l i t y  and usage .  A t  th e

b e g i n n i n g  o f  th e  f i v e  y e a r  p e r i o d ,  p r o d u c t io n  c a p a b i l i t y  was 182 p e r
5

c e n t  o f  us a ge .  By 1970 ,  t h i s  f i g u r e  was 220 per  c e n t .  M e a n w h i le ,  

p o ta s s iu m  usage in  M ic h ig a n  grew 6 . 6 5  p e r  c e n t  a n n u a l l y ,  f rom  1 1 2 , 6 0 4  

tons  in  19&5 to  155 ,441  to n s  in  1970 .  F i g u r e s  1 -2  th ro u g h  1 - 4  d e p i c t  

the  N o r th  A m er ican  s i t u a t i o n . ^

Growth in  p r o d u c t i v e  c a p a b i l i t y  o f  th e  m a g n i tu d e  e x p e r i e n c e d  in  

th e  f e r t i l i z e r  i n d u s t r y  r e q u i r e s  h igh  l e v e l s  o f  i n v e s t m e n t .  I t  has 

been e s t i m a t e d  t h a t  d u r i n g  th e  decade o f  t h e  6 0 * s ,  t h e r e  was 4  

b i l l i o n  d o l l a r s  i n v e s t e d  in th e  f e r t i l i z e r  i n d u s t r y .  About  h a l f  o f  

t h i s  in v e s tm e n t  was f o r  new p r o d u c t io n  c a p a b i l i t y ,  w h i l e  th e  r e m a in ­

ing 2 b i l l i o n  d o l l a r s  went f o r  m a r k e t i n g  and d i s t r i b u t i o n  f a c i l i t i e s .  

T u r b e r v t l l e ,  s p e a k in g  t o  th e  F e r t i l i z e r  P r o d u c t i o n  and M a r k e t i n g  

C o n fe re n c e  in  1 9 69 ,  s u c c i n c t l y  phrased th e  p l i g h t  o f  th e  indus t r y :  

"Excess  p r o d u c t i o n  c a p a c i t y  and excess  m a r k e t i n g  c a p a c i t y  o p e r a t i n g

w hich  was used w i t h i n  t h e  U .S .  T h i s  makes a t o t a l  o f  5 * 0 7 3 , 7 3 5  tons  
produced w i t h  a b o u t  4 , 3 9 4 , 6 0 7  r e m a in in g  in  N o r th  A m e r ic a .  The i m p l i ­
c a t i o n  is  t h a t  p r o d u c t i o n  c a p a b i l i t y  was u t i l i z e d  to  o n l y  55 p e r  c e n t  
w h i l e  8 6 . 6  per  c e n t  o f  t h e  t o t a l  p r o d u c t i o n  remained w i t h i n  N o r t h  
A m e r ic a .  F u r t h e r m o r e ,  o n l y  9 5 .1  p e r  cent  o f  t o t a l  p r o d u c t io n  was 
used; t h e  r e m a in in g  was p r o b a b ly  s t o c k p i l e d .

^The s i m i l a r  f i g u r e s  f o r  n i t r o g e n  and phosphorous a t  t h e  b e g i n ­
n in g  o f  th e  p e r io d  a r e  120 per  c e n t  and 131 per  c e n t ,  r e s p e c t i v e l y .  
The p e r i o d  e n d in g  f i g u r e s  a r e  138 per  c e n t  and 148 p e r  c e n t ,  r e s p e c ­
t i v e l y .

^ F i g u r e s  1 -2  th r o u g h  1 -4  a l s o  in c l u d e  t h e  g row th  o f  t o t a l  p r o ­
d u c t i v e  c a p a c i t y ,  w h ic h  i s  d i s t i n g u i s h e d  f rom  f e r t i l i z e r  p r o d u c t i o n  
c a p a b i l i t y .  The d i f f e r e n c e  betw een  th e  two i s  th e  t o t a l  p r o d u c t i o n  
c a p a b i l i t y  f o r  a l l  o t h e r  uses o f  th e  p r o d u c t  in  q u e s t i o n .  So, p r o ­
d u c t i o n  c a p a c i t y  i s  t h e  gross  p r o d u c t i o n  c a p a c i t y  f o r  a l l  p u rp o s es ;  
w h e r e a s ,  f e r t i l i z e r  p r o d u c t io n  c a p a b i l i t y  is  t h a t  p r o d u c t i o n  d e s i g ­
n a te d  f o r  f e r t i l i z e r  p u rp o s e s .
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w i t h o u t  management c o n s t r a i n t  have c r e a t e d  chaos in  th e  m a rk e t  p la c e  

and have made us a s i c k  and u n p r o f i t a b l e  i n d u s t r y , "  ( T u r b e r v i 1 l e , 

1 9 6 9 ) .

In 1 9 7 0 ,  the  l e v e l  o f  in v e s tm e n t  u t i l i z e d  to  produce and m a rk e t  

the  f e r t i l i z e r  n u t r i e n t s  used in  M ic h ig a n  exceeded  7 5 . 4  m i l l i o n  

d o l l a r s .  On th e  o t h e r  hand ,  had th e  i n d u s t r y  been more e f f i c i e n t l y  

o r g a n i z e d ,  th e  l e v e l  o f  in v e s tm e n t  c o u ld  have been a bou t  3 7 . 6  m i l l i o n  

d o l l a r s . ^  T h i s  is  a r e d u c t i o n  o f  o v e r  50  p e r  c e n t .  I f  th e  i n d u s t r y  

were e a r n i n g  o n l y  5 P®r c e n t  on t h e i r  i n v e s t m e n t ,  t h e  r e d u c t i o n  in
g

cost b r o u g h t  ab o u t  by t h e  lo w e r  in v e s tm e n t  would  be 1 ,89  m i l l i o n  

d o l l a r s .  T h i s  i s  e q u i v a l e n t  t o  $ 4 .3 1  per  n u t r i e n t  to n  o f  consum ption  

in  M i c h i g a n .  C l e a r l y ,  o v e r i n v e s t m e n t  is  e v i d e n t  in  th e  f e r t i l i z e r  

i n d u s t r y .  F u r t h e r m o r e ,  changes in  th e  l e v e l  o f  in v e s tm e n t  have s i g ­

n i f i c a n t  i m p l i c a t i o n s  on t h e  c o s t  o f  s u p p l y i n g  f e r t i l i z e r  t o  the  

M ic h ig a n  f a r m e r s .

Fo r  t h r e e  c o n s e c u t iv e  y e a r s  in  th e  l a t e  6 0 ' s ,  th e  r e t u r n s  to  

t o t a l  a s s e t s  in  th e  f e r t i l i z e r  i n d u s t r y  w ere  be low 2 per  c e n t .  In  

1965, t h e  i n d u s t r y  in  th e  U n i t e d  S t a t e s  had t o t a l  a s s e t s  o f  1 ,1 5 6  

m i l l i o n  d o l l a r s  and n e t  income a f t e r  t a x e s  o f  9 . 1 5 4  m i l l i o n  d o l l a r s .  

T h is  c o r r e s p o n d s  t o  a 0 . 7 9 2  p e r  c e n t  r e t u r n  on in v e s t m e n t ,  i f  t o t a l

^See A p p e n d ix  A ,  T a b l e  A - 3 2 ,  1970 A c t u a l  and Optimum, r e s p e c ­
t i v e l y .

^ R e t u r n  on in v e s tm e n t  i s  g e n e r a l l y  n o t  c o n s id e r e d  to be a c o s t .  
However, i f  management p r i c e s  h i s  f i r m ' s  p r o d u c t  such t h a t  i t  r e f l e c t s  
a p o s i t i v e  r e t u r n  on i n v e s t m e n t ,  th e  d i f f e r e n c e  in  p r i c e  f rom  t h a t  
c o r r e s p o n d in g  t o  a z e r o  r e t u r n  on in v e s tm e n t  i s  a c o s t  i n c u r r e d  by 
the p u r c h a s e r  o f  the  p r o d u c t .  T h u s ,  r e t u r n  on in v e s tm e n t  can be 
thought  o f  as a c o s t  t o  th e  p u r c h a s e r .
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a s s e t s  a r e  c o n s id e r e d  as i n v e s t m e n t .  M e a n w h i le ,  a l l  m a n u f a c t u r i n g  i n ­

d u s t r i e s  combined had a 6 . 1 3  P®r c e n t  r e t u r n  on in v e s tm e n t  ( a s s e t s )  

( I n t e r n a l  Revenue S e r v i c e ,  1 9 6 5 ) .  In 1 9 6 6 ,  the  f e r t i l i z e r  i n d u s t r y  

had s u b s t a n t i a l  g a in s  in  bo th  t o t a l  a s s e t s  and n e t  income a f t e r  t a x e s .  

A s s e ts  were up 21 p e r  c e n t  t o  1 ,**02 m i l l i o n  d o l l a r s ,  w h i l e  income i n ­

c re a s e d  l*+7 per  c e n t  t o  2 2 . 6 0 3  m i l l i o n  d o l l a r s .  These  changes b ro u g h t  

about  a 1 .6 1 2  per  c e n t  r e t u r n  on in v e s tm e n t  ( a s s e t s ) ,  w h i l e  a l l  manu­

f a c t u r e r s  o b t a i n e d  a 6 . 2 6  p e r  c e n t  r e t u r n  ( I n t e r n a l  Revenue S e r v i c e ,  

1 9 6 6 ) .  The f i g u r e s  f o r  1967 a r e  q u i t e  d i s c o u r a g i n g  t o  i n v e s t o r s .

Net  income a f t e r  t a x e s  f o r  a l l  f e r t i l i z e r  companies slumped to  5 . 1 2 3  

m i l l i o n  d o l l a r s ,  w h i l e  t o t a l  a s s e t s  i n c r e a s e d  t o  1,**76 m i l l i o n  d o l l a r s .  

A l th o u g h  t o t a l  a s s e t s  were  above th e  1965 l e v e l ,  t h e  d e c r e a s e  in  n e t  

income caused th e  r e t u r n  on in v e s tm e n t  t o  d ro p  t o  0 .3 * *7  per  c e n t .

T h a t  same y e a r ,  a l l  m a n u f a c t u r e r s  com bined ,  w h i l e  r e c e i v i n g  th e  lo w e s t  

r e t u r n  (5 - 1 1  p e r  c e n t )  o f  th e  t h r e e  y e a r s ,  a t t a i n e d  n e a r l y  a 15 f o l d  

a d v a n ta g e  o v e r  th e  f e r t i l i z e r  i n d u s t r y  on a b a s i s  o f  r e t u r n s  on i n ­

v e s t m e n t .  T a b l e  1 -2  g i v e s  a summary o f  t h e  above d i s c u s s i o n  and 

p r e s e n t s  an i n t e r e s t i n g  com par ison w i t h  pr im e com m erc ia l  p a p e r .

Pr ime com m erc ia l  pa pe r  has been a more p r o f i t a b l e  in v e s t m e n t ,  on th e  

a v e r a g e ,  tha n  th e  f e r t i l i z e r  i n d u s t r y .  F u r t h e r m o r e ,  p r im e  commercia l  

paper  would  g e n e r a l l y  be a s s o c i a t e d  w i t h  a much lo w e r  r i s k .  C l e a r l y ,  

th e  f e r t i l i z e r  i n d u s t r y  has been r e c e i v i n g  v e r y  low r e t u r n s  on i n ­

v e s tm e n t .  One can a p p r e c i a t e  T u r b e r v i 1 l e 1s s t a t e m e n t ,  c i t e d  e a r l i e r ,  

c a l l i n g  t h e  f e r t i l i z e r  i n d u s t r y  " s i c k  and u n p r o f i t a b l e . " 9

9|Jnfo r t u n a t e l y ,  more r e c e n t  d a t a  on in v e s tm e n t  r e t u r n s  in th e  
i n d u s t r y  a r e  u n a v a i l a b l e .  Sources in  t h e  i n d u s t r y  c l a i m  t h a t  1968  
and 1969 were  th e  w o r s t  in v e s tm e n t  y e a r s  f o r  f e r t i l i z e r  a>m panies .
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T a b l e  1 - 2 .  Comparison o f  s e l e c t e d  r e t u r n s  on in v e s tm e n t  1 9 6 5 -7  
( p e r  c e n t ,  a n n u a l )

Y e a r
a

F e r t i l i z e r  I n d u s t r y
a

A l l  M a n u f a c t u r i n g
Prime ^ 

Commercia l Paper

1965 0 . 7 9 2 6 .1 3 1 ** .38
1966 1 . 6 1 2 6 . 2 5 9 5 . 5 5
1967 0 . 3 ^ 7 5 . 1 1 0 5 . 1 0

S o u rc e s :  I n t e r n a l  Revenue S e r v i c e ,  1965;  1966;  1967; and U .S .
Governm ent ,  F e b r u a r y ,  1971.

aA f t e r  t a x e s .

^ B e fo r e  t a x e s .

In  1 9 70 ,  o v e r  6*f5 thousand m an-hours  o f  l a b o r  w ere  expended in  

th e  f e r t i l i z e r  i n d u s t r y  t o  meet M i c h i g a n ' s  c o n s u m p t i o n , * 0 W orkers  in  

th e  m a n u f a c t u r in g  i n d u s t r i e s  a v e r a g e d  $ 3 . 3 6  p e r  hour  in  t h e  same y e a r .  

F i v e  y e a r s  e a r l i e r ,  t h e  a v e r a g e  h o u r l y  wage r a t e  was $ 2 .6 1  f o r  t h i s  

g r o u p . * *  The $ 0 . 7 5  i n c r e a s e  in  t h e  r a t e  r e p r e s e n t s  a jump o f  n e a r l y  

30 per  c e n t .  In a d d i t i o n ,  t h i s  $ 0 . 7 5  in c r e a s e  w o u ld ,  assuming con­

s t a n t  t e c h n o l o g y ,  i n d i c a t e  an i n c r e a s e  o f  o v e r  *f80 thousand  d o l l a r s  

in  t h e  c o s t  o f  f e r t i l i z e r  go in g  t o  M ic h ig a n  fa r m e r s  in  1 9 7 0 .  Even

under o p t i m a l  c o n d i t i o n s ,  where l a b o r  u t i l i z a t i o n  drops to  l e s s  than

1 2IfOO thou san d  m a n -h o u rs ,  th e  $ 0 . 7 5  change in  t h e  wage r a t e  amounts

* °See  A p p e n d ix  A ,  T a b l e  A - 3 2 .

* * "Employment and E a r n i n g s , "  U .S .  D e p a r tm e n t  o f  L a b o r ,  Bureau  
o f  Labo r  S t a t i s t i c s ,  V o l .  17 ,  No. I I ,  May 1 9 7 1 ,  T a b l e  C - l , p .  8 9 .

* ^See A p p e n d ix  A ,  T a b l e  A - 3 2 .
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to  n e a r l y  300 thousand  d o l l a r s .  C ost  changes o f  th e s e  m ag n i tu d e s  

im ply  a need t o  a n a l y z e  th e  v a r i o u s  p r o d u c t i o n  and p r o c e s s in g  t e c h ­

n o lo g i e s  t o  d e t e r m in e  i f  s h i f t s  in  th e  l a b o r  in p u t  would  be econom­

i c a l l y  des i  r a b l e .

A l th o u g h  t h e  r e t u r n s  on in v e s tm e n t  have been v e r y  poor in  th e  

r e c e n t  p a s t ,  t h e  s i t u a t i o n  w i t h  r e s p e c t  t o  l a b o r  i s  q u i t e  d i f f e r e n t .  

In 1 9 65 ,  the  v a l u e  added per  m an-hour  expended in  m a n u f a c t u r i n g  f e r ­

t i l i z e r  in  th e  U .S .  was $ 1 1 . 7 5 ;  f o r  m ix in g  f e r t i l i z e r  o n l y ,  th e  

f i g u r e  was $ 1 0 . 2 8 .  These  compare q u i t e  f a v o r a b l y  w i t h  the  $ 8 . 5 4  

added p e r  m an-hour  i n  1965 in  a l l  m a n u f a c t u r i n g  in  th e  U .S .  and th e  

$ 1 0 .3 3  added p a r  m an-hour  in  a l l  m a n u f a c t u r i n g  in  M ic h i g a n  d u r i n g  

1967 ( T a b l e  I - 3 ) .

T a b l e  1 - 3 .  V a lu e  added p e r  m an-hour  f o r  s e l e c t e d  i n d u s t r i e s  1965“ 67

1965 1966 1967

F e r t i l i z e r  m a n u f a c t u r in g $ 1 1 . 7 5 $ 1 2 . 4 3 $ 1 3 . 4 9
F e r t i l i z e r ,  m ix in g  o n l y 1 0 .2 8 1 1 .0 7 1 0 .9 7
A l l  m a n u f a c t u r i n g ,  U .S . 8 . 5 4 8 . 9 3 9 .4 1
A l l  m a n u f a c t u r i n g ,  M ic h ig a n NA NA 1 0 .3 3

S o u rc e ;  Census o f  M a n u f a c t u r e r s ,  1967 .  

a Not a v a i 1a b l e .

In 1966 ,  th e  v a l u e  added per  m an-hour  in  th e  m a n u f a c t u r in g  o f  f e r t i l ­

i z e r s  rose  by n e a r l y  6 p e r  c e n t  t o  $ 1 2 . 4 3 .  The f i g u r e  f o r  m ix in g  

f e r t i l i z e r  ros e  more th a n  7 p e r  c e n t  t o  $ 1 1 . 0 7 ,  w h i l e  a l l  m anufac­

t u r i n g  in  th e  U .S .  in c r e a s e d  o n l y  4 . 5  per  c e n t  t o  $ 8 . 9 3 .  The c o r r e ­

sponding f i g u r e s  f o r  M ic h ig a n  a r e  u n a v a i l a b l e  f o r  19&5 and 1966 .



In  1 9 6 7 ,  the  v a l u e  added p e r  m an-hou r  in  m a n u f a c t u r i n g  f e r t i l i z e r s  

i n c r e a s e d  o v e r  8 . 5  p e r  c e n t .  A t  t h e  same t i m e ,  m i x i n g  f e r t i l i z e r  

d e c r e a s e d  t o  $ 1 0 . 9 7  p e r  m a n -h o u r .  A l l  m a n u f a c t u r in g  c o n t in u e d  t o  

i n c r e a s e  a t  n e a r l y  a c o n s t a n t  r a t e  t o  a t h r e e  y e a r  h ig h  o f  $ 9 . ^ 1 ,  

L a b o r ,  a l t h o u g h  n o t  used e x t e n s i v e l y  in  the  f e r t i l i z e r  i n d u s t r y ,  has  

c e r t a i n l y  produced r e s p e c t a b l e  v a l u e  added d a t a ,  e s p e c i a l l y  d u r i n g  

t h e  same p e r i o d  in  w h ich  r e t u r n s  on in v e s tm e n t  have been d i s m a l l y  

lo w .  I t  a ppears  as though th e  f e r t i l i z e r  i n d u s t r y  i s  e f f i c i e n t l y  

u t i l i z i n g  l a b o r ,  b u t  in v e s tm e n t  d e c i s i o n s  have n o t  proved to  be v e r y  

p r o f  i t a b l e .

B e f o r e  d e l i n e a t i n g  th e  o b j e c t i v e s  o f  t h i s  s t u d y ,  the  p e r s p e c t i v e  

and background  o f  i t  needs t o  be o u t l i n e d .

The Background

T h i s  s tu d y  is  p a r t  o f  a l a r g e r  s tu d y  o f  th e  f e r t i l i z e r  i n d u s t r y  

in  M i c h i g a n .  A b u i l d i n g - b l o c k  a p p ro a c h  was used t o  c r e a t e  a system s  

model o f  th e  f e r t i l i z e r  i n d u s t r y  w i t h  p a r t i c u l a r  em pha s is  on i t s  

a c t i v i t i e s  in  M i c h i g a n .

The model c o n t a i n s  about  30 d i f f e r e n t  " b l o c k s , "  each o f  w h ic h  

r e p r e s e n t s  a s p e c i f i c  f e r t i l i z e r  p r o d u c t  o r  p r o c e s s i n g  segment o f  t h e  

i n d u s t r y .  The e n t i r e  model i s  f o r m u l a t e d  in  a l i n e a r  programming  

f r a m e w o rk .  Each o f  t h e  " b l o c k s "  i s  a c o l l e c t i o n  o f  a c t i v i t i e s  

(co lum ns in  a m a t r i x )  t h a t  a r e  p e r t i n e n t  to  the  p a r t i c u l a r  p r o d u c t  

o r  p ro c e s s  r e p r e s e n t e d  by th e  " b l o c k . "  M a n u f a c t u r i n g ,  r e t a i l i n g ,  

s t o r a g e ,  t r a n s p o r t a t i o n ,  and d i s t r i b u t i o n  a r e  among t h e  a c t i v i t i e s  

c o n t a i n e d  w i t h i n  a t y p i c a l  " b l o c k . "
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The " b l o c k s 11 a r e  a l l  t i e d  t o g e t h e r  w i t h  t h e  a p p r o p r i a t e  con­

s t r a i n t s  ( rows in  th e  m a t r i x )  r e p r e s e n t i n g  t e c h n i c a l  r e l a t i o n s h i p s  

and c o n t r o l s .  For  e x a m p le ,  each ton  o f  a p a r t i c u l a r  f e r t i l i z e r  

a p p l i e d  on th e  fa r m  must a c t i v a t e  th e  a p p r o p r i a t e  a c t i v i t i e s  to  

in s u r e  t h a t  t h e  f e r t i l i z e r  was m a n u f a c t u r e d ,  s t o r e d ,  t r a n s p o r t e d ,  

m a r k e t e d ,  e t c .  In  a d d i t i o n ,  t h e  n e c e s s a r y  in p u t s  (s u c h  as  l a b o r ,  

c a p i t a l ,  and raw m a t e r i a l s )  need to  be a c t i v a t e d ;  a l l  o f  t h i s  is  done 

by th e  c o n t r o l s  o r  rows in  t h e  m a t r i x .

The "demand" f o r  f e r t i l i z e r  i s  r e p r e s e n t e d  by t h r e e  s e p a r a t e  

rows, one f o r  each o f  t h e  t h r e e  b a s i c  n u t r i e n t s .  The model i s  con­

s t r a i n e d  by t h e s e  t h r e e  rows t o  " s u p p l y "  t h e i r  r e s p e c t i v e  l e v e l s  o f  

n u t r i e n t s  to  M ic h i g a n  fa r m s .  M o r e o v e r ,  t h e  model i s  r e q u i r e d  to  

m in im iz e  th e  t o t a l  c o s t  o f  " s u p p l y i n g "  th e  f e r t i l i z e r ,  s u b j e c t  to  

a l l  t h e  imposed c o n s t r a i n t s .  W i th  th e  a p p r o p r i a t e  c o n t r o l s ,  i t  be­

comes p o s s i b l e  t o  s i m u l a t e  th e  f e r t i l i z e r  i n d u s t r y  in  M i c h i g a n .

In c lu d e d  in  t h i s  s i m u l a t i o n  model a r e  r e g i o n a l  p r o d u c t i o n  f a c i l ­

i t i e s  f o r  th e  m a n u fa c tu r e  o f  n i t r o g e n ,  p h o s p h a te ,  and p o ta s s iu m  

p r o d u c t s .  F o r  i n s t a n c e ,  th e  m a n u f a c t u r e  o f  anhydrous ammonia a lon g  

w i t h  t h e  p r o d u c t i o n  o f  m a jo r  form s o f  n i t r o g e n o u s  f e r t i l i z e r s  a t  the  

G u l f  C oas t  a r e  i n c l u d e d  in  th e  m ode l .

Phosphate m a t e r i a l s  a r e  s i m u l a t e d  as  o r i g i n a t i n g  in  F l o r i d a  and 

po ta s s iu m  p r o d u c ts  in  Saska te c he w a n ,  Canada. The p r o d u c t  o u t p u t  o f  

th e s e  f a c i l i t i e s  i s  assumed t o  f l o w  i n t o  th e  d i s t r i b u t i o n  system  f o r  

th e  U n i t e d  S t a t e s  in  g e n e r a l ,  as  w e l l  as  f o r  M i c h i g a n .

In  a d d i t i o n  t o  th e  t h r e e  r e g i o n a l  l o c a t i o n s ,  g r a n u l a t i o n  f a c i l ­

i t i e s  and t h e  m a n u fa c tu r e  o f  n i t r o g e n  and phosphate  f e r t i l i z e r s  as 

w e l l  as  t e r m i n a t i n g  o p e r a t i o n s  a r e  s im u la t e d  in  t h e  M id w e s t .  The
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M idw est  f a c i l i t i e s  a r e  in c lu d e d  as a means o f  s i m u l a t i n g  a c t i v i t i e s  

t h a t  s e r v e  th e  M idw est  in  g e n e ra l  and a r e  im p o r t a n t  t o  th e  d i s t r i b u ­

t i o n  o f  f e r t i l i z e r s  in  M i c h i g a n .

C e n t r a l  M ic h ig a n  f a c i l i t i e s  a r e  a l s o  i n c l u d e d  in  o r d e r  t o  r e f l e c t  

c o n d i t i o n s  o f  l a r g e - s c a l e  o p e r a t i o n s  p e r fo r m e d  in  p r o x i m i t y  t o  f i n a l  

use .  F a c i l i t i e s  in  v a r i o u s  o u t s t a t e  l o c a t i o n s  a r e  a l l  the  s m a l l e r -  

s c a l e  m i x i n g  f a c i l i t i e s  and r e t a i l i n g  f u n c t i o n s  t h a t  t y p i c a l l y  s e rv e  

th e  f a r m e r  d i r e c t l y .  In t o t a l ,  th e  model c o n t a i n s  2 ,65**  a c t i v i t i e s  

(co lum ns)  and 771 c o n s t r a i n t s  ( r o w s ) .

An exam ple  w i l l  h e l p  t o  g i v e  a b e t t e r  u n d e r s ta n d in g  o f  th e  

m o d e l in g  te c h n iq u e  em ployed .  A c e n t r a l  l y - l o c a t e d  b u l k  b l e n d e r  in  

M ic h ig a n  can r e c e i v e  i t s  in p u t  m a t e r i a l s  f ro m  a t e r m i n a l  in  M i c h i g a n ,  

d i r e c t l y  from M ic h ig a n  m a n u f a c t u r e r s ,  f ro m  a Midwest  t e r m i n a l  o r  

m a n u f a c t u r e r s ,  o r  f rom  m a n u f a c t u r e r s  l o c a t e d  in  the t h r e e  r e g i o n s  o f  

b a s i c  p r o d u c t i o n .  Between th e  M ic h ig a n  b u l k  b l e n d e r  and h i s  p o t e n t i a l  

in p u t  s u p p l i e r s  a r e  a l l  o f  th e  p o s s i b l e  t r a n s p o r t a t i o n  modes t h a t  a r e  

p o t e n t i a l l y  a p p r o p r i a t e  f o r  th e  p a r t i c u l a r  p r o d u c t  in  q u e s t i o n .

From t h e  b u l k  b l e n d e r ,  th e  p ro d u c t  can be t r a n s p o r t e d  in  b u l k  o r  bags 

t o  e i t h e r  a s a t e l l i t e  warehouse o r  d i r e c t l y  t o  th e  farm v i a  any o f  

the  p o t e n t i a l  t r a n s p o r t a t i o n  modes. The model n o t  o n ly  i n c l u d e s  th e  

o r g a n i z a t i o n  o f  t h e  f e r t i l i z e r  i n d u s t r y  as i t  e x i s t s  t o d a y ,  b u t  a l s o  

numerous a l t e r n a t i v e  a r ra n g e m e n ts  o f  f a c i l i t i e s  and t e c h n i c a l  p r o ­

cesses t h a t  c o u ld  be e c o n o m i c a l l y  d e s i r a b l e .

I t  can be seen t h a t  th e  model c o n t a i n s  many a l t e r n a t i v e s  and 

c o u ld  be q u i t e  f l e x i b l e .  W i t h i n  the  f ra m e w o rk  o f  the  m o d e l ,  many 

prob lem s can be a n a l y z e d .  Fo r  e x a m p le ,  t h e  im pacts  o f  s h i f t s  in  th e  

n u t r i e n t  r a t i o  o f  f e r t i l i z e r  use and t h e  consequences o f  u s in g  sub-
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o p t im a l  p r o d u c t s  can be d e t e r m i n e d ;  a l t e r n a t i v e l y ,  ^he consequences

and i m p l i c a t i o n s  o f  s u l f u r  o x i d e  e m is s io n s  t h a t  a r e  c o n v e r t e d  t o
I 3

v a r i o u s  f e r t i l i z e r  m a t e r i a l s  can a l s o  be a n a l y z e d .

W i th  a g e n e r a l  u n d e r s t a n d i n g  o f  the  c o n t e n t  and s t r u c t u r e  o f  

the  a n a l y t i c a l  m ode l ,  l e t ' s  exam in e  th e  o b j e c t i v e s  o f  t h i s  s t u d y .

O b j e c t i  ves

The o b j e c t i v e  o f  t h i s  s t u d y  i s  t o  d e t e r m in e  and a n a l y z e  an 

optimum ( f r o m  t h e  s t a n d p o i n t  o f  minimum t o t a l  c o s t )  t r a n s i t i o n  p a th  

from the  c u r r e n t  i n d u s t r y  o r g a n i z a t i o n  t o  a lo n g  run optimum (minimum  

t o t a l  c o s t )  i n d u s t r y  o r g a n i z a t i o n .  P a r t i c u l a r  a t t e n t i o n  w i l l  be 

g iv e n  to  s h i f t s  in  the  o r g a n i z a t i o n ,  the  l e a s t  c o s t  p r o d u c t  m ix ,  th e  

c o s t  o f  s u p p l y i n g  th e  t h r e e  b a s i c  n u t r i e n t s ,  and th e  d i s t r i b u t i o n  o f  

f e r t i l i z e r  t o  th e  M ic h ig a n  f a r m e r .  More s p e c i f i c  o b j e c t i v e s  i n c l u d e :

1. D e t e r m in e  th e  s e n s i t i v i t y  o f  the  lo n g  and s h o r t  run o p t i m a l  

o r g a n i z a t i o n s  o f  th e  i n d u s t r y  t o  c h a n g e s ,  e s p e c i a l l y  i n ­

c r e a s e s ,  in  th e  wage r a t e .

2. A s c e r t a i n  t o  what  e x t e n t  changes in  t h e  r a t e  o f  r e t u r n  on 

i n v e s t e d  c a p i t a l  have on th e  s h o r t  and lo n g  run optimum  

i n d u s t r y  o r g a n i z a t i o n s .

3 .  A n a l y z e  th e  t r a n s i t i o n  w i t h  r e s p e c t  t o  th e  amount o f  new 

in v e s t m e n t  r e q u i r e d  each  y e a r  and th e  p o t e n t i a l  r e d u c t i o n

13The se two prob lem  a r e a s  a r e  b e in g  a n a ly z e d  by D en n is  R.  
Henderson and D a v id  M. B e l l ,  r e s p e c t i v e l y .  T h e i r  f i n d i n g s  and t h e  
f i n d i n g s  o f  t h i s  s tu d y  w i l l  be combined in  a r e p o r t  t h a t  d is c u s s e s  
the  i n d u s t r y  in  g r e a t e r  d e t a i l .
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in  t h e  t o t a l  c o s t  o f  s u p p l y i n g  M ic h ig a n  f a n n e r s  w i t h  th e  

l e v e l s  o f  N, Pj Oj  * use<* in  1970 .

R ev iew  o f  L i t e r a t u r e

The l i t e r a t u r e  o f  c a p i t a l  b u d g e t in g  c o n t a i n s  c o n s i d e r a b l e  d i s ­

c u s s io n  o f  d i f f e r e n t  ty p e s  o f  r a t e s  o f  r e t u r n  and t h e i r  u s e f u l n e s s  in  

making c a p i t a l  in v e s tm e n t  d e c i s i o n s .  A s u r v e y  by M i l l e r  i n d i c a t e s  

w id e s p r e a d  use o f  r a t e s  o f  r e t u r n  in  e v a l u a t i n g  p r o s p e c t i v e  i n v e s t ­

ments ( M i l l e r ,  I 9 6 0 ) .  The same s u rv e y  a l s o  i n d i c a t e s  t h a t  " s o p h i s -  

t i c a t e d "  m easures o f  r e t u r n ,  such as d i s c o u n t e d  cash f l o w  r a t e  o f  

r e t u r n  and n e t  p r e s e n t  v a l u e ,  a r e  n o t  as  w i d e l y  used as " u n s o p h i s t i ­

c a t e d 11 m easures o f  r e t u r n ,  such as payout  p e r i o d  and s im p le  r a t e  o f  

r e t u r n .  S o p h i s t i c a t e d  i s  a te rm  a p p l i e d  h e r e  to  th o s e  measures o f  

r e t u r n  t h a t  t a k e  i n t o  a c c o u n t  th e  t im e  v a l u e  o f  money. W i th  th e s e  

m e as u re s ,  cash f lo w s  t h a t  o c c u r  e a r l y  in  th e  l i f e  o f  an in v e s tm e n t  

a r e  w e ig h t e d  more h e a v i l y  th a n  th o s e  t h a t  o c c u r  l a t e r  in  i t s  l i f e .  

T h i s  w e i g h t i n g  p ro c e d u re  is  used to  r e f l e c t  th e  p o s s i b i l i t i e s  o f  

r e i n v e s t i n g  e a r l y  cash f l o w s  f o r  a d d i t i o n a l  cash f lo w s  b e f o r e  th e  

l a t e r  ones a r e  r e a l i z e d .  Dean has focused  a t t e n t i o n  on th e  s o p h is ­

t i c a t e d  measures o f  r e t u r n  as a means f o r  im p ro v in g  c a p i t a l  i n v e s t ­

ment d e c i s i o n s  (D e a n ,  1 9 5 * 0 .

In  an i n d u s t r y  t h a t  has e x p e r i e n c e d  c o n s i d e r a b l e  change in  

t e c h n o l o g y ,  such as the  f e r t i l i z e r  i n d u s t r y ,  th e s e  s o p h i s t i c a t e d  

measures m ig h t  be v e r y  a p p r o p r i a t e .  Heavy w e i g h t s  c o u ld  be p la c e d  

on th e  most im m edia te  y e a r s  such t h a t  in v e s tm e n ts  t h a t  r e t u r n e d  t h e i r  

v a l u e  as q u i c k  as p o s s i b l e  m ig h t  be s e l e c t e d .  On the  o t h e r  hand ,  i f  

a p r o j e c t i o n  o f  f u t u r e  i n d u s t r y  o r g a n i z a t i o n  can be u t i l i z e d ,  i n v e s t -
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merits w i t h  s lo w e r  p a y -b a c k  m ig h t  be p r e f e r r e d  i f  th e y  were  a p a r t  o f  

th e  f u t u r e  i n d u s t r y  o r g a n i z a t i o n ,  and t h e  q u i c k  pay back in v e s t m e n ts  

were  n o t  p a r t  o f  th e  long run o p t i m a l  i n d u s t r y  o r g a n i z a t i o n .  F o r  a 

s h o r t  l i v e d  in v e s t m e n t ,  t h e  d i f f e r e n c e  be tween s im p le  and t im e  

a d j u s t e d  r a t e s  o f  r e t u r n  may be o f  l i t t l e  im p o r t a n c e ,  s in c e  t h e  r a t e s  

would  be n e a r l y  e q u a l .  O n ly  when th e  l i f e  o f  th e  a s s e t  is  q u i t e  long  

is  t h e r e  an a p p r e c i a b l e  d i f f e r e n c e  between th e  two methods. The t im e  

a d j u s t e d  p r o c e s s  would be v e r y  a p p r o p r i a t e  f o r  such in v e s tm e n ts  as  

i n t e r - s t a t e  p i p e l i n e  f a c i l i t i e s ,  which have an e x p e c te d  l i f e  o f  20 

y e a r s  o r  more.  On th e  o t h e r  hand,  t h e  two methods would y i e l d  a p p r o x ­

i m a t e l y  th e  same r e s u l t s  when a p p l i e d  t o ,  s a y ,  a b u l k  f e r t i l i z e r  

s p r e a d e r  w h ic h  has an e x p e c te d  l i f e  o f  pe rha ps  5 y e a r s .

R e g a r d le s s  o f  w h e th e r  t im e  a d j u s t e d  o r  s im p le  r a t e  o f  r e t u r n  is  

used t o  e v a l u a t e  an i n v e s t m e n t ,  most a s s e t s  w i t h  any a p p r e c i a b l e  

e x p e c te d  l i f e  may become " f i x e d . "  A " f i x e d  a s s e t "  i s  one f o r  wh ich  

t h e r e  is  a d i v e r g e n c e  o f  a c q u i s i t i o n  and s a lv a g e  v a lu e s  ( p r i c e s )  and 

more i m p o r t a n t l y ,  the  v a l u e  o f  th e  a s s e t  in  i t s  c u r r e n t  use i s  be­

tween i t s  a c q u i s i t i o n  and s a lv a g e  v a l u e s .  T h a t  i s ,  th e  m a r g in a l  

v a l u e  p r o d u c t  o f  the  a s s e t  in  i t s  c u r r e n t  use i s  le s s  tha n  i t  would  

c o s t  t o  pu rc ha s e  more o f  t h e  a s s e t  a n d ,  a t  th e  same t i m e ,  g r e a t e r  

th a n  th e  amount f o r  w h ic h  t h e  a s s e t  c o u ld  be s o l d .  Thus ,  t h e  most  

p r o f i t a b l e  amount o f  th e  a s s e t  t o  u s e ,  i f  i t  i s  to  be used a t  a l l ,  

is  t h e  amount c u r r e n t l y  on hand. T h i s  a r i s e s  from th e  f a c t  t h a t  th e  

m a r g in a l  c o s t  o f  o b t a i n i n g  more o f  th e  a s s e t  ( a c q u i s i t i o n  p r i c e )  i s  

g r e a t e r  th a n  th e  m a rg in a l  v a l u e  p r o d u c t  o f  t h e  a s s e t .  S i m u l t a n e o u s l y ,  

t h e  m a r g in a l  v a l u e  ( r e v e n u e )  o f  s e l l i n g  one u n i t  o f  th e  a s s e t  ( s a l v a g e  

p r i c e )  i s  l e s s  th a n  th e  m a r g in a l  v a l u e  o f  t h e  a s s e t  in  i t s  c u r r e n t  use.
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Edwards has d e l i n e a t e d  a s e t  o f  r u l e s  f o r  o p t i m a l  a d ju s t m e n ts  

under  c o n d i t i o n s  o f  f i x e d  a s s e t s  when c r e d i t  f a c i l i t i e s  a r e  l i m i t e d  

(Edw ards ,  1 9 5 8 ) .  He used o n - f a r m  o p p o r t u n i t y  c o s t s ,  r e l a t i v e  t o  o f f -  

fa rm  o p p o r t u n i t i e s  f o r  a c q u i s i t i o n  and s a lv a g e  f a c t o r s ,  t o  d e t e r m in e  

th e  b e s t  c o m b in a t io n  o f  f i x e d  f a c t o r s .  Smith used a l i n e a r  program­

ming fram ew ork  w i t h  d i v e r g e n t  a c q u i s i t i o n  c o s ts  and s a lv a g e  v a lu e s  

t o  d e m o n s t ra te  t h a t  c o g n iz a n c e  o f  th e s e  two v a lu e s  in  t h e  f a c t o r  

m a rk e t  can have a s u b s t a n t i a l  e f f e c t  on t h e  o r g a n i z a t i o n  o f  a c t i v i t i e s  

and the  f l o w  o f  p r o f i t s  ( S m i t h ,  1 9 5 5 ) .

In C h a p te r  IV o f  t h i s  s t u d y ,  z e r o  s a lv a g e  v a l u e s  w i l l  be assumed 

f o r  e x i s t i n g  f a c i l i t i e s ,  d u r i n g  the t r a n s i t i o n  f ro m  t h e  c u r r e n t  i n ­

d u s t r y  o r g a n i z a t i o n  t o  a lo n g  run o p t i m a l  o r g a n i z a t i o n .  D u r in g  t h i s  

t r a n s i t i o n ,  new f a c i l i t i e s  w i l l  be " p u r c h a s e d "  a t  t h e i r  a c q u i s i t i o n  

c o s t s  and e x i s t i n g  f a c i l i t i e s  w i l l  be u t i l i z e d  o n l y  i f  t h e i r  t o t a l  

v a r i a b l e  c o s ts  a r e  l e s s  th a n  th e  t o t a l  c o s t  o f  new f a c i l i t i e s .

The R e s e a rc h  Approach

T h re e  b a s i c  s o l u t i o n s  were  o b t a i n e d  w i t h  the  model under v a r y i n g  

a s s u m p t io n s .  Th ese  s o l u t i o n s  a r e  summarized in A p p e n d ix  A .  Common 

t o  a l l  t h r e e  s o l u t i o n s  is  th e  a s s u m p t io n  c o n c e r n in g  the  l e v e l s  o f  N,  

P^Oj,  and K^O t o  s u p p ly  t o  t h e  M ic h i g a n  fa rm s .  These "demand" con­

s t r a i n t s  r e p r e s e n t  th e  a c t u a l  use o f  n u t r i e n t s  in  M ic h i g a n  d u r in g  

1970 and were  l*+l , 9 3 2 ,  H * 0 ,6 5 0  and 1 5 5 , ^ 1  tons o f  N, P2° 5 ' and K20 ,  

r e s p e c t i  v e l y .

The f i r s t  s o l u t i o n ,  " 1 9 7 0  A c t u a l , "  was made w h i l e  c o n s t r a i n i n g  

t h e  mode] to  d u p l i c a t e ,  as  c l o s e  as p o s s i b l e ,  th e  a c t u a l  p r o d u c t i o n ,  

p r o c e s s i n g ,  and use o f  f e r t i l i z e r  t h a t  t r a n s p i r e d  t o  s e r v i c e  M ic h ig a n
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f a r m e r s '  demand in  1970 .  W h i le  t h e s e  r e s t r i c t i o n s  became v e r y  con­

f i n i n g ,  th e  model was s t i l l  f r e e  t o  choose t h e  l e a s t  c o s t  t r a n s p o r t a ­

t i o n  modes from th o s e  t h a t  e x i s t .  T h i s  s o l u t i o n  i s  a benchmark in  

t h a t  i t  r e p r e s e n t s  t h e  a c t i v i t i e s  in v o l v e d  and c o s ts  in c u r r e d  in  th e  

f e r t i l i z e r  i n d u s t r y  d u r i n g  1970 w h i l e  m e e t in g  M i c h i g a n ' s  demands f o r  

Pi a n t  n u t r i e n t s .

V e r y  r i g i d  c o n t r o l s  ( c o n s t r a i n t s )  w ere  employed to  in s u r e  t h a t  

t h e  1970  A c t u a l  s o l u t i o n  would s i m u l a t e  the  c u r r e n t  f e r t i l i z e r  i n d u s t r y  

in  M ic h ig a n  as a c c u r a t e l y  as p o s s i b l e ,  g iv e n  the  f ram e w o rk  o f  th e  

m o d e l .  N e a r l y  a l l  p r o d u c t s  and p r o c e s s e s  in  th e  model were  s c he du led  

t o  o p e r a t e  a t  p r e s c r i b e d  l e v e l s .  The o n l y  o p t i m i z i n g  t h a t  was a l l o w e d  

i n v o l v e d  th e  t r a n s p o r t a t i o n  a c t i v i t i e s ;  i n s u f f i c i e n t  d a t a  p r e c lu d e d  

t h e  s p e c i f i c a t i o n  o f  l e v e l s  o f  o p e r a t i o n  f o r  t r a n s p o r t a t i o n  a c t i v i t i e s .

From an o r g a n i z a t i o n a l  s t a n d p o i n t ,  t h e  1970 A c t u a l  s o l u t i o n  i s  

c h a r a c t e r i z e d  by t h e  p r o d u c t io n  and p r o c e s s i n g  o f  numerous p r o d u c t s ,  

some o f  w h ic h  a r e  v e r y  low in  n u t r i t i v e  c o n t e n t .  The low n u t r i t i v e  

c o n t e n t  o f  t h e s e  p r o d u c ts  im p l i e s  t h a t  a d d i t i o n a l  to n s  o f  i n e r t  m a te ­

r i a l  ( u s u a l l y  e i t h e r  l i m e s t o n e  f i l l e r  o r  w a t e r  in  th e  cases o f  d r y  

and l i q u i d  mixed f e r t i l i z e r s )  w o u ld  have t o  be p ro c e s s e d  and t r a n s p o r t e d  

r e l a t i v e  t o  s u b s t i t u t e  p r o d u c ts  o f  h i g h e r  n u t r i t i v e  c o n t e n t .  For  exam­

p l e ,  th e  use o f  aqueous ammonia as a s o u rc e  o f  d i r e c t  a p p l i c a t i o n  

n i t r o g e n  in s t e a d  o f  anhydrous ammonia would  r e s u l t  in  2 ,91  to n s  o f  

a d d i t i o n a l  m a t e r i a l  h a n d l i n g  f o r  each to n  o f  n i t r o g e n .  T h i s  o c c u r s  

because  aqueous ammonia c o n t a i n s  o n l y  2 * t ,2  per  c e n t  N; w h e r e a s ,  anhy­

drous ammonia c o n t a i n s  8 2 . 2  per  c e n t  N, In 1 9 70 ,  f o r  e x a m p le ,  3 . 8 9 7  

to n s  o f  aqueous ammonia were used f o r  d i r e c t  a p p l i c a t i o n ,  wh ich  r e ­

s u l t e d  in  o v e r  1 1 ,0 0 0  a d d i t i o n a l  to n s  o f  m a t e r i a l  h a n d l i n g ,  compared  

t o  NH3 .



22

T h i s  a d d i t i o n a l  p r o d u c t  h a n d l in g  i s  v e r y  c o s t l y  and may o r  may 

not  be p a r t i a l l y  o f f s e t  by th e  low n u t r i t i v e  p r o d u c t  s e l l i n g  a t  a 

lo w e r  c o s t *  I t  depends t o  a l a r g e  e x t e n t  on what  th e  c o s t  p e r  u n i t  

o f  n u t r i e n t  i s  and on w h at  th e  h a n d l in g  and t r a n s p o r t a t i o n  c o s ts  a r e .  

From an agronomic  s t a n d p o i n t ,  t h e r e  i s  v i r t u a l l y  no d i f f e r e n c e  among 

f e r t i l i z e r s  o f  com p a rab le  n u t r i t i v e  c o n t e n t ,  assuming t h e  n u t r i e n t s  

a r e  r e a d i l y  a v a i l a b l e  t o  t h e  p l a n t .

T a b l e  A - 3 2  o f  A p p e n d ix  A l i s t s  th e  a v e r a g e  a n a l y s i s  and t o t a l  

m a t e r i a l  tonnage o f  t h e  t h r e e  s o l u t i o n s .  I t  can be I n f e r r e d  f rom  

t h a t  t a b l e  and T a b l e  A - 1 o f  th e  same a p p e n d ix  t h a t  th e  low a n a l y s i s  

p r o d u c t  used In  t h e  1970 A c t u a l  s o l u t i o n  were  e c o n o m i c a l l y  i n f e r i o r  

t o  th e  h ig h  a n a l y s i s  p r o d u c ts  used in  th e  o t h e r  two s o l u t i o n s .  N o te ,  

in  p a r t i c u l a r ,  t h a t  t h e  1970 A c t u a l  s o l u t i o n  was the  o n l y  one in  

w h ic h  l i m e s t o n e  f i l l e r  was used in  d r y  m ixed p r o d u c ts  (A p p e n d ix  A ,  

T a b l e  A - 3 2 ) .

From the  s t a n d p o i n t  o f  r e p r e s e n t i n g  th e  t r u e  i n d u s t r y  o r g a n i z a ­

t i o n ,  th e  1970 A c t u a l  i s  q u i t e  good; on th e  b a s i s  o f  p r o d u c t i o n  o f  

s p e c i f i c  p r o d u c t s  by p a r t i c u l a r  t e c h n o l o g i e s ,  th e  model v e r y  c l o s e l y  

r e p r e s e n t s  th e  t r u e  i n d u s t r y .  T h e re  a r e ,  how ever ,  some p o i n t s  on 

which 1970 A c t u a l  ( o r  t h e  model)  does n o t  a c c u r a t e l y  r e p r e s e n t  th e  

r e a l  i n d u s t r y .

The most n o t a b l e  o f  t h e s e  p o i n t s  i s  t h a t  o f  r e p r e s e n t i n g  i n d i v i d ­

ual f i r m s .  L i k e  n e a r l y  a l l  s i m u l a t i o n  m o d e ls ,  th e  f e r t i l i z e r  i n d u s t r y  

model l a c k s  r e a l i s m  due t o  th e  n e c e s s a ry  a g g r e g a t i o n  o f  i n d i v i d u a l  

f i r m s  i n t o  a s i n g l e  o r  s m al l  number o f  " t y p i c a l 11 f i r m s .  C l o s e l y  

r e l a t e d  t o  t h e  a g g r e g a t i o n  p ro b le m ,  i s  t h e  i n a b i l i t y  o f  t h e  model t o  

r e p r e s e n t  r e a l  c o s t  c u r v e s .  in  any s i m u l a t i o n  model t h a t  i n v o l v e s
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a g g r e g a t i o n  o f  economic  u n i t s ,  t h e  c o s t  c u r v e  o f  th e  a g g r e g a t e  o n l y  

a p p r o x im a te s  th e  e f f e c t  o f  th e  a g g r e g a te d  u n i t s  c o s t  c u r v e s .  U n le s s  

the  a g g r e g a t e  c o s t  curve  i s  l i n e a r ,  l i n e a r  programming te c h n iq u e s  a l l o w  

o n ly  an a p p r o x im a t io n  o f  th e  a g g r e g a t e  c o s t  c u r v e ;  more s p e c i f i c a l l y ,  

l i n e a r  programming assumes a c o n s t a n t  m a r g in a l  c o s t  f o r  each a c t i v i t y ,  

t h e r e b y  i m p l y i n g  a l i n e a r  t o t a l  c o s t  c u r v e .  C o n s e q u e n t ly ,  t h e  t o t a l  

c o s t  o f  1970 A c t u a l  i s  an a p p r o x i m a t i o n  o f  t h e  t o t a l  e x p e n d i t u r e s  by 

f a r m e r s .  M o r e o v e r ,  1970 A c t u a l  has a 7 , 5  p e r  c e n t  r e t u r n  on in v e s t e d  

c a p i t a l  b u i l t  i n t o  i t ;  w h e r e a s ,  f i r m s  in  th e  i n d u s t r y  p r o b a b ly  d i d  

not o b t a i n  a r e t u r n  t h a t  h i g h .

D e s p i t e  t h e  p r e c e e d in g  s h o r t -c o m in g s  and l i m i t a t i o n s  o f  t h e  m ode l ,  

1970 A c t u a l  i s  a v e r y  c lo s e  a p p r o x i m a t i o n  o f  t h e  i n d u s t r y  as  i t  e x ­

i s t e d  in  1970 .  In d u s t r y  p a r t i c i p a n t s  v a l i d a t e d  e v e r y  c o s t  s c h e d u le  

p r i  o r  to  i t s  i n c l u s i o n  in  th e  model and e n d l e s s  ho urs  were  s p e n t  

c h e c k in g  th e  a c c u ra c y  o f  th e  model and th e  i n c l u d e d  d a t a .  In  a d d i t i o n ,  

numerous v a l i d a t i o n  t r i a l s  w e re  made t o  e l i m i n a t e  l o g i c  e r r o r s .

The second s o l u t i o n ,  " C o n s t r a i n e d  O p t im u m ,"  i s  the  r e s u l t  o f  

r e l a x i n g  some o f  th e  c o n s t r a i n t s  imposed d u r i n g  t h e  1970 A c t u a l  s o l u ­

t i o n .  C o n s t r a i n e d  Optimum is  t o  be looked upon a s  a s h o r t - r u n  o p t im a l  

i n d u s t r y  o r g a n i z a t i o n .  T h a t  i s ,  th e  f e r t i l i z e r  i n d u s t r y  c o u ld  s h i f t  

to  t h i s  o r g a n i z a t i o n  to d a y  w i t h o u t  i n c u r r i n g  a n y  new in v e s t m e n t .  In  

o t h e r  w o rd s ,  t h i s  s o l u t i o n  is  t h e  answer t o  t h e  q u e s t i o n :  " G iv e n

c u r r e n t  f a c i l i t i e s ,  how s h o u ld  t h e  i n d u s t r y  be o r g a n i z e d  (w h a t  p r o d u c t s ,  

how and w here  processed and s t o r e d ,  how t r a n s p o r t e d ,  e t c . )  t o  m in i m i z e  

the  c o s t  o f  s u p p ly in g  M ic h ig a n  w i t h  i t s  1970 l e v e l s  o f  consum pt ion  o f  

N, P2°5 * ant* ^ 2 ^ "  T h is  s o l u t i o n  w i l l  be a n a l y z e d  in  the  n e x t  c h a p t e r .

The "Optimum" s o l u t i o n  i s ,  in  e s se n c e ,  t h e  C o n s t r a in e d  Optimum
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p ro b le m ,  e x c e p t  t h a t  th e  q u a l i f y i n g  r e s t r i c t i o n  o f  e x i s t i n g  f a c i l i ­

t i e s  was removed. Optimum c a n ,  t h e n ,  be r e g a rd e d  as th e  lo n g - r u n  

o p t im a l  o r g a n i z a t i o n  o f  t h e  i n d u s t r y ,  s in c e  t h e  model i s  a l l o w e d  t o  

s e l e c t  th o s e  a c t i v i t i e s  t h a t  m in im iz e  c o s t  r e g a r d l e s s  o f  w h e t h e r  o r  

not  th e  f a c i l i t i e s  e x i s t .  T h i s  s o l u t i o n  is  perhaps  b e s t  i n t e r p r e t e d  

as how th e  i n d u s t r y  would be o r g a n i z e d  i f  minimum c o s t  were  th e  

o b j e c t i v e  and a l l  f a c i l i t i e s  had t o  be p u rc h a s e d .

U t i l i z i n g  th e s e  t h r e e  s o l u t i o n s  as a b a c k g ro u n d ,  t h i s  s tu d y  w i l l  

i n v e s t i g a t e  t h e  s e n s i t i v i t y  o r  s t a b i l i t y  o f  t h e  l a t t e r  two s o l u t i o n s  

w i t h  r e s p e c t  t o  t h e  wage r a t e  and r e t u r n  on in v e s t m e n t .  T h en ,  a 

t r a n s i t i o n  f rom  C o n s t r a in e d  Optimum w i l l  be made to  Optimum under  

v a r i o u s  a s s u m p t io n s .

Labor  was d e l i n e a t e d  in  t h e  model f o r  most o f  th e  a c t i v i t i e s .  

Those a c t i v i t i e s ,  f o r  w h ic h  l a b o r  c o s t  a t  $ 4 . 0 0  p e r  m an-hou r  was le s s  

th a n  10 p e r  c e n t  o f  th e  t o t a l  v a r i a b l e  c o s t  o f  t h a t  a c t i v i t y ,  have  

had th e  l a b o r  c o s t  lumped in  w i t h  th e  o t h e r  c o s ts  r a t h e r  th a n  s p e c i f y ­

in g  i t  as  a s p e c i f i c  i n p u t .  T h a t  i s ,  f o r  such a c t i v i t i e s ,  th e  l a b o r  

c o s t  is  assumed t o  be u n i m p o r t a n t  and i s  in c lu d e d  in  th e  c o s t  o f  th e  

a c t i v i t y  r a t h e r  tha n  s p e c i f y i n g  a l a b o r  c o e f f i c i e n t  and f o r c i n g  the  

a c t i v i t y  t o  “ p u rc h a s e 11 l a b o r  a t  t h e  s p e c i f i e d  c o s t .  T h i s  im p l i e s  

t h a t  such an a c t i v i t y ' s  t o t a l  c o s t  does no t  v a r y  as the  wage r a t e  

changes .  D i f f e r e n t  wage r a t e s  w i l l  be s p e c i f i e d  and t h e i r  c o r r e s p o n d ­

ing im pact  upon th e  C o n s t r a i n e d  Optimum and Optimum i n d u s t r y  o r g a n i z a ­

t i o n s  w i l l  be a n a l y z e d .  O f  p a r t i c u l a r  i n t e r e s t  w i l l  be in c r e a s e s  in  

t h e  wage r a t e ,  ow ing t o  the  r e c e n t  t r e n d  o f  wages.

S in ce  r e t u r n  on in v e s tm e n t  has been e x t r e m e l y  low in  r e c e n t  

y e a r s ,  i t  i s  d e s i r a b l e  t o  e xam in e  the s h o r t  and long run  optimum
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i n d u s t r y  o r g a n i z a t i o n s  t o  d e t e r m in e  t o  what  e x t e n t  v a r i o u s  r a t e s  o f  

r e t u r n  change th e  opt im um  o r g a n i z a t i o n  o f  the  i n d u s t r y .  The u n d e r ­

l y i n g  economic t h e o r y  in v o lv e d  h e r e  i s  t h a t  o f  o p p o r t u n i t y  c o s t .

T h e o r e t i c a T 1y , th e  f i r m  can (s h o u ld )  i n v e s t  i t s  a v a i l a b l e  money such 

t h a t  i t  w i l l  r e c e i v e  t h e  h i g h e s t  r e t u r n .  I f  in v e s tm e n t  e x t e r n a l  to  

th e  f i r m  y i e l d s  g r e a t e r  r e t u r n  th a n  i n t e r n a l  in v e s t m e n t ,  th e n  t h e  

f o r m e r ,  r a t h e r  th a n  t h e  l a t t e r ,  s h o u ld  be u n d e r t a k e n .

I d e a l l y ,  management would l i k e  t o  r e c e i v e  a v e r y  h i g h  r e t u r n  on 

i n v e s t e d  fu n d s - -s o m e w h e re  around 15 t o  20 per  c e n t  w o u ld  be q u i t e  

a t t r a c t i v e .  To i n v e s t i g a t e  the  e f f e c t s  o f  v a r i o u s  r a t e s  o f  r e t u r n  

on in v e s t m e n t ,  a ra n g e  from - 2  t o  20 p e r  c e n t  w i l l  be used to  r e f l e c t  

m anagem ent 's  w i l l i n g n e s s  t o  a c c e p t  m in o r  lo s s e s  and o b t a i n  handsome 

r e t u r n s .  T h is  w i l l  be a c co m p l is h e d  by m a i n t a i n i n g  a l l  o t h e r  con­

s t r a i n t s  and v a r y i n g  t h e  r a t e  o f  r e t u r n  on i n v e s t e d  c a p i t a l  o v e r  th e  

p r e s c r i b e d  r a n g e ,  u t i l i z i n g  both  t h e  C o n s t r a i n e d  Optimum and Optimum  

s o l u t i o n s  as p o i n t s  o f  d e p a r t u r e .

S in c e  t h e r e  is  a s u b s t a n t i a l  d i f f e r e n c e  in  t h e  t o t a l  c o s t  among 

t h e  t h r e e  o r g a n i z a t i o n a l  s o l u t i o n s  d e r i v e d  by t h e  model (A p p e n d ix  A ) ,  

t h e  t r a n s i t i o n  p a th  f ro m  t h e  1970 A c t u a l  t o  the  Optimum is  w e l l  w o r th  

d e l i n e a t i n g .  F e a s i b l e  a ssu m p t ions  w i l l  be made c o n c e r n in g  d e p r e c i a ­

t i o n ,  r e t u r n  on new i n v e s t m e n t ,  c a p i t a l  r a t i o n i n g  and o t h e r  c r u c i a l  

f a c t o r s .  These a s s u m p t io n s  w i l l  be expounded upon l a t e r .

O r g a n i z a t i o n  o f  t h e  Study

C h a p te r  I I  w i l l  be concerned w i t h  the  impact o f  v a r i o u s  r a t e s  o f  

r e t u r n  on in v e s tm e n t  on t h e  C o n s t r a i n e d  Optimum i n d u s t r y  o r g a n i z a t i o n .  

In  a d d i t i o n ,  t h a t  o r g a n i z a t i o n  w i l l  be a n a ly z e d  t o  d e t e r m i n e  i f  changes
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in  t h e  wage r a t e  a f f e c t  th e  optimum m ix  o f  p r o d u c t s ,  f a c i l i t i e s ,  

t r a n s p o r t a t i o n ,  e t c .

C h a p te r  I I I  w i l l  be d e v o te d  t o  a n a l y z i n g  th e  s t a b i l i t y  o f  th e  

lo n g  run Optimum o r g a n i z a t i o n  when i t  is  s u b j e c t e d  t o  changes in  th e  

r a t e  o f  r e t u r n  on in v e s tm e n t  and in  th e  wage r a t e .  C h a p te r  IV w i l l  

t r a c e  an o p t im a l  p a th  o f  t r a n s f o r m a t i o n  o f  th e  c u r r e n t  i n d u s t r y  

o r g a n i z a t i o n  t o  t h e  long run o p t i m a l .  F i n a l l y ,  C h a p te r  V w i l l  sum­

m a r i z e  the  e n t i r e  s tu d y  and draw  c o n c lu s io n s  f rom  t h e  a n a l y s e s .



CHAPTER I I

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

T h i s  c h a p t e r  w i l l  exam ine  th e  s e n s i t i v i t y  o f  t h e  C o n s t r a i n e d  

Optimum o r g a n i z a t i o n  o f  th e  f e r t i l i z e r  i n d u s t r y  t o  changes in  th e  

wage r a t e  and th e  r a t e  o f  r e t u r n  on in v e s tm e n t  c a p i t a l . ^  The im pact  

o f  a l t e r n a t i v e  wage r a t e s  on t h a t  o r g a n i z a t i o n  i s  exam ined f i r s t .

The a n a l y s i s  th e n  t u r n s  t o  th e  i m p l i c a t i o n s  o f  a l t e r n a t i v e  i n t e r e s t  

r a t e s .

The Im pact  o f  A l t e r n a t i v e  Wage R a te s

L a b o r  is  an i m p o r t a n t  in p u t  in  th e  p r o d u c t io n  o f  f e r t i l i z e r .

Some p r o d u c t s  r e q u i r e  a h i g h e r  l a b o r  in p u t  in  t h e i r  p r o d u c t i o n  th a n  

do o t h e r  p r o d u c t s .  In a d d i t i o n ,  c e r t a i n  p ro d u c ts  can  be m a n u fa c tu r e d  

by a l t e r n a t i v e  p r o c e s s e s ,  each o f  w h ic h  uses a d i f f e r e n t  l e v e l  o f  

l a b o r  p e r  to n  o f  p r o d u c t .  C o n s e q u e n t l y ,  v a r i a t i o n s  in  th e  wage r a t e  

c o u ld  cause a s h i f t  f rom  one p rocess  t o  a n o th e r  o r  f ro m  one p r o d u c t  

to  a n o t h e r  when m i n i m i z i n g  th e  t o t a l  c o s t  o f  s u p p l y i n g  th e  d e s i r e d  

l e v e l s  o f  n u t r i e n t s .

Changes in  th e s e  v a r i a b l e s  were  no t  a n a ly z e d  un d e r  th e  con­
s t r a i n t s  o f  th e  1970 A c t u a l  o r g a n i z a t i o n , owing t o  i t s  subopt im al  
n a t u r e .  H ow e v e r ,  com par isons  a r e  made w i t h  th e  l e v e l s  o f  u t i l i z a ­
t i o n  o f  t h e  v a r i o u s  f a c t o r s  in  t h a t  o r g a n i z a t i o n .

27



28

In  o r d e r  t o  d i s c o v e r  such s h i f t s  in  th e  C o n s t r a in e d  Optimum 

o r g a n i z a t i o n ,  where o n l y  e x i s t i n g  f a c i l i t i e s  can be used ,  t h e  wage 

r a t e  was v a r i e d  from $ 3 . 0 0  t o  $6 . 5 0  per  m a n -h o u r ,  i n c l u s i v e .  T h is  

range was i d e n t i f i e d  as  th e  most l i k e l y  t o  be r e a l i z e d  in  th e  near  

f u t u r e ,  a l t h o u g h  the  r e c e n t  t r e n d  in  wages s u g g e s ts  t h a t  t h e  m id d le  

and up p e r  p o r t i o n s  o f  t h i s  range  w i l l  be t h e  most p r o b a b l e .

U t i l i z i n g  the  f l e x i b i l i t y  o f  C o n t r o l  D a ta  C o r p o r a t i o n ' s  l i n e a r  

programming r o u t i n e ,  " O p t i m a , "  the  wage r a t e  was changed in  $ 0 .2 5  

i n c r e m e n t s .  Each r e s u l t i n g  wage r a t e  was th e n  used to  d e t e r m i n e  the  

c o nsequen t  minimum c o s t  i n d u s t r y  o r g a n i z a t i o n .

G iven  th e  a l t e r n a t i v e  t e c h n o l o g i e s  i n c l u d e d  in  th e  model t h a t  

were a v a i l a b l e  f o r  s e l e c t i o n  in  th e  s h o r t  run  ( v i z . ,  th o s e  t e c h n o l ­

o g ie s  c u r r e n t l y  f e a s i b l e  and b e in g  used in  e x i s t i n g  f a c i l i t i e s ) ,  

t h e r e  i s  no c o m b in a t io n  o f  t e c h n o l o g i e s  t h a t  would  be more econom i­

c a l l y  d e s i r a b l e  ( i n  terms o f  m i n i m i z i n g  t o t a l  c o s t )  th a n  th o s e  u t i ­

l i z e d  in  th e  C o n s t r a in e d  Optimum o r g a n i z a t i o n ,  p r o v id e d  the  wage r a t e
2

i s  in  th e  p r e v i o u s l y  m e nt ion ed  r a n g e .  C o n s e q u e n t l y ,  th e  same prod­

u c t s ,  p r o c e s s e s ,  modes o f  t r a n s p o r t a t i o n ,  e t c .  s p e c i f i e d  i n  th e

C o n s t r a i n e d  Optimum a r e  th o s e  c o m p r is in g  th e  most e f f i c i e n t  o r g a n i z a -
3

t i o n  f o r  each  wage r a t e  e x a m in e d .  T h i s  i n d u s t r y  a r ra n g e m e n t  is  

s t a b l e  d e s p i t e  t h e  f a c t  t h a t  t h e  t o t a l  c o s t  in c r e a s e d  more th a n  1 .5

2
The wage r a t e  assumed in  th e  C o n s t r a i n e d  Optimum o r g a n i z a t i o n  

was $** .00  per  m an-hour .

^ S in c e  A p p e n d ix  A o u t l i n e s  in  d e t a i l  th e  components o f  th e  
C o n s t r a i n e d  Optimum o r g a n i z a t i o n ,  r e f e r  to  i t  f o r  th e  o p t i m a l  
o r g a n i z a t i o n  o f  th e  i n d u s t r y  f o r  any wage r a t e  in  the  ra n g e  i n v e s t i ­
g a t e d .
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m i l l i o n  d o l l a r s  and th e  wage b i l l  as a p e r c e n ta g e  o f  the  t o t a l  c o s t  

in c r e a s e d  more th a n  110 p e r c e n t  o v e r  th e  range  o f  wages examined  

( T a b l e  l i - 1 ) .

The a f o r e m e n t io n e d  " O p t im a "  r o u t i n e  c a l c u l a t e s  1 ' s h a d o w -p r ic e s ' ' 

f o r  each c o n s t r a i n t  ( O p t i m a ,  p. 3 3 ) .  S in c e  t h e  N, P2O5 * ar)d 

"demands" were  modeled as c o n s t r a i n t s ,  each has a s h a d o w -p r ic e  com­

puted and p r i n t e d ,  c o r r e s p o n d in g  to  each wage l e v e l .  These shadow-  

p r i c e s  a r e  e s s e n t i a l l y  " i n c r e m e n t a l  c o s t s "  s i n c e  each  r e p r e s e n t s  th e  

amount by w h ic h  the t o t a l  c o s t  would change ,  o v e r  the  nar ro w  range  

o f  the  s o l u t i o n  a t  hand ,  i f  th e  c o r r e s p o n d in g  c o n s t r a i n t  were  changed  

by one u n i t  ( t o n s  o f  p l a n t  n u t r i e n t )  and a l l  o t h e r  c o n s t r a i n t s  a r e  

h e ld  c o n s t a n t  (O p t im a ,  p. 3 3 ) .  They shou ld  n o t  be c o n s id e r e d  e q u i v ­

a l e n t  t o  e i t h e r  " m a r g i n a l "  o r  " a v e r a g e "  c o s t  as th e  l a t t e r  a r e  d e f i n e d  

in  econom ic  t h e o r y .

T a b l e  I 1-1 p r e s e n ts  some i n t e r e s t i n g  d a t a  c o n c e r n in g  the  e f f e c t  

o f  i n c r e a s i n g  wages on t h e  in c r e m e n ta l  c o s t  o f  n i t r o g e n ,  p h o s p h a te ,  

and p o ta s s iu m .  The c o s t  o f  1*2®$ was a f f e c t e d  th e  most by changes in  

the  wage r a t e .  An in c r e a s e  o f  $ 0 . 2 5  per  m an-hou r  caused an i n c r e ­

m enta l  c o s t  o f  $0 . 36^7 p e r  t o n  o f  P2° 5 * " ^ e same wa9e s h i f t  caused

an i n c r e a s e  o f  $0 .2 58 0  p e r  t o n  o f  1^0  anc* o n l y  $ 0 .0 5 3 0  in c r e a s e  in  

th e  c o s t  p e r  ton o f  n i t r o g e n .  A l th o u g h  th e  p r o d u c t i o n  o f  P2O5 i s  

the  most s e n s i t i v e  to  l a b o r  c o s t s ,  the  a l t e r n a t i v e  p rocesses  t h a t  

can be used to  produce i t  were  n o t  s u f f i c i e n t l y  a f f e c t e d  by the  

c h a n g in g  wage r a t e  to  cause change in  th e  C o n s t r a i n e d  Optimum o r g a -  

ni z a t  i o n .

Two p o s s i b l e  reasons can be g iv e n  as to  why no change in  th e



Table 11-1. The impact of wages in the short run

Wage Rate 
(Dollars/man-hour)

Total 
Cost 

(Dollars)

Man-
Hours
Labor

a
Cost

N

a
Cost

P2°5

a
Cost

k2o

Cost/
Nutrient

Ton

Wage 
Si l l  

(Dollars)

Wage as 
% of Tot. 

Cost

3.00 52,103,065 452,182 108.12 152.77 101.33 118.90 1,356,546 2.60

3.25 5 2 , 2 1 6 , 1 1 1 452,182 108.18 153.13 101.59 119.16 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 1,695,683 3.23

4.00 52,555,247 452,182 108.33 154.23 102.36 119.93 1,808,728 3.44

4.25 52,668,293 452,182 108.39 154.59 102.62 120.19 1 ,921 ,774 3.65

4.50 52,781,338 452,182 108.44 154.96 102.88 120.45 2,034,819 3.86

4.75 52,894,384 452,182 108.49 155.32 103.13 120.70 2,147,865 4.06

5.00 53,007,429 452,182 108.55 155.69 103.39 120.96 2,260,910 4.27

5.25 53,120,475 452,182 108.60 156.05 103.65 121.22 2,373,956 4.47

5.50 53,233,520 452,182 108.65 156.42 103.91 121.48 2,487,001 4.67

5.75 53,346,566 452,182 108.71 156.78 104.17 121.74 2,600,047 4.87

6.00 53,459,611 452,182 108.76 157.14 104.42 121.99 2,713,092 5.08



Table 11-1 .  (c o n t 'd .)

Wage Rate 
(Dollars/man-hour)

Total 
Cost 

(Dollars)

Man-
Hours
Labor

Cost3
N

a
Cost

P2°S

Cost3
k 2°

Cost/
Nutrient

Tonb

Wage 
Bi l l  

(Dollars)

Wage as 
% of Tot. 

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

a lncremental cost per nutrient ton (d o lla rs ) .

bTotal cost divided by to ta l nutrient tonnage (438,023 tons).
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o p t i m a l  s h o r t  run i n d u s t r y  o r g a n i z a t i o n  was e x p e r i e n c e d  d u r i n g  

p a r a m e t e r i z a t i o n  o f  th e  wage r a t e .  F i r s t ,  th o s e  t e c h n o l o g i e s  t h a t  

do no t  a p p e a r  in  t h e  C o n s t r a i n e d  Optimum o r g a n i z a t i o n  may have c o s t  

components o t h e r  th a n  l a b o r  t h a t  make them s u b - o p t i m a l .  T h a t  i s ,  

t h e  o v e r a l l  r e l a t i v e  i n e f f i c i e n c y  o f  t h e  e x c lu d e d  t e c h n o l o g i e s  more 

th a n  o u tw e ig h s  any r e l a t i v e  a d v a n ta g e  in  l a b o r  u t i l i z a t i o n  th e y  may 

h o ld  o v e r  th e  t e c h n o l o g i e s  i n c l u d e d  in  th e  C o n s t r a i n e d  Optimum o r g a ­

n i z a t i o n .  S e c o n d ly ,  th o s e  t e c h n o l o g i e s  in  the  C o n s t r a i n e d  Optimum 

o r g a n i z a t i o n  may have an a b s o l u t e  a d v a n ta g e  o v e r  t h e  e x c lu d e d  t e c h ­

n o l o g i e s  in  terms o f  l a b o r  us a ge .  I f  t h i s  is  t r u e ,  then  i n c r e a s i n g  

th e  wage r a t e  makes th o s e  in c lu d e d  t e c h n o l o g i e s  e v e n  more d e s i r a b l e  

f rom  a minimum c o s t  s t a n d p o i n t .  On t h e  o t h e r  h a n d ,  lo w e r in g  th e  wage 

r a t e  w o u ld ,  a t  some wage l e v e l ,  swing th e  a b s o l u t e  a d v a n ta g e  in  f a v o r  

o f  th e  e x c lu d e d  t e c h n o l o g i e s .  H ow ever ,  a t  the  minimum wage r a t e  i n ­

v e s t i g a t e d ,  $ 3 . 0 0 ,  t h i s  phenomenon d i d  no t  o c c u r .

T h u s ,  o v e r  t h e  range  o f  wages e x am in e d ,  i t  i s  n o t  p o s s i b l e  to  

d i s c e r n  any a d v a n ta g e  o r  d i s a d v a n t a g e ,  in  terms o f  l a b o r  u t i l i z a t i o n ,  

t h a t  th e  t e c h n o l o g i e s  in c lu d e d  in  th e  C o n s t r a in e d  Optimum may have  

r e l a t i v e  t o  the  a l t e r n a t i v e s .  I t  can o n l y  be c o n c lu d e d  t h a t ,  i f  a 

r e l a t i v e  d i s a d v a n t a g e  does e x i s t ,  i t  i s  no t  s u f f i c i e n t  enough t o  

induce  a change in  t h e  s h o r t  run o p t i m a l  i n d u s t r y  o r g a n i z a t i o n .

I t  should be n o te d  t h a t  t h e  l i n e a r  n a t u r e  o f  t h e  l i n e a r  program ­

ming model embodies c o n s t a n t  c o e f f i c i e n t s .  T h i s  i m p l i e s  t h a t ,  r e g a r d ­

l e s s  o f  th e  l e v e l  o f  u t i l i z a t i o n  o f  a p a r t i c u l a r  t e c h n o l o g y ,  t h e  

same amount o f  l a b o r  w i l l  be r e q u i r e d  f o r  each n u t r i e n t  to n  o f  p r o d u c t ,
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i±
g iv e n  a p a r t i c u l a r  t e c h n o l o g y .  T h u s ,  the  r e l a t i v e  a d v a n ta g e  a 

p a r t i c u l a r  te c h n o lo g y  may h o ld  o v e r  o t h e r s  is  a f u n c t i o n  o f  f a c t o r  

c o s t s  (wage r a t e ,  in p u t  c o s t s ,  e t c . )  and the  c o n s t a n t  c o e f f i c i e n t s  

and i s r io t ,  t h e r e f o r e ,  a f u n c t i o n  o f  th e  l e v e l  o f  u t i l i z a t i o n  o f  t h a t  

t e c h n o l o g y .  T h i s  im p l ie s  t h a t  t h e  model c a n n o t  r e p r e s e n t  a change  

in  th e  amount o f  l a b o r  used per  n u t r i e n t  to n  w i t h o u t  c h a n g in g  t e c h ­

n o l o g i e s ,  T h e r e f o r e ,  th e  r e a l  w o r l d  case o f  reduced l a b o r  u s a g e ,  

r e s u l t i n g  f rom  h i g h e r  w ages ,  w i t h  c o n t i n u e d  use o f  t h e  same c a p i t a l  

e qu ipm en t  c a n n o t  be s i m u l a t e d  w i t h i n  th e  m odel .  Changes in  th e  u t i ­

l i z a t i o n  o f  l a b o r  p e r  n u t r i e n t  to n  can o c c u r  in  th e  model o n l y  by 

c ha ng ing  th e  t e c h n o l o g y  e m ployed .  The a n a l y s i s  w i l l  now t u r n  t o  t h e  

e f f e c t  o f  changes in  th e  r a t e  o f  r e t u r n  on in v e s tm e n t  on th e  Con­

s t r a i n e d  Optimum i n d u s t r y  o r g a n i z a t i o n .

R e t u r n  on In v e s tm e n t  in  the  S h o r t  Run

A l th o u g h  new in v e s tm e n t  was n o t  a l lo w e d  in  the  s h o r t  r u n ,  r e t u r n
5

on in v e s tm e n t  c a p i ta l " ^  was v a r i e d  t o  r e f l e c t  changes in  t o t a l  c o s t

**The p ro b l  em o f  i n d i v i s i b i l i t i e s  is  n o t  s e r i o u s  in  t h i s  s t u d y .
I t  i s  assumed t h a t  th o s e  a c t i v i t i e s  ( p r o d u c t i o n ,  p r o c e s s i n g ,  e t c . )  
t h a t  a r e  r e p r e s e n t e d  in  the  model as  b e in g  lo c a t e d  o u t s i d e  M ic h ig a n  
( i . e . ,  in  t h e  M id w e s t ,  G u l f  C o a s t ,  F l o r i d a ,  o r  S a s k a tc h e w a n ) ,  o p e r a t e  
a t  t h e i r  most e f f i c i e n t  r a t e s .  Any p r o d u c t  o f  such o p e r a t i o n s  t h a t  
does no t  f l o w  t o  M ic h ig a n  i s  assumed t o  be consumed in  th e  re m a in d e r  
o f  th e  U .S .  Those a c t i v i t i e s  l o c a t e d  in  M ic h ig a n  a r e ,  f o r  th e  most  
p a r t ,  o f  r e l a t i v e l y  smal l  c a p a c i t y .  C o n s e q u e n t ly ,  a l a r g e  number o f  
them a r e  g e n e r a l l y  needed t o  meet th e  d e s i r e d  l e v e l  o f  t o t a l  p r o d u c t .  
T h u s ,  t h e y  a r e  assumed t o  o p e r a t e  r e l a t i v e l y  c l o s e  t o  t h e i r  most  
e f f i c i e n t  l e v e l ,  any v a r i a t i o n  in  t o t a l  volume b e in g  s p re ad  among 
th e  a p p r o p r i a t e  number o f  f a c i l i t i e s  t o  m a i n t a i n  t h i s  r e l a t i o n s h i p .

"*Not a l l  a c t i v i t i e s  had in v e s tm e n t  c a p i t a l  d e l i n e a t e d  in  th e  
m odel .  I t  was n o t  s p e c i f i e d  f o r  t r a n s p o r t a t i o n  a c t i v i t i e s ,  e x c e p t
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t h a t  would  be imposed i f  e n t r e p r e n e u r s  t r i e d  to  r e a l i z e  a r e t u r n  on 

t h e i r  in v e s tm e n t  equa l  t o  the  o p p o r t u n i t y  c o s t  o f  t h e i r  in v e s t e d  

c a p i t a l .  T h a t  i s ,  i f  t h e  i n t e r e s t  r a t e  on long te rm  i n v e s t m e n t - t y p e  

loans  i s ,  s a y ,  1 0 .0  p e r c e n t  and e n t r e p r e n e u r s  f e e l  t h e y  s h o u ld  be 

r e c e i v i n g  t h i s  same r a t e  on t h e i r  in v e s tm e n t  in  c a p i t a l ,  th e n  th e y  

would c h a rg e  1 0 .0  p e r c e n t  o f  t h e i r  in v e s t e d  c a p i t a l  as an o p e r a t i n g  

c o s t  and p r i c e  the  p r o d u c t  such t h a t  r e t u r n s  a r e  e q u a te d  t o  c o s t s .

The c o s t  o f  f e r t i l i z e r  t o  th e  fa rm e r  would  r e f l e c t  t h i s  charge  s in c e  

th e  e n t r e p r e n e u r  has passed on the  i n t e r e s t  c o s t  in  t h e  fo rm  o f  

h i g h e r  p r i c e s .

R e t u r n  on in v e s tm e n t  i s  t y p i c a l l y  used as a measure o f  p r o f i t  

by wh ich  two o r  more in v e s tm e n t  schemes may be compared.  In  a d d i t i o n ,  

i t  is  a u s e f u l  g u id e  as  t o  how w e l l  an i n d i v i d u a l  in v e s tm e n t  is  

s u c c e e d in g .  T h e o r e t i c a l l y ,  a f i r m  s h o u ld  i n v e s t  i t s  fu n d s  in  th o s e  

a c t i v i t i e s  t h a t  r e t u r n  t h e  h i g h e s t  r e t u r n  on in v e s t m e n t ,  g i v e n  t h a t  

p r o f i t  m a x i m i z a t i o n  i s  i t s  g o a l .  C o n s e q u e n t l y ,  a f i r m  w o u ld  l i k e  to  

r e c e i v e  a r e t u r n  on i t s  in v e s tm e n t  t h a t  i s  com parab le  t o  t h a t  w h ich  

i t  c o u ld  r e c e i v e  i f  th e  fund s  had been i n v e s t e d  in  a l t e r n a t i v e  p r o j e c t s  

e i t h e r  e x t e r n a l  o r  i n t e r n a l  to  the  f i r m .

As m e n t io n ed  e a r l i e r ,  th e s e  r e t u r n s  on in v e s tm e n t  in  th e  f e r t i l ­

i z e r  i n d u s t r y ,  i f  p o s i t i v e ,  in  some sense im p ly  a d d i t i o n a l  c o s t s  t h a t
g

must be p a i d  by the  f a r m e r .  The e x t e n t  o f  th e s e  c o s ts  and th e  changes

f o r  p i p e - l i n e  f a c i l i t i e s .  However ,  a l l  m a n u f a c t u r i n g ,  p r o c e s s in g  
and s t o r a g e  f a c i l i t i e s  had in v e s tm e n t  c a p i t a l  b roken  o u t  as a s e p a r a t e  
c o s t  i tern.

^ T h i s  d i s c u s s i o n  p r e c l u d e s  th e  p ro b le m  o f  low r e t u r n s  c a u s in g
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in  th e  i n d u s t r y  o r g a n i z a t i o n  r e s u l t i n g  f ro m  d i f f e r e n t  r a t e s  o f  

r e t u r n  on in v e s tm e n t  a r e  d is c u s s e d  in  th e  f o l l o w i n g  pages f o r  the  

s h o r t  run s i t u a t i o n  as i m p l i e d  by the  C o n s t r a i n e d  Optimum o r g a n i z a ­

t i o n  and i t s  c o n s t r a i n t s .

U s ing  t h e  p a r a m e t e r i z a t i o n  c o n t r o l s  embodied in  ' ' O p t i m a / '  the  

r a t e  o f  r e t u r n  w i l l  be changed o v e r  a p r e s c r i b e d  r a n g e .  Changes in  

th e  o p t i m a l  i n d u s t r y  o r g a n i z a t i o n  w i l l  be a n a ly z e d  and th e  correspo nd  

in g  r a t e  o f  r e t u r n  n o te d .

The ra n g e  o f  r a t e s  s e l e c t e d  f o r  a n a l y s i s  runs f rom  - 2 . 0  p e r  c e n t  

w h ic h  r e f l e c t s  a m inor  lo s s  on in v e s t m e n t ,  to  2 0 . 0  p e r  c e n t ,  r e p r e ­

s e n t i n g  more tha n  10 t im e s  t h e  r e t u r n  c u r r e n t l y  b e in g  e x p e r i e n c e d  in 

th e  i n d u s t r y .  T h i s  upper  l i m i t  on th e  range  w i l l  e n a b le  us t o  as ­

c e r t a i n  t h e  a s s o c i a t e d  c o s t s  t o  f a r m e r s  i f  f e r t i l i z e r  companies were  

t o  e a r n  r e t u r n s  com parab le  to  the  most p r o f i t a b l e  c o r p o r a t i o n s . ^

The r a t e  o f  r e t u r n  was s e t  a t  2 0 . 0  p e r  c e n t  and in c re m e n te d  

downward in  s t e p s  o f  2 . 0  p e r c e n ta g e  p o i n t s .  In  the  range  o f  r a t e s  

f rom  6 . 0  t o  k.O per  c e n t ,  i t  was d is c o v e r e d  t h a t  numerous changes in  

t h e  o p t i m a l  i n d u s t r y  o r g a n i z a t i o n  were  b e in g  made; c o n s e q u e n t l y ,  i n ­

c r e m e n t a t i o n  in  s te p s  o f  0 . 1  p e r c e n ta g e  p o i n t s  was s u b s e q u e n t ly  made 

in  t h i s  ra n g e  t o  d e t a i l  th e  a n a l y s i s .

A t  t h e  h i g h e s t  r a t e  o f  r e t u r n  e x a m in e d ,  2 0 . 0  p e r  c e n t ,  the

f i r m s  to  d r o p  o u t  o f  t h e  i n d u s t r y  and t h e r e b y  p o s s i b l y  c a u s in g  h i g h e r  
p r i c e s  ow ing  t o  d e c re a s e d  s u p p ly .

^ I n  1 9 65 , f o r  e x a m p le ,  te n  o f  th e  l a r g e s t  500  f i r m s  e a r n e d  o v e r  
25 per  c e n t ,  a f t e r  t a x e s ,  on t h e i r  in v e s tm e n t  (Economic C o n c e n t r a t i o n ,  
P a r t  5A ,  p .  2 1 8 5 ) .
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p r o d u c t  m ix  was unchanged f rom  t h a t  o f  C o n s t r a i n e d  Optimum (compare  

A p p e n d ix  T a b l e s  A - 1 and B - l ) .  H o w e v e r ,  th e  ty p e s  o f  f a c i l i t i e s  used 

t o  produce t h a t  p r o d u c t  m ix  were  somewhat d i f f e r e n t .  When r e t u r n  on 

in v e s tm e n t  is  a t  2 0 . 0  per  c e n t ,  diammonium phosphate  i s  produced v i a  

th e  TVA p rocess  in  F l o r i d a  and in  t h e  H id w e s t  (A p p e n d ix  B, T a b l e  B—1 1 ) .  

T h i s  p ro c e s s  is  used u n t i l  th e  r e t u r n  on in v e s tm e n t  i s  lo w e re d  to  

1 4 .0  p e r  c e n t ,  a t  w h ic h  r a t e  t h e  s l u r r y  a m m o nia t ion  process  r e p l a c e s  

i t .  The l a t t e r  p rocess  i s  l e s s  l a b o r  and more c a p i t a l  i n t e n s i v e  

r e l a t i v e  t o  th e  TVA p rocess  (H e n d e rs o n ,  e t  a l . ) .  C o n s e q u e n t ly ,  

r e t u r n  on in v e s tm e n t  g r e a t e r  th a n  1 4 . 0  per  c e n t  causes th e  in v e s tm e n t  

c o s t  t o  o u tw e ig h  th e  l a b o r  s a v i n g s ,  t h e r e b y  g i v i n g  the  TVA p rocess  a 

lo w e r  t o t a l  c o s t .

L o w e r in g  th e  r e t u r n  on in v e s t m e n t  t o  1 2 . 0  p e r  c e n t  r e s u l t e d  in  

u t i l i z a t i o n  o f  anhydrous  ammonia r e t a i l e r s ,  w h ic h  had n o t  been  

u t i l i z e d  a t  h i g h e r  r a t e s  o f  r e t u r n .  The NH^ r e t a i l e r  r e p l a c e s  d i r e c t  

sh ipm ent  o f  NH^ f rom  the  G u l f  C o a s t  m a n u f a c t u r e r  by b a rg e  t o  th e  

H id w e s t  t e r m i n a l  and t r u c k  t r a n s p o r t a t i o n  t o  th e  fa r m .  T h i s  change  

i s  b r o u g h t  a b o u t  by t h e  d e s i r e  t o  use low c o s t  r a i l  t r a n s p o r t a t i o n  

( r e l a t i v e  t o  t h e  t o t a l  o f  r a i l  and t r u c k ) .  The h ig h  r e t u r n  on i n v e s t ­

ment (above  1 2 . 0  p e r  c e n t )  made t h e  NH^ r e t a i l i n g  f a c i l i t y ' s  c o s t  

more th a n  o f f s e t  th e  d i f f e r e n c e  be tw een  th e  two t r a n s p o r t a t i o n  

schemes; c o n s e q u e n t l y ,  t h e  NH^ r e t a i l i n g  f u n c t i o n  was e l i m i n a t e d .

W i th  r e t u r n s  e q u a l  t o  o r  l e s s  th a n  1 2 . 0  p e r  c e n t ,  how ever ,  t h e  s a v in g s  

in  t r a n s p o r t a t i o n  c o s t  more th a n  o u tw e ig h s  th e  c o s t  o f  u t i l i z i n g  t h e  

NH^ r e t a i l e r .

A n o t h e r  change o c c u r r i n g  when th e  r a t e  o f  r e t u r n  on in v e s t m e n t  

was lo w e re d  f rom  12 .1  p e r  c e n t  t o  1 2 . 0  p e r  c e n t  was t h e  s w i t c h  in
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s o u rc e  o f  s u p p ly  o f  NH^ f o r  th e  M id w e s t  n i t r i c  a c i d ,  ammonium n i t r a t e ,  

n i t r o g e n  m a n u f a c t u r i n g  s o l u t i o n s ,  and diammonium and monoammonium 

phosphate  p r o d u c e r s .  P r i o r  t o  t h e  change ,  NH^ came from th e  G u l f  

C oast  f o r  th e s e  p ro d u c e r s  w h i l e  a l l  the  NH^ p rod uced  in  the  M id w e st  

went  d i r e c t l y  to  th e  M ic h ig a n  fa r m e r s  ( F i g u r e  1 1 - 1 ) .  When th e  r e t u r n  

on in v e s tm e n t  dropped to  1 2 .0  p e r  c e n t ,  how ever ,  t h e  anhydrous ammonia 

used by th e  M id w e s t  p ro d u c e rs  o r i g i n a t e d  w i t h  th e  M id w e s t  NH^ m anufac ­

t u r e r ,  and 3 6 ,3 8 7  to n s  o f  NH^ f rom  t h a t  p ro d u c e r  w e n t  d i r e c t l y  t o  

th e  farms ( F i g u r e  1 1 -2  and A p p e n d ix  B, T a b le  B - 2 ) .

One o f  t h e  c o n s t r a i n t s  in  C o n s t r a i n e d  Optimum f o r c e s  anhydrous  

ammonia produced a t  t h e  G u l f  C o a s t  and in  the  M id w e s t  t o  be in  a 

f i x e d  r a t i o  t o  s i m u l a t e  th e  e x i s t i n g  c a p a b i l i t y  o f  th e s e  two l o c a ­

t i o n s  to  p r o v i d e  n i t r o g e n  t o  M ic h i g a n .  T h is  c o n s t r a i n t  f o r c e d  

n i t r o g e n  t o  be produced a t  th e  G u l f  Coast  when r e t u r n  on in v e s tm e n t  

was h ig h  and t h e  NH^ r e t a i l e r  was s u b - o p t i m a l .  C o n s e q u e n t ly ,  th e  

NH3 produced t h e r e  had t o  be used somewhere; s h ip m e n t  t o  the  fa rm s  

was t h e  m in im al  c o s t  o p t i o n .  When r e t u r n  on in v e s t m e n t  was somewhat  

lo w e r  (be tw een  1 2 .0  and 6 . 0  p e r  c e n t ,  i n c l u s i v e ) ,  t h e  p r e v i o u s l y  

m e nt ion ed  NH^ f o r c e d  p r o d u c t io n  a t  the  G u l f  C o a s t  moves to  th e  

anhydrous ammonia r e t a i l e r s .  M o r e o v e r ,  when t h e  r e t u r n  on i n v e s t ­

ment is  between 5 - 9  and k .k  p e r  c e n t ,  i n c l u s i v e ,  r e t a i l i n g  NH^ coming  

f rom  the G u l f  Coast  i s  e c o n o m i c a l l y  d e s i r a b l e  t o  such a degree  t h a t  

t h e r e  was a d e c r e a s e  in  t h e  p r o d u c t i o n  o f  th e  n i t r o g e n  m a n u f a c t u r in g  

s o l u t i o n s  a t  th e  G u l f  Coast  ( u t i l i z i n g  G u l f  C oas t  NH^ ) * t h e r e b y ,  

a l l o w i n g  an i n c r e a s e  in  r e t a i l i n g  o f  NH^ produced t h e r e .  S i m u l t a ­

n e o u s l y ,  th e  M id w e s t  n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s  p r o d u c e r  i n ­

c r e a s e s  h i s  volume t o  match th e  d e c r e a s e  o b s e r v e d  a t  the  G u l f  C o a s t .
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F i g u r e  I 1 -1 .  Anhydrous Ammonia Flow W i th  I n t e r e s t  On In v e s tm e n t  
Between 2 0 . 0  and 12.1  Per C e n t .  I n c l u s i v e  (Con­
s t r a i n e d  Opt im um ).
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F i g u r e  1 1 - 2 .  Anhydrous Ammonia F low  W i th  I n t e r e s t  On In v e s tm e n t
Between 1 2 .0  and k . k  Per C e n t ,  I n c l u s i v e  ( C o n s t r a i n e d  
Opt i mum).
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The r e s u l t  is  t h a t  t h e  t o t a l  l e v e l  o f  n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s  

is  e s s e n t i a l l y  c o n s t a n t  and th e  l e v e l  o f  NH^ r e t a i l i n g  in c r e a s e s  

w h i l e  d i r e c t  sh ipm ents  o f  NH^ t o  t h e  fa rm s  f rom  th e  M id w e st  d e c r e a s e  

(A p p e n d ix  B, T a b l e s  B -2  and B-5» and F i g u r e s  H - l  and M - 2 ) ,

The t r a n s i t i o n  o f  r a t e  o f  r e t u r n  on in v e s tm e n t  f rom  6 . 0  p e r  c e n t  

t o  t h e  ra n g e  f rom  5 . 9  t o  *t.*t p e r  c e n t ,  i n c l u s i v e ,  b r o u g h t  a bou t  a 

change in  th e  ammonium n i t r a t e  segment as  w e l l .  A c t u a l l y ,  t h i s  change  

i s  caused by th e  change in  th e  n i t r o g e n  m a n u f a c t u r i n g  s o l u t i o n s  seg ­

m e n t ,  s i n c e  the  f o r m e r  i s  used by t h e  l a t t e r .  A r a t i o  c o n s ta n t  in  

C o n s t r a i n e d  Optimum f o r c e s  ammonium n i t r a t e  to  be produced in  a 

c o n s t a n t  r a t i o ,  i f  a t  a l l ,  between t h e  G u l f  C oast  and M id w e s t .  S in c e  

a l l  th e  ammonium n i t r a t e  produced is  used to  make n i t r o g e n  m a n u f a c t u r ­

ing s o l u t i o n s ,  the  d e c r e a s e  in  p r o d u c t i o n  o f  th e  l a t t e r  a t  th e  G u l f  

Coast  caused the  ammonium n i t r a t e  p roduced  t h e r e  to  be sh ipped  to  

th e  M id w e s t  n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s  p r o d u c e r .

A d e c l i n e  o f  r e t u r n s  on in v e s tm e n t  from h.h  t o  *f. 3 per  c e n t  

c o m p le te d  th e  t r e n d s  p r e v i o u s l y  e s t a b l i s h e d .  T h a t  i s ,  a t  the  l a t t e r  

r a t e  o f  r e t u r n ,  a l l  n i t r o g e n  m a n u f a c t u r i n g  s o l u t i o n s  a r e  produced in  

th e  M id w e s t .  S i m i l a r l y ,  a l l  the  ammonium n i t r a t e  produced a t  th e  

G u l f  C o a s t  was s h ip p e d  t o  th e  M id w e s t  n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s  

p r o d u c e r .  D i r e c t  a p p l i c a t i o n  o f  NHj from th e  G u l f  C oas t  ro u te d  

th ro u g h  t h e  anhydrous ammonia r e t a i l e r  c o n t in u e d  to  in c r e a s e  s l i g h t l y  

by 6 2 2  t o n s ,  w h i l e  d i r e c t  sh ip m ents  o f  NH^ f rom  th e  M idwest  p r o d u c e r  

t o  t h e  f a r m e r s  d e c r e a s e d  by th e  same amount (A p p e n d ix  B, T a b le  B - 2 ) .

A l t h o u g h  th e  p r e v i o u s  s i t u a t i o n  was c o n s t a n t  f o r  a r e t u r n  on 

in v e s t m e n t  o f  U.2 p e r  c e n t ,  lo w e r i n g  t h e  r e t u r n  t o  *t. I per  c e n t  had  

a s i g n i f i c a n t  e f f e c t  in  numerous segments o f  the  i n d u s t r y .
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made p r o d u c t i o n  o f  diammonium phosphate  in  M ic h ig a n  f o r  d i r e c t  a p p l i ­

c a t i o n  e c o n o m i c a l l y  s u p e r i o r  to  i t s  use in  a g r a n u l a t e d  d r y  mixed  

f e r t i l i z e r .  T h u s ,  d i r e c t  a p p l i c a t i o n  o f  diammonium phosphate  was 

i n i t i a t e d  and t h e  l e v e l  o f  g r a n u l a t e d  d ry  mixed f e r t i l i z e r  p r o d u c t io n  

was reduced (A p p e n d ix  B, T a b l e s  B - l l  and B—15 ) -  The smal l  s c a l e  

g r a n u l a r  m ixed f e r t i l i z e r  p ro d u c e r  l o c a t e d  in  o u t s t a t e  M ic h ig a n  was 

th e  one a f f e c t e d  by th e  change; w h e r e a s ,  t h e  l a r g e  s c a l e  one lo c a t e d  

a t  c e n t r a l  M ic h ig a n  was u n a f f e c t e d .  R e f e r e n c e  t o  " g r a n u l a r  mixed  

f e r t i l i z e r  p r o d u c e r "  in  the  f o l l o w i n g  pages w i l l  im p ly  th e  smal l  o n e ,  

u n le s s  o t h e r w i s e  s p e c i f i e d .

The p r o d u c t i o n  o f  diammonium phosphate  in M ic h i g a n  used NH^ 

f rom th e  G u l f  Coast  (A p p e n d ix  B, T a b l e  B -2 )  and caused w h i t e  phos­

p h o r ic  a c i d  t o  be produced in  M ic h i g a n ;  w h i t e  a c i d  u t i l i z e s  e le m e n t a l  

phosphorus as  an in p u t  (H e n d e rs o n ,  e t  a l . ) .  C o n s e q u e n t ly ,  th e s e  

l a t t e r  two p r o d u c t s  e n t e r e d  th e  o r g a n i z a t i o n  when r e t u r n  on i n v e s t ­

ment was s e t  a t  4 .1  p e r  c e n t  (A p p e n d ix  B, T a b l e s  B - l ,  B - 6 , and B - 7 ) . 

W h i te  r a t h e r  th a n  green p h o s p h o r ic  a c i d  was u t i l i z e d  because i t  is  

l e s s  e x p e n s i v e  t o  t r a n s p o r t  th e  h i g h l y  c o n c e n t r a t e d  e le m e n t a l  phos­

phorus  ( 2 2 9  p a r  c e n t  F*2®5 e q u i v a l e n t )  t o  M ic h ig a n  t o  be used in  an 

i n e f f i c i e n t  p r o c e s s ,  r e l a t i v e  t o  g re e n  a c i d  p r o d u c t i o n ,  than i t  is  

to  t r a n s p o r t  e i t h e r  roc k  phosphate  (2 9  p e r  c e n t  p2°5^ f rom F l o r i d a  

f o r  p r o d u c t i o n  o f  g reen p h o s p h o r ic  a c i d ,  o r  dI ammonium phosphate  

from th e  M id w e st  o r  F l o r i d a .  T h a t  i s ,  t h e r e  a r e  t h r e e  b a s i c  schemes 

f o r  s u p p l y i n g  diammonium phosphate  to  M ic h i g a n :  ( 1 )  s h i p  e le m e n ta l

phosphorus f rom  F l o r i d a  t o  M ic h ig a n  t o  be made i n t o  w h i t e  p h o s p h o r ic  

a c i d  and s u b s e q u e n t l y  diammonium p h o s p h a te ;  ( 2 )  s h i p  ro c k  phosphate
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f rom F l o r i d a  t o  M ic h ig a n  t o  be made i n t o  g re e n  p h o s p h o r ic  a c i d  and 

s u b s e q u e n t ly  diammonium ph os pha te ;  and ( 3 )  make t h e  diammonium phos­

p h a te  in e i t h e r  F l o r i d a  o r  the  M id w est  and s h ip  i t  t o  M ic h i g a n ,  The 

model c o n t a i n s  a f o u r t h  a l t e r n a t i v e ,  n a m e ly ,  produce e i t h e r  w h i t e  o r  

green a c i d  in  e i t h e r  F l o r i d a  o r  th e  M id w e st  and th e n  s h ip  i t  t o  th e  

diammonium ph osphate  p r o d u c e r  in  M i c h i g a n .  H ow ever ,  t h i s  l a s t  a l t e r ­

n a t i v e  i s  no t  v e r y  ec onom ic a l  ow ing t o  h ig h  t r a n s p o r t a t i o n  r a t e s  

imposed on p h o s p h o r ic  a c i d  due t o  i t s  h i g h  c o r r o s i v e  p r o p e r t i e s .

Of th e s e  f o u r  m ethods,  the  f i r s t  was s e l e c t e d  as b e in g  th e  

most econom ica l  when r e t u r n  on in v e s tm e n t  was k , 1 p e r  c e n t .  However ,  

th e  c u r r e n t  c a p a c i t y  in  M ic h ig a n  t o  produce diammonium phosphate  is  

o n l y  1 9 ,8 0 0  to n s  a n n u a l l y .  T h e r e f o r e ,  c o n t i n u a t i o n  o f  th e  two o p t i o n s  

under  a l t e r n a t i v e  ( 3 ) were  needed t o  meet the  t o t a l  r * 9 u ' rement

in  M ic h ig a n  (A p p e n d ix  B, T a b l e  B - l l ) .  In  f a c t ,  bo th  F l o r i d a  and M id ­

w e s t  p r o d u c t io n  o f  diammonium ph osphate  in c r e a s e d  s l i g h t l y .  These  

in c r e a s e s  a r e  th e  r e s u l t  o f  a change in  r e l a t i v e  l e v e l s  o f  d r y  b len d e d  

f e r t i l i z e r s  (A p p e n d ix  B, T a b l e  B - l ) ,

R e tu r n  on in v e s tm e n t  a t  r a t e s  between 2 0 . 0  and U .2  per  c e n t ,  

i n c l u s i v e ,  had 1 8 5 ,5 3 5  to n s  o f  7 - 2 8 - 2 8  b u l k  b le n d e d  f e r t i l i z e r  and 

8 6 ,*165 tons o f  a I - 3 -6  n u t r i e n t  r a t i o  custom b le n d  f e r t i l i z e r .  T h i s  

l a t t e r  b le n d  was composed o f  6 . 0 5 ,  1 8 , 3 .  and 3 6 - 0 5  per  c e n t  N, 82^5 * 

and K jO .  r e s p e c t i v e l y ,  w i t h  th e  ph osphate  b e in g  d e r i v e d  f rom  d iam ­

monium ph os pha te ;  w h e r e a s ,  th e  b u l k  b le n d  f e r t i l i z e r  o b t a i n e d  i t s  

phosphate  f rom  monoammonium ph osphate  (H e n d e rs o n ,  e t  a l . )  . When th e  

r a t e  o f  r e t u r n  on in v e s tm e n t  was lo w e re d  to  U . 1 p e r  c e n t ,  1 3 5 . 0 7 5  and 

1 3 6 ,9 2 5  tons o f  th e  b u l k  and custom b le n d  f e r t i l i z e r s ,  r e s p e c t i v e l y ,  

w e re  s u p p l ie d  (A p p e n d ix  8 ,  T a b l e  B - l ) .  C o n s e q u e n t ly ,  t h i s  r e l a t i v e
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change in  l e v e l s  o f  b le n d  f e r t i l i z e r s  caused the amount o f  d iam ­

monium phosphate  used t o  i n c r e a s e ,  t h e r e b y  s u b s t a n t i a t i n g  t h e  i n ­

c r e a s e s  in  the  l e v e l s  o f  i t  f l o w i n g  t o  o u t s t a t e  M ic h ig a n  p r o d u c e r s ,  

as r e c o rd e d  in  T a b l e  B - l I  o f  A p p e n d ix  B. T h i s  r e l a t i v e  change be­

tween b le n d s  a l s o  a c c o u n ts  f o r  t h e  d e c r e a s e  in  monoammonium phosphate  

s u p p l i e d  as w i t n e s s e d  in  T a b l e  B -1 2  o f  A p p e n d ix  B. O th e r  e f f e c t s  o f  

t h e  change in t h e  r e l a t i v e  l e v e l s  o f  th e  b le n d e d  f e r t i l i z e r s  in c l u d e  

in c r e a s e d  usage o f  g r a n u l a r  p o ta s s iu m  c h l o r i d e  and g r a n u l a r  t r i p l e  

s u p e r p h o s p h a te ,  b o th  o f  w h ich  a r e  used in  the  custom b le n d  f e r t i l i z e r  

(A p p e n d ix  B, T a b l e  B - l ) .

The d e c l i n e  o f  g r a n u l a r  m ixed f e r t i l i z e r  p r o d u c t i o n  was resp on­

s i b l e  f o r  s e v e r a l  o r g a n i z a t i o n a l  changes .  S in c e  t h i s  t y p e  o f  f e r t i l ­

i z e r  i s  the  s o le  u s e r  o f  n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s ,  t h e  l a t t e r  

a l s o  dropped in  l e v e l  o f  u t i l i z a t i o n  when t h e  r e t u r n  on in v e s tm e n t  

was lo w e re d  f rom  4 . 2  t o  4 .1  p e r  c e n t .  N i t r i c  a c i d ,  wh ich  i s  used t o  

make th e  ammonium n i t r a t e  used as an i n p u t  in  p r o d u c in g  n i t r o g e n  

m a n u f a c t u r i n g  s o l u t i o n s ,  a l s o  had a d ro p  in  i t s  l e v e l  o f  p r o d u c t i o n  

as a r e s u l t  o f  th e  d e c l i n e  o f  g r a n u l a r  mixed f e r t i l i z e r s .  T h u s ,  a 

domino e f f e c t ,  i n v o l v i n g  n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s ,  ammonium 

n i t r a t e ,  and n i t r i c  a c i d ,  was c r e a t e d  as a r e s u l t  o f  d e c re a s e d  usage  

o f  g r a n u l a r  mixed f e r t i l i z e r s .

Two o t h e r  p r o d u c t s  were  a f f e c t e d  by t h e  r e d u c t i o n  o f  g r a n u l a r  

mixed f e r t i l i z e r s .  F i r s t ,  r u n - o f - m i n e  p o ta s s iu m  c h l o r i d e  (A p p e n d ix  

B, T a b l e  B -1 3 )  had d e c r e a s e d  s h ip m ents  t o  th e  o u t s t a t e  g r a n u l a r  mixed  

f e r t i l i z e r  p r o d u c e r  ( t h e  one which d e c r e a s e d ) .  S e c o n d ly ,  r u n - o f - p i l e  

t r i p l e  s u p e rp h o sp h a te  a l s o  had a r e d u c t i o n  in  sh ip m ents  t o  t h e  o u t ­

s t a t e  p r o d u c e r .  S i m i l a r  t o  p o ta s s iu m  c h l o r i d e  t h a t  had c o n s t a n t  f lo w
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t o  c e n t r a l  M i c h i g a n ,  r u n - o f - p i l e  t r i p l e  s upe rpho sp ha te  a l s o  had con­

s t a n t  sh ip m ents  t o  c e n t r a l  M i c h i g a n .  However ,  t h e r e  was a s l i g h t  

change in  th e  r e l a t i v e  l e v e l s  coming f rom  F l o r i d a  and t h e  Midwest  

(A p p e n d ix  B, T a b l e  B - 9 ) . The re as o n  f o r  th e  change in  l e v e l s  is  t h a t  

g r a n u l a r  t r i p l e  s u p e rp h o sp h a te  used r u n - o f - p i l e  as an i n p u t .  P re ­

v i o u s l y ,  we saw t h a t  th e  r e l a t i v e  change in  l e v e l s  o f  b le n d e d  f e r t i l ­

i z e r  caused an i n c r e a s e  in  the  usage o f  g r a n u l a r  t r i p l e  s u p e rp h o s p h a te .  

C o n s e q u e n t ly ,  t h i s  in c r e a s e  caused an i n c r e a s e  need f o r  r u n - o f - p i l e  

p r o d u c t io n  in  F l o r i d a ,  where g r a n u l a r  i s  made. T h u s ,  w h i l e  t o t a l  

tonnage  o f  r u n - o f - p i l e  t r i p l e  s u p e rp h o s p h a te  f e l l  f rom  1 1 5 .3 0 3  to  

1 1 2 ,0 8 7  tons  (A p p e n d ix  B, T a b l e  B - l ) ,  p r o d u c t io n  in  F l o r i d a  in c re a s e d  

s l i g h t l y  f ro m  **4,23*+ t o  4 5 ,0 6 6  t o n s ,  w h ic h  i s  o n ly  832  t o n s .  However,  

th e  demand f o r  r u n - o f - p i l e  f o r  th e  p r o d u c t i o n  o f  g r a n u l a r  t r  ■ P ie  

s upe rpho sp ha te  i n c r e a s e d  by 3 , 1 3 9  t o n s ,  f rom  5 ,3 8 0  t o  8 , 5 1 9  tons p e r  

y e a r .  C o n s e q u e n t ly ,  t h e r e  was a r e d u c t i o n  in the  to n n a g e  shipped  

f rom  F l o r i d a  t o  c e n t r a l  M ic h ig a n  p r o c e s s o r s ,  from 3 8 , 8 5 4  t o  3 6 ,5 4 7  

t o n s .  The re m a in d e r  o f  th e  c o n s t a n t  usage by c e n t r a l  M ic h ig a n  p r o ­

d u ce rs  ( t h e  l a r g e  s c a l e  g r a n u l a r  m ixed f e r t i l i z e r  p r o d u c e r )  was,  

t h e r e f o r e ,  s u p p l i e d  by a s l i g h t  i n c r e a s e  from the M id w e s t ;  w h e re a s ,  

t h e r e  was a d e c r e a s e  in  M idwest  p r o d u c t i o n  o f  r u n - o f - p i l e  and an even  

l a r g e r  d e c r e a s e  in  sh ip m ents  f rom  t h e r e  t o  the  o u t s t a t e  M ic h ig a n  

g r a n u l a r  mixed f e r t i l i z e r  p r o d u c e r s .

T h u s ,  we see t h a t  a change in  t h e  r e t u r n  on in v e s t m e n t  from 4 . 2  

to  4 .1  per  c e n t  has numerous e f f e c t s  upon the  s h o r t  ru n  o p t i m a l  o r g a ­

n i z a t i o n  o f  th e  i n d u s t r y .  B r i e f l y  r e c a p p in g  th e  m a jo r  e f f e c t s ,  we 

see f i v e  s u b s t a n t i a l  changes;  ( l )  d i r e c t  a p p l i c a t i o n  o f  diammonium 

phosphate  r e p l a c e d  some o f  the  ph os pha te  f o r m e r l y  b e i n g  s u p p l ie d  by
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the  g r a n u l a r  mixed f e r t i l i z e r s ;  ( 2 )  w h i t e  p h o s p h o r ic  a c i d  was used t o  

produce d I  ammonium phosphate  in  M ic h ig a n  f o r  d i r e c t  a p p l i c a t i o n ;  con­

s e q u e n t l y ,  g reen  p h o s p h o r ic  a c i d  p r o d u c t i o n  d e c r e a s e d ;  ( 3 )  th e  d e c l i n e  

o f  g r a n u l a r  mixed f e r t i l i z e r s  b ro u g h t  a b o u t  a r e d u c t i o n  in  th e  p roduc­

t i o n  o f  n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s ,  ammonium n i t r a t e ,  and n i t r i c  

a c i d ;  ( 4 )  r u n - o f - p i l e  t r i p l e  s u p e r p h o s p h a te ,  monoammonium p h o s p h a te ,  and  

r u n - o f - m l n e  p o ta s s iu m  c h l o r i d e  had reduced  usage;  and ( 5 )  t h e r e  was a 

change in  th e  r e l a t i v e  l e v e l s  o f  b u l k  and custom b le n d e d  f e r t i l i z e r s .

F u r t h e r  lo w e r in g  o f  t h e  r a t e  o f  r e t u r n  on in v e s tm e n t  d i d  n o t  

induce a change in  th e  o p t i m a l  i n d u s t r y  o r g a n i z a t i o n  u n t i l  a r e t u r n  

o f  2 . 0  p e r  c e n t  was r e a c h e d .  A t  t h i s  r a t e  o f  r e t u r n ,  in c r e a s e d  usage  

o f  th e  a nhydrous  ammonia r e t a i l e r  became l e s s  e x p e n s iv e  th a n  t r a n s ­

p o r t i n g  NHj from th e  m a n u f a c t u r e r  in  t h e  M id w est  d i r e c t l y  to  th e  

fa rm s by t r u c k .  In  o r d e r  t o  in c r e a s e  t h e  usage o f  t h e  NH^ r e t a i l e r ,  

th e  q u a n t i t y  o f  a nhydrous  ammonia t h a t  was p r e v i o u s l y  f l o w i n g  ( a t  

h i g h e r  r a t e s  o f  r e t u r n  on in v e s tm e n t )  f ro m  t h e  G u l f  C oast  to  th e  

M ic h ig a n  diammonium phosphate  p ro d u c e r  i s  now b e in g  s u p p l i e d  by t h e  

Midwest  NH^ m a n u f a c t u r e r .  T h a t  i s ,  t h e  diammonium phosphate  p ro d u c e r  

in  M ic h i g a n  uses 4 , 3 4 6  to n s  o f  NH^ (A p p e n d ix  B, T a b l e  B - 2 ) ,  and t h i s  

amount i s  s u p p l ie d  by t h e  G u l f  C oast  a nhydrous  ammonia m a n u f a c t u r e r  

when th e  r e t u r n  on in v e s tm e n t  i s  be tween 4 . 1  and 2 .1  p e r  c e n t ,  i n ­

c l u s i v e .  When th e  r e t u r n  on in v e s tm e n t  d ro p s  to  2 . 0  per  c e n t ,  h o w e v e r ,  

t h a t  q u a n t i t y  o f  NH^ is  s u p p l i e d  by t h e  M id w est  NH^ m a n u f a c t u r e r .  

C o n s e q u e n t ly ,  t h i s  f r e e s  4 , 3 4 6  to n s  o f  a nhydrous  ammonia, produced on
g

th e  G u l f  C o a s t ,  t o  be r o u t e d  th r o u g h  t h e  NH^ r e t a i l e r .  T h i s  is

p
Keep in  mind t h a t  C o n s t r a i n e d  Optimum f o r c e s  a c o n s t a n t  r a t i o  o f  

NH^ p r o d u c t i o n  between th e  G u l f  C oast  and t h e  M id w e s t .
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e x a c t l y  what  happened, s i n c e  we see In  T a b l e  B -2  o f  A p p e n d ix  B t h a t  

sh ip m e n ts  o f  NH^ t o  th e  r e t a i l e r  in c r e a s e d  by 4 , 3 4 6  t o n s ,  from  

4 5 , 7 3 9  t o  5 0 ,0 8 5  to n s ;  w h e r e a s ,  t o t a l  tonnage o f  NH^ b e in g  a p p l i e d  

d i r e c t  was c o n s ta n t  a t  1 2 5 ,8 6 7  tons p e r  y e a r .  No o t h e r  changes  

o c c u r r e d  a t  t h i s  r a t e  o f  r e t u r n  on in v e s t m e n t .

The r e t u r n  on in v e s tm e n t  was lo w e re d  to  - 2 . 0  per  c e n t  w i t h o u t  

i n c u r r i n g  any f u r t h e r  changes in  th e  o p t i m a l  o r g a n i z a t i o n .  T h is  

i m p l i e s  t h a t  m inor  lo s s e s  on in v e s tm e n t  r e s u l t  in  t h e  same o p t i m a l  

i n d u s t r y  as  do smal l  p o s i t i v e  r e t u r n s .  F u r t h e r m o r e ,  T t  i m p l i e s  t h a t  

th o s e  a c t i v i t i e s  in  the  o b s e r v e d  o r g a n i z a t i o n  a r e  q u i t e  e f f i c i e n t  in  

n o n - in v e s t m e n t  f a c t o r s .  T h i s  f o l l o w s  from th e  f a c t  t h a t  th e  l i n e a r  

programming r o u t i n e  t r e a t s  th e  n e g a t i v e  r e t u r n s  on in v e s tm e n t  as a 

p r o f i t  o r  reward  f o r  u s in g  in v e s t m e n t .  C o n s e q u e n t l y ,  those  i tem s  

u s in g  l a r g e  in v e s tm e n t  w o u ld  be more d e s i r a b l e ,  g i v e n  o t h e r  t h i n g s  

e q u a l .  S in c e  the  o r g a n i z a t i o n  was n o t  changed when the r e t u r n s  on 

in v e s t m e n t  went  t o  - 2 . 0  p e r  c e n t ,  any a d v a n ta g e  t h a t  f a c i l i t i e s  n o t  

s e l e c t e d  m ig h t  have because  o f  t h e i r  l a r g e  in v e s t m e n t ,  was o u t  w e ig he d  

by t h e  e f f i c i e n t  usage o f  o t h e r  f a c t o r s  by those  f a c i l i t i e s  in  th e  

o p t i m a l  o r g a n i z a t i o n .

From a c o s t  s t a n d p o i n t ,  h ig h  r e t u r n s  on in v e s tm e n t  a r e  s e r i o u s  

t o  t h e  M ic h i g a n  f a r m e r .  When r e t u r n s  on in v e s tm e n t  a r e  2 0 . 0  p e r  c e n t ,  

the  t o t a l  c o s t  o f  s u p p l y i n g  M ic h ig a n  w i t h  1970 l e v e l s  o f  consum ption  

o f  N, ant* *^2® ' s $ 5 7 , 6 3 4 , 4 4 5 .  O f  t h i s  f i g u r e ,  n e a r l y  14 per

c e n t  o f  i t ,  o r  $ 7 , 9 7 1 , 1 7 8  a r e  r e t u r n s  to  in v e s t e d  c a p i t a l  ( T a b l e  1 1 - 2 ) .  

I f  t h e  i n d u s t r y  s h i f t e d  t o  th e  s h o r t  run  o p t im a l  o r g a n i z a t i o n  c o r r e ­

spon d in g  t o  2 . 0  per  c e n t  r e t u r n  on in v e s tm e n t  ( s l i g h t l y  h i g h e r  th a n  

t h a t  e x p e r i e n c e d  in  th e  i n d u s t r y  in  r e c e n t  y e a r s ) ,  th e n  th e  t o t a l  c o s t



Table 11-2. The e f fe c t  of returns on investment in the short run ( in  dollars)

Return on Investment 
(per cent)

Total
Cost Investment

Cost3
N

Cost3

P2°5

Cost3
K20 Returns

20.0 57,6 3 ^ 5 39,855.889 118.96 168.75 110.*4*4 7,971,178

18.0 56,837,333 39.855,889 117.*4*4 166.35 109.17 7,17*4,060

16.0 56,01*0,215 39,855,889 1 1 5 . 9 2 163.9*4 107.89 6,376,9*42

1*4.0 55,261,216 39,970,270 ll*4.*4l 161.57 106.56 5,595,838

12.0 5 6 , 6 2 6 ,8 5 6 *41 , 5 *1 6 , 85*4 112.63 159.29 105.26 *4,985,622

10.0 53,593,919 *4 1 , 5 *4 6 , 85*4 110.72 157.0*4 103.97 *4,15*4,685

8.0 52,762,981 *4 1 , 5 *1 6 , 85*4 108.81 15*4.79 102.68 3,323,7*48

6 .0 51,932,066 *41 ,5*46,85*4 106.90 152.5*4 101.39 2,*4 9 2 ,811

5.9 51,890,656 *41 ,639, 1*42 106.81 152.43 101.33 2**456,709

*4. *4 51,265,869 *4 1 ,639,1*42 105.37 150.7*4 100.36 1,832,122

*4.3 51,226,209 *41 ,660,69*4 105.28 150.62 100.29 1,791 ,*410

*4.2 51,182,568 *41 ,660,69*4 105.18 150.51 100.23 1,7*49,7*49

*4.1 51,160,633 *42,*453,730 105.09 150. *40 100.16 1 ,7*40,603



Table 11-2, (co n t'd .)

Return on Investment 
(per cent)

Total
Cost Investment

Costa
N

Costa

P2°5

Costa

V Returns

4.0 51,098,180 1*2,1+53,730 104.99 150.28 100.10 1,698,149

2.0 50,21+7,079 1+2,604,192 103.08 148,02 98.79 852,084

0.0 1*9,394,995 1+2,604,192 101.17 11*5.75 97.48 -0 -

-2 .0 1+8,542,911 42,604,192 99.26 143.48 96.17 -852,084

a Incremental cost per ton.
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o f  s u p p ly in g  M ic h ig a n  would be o n l y  $ 5 0 , 2 4 7 , 0 7 9 .  T h i s  would  amount  

t o  a s a v in g s  o f  n e a r l y  7 . 4  m i l l i o n  d o l l a r s  as compared t o  th e  s h o r t  

run  o p t i m a l  o r g a n i z a t i o n  a s s o c i a t e d  w i t h  2 0 . 0  per  c e n t  r e t u r n  on 

i n v e s t e d  c a p i t a l .  More i m p o r t a n t l y ,  th e  c o s t  s a v in g s  o v e r  th e  

c u r r e n t  o r g a n i z a t i o n  is  $ 2 1 , 1 9 8 , 5 8 8 ,  o r  more th a n  4 2  per  c e n t  o f  th e  

t o t a l  c o s t  o f  t h e  s h o r t  run o p t i m a l  o r g a n i z a t i o n  w i t h  2 . 0  p e r  c e n t  

r e t u r n  on in v e s tm e n t .  T h u s ,  M ic h i g a n  fa r m e r s  c o u ld  save o v e r  21 

m i l l i o n  d o l l a r s  i f  th e  f e r t i l i z e r  i n d u s t r y  would s h i f t  t o  th e  s h o r t  

run optimum i n d u s t r y  o r g a n i z a t i o n  w i t h  a r e t u r n  on in v e s tm e n t  compa­

r a b l e  t o  t h a t  c u r r e n t l y  b e in g  e a r n e d  in  the  i n d u s t r y .

A r e t u r n  o f  o n l y  2 . 0  per  c e n t  on in v e s tm e n t  i s  d e f i n i t e l y  not  

v e r y  a t t r a c t i v e .  B u t ,  even when com par ison is  made w i t h  a more 

a t t r a c t i v e  r e t u r n  o f ,  s a y ,  1 0 .0  per  c e n t ,  th e  c o s t  s a v in g s  o f  th e  

s h o r t  run o p t im a l  i n d u s t r y  o r g a n i z a t i o n  ( w i t h  1 0 .0  p e r  c e n t  r e t u r n  

on in v e s tm e n t )  i s  s t i l l  n e a r l y  18 m i l l i o n  d o l l a r s  when compared t o  

th e  c u r r e n t  i n d u s t r y  o r g a n i z a t i o n .  The p r o s p e c t  o f  making more than  

a f i v e  f o l d  i n c r e a s e  in  th e  r a t e  o f  r e t u r n  on in v e s t m e n t  shou ld  p r o ­

v i d e  c o n s i d e r a b l e  impetus t o  th e  i n d u s t r y  p a r t i c i p a n t s  t o  s h i f t  to  

th e  s h o r t  run  o p t i m a l  o r g a n i z a t i o n .  A t  t h e  same t i m e ,  t h e  M ic h ig a n  

f a r m e r s  would  be r e c e i v i n g  a r e d u c t i o n  o f  n e a r l y  25 p e r  c e n t  in  t h e i r  

f e r t i l i z e r  b i l l ,  i f  th e  i n d u s t r y  was o r g a n i z e d  o p t i m a l l y  w i t h  10 . 0  

per  c e n t  r e t u r n  on in v e s tm e n t .

T u r n in g  t o  th e  s e n s i t i v i t y  o f  th e  t h r e e  b a s i c  n u t r i e n t s ,  we see  

f rom  T a b l e  I 1-1 t h a t  p o ta s s iu m  e x p e r i e n c e d  t h e  l e a s t  change in  i n ­

c r e m e n ta l  c o s t  pe r  to n  th r o u g h o u t  t h e  range o f  r e t u r n s  i n v e s t i g a t e d .  

When r e t u r n s  were  2 0 . 0  p e r  c e n t ,  t h e  in c r e m e n ta l  c o s t  per  to n  o f  1 ^ 0  

was $ 1 1 0 . 4 4 ;  w h e r e a s ,  i t  f e l l  by $ 1 4 . 2 7  t o  $9 6 .1 7  when r e t u r n s  on i n ­
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ve s tm e n t  w e n t  t o  - 2 . 0  p e r  c e n t .  P h o sp h a te ,  th e  most s e n s i t i v e  t o  

changes in  th e  r a t e  o f  r e t u r n  on in v e s t m e n t ,  had an in c r e m e n ta l  c o s t  

o f  $ 1 6 8 , 7 5  c o r r e s p o n d in g  t o  2 0 . 0  p e r  c e n t  r e t u r n s  and $ l * t 3 . i*8 p e r  ton  

o f  ^2^5 w*ien  r e t u r n s  dropped t o  - 2 . 0  per  c e n t .  T h i s  change in  i n ­

c re m e n ta l  c o s t  per  ton  is  $ 2 5 . 2 7 .  Over  th e  same range  o f  r a t e s  o f  

r e t u r n ,  n i t r o g e n  had a change in  in c r e m e n ta l  c o s t  o f  $ 1 9 .7 0  p e r  t o n ,  

f rom $ 1 1 8 . 9 6  t o  $ 9 9 . 2 6 .

A l th o u g h  th e  change in  the  in c r e m e n ta l  c o s t  o f  n i t r o g e n  was w i t h ­

in  the  e x t r e m e s  s e t  by po ta s h  and p h o s p h a te ,  most changes in  the  s h o r t

run o p t i m a l  o r g a n i z a t i o n  i n v o l v e  th e  n i t r o g e n  segment o f  th e  i n d u s t r y .  

T h i s  r e s u l t s  f rom  th e  im p o r t a n t  r o l e  o f  n i t r o g e n  a n d ,  in  p a r t i c u l a r ,  

anhydrous ammonia, in  th e  i n d u s t r y .  Anhydrous ammonia i s  d i r e c t l y  o r  

i n d i r e c t l y  i n v o l v e d  w i t h  n e a r l y  e v e r y  n i t r o g e n  p r o d u c t  in  t h e  m ode l .

In  a d d i t i o n ,  i t  i s  r e l a t i v e l y  im p o r t a n t  in  th e  p r im a r y  phosphate  

p r o d u c t s ,  such as monoammonium and diammonium p h o s p h a te .  T h u s ,  changes  

in  the  n i t r o g e n  segment can o c c u r  as the  r e s u l t  o f  impetus o u t s i d e  

t h a t  segm ent .  L e t  us now exam ine th e  i m p l i c a t i o n s  o f  th e  e f f e c t s  o f  

v a r i o u s  r a t e s  o f  r e t u r n  on in v e s t m e n t .

R e c a l l  t h a t  in  th e  s h o r t  r u n ,  o n l y  e x i s t i n g  f a c i l i t i e s  were

a l lo w e d  t o  be used .  C o n s e q u e n t ly ,  th e  p r e c e e d in g  changes in  the  s h o r t

run optimum i n d u s t r y  o r g a n i z a t i o n  a f f e c t  o n l y  e x i s t i n g  f a c i l i t i e s .

So,  any changes in  in v e s tm e n t  have a d i r e c t  e f f e c t  upon the  number 

and v a l u e  o f  i d l e d  f a c i l i t i e s .  W i t h  th e  1970 A c tu a l  o r g a n i z a t i o n  o f  

th e  i n d u s t r y ,  o v e r  75 m i l l i o n  d o l l a r s  were in v e s t e d  in  the  i n d u s t r y  

(A p p e n d ix  A ,  T a b l e  A - 3 2 ) ; w h e r e a s ,  th e  s h o r t  run  optimum i n d u s t r y  

o r g a n i z a t i o n  had in v e s tm e n t  r a n g in g  f rom  * f2 .6  t o  3 9 . 8  m i l l i o n  d o l l a r s  

( T a b l e  1 1 - 2 ) .  T h i s  im p l ie s  t h a t  th e  l e v e l  o f  in v e s tm e n t  in  t h e  s h o r t
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run would  be o n l y  53 t o  57 p e r  c e n t  o f  t h e  e x i s t i n g  f a c i l i t i e s ,  de­

pend ing  upon th e  r a t e  o f  r e t u r n  on in v e s t m e n t .  T h u s ,  th e  r a t e  o f  

r e t u r n  on in v e s tm e n t  had v e r y  l i t t l e  e f f e c t  on the  l e v e l  o f  t o t a l  

in v e s tm e n t  in  th e  s h o r t  run  o p t i m a l  i n d u s t r y  o r g a n i z a t i o n .

T o t a l  in v e s tm e n t  changed v e r y  l i t t l e ,  r e l a t i v e  t o  e i t h e r  t o t a l  

c o s t  o r  r e t u r n s  on i n v e s t m e n t .  As e x p e c t e d ,  t o t a l  in v e s tm e n t  was a t  

i t s  lo w e s t  when r e t u r n  on in v e s tm e n t  was 2 0 . 0  per  c e n t .  The 

$ 3 9 * 8 5 5 , 8 8 9  in v e s t e d  a t  t h a t  r a t e  was o n l y  $ 2 , 7 4 8 , 3 0 3  l e s s  th a n  the  

$ 4 2 , 6 0 4 , 1 9 2  in v e s t e d  a t  - 2 . 0  p e r  c e n t  ( T a b l e  1 1 - 2 ) .  T o t a l  c os t  

changed by o v e r  9 m i l l i o n  d o l l a r s  and r e t u r n s  on in v e s tm e n t  changed 

by o v e r  8 . 8  m i l l i o n  d o l l a r s  th r o u g h o u t  th e  range o f  r a t e s  o f  r e t u r n  

on i nves tment exam i ned .

These l a s t  two f i g u r e s  i n d i c a t e  t h a t  o v e r  97 p e r  c e n t  o f  th e  

change in  t o t a l  c o s t  can be d i r e c t l y  a t t r i b u t e d  t o  t h e  change in  the  

r e t u r n s  on in v e s t m e n t .  T h u s ,  t h e  in v e s tm e n t  a s s o c i a t e d  w i t h  h ig h  

r e t u r n s  is  v e r y  s l i g h t l y  le s s  e f f i c i e n t  in  th e  use o f  o t h e r  f a c t o r s  

c o n t r i b u t i n g  to  t o t a l  c o s t  th a n  i s  th e  in v e s tm e n t  c o r r e s p o n d in g  to  

low r e t u r n s .  C o n s e q u e n t ly ,  i f  t h e  i n d u s t r y  o r g a n i z a t i o n  was m a in ta in e d  

as t h a t  c o r r e s p o n d in g  t o  2 0 . 0  p e r  c e n t  r e t u r n  on in v e s t m e n t ,  then  v e r y  

l i t t l e  p o t e n t i a l  c o s t  s a v in g s  would  be f o r e g o n e  as compared t o  a l l o w ­

ing th e  i n d u s t r y  o r g a n i z a t i o n  t o  change .  I f ,  f o r  e x a m p le ,  th e  o p t im a l  

o r g a n i z a t i o n  c o r r e s p o n d in g  t o  2 0 . 0  p e r  c e n t  r e t u r n  on in v e s tm e n t  were  

used f o r  a l l  r a t e s  o f  r e t u r n ,  th e n  t h e  o n l y  change in  t o t a l  c o s t  would  

be t h a t  a s s o c i a t e d  w i t h  the  change in  t o t a l  r e t u r n s .  C o n s e q u e n t ly ,  i f  

we s u b s t r a c t  t h e  $ 7 , 9 7 1 , 1 7 8  r e t u r n s  t o  i n v e s t m e n t ,  a s s o c i a t e d  w i t h

2 0 . 0  per  c e n t  r e t u r n s ,  f rom  i t s  a s s o c i a t e d  t o t a l  c o s t  o f  $ 5 7 , 6 3 4 , 4 4 5 ,  

we g e t  $ 4 9 , 6 6 3 , 2 6 7 .  T h i s  would  be t h e  t o t a l  c o s t  c o r r e s p o n d in g  to
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t h e  o p t im a l  i n d u s t r y  o r g a n i z a t i o n  a s s o c i a t e d  w i t h  2 0 . 0  p e r  c e n t  r e ­

t u r n  on i n v e s t m e n t ,  b u t  w i t h  a z e r o  r e t u r n .  Comparing t o t a l  c o s t  t o  

t h a t  o f  t h e  o p t i m a l  i n d u s t r y  o r g a n i z a t i o n  a s s o c i a t e d  w i t h  z e r o  per  

c e n t  r e t u r n  on i n v e s t m e n t ,  we see t h a t  o n l y  $ 2 6 8 , 2 7 2  would  be saved  

by c h a n g in g  t h e  o r g a n i z a t i o n  o f  t h e  i n d u s t r y .  T h i s  s a v in g s  would  

amount to  l e s s  th a n  s i x - t e n t h s  o f  one per  c e n t  o f  th e  t o t a l  c o s t .

Even le s s  d i f f e r e n c e  in  t o t a l  c o s t  c o u ld  be o b t a i n e d  by m a i n t a i n ­

ing the  o r g a n i z a t i o n  deno ted  by C o n s t r a i n e d  Optimum. I t  i s  e x a c t l y  

t h a t  o r g a n i z a t i o n  a s s o c i a t e d  w i t h  r a t e s  o f  r e t u r n  on in v e s tm e n t  r a n g ­

ing from 6 . 0  p e r  c e n t  to  1 2 .0  p e r  c e n t ,  i n c l u s i v e  (A p p e n d ix  B and 

T a b l e  I 1 - 1 ) .  By m a i n t a i n i n g  t h i s  o r g a n i z a t i o n ,  a r e t u r n  o f  z e r o  per  

c e n t  on in v e s tm e n t  w o u ld  im p ly  a lo s s  o f  p o t e n t i a l  c o s t  s a v in g s  o f  

o n l y  $ 4 4 , 2 3 8 ,  w h ic h  i s  c o n s i d e r a b l y  le s s  than o n e - t e n t h  o f  one p e r  

c e n t  o f  t o t a l  c o s t .  C o n s t r a i n e d  Optimum o r g a n i z a t i o n  w i t h  2 0 . 0  per  

c e n t  r e t u r n  on in v e s tm e n t  would  have a t o t a l  c o s t  o f  $ 5 7 , 7 4 8 , 6 0 4 ,  

which is  o n l y  $ 1 1 4 , 1 5 9  more th a n  th e  o p t i m a l  o r g a n i z a t i o n  c o r r e s p o n d ­

ing t o  2 0 . 0  per  c e n t  r e t u r n  on in v e s t m e n t .  T h i s  amounts to  l e s s  than  

t w o - t e n t h s  o f  one p e r  c e n t  o f  t o t a l  c o s t .  T h u s ,  we see t h a t  th e  

C o n s t r a i n e d  Optimum i n d u s t r y  o r g a n i z a t i o n  i s  e x t r e m e l y  e f f i c i e n t  ( i n  

te rm s o f  m i n i m i z i n g  t o t a l  c o s t )  o v e r  a c o n s i d e r a b l e  range  o f  r a t e s  o f  

r e t u r n  on i n v e s t m e n t .  More i m p o r t a n t l y ,  i t  i s th e  o p t i m a l  o r g a n i z a ­

t i o n  o v e r  a range  o f  r a t e s  o f  r e t u r n  f rom  6 . 0  p e r  c e n t  t o  1 2 .0  per  

c e n t ,  i n c l u s i v e .  T h i s  range o f  r a t e s  o f  r e t u r n  on in v e s tm e n t  would  

s u r e l y  be a c c e p t a b l e  t o  th e  i n d u s t r y  p a r t i c i p a n t s ,  e s p e c i a l l y  in  v ie w  

o f  t h e i r  c u r r e n t  r e t u r n s .

We have seen t h a t  t o  have th e  minimum c o s t  i n d u s t r y  o r g a n i z a t i o n  

in  th e  s h o r t  r u n ,  o v e r  v a r i o u s  r a t e s  o f  r e t u r n  on in v e s t m e n t ,  i m p l i e s
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A t  the  same t i m e ,  h o w e ve r ,  we have seen t h a t  th e  C o n s t r a i n e d  Optimum 

o r g a n i z a t i o n  is  v e ry  n e a r l y  th e  m in im al  c o s t  o r g a n i z a t i o n  th r o u g h o u t  

t h e  range o f  r a t e s  o f  r e t u r n  on in v e s tm e n t  ex am in e d .  The use o f  t h a t  

o r g a n i z a t i o n  in  the  s h o r t  run i m p l i e s  v e r y  smal l  lo s s e s  o f  p o t e n t i a l  

c o s t  s a v in g s  as compa red  t o  th e  o p t i m a l  o r g a n i z a t i o n s  o v e r  th e  range  

o f  r a t e s  i n v e s t i g a t e d .

I m p l i c a t i o n s  o f  t h e  O p t im a l  S h o r t  Run O r g a n i z a t i o n

The q u a n t i t y  o f  N, P2 ^ 5 ' ane* ^2^ usec* ' n M ic h ig a n  in  1970 c ou ld  

have been s u p p l i e d  w i t h  t h e  e x i s t i n g  i n d u s t r y  f a c i l i t i e s  a t  a con­

s i d e r a b l e  c o s t  s a v in g s  t o  th e  M ic h i g a n  f a r m e r s .  In  o r d e r  t o  r e a l i z e  

t h i s  c o s t  s a v i n g s ,  a number o f  changes would need to  be made in  th e  

s u p p ly  and use p a t t e r n s .

The f o l l o w i n g  i s  a l i s t  o f  th e  m a jo r  changes t h a t  would  be nec ­

e s s a r y  t o  b r i n g  a bou t  th e  a f o r e m e n t i o n e d  c o s t  s a v in g s :

1. In c r e a s e d  use o f  t h e  e x i s t i n g  anhydrous ammonia p r o d u c t io n  

f a c i l i t i e s  in  M i c h i g a n ,  w i t h  d i r e c t  a p p l i c a t i o n  u t i l i z i n g  t h i s  produc  

t  io n ;

2 .  D ec re a se d  NH^ r e t a i l i n g  f a c i l i t i e s ,  w i t h  the  r e t a i l i n g

f u n c t i o n  b e in g  p e r fo rm e d  p r i m a r i l y  by NH^ p r o d u c e r s ;

3 .  In c r e a s e d  p r o d u c t i o n  ard use o f  monoammonium phosphate  and

g r a n u l a r  p o ta s s iu m  c h l o r i d e ;

tf. E l i m i n a t i o n  o f  d ry  bagged and l i q u i d  f e r t i l i z e r s ;

5 .  A s h i f t  in  th e  p e r fo rm a n c e  o f  d r y  f e r t i l i z e r  r e t a i l i n g  a c t i v

i t i e s  from t h e  r e t a i l e r  to  t h e  p r o c e s s o r ;
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6 .  A d e c re a s e  in  the  number o f  s m al l  d r y  b l e n d e r s  and a c o r r e ­

sponding in c r e a s e  in  t h e  number o f  l a r g e  b l e n d e r s ;  and ,

7 .  An e l i m i n a t i o n  o f  suboptimum p r o d u c t s .

These  changes have i m p l i c a t i o n s  f o r  s e v e r a l  groups p a r t i c i p a t i n g  

in  t h e  i n d u s t r y .  The f o l l o w i n g  p a ra g ra p h s  c o n t a i n  d i s c u s s io n s  o f  

some o f  th e  im p o r t a n t  i m p l i c a t i o n s .

The e x i s t i n g  c a p a c i t y  t o  produce  anhydrous  ammonia i n  M ic h i g a n  

i s  b e in g  u n d e r - u t i l i z e d .  The t o t a l  e x i s t i n g  c a p a c i t y  c o u ld  be used 

t o  produce NH^ f o r  d i r e c t  a p p l i c a t i o n ;  w h e r e a s ,  a r e d u c t i o n  in  th e  

s u p p ly  o f  NHg coming f rom  th e  G u l f  C oast  p r o d u c e r  i s  i n d i c a t e d  in  

th e  a n a l y s i s .

From a t e c h n o l o g i c a l  v i e w p o i n t ,  th e  p i s t o n  t y p e  NH^ t e c h n o l o g y  

a p p e a rs  t o  be i n e f f i c i e n t  r e l a t i v e  t o  th e  c e n t r i f u g a l  t e c h n o l o g y .

T h i s  i s  i n d i c a t e d  by t h e  co m p le te  shut-down o f  t h e  p i s t o n  com pressor  

in  t h e  M idw est  w h i l e  t h e  c e n t r i f u g a l  compressor o u t p u t  is  m a i n t a i n e d  

a t  n e a r l y  c o n s ta n t  p r o d u c t i o n  l e v e l  when com par ing  1970 A c t u a l  and  

C o n s t r a i n e d  Optimum.

O t h e r  n i t r o g e n  p r o d u c e r s  a r e  e i t h e r  shut-down o r  produce a t  

g r e a t l y  reduced l e v e l s  in  th e  C o n s t r a i n e d  Optimum o r g a n i z a t i o n .  The  

o n l y  e x c e p t i o n  t o  t h i s  i s  th e  case o f  n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s  

p r o d u c e r s ;  t h e i r  o u t p u t  in  th e  s h o r t  run optimum s i t u a t i o n  i s  s l i g h t l y  

h i g h e r  th a n  under  e x i s t i n g  c o n d i t i o n s .  Hence,  in  the s h o r t  r u n ,  r e ­

o r g a n i z a t i o n  o f  th e  i n d u s t r y  i n  a minimum c o s t  f ra m e w o rk  w ould  i d l e  

numerous n i t r o g e n o u s  f e r t i l i z e r  p r o d u c e r s .  I t  can be co n c lu d e d  t h a t  

in v e s tm e n t  in  th e s e  s u b o p t im a l  f a c i l i t i e s  would  be no lo n g e r  d e s i r e d .  

T h e r e f o r e ,  i f  such a r e o r g a n i z a t i o n  were  t o  be made, f i r m s  c u r r e n t l y  

p ro d u c in g  such p r o d u c ts  as aqueous ammonia and u re a  m igh t  s e e k  t o
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e i t h e r  s c ra p  t h e i r  f a c i l i t i e s  o r  c o n v e r t  them i n t o  t h e  p r o d u c t io n  o f  

o t h e r  optimum p r o d u c t s .  T h i s  l a t t e r  a l t e r n a t i v e ,  how ever ,  is  n o t  

v e r y  p r a c t i c a l ,  ow ing  t o  th e  s p e c i a l i z e d  n a t u r e  o f  f e r t i l i z e r  p rod uc­

t i o n  te c h n o lo g y .

In  the  ph osphate  s e c t o r ,  a com par ison  o f  1970 A c t u a l  and Con­

s t r a i n e d  Optimum sug g es ts  t h a t  monoammonium and diammonium phosphate  

a r e  more e f f i c i e n t  s ources  o f  ph osphate  tha n  r o c k  phosphate  o r  t r i p l e  

o r  normal s u p e r p h o s p h a te .  Accompanying t h i s  s h i f t  t o  ammoniated  

p h osphates  is  th e  t r e n d  tow ards  r e l o c a t i o n  o f  phosphate  p r o c e s s in g  

f a c i l i t i e s  c l o s e r  t o  the  F l o r i d a  r o c k  m in e s .

Phosphate p r o d u c e r s  c o u ld  c l o s e  t h e i r  normal a n d / o r  t r i p l e  s u p e r ­

phosphate  f a c i l i t i e s  in  the  M id w e s t  in  o r d e r  t o  m in i m i z e  t o t a l  c o s t  

t o  t h e  M ic h ig a n  f a r m e r .  The e x i s t i n g  c a p a c i t y  in  F l o r i d a  c o u ld  be 

u t i l i z e d  more h e a v i l y  f o r  the  p r o d u c t i o n  o f  monoammonium p h o s p h a te .

G r a n u la r  and r u n - o f - m i n e  p o ta s s iu m  c h l o r i d e  a p p e a r  t o  be more 

econom ica l  th a n  t h e  s ta n d a r d  and c o a r s e  grades  o f  p o ta s h .  I t  would  

n o t  be e x t r e m e l y  d i f f i c u l t  f o r  t h e  p o ta s s iu m  p ro d u c e rs  t o  a l t e r  t h e i r  

s c r e e n i n g  p rocess  t o  produce th e  a p p r o p r i a t e  q u a n t i t i e s  o f  g r a n u l a r  

and run  o f  mine p o ta s s iu m .

F u r t h e r m o r e ,  a change in  t h e  m a r k e t i n g  o f  p o ta s h  p r o d u c ts  needs  

t o  be made in  t h e  q u e s t  f o r  minimum t o t a l  c o s t .  The t r a d i t i o n a l  po ta s h  

r e t a i l e r s  a r e  e l i m i n a t e d  in  th e  s h o r t  run  optimum o r g a n i z a t i o n .  A l l  

p o ta s h  is  mixed w i t h  o t h e r  f e r t i l i z e r  p r o d u c ts  p r i o r  t o  a p p l i c a t i o n ,  

g i v e n  the  C o n s t r a i n e d  Optimum o r g a n i z a t i o n .

tn th e  t r a n s p o r t a t i o n  s e c t o r  o f  t h e  i n d u s t r y ,  s e v e r a l  i m p o r t a n t  

i m p l i c a t i o n s  a r i s e  as  th e  r e s u l t  o f  r e o r g a n i z a t i o n  t o  m in im iz e  t o t a l  

c o s t .
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The in c r e a s e  in  phosphate  p r o d u c t i o n  in F l o r i d a  w i l l  r e q u i r e  

a d d i t i o n a l  r a i l  c a r s  f o r  t r a n s p o r t i n g  ammoniated phosphate  p r o d u c ts  

t o  M i c h i g a n .  In  1970 A c t u a l ,  p h o s p h o r ic  a c i d  was b e in g  s h ip ped  t o  

th e  M id w e st  and M i c h i g a n  f o r  th e  p r o d u c t i o n  o f  p h o s p h a t ic  f e r t i l i z e r s .  

Under t h e  s h o r t  run optimum o r g a n ! z a t i o n , ammonia t h a t  was p r e v i o u s l y  

g o in g  f ro m  t h e  G u l f  Coast  to  t h e  M id w e s t  and M ic h i g a n  f o r  p r o c e s s in g  

and d i r e c t  a p p l i c a t i o n  w i l l  be p a r t i a l l y  r e d i r e c t e d  t o  F l o r i d a  f o r  

t h e  m a n u fa c tu r e  o f  ammoniated phosphate  p r o d u c t s .  T h e r e f o r e ,  a d d i ­

t i o n a l  h o p p e r -b o t to m  c a r s  w i l l  be n e c e s s a r y  t o  t r a n s p o r t  th e s e  phos­

p h ate  p r o d u c t s  t o  M i c h i g a n .

The s h i f t  o f  anhydrous  ammonia p r o d u c t io n  away f rom  the  G u l f  

C oast  i m p l i e s  t h a t  t h e r e  w i l l  be a d e c re a s e d  need f o r  t a n k  c a rs  f o r  

t r a n s p o r t i n g  NHj n o r t h .  However ,  a t  t h e  same t im e  t h e r e  w i l l  be an 

i n c r e a s e d  usage o f  p i p e l i n e  f a c i l i t i e s  t o  b r i n g  n a t u r a l  gas f rom  th e  

G u l f  C oast  i n t o  M ic h i g a n  f o r  NHj p r o d u c t i o n .

E l i m i n a t i o n  o f  t h e  anhydrous ammonia r e t a i l e r  and t h e  in c r e a s e d  

usage o f  d i r e c t  a p p l i c a t i o n  o f  NH^ c a l l s  f o r  more t r u c k i n g  o f  NH^ 

o v e r  l o n g e r  d i s t a n c e s .  Anhydrous ammonia is  t r u c k e d  f rom  th e  M idwest  

p r o d u c e r  t o  t h e  fa rm  in  th e  s h o r t  run  optimum i n d u s t r y  o r g a n i z a t i o n ;  

w h e r e a s ,  under th e  c u r r e n t  o r g a n i z a t i o n  o f  th e  i n d u s t r y ,  NH3 i s  

s h ip ped  by r a i l  f rom  t h e  M idw est  p r o d u c e r  to  t h e  M ic h ig a n  p r o c e s s o r s .  

C o n s e q u e n t ly ,  C o n s t r a i n e d  Optimum w o u ld  im ply  a d e c r e a s e d  usage o f  

r a i l  and in c r e a s e d  usage o f  t r u c k  t r a n s p o r t a t i o n  o f  NH^.

F arm ers  s ta n d  t o  b e n e f i t  th e  most from a s h o r t  run optimum o r g a ­

n i z a t i o n  o f  th e  i n d u s t r y .  A l th o u g h  fe w e r  p r o d u c ts  w i l l  be a v a i l a b l e ,  

t h e r e  w i l l  be a v e r y  s u b s t a n t i a l  c o s t  s a v in g s  f o r  th o s e  fa rm e r s  t h a t  

can r e a d i l y  s w i t c h  t o  t h e  optimum p r o d u c t s .
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T h e r e  a r e ,  h o w e ve r ,  some a d d i t i o n a l  c o s ts  f o r  th o s e  fa r m e r s
o

c u r r e n t l y  u s in g  l i q u i d  f e r t i l i z e r s .  S in c e  l i q u i d s  would  no lo n g e r  

be p ro d u c e d ,  i t  would  become n e c e s s a r y  f o r  a c o n v e r s io n  to  be made 

to  d r y  p r o d u c t s .  L i q u i d s  have d i f f e r e n t  h a n d l i n g  and a p p l i c a t i o n  

e qu ipm en t  th a n  t h a t  used f o r  d r y  f e r t i l i z e r s .  C o n s e q u e n t ly  fa r m e r s  

c u r r e n t l y  u s in g  l i q u i d s  w i l l  f i n d  i t  c o s t l y  t o  c o n v e r t  to  d r y  p r o d u c t s .  

T h i s  c o s t  has n o t  been acco u n te d  f o r  in  t h e  m odel .

In  p r a c t i c a l i t y ,  i t  i s  d o u b t f u l  t h a t  t h e r e  would  be an im m edia te  

shut-down o f  a l l  l i q u i d  p l a n t s .  T h e r e f o r e ,  f a rm e r s  t h a t  a r e  c u r r e n t l y  

u s in g  l i q u i d s  c o u ld  (and s h o u ld )  c o n t i n u e  t o  do so in  th e  s h o r t  r u n .

As t h e i r  e qu ipm ent  d e p r e c i a t e s  and l i q u i d  p l a n t s  c l o s e ,  t h e y  shou ld  

make th e  c o n v e r s io n  t o  d r y  p r o d u c t  h a n d l i n g  e q u ip m e n t .

Summary

The C o n s t r a in e d  Optimum s o l u t i o n  i s  c o m p le t e ly  i n s e n s i t i v e  t o  

change in  th e  wage r a t e  o v e r  t h e  range  o f  r a t e s  e x a m in e d .  I t  was the  

s h o r t  run optimum o r g a n i z a t i o n  f o r  r a t e s  o f  r e t u r n  f ro m  6 . 0  per  c e n t  

t o  1 2 .0  per  c e n t ,  i n c l u s i v e .  For  r a t e s  o f  r e t u r n  l e s s  th a n  6 . 0  per  

c e n t ,  i t  was su b o p t im a l  by le s s  th a n  o n e - t e n t h  o f  one per  c e n t  o f  th e  

t o t a l  c o s t  o f  th e  o p t im a l  o r g a n i z a t i o n ,  d e s p i t e  t h e  m u l t i t u d e  o f  

o r g a n i z a t i o n a l  changes n e c e s s a r y  t o  o b t a i n  o p t i m a l i t y .

O f  t h e  t h r e e  n u t r i e n t s ,  phosphate  is  th e  most s e n s i t i v e ,  in  

terms o f  c h a rg e  in  in c r e m e n ta l  c o s t  p e r  t o n ,  to  changes in  th e  r a t e  

o f  r e t u r n  on in v e s t m e n t .  Potass ium  is  t h e  l e a s t  s e n s i t i v e .

See H en de rso n ,  D e n n is  R . ,  " F e r t i l i z e r  Consumption and I n d u s t r y  
A d j u s t m e n t , "  u n p u b l is h e d  Ph.D.  t h e s i s ,  M ic h ig a n  S t a t e  U n i v e r s i t y ,  
pp. 9 5 - 1 0 5 ,  f o r  a d e t a i l e d  a n a l y s i s  o f  th e s e  a d d i t i o n a l  c o s t s .
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The anhydrous  arm o n ia  r e t a i l i n g  f u n c t i o n  i s  r a t h e r  s e n s i t i v e  t o  

changes in  t h e  r e t u r n  on in v e s t m e n t .

In g e n e r a l , th e  C o n s t r a i n e d  Optimum o r g a n i z a t i o n  o f  th e  i n d u s t r y  

i s  a d e s i r a b l e  goal f o r  i n d u s t r y  p a r t i c i p a n t s .  I t s  p r im a r y  a d v a n ta g e  

i s  t h a t  o f  s u b s t a n t i a l  p o t e n t i a l  c o s t  s a v i n g s .  A t  th e  same t i m e ,  

some p ro d u c e r s  and r e t a i l e r s  would be c o m p l e t e l y  e l i m i n a t e d  by an 

immediate  s w i t c h  t o  th e  C o n s t r a i n e d  Optimum o r g a n i z a t i o n .  In  a d d i t i o n ,  

th o s e  f a r m e r s  c u r r e n t l y  u s i n g  l i q u i d  p r o d u c ts  w o u ld  in c u r  a d d i t i o n a l  

h a n d l in g  and a p p l i c a t i o n  c o s t s ,  owing to  th e  d i f f e r e n c e s  in  p h y s i c a l  

c h a r a c t e r i s t i c s  between d r y  and l i q u i d  f e r t i l i z e r s .

From a p r a c t i c a l  s t a n d p o i n t ,  a c o m p le te  and im mediate  s w i t c h  

to  t h e  C o n s t r a i n e d  Optimum o r g a n i z a t i o n  is  no t  d e s i r a b l e .  New and  

n e a r l y  new in v e s tm e n t  in  e q u ip m e n t  and f a c i l i t i e s  f o r  h a n d l i n g  and 

p r o c e s s in g  p r o d u c ts  t h a t  a r e  subo pt im a l  in  t h e  C o n s t r a i n e d  Optimum 

s o l u t i o n ,  s h o u ld  be used u n t i l  th e y  a r e  d e p r e c i a t e d .  A t  th e  same 

t i m e ,  f a r m e r s  c u r r e n t l y  u s in g  th e s e  su b o p t im a l  p ro d u c ts  can b e g in  t o  

change to  t h e  o p t im a l  o n e s .



CHAPTER I I I

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

The Im pact  o f  A l t e r n a t i v e  Wage R a te s  in  the  Long Run

The a n a l y s i s  o f  the  im pact  o f  wage r a t e s  on t h e  Optimum i n d u s t r y  

o r g a n i z a t i o n  f o l l o w s  t h e  fo r m a t  used f o r  the  c o n s t r a i n e d  optimum  

o r g a n i z a t i o n .  S in c e  th e  N, P20 ^ ,  and K2O c o n s t r a i n t s  a r e  t h e  same in  

b o th  th e  s h o r t  and lo ng  r u n s ,  a com par ison  o f  Optimum, C o n s t r a i n e d  

Optimum and 1970 A c t u a l  can be made. U n l i k e  th e  C o n s t r a i n e d  Optimum 

m o d e l ,  th e  Optimum model a l l o w e d  t h e  pu rc h a s e  o f  t h o s e  f a c i l i t i e s  

t h a t  would m in i m i z e  t o t a l  c o s t ,  r e g a r d l e s s  o f  w h e th e r  o r  n o t  th e  

f a c i l i t i e s  c u r r e n t l y  e x i s t .  T h u s ,  f a c i l i t i e s  were n o t  r e s t r i c t e d  t o  

c u r r e n t  c a p a c i t y  as was t h e  case  in  th e  s h o r t  run a n a l y s i s .

The wage r a t e  was ranged  from $ 3 . 0 0  t o  $ 6 . 5 0  per  m a n -h o u r ,  j u s t  

as in  t h e  s h o r t  run  a n a l y s i s .  However ,  t h i s  t im e  changes in  th e  

o p t i m a l  o r g a n i z a t i o n  o c c u r r e d  a t  wage r a t e s  o f  $ 3 .7 5  end $ 5 . 0 0  

(A p p e n d ix  C ) . The t o t a l  c o s t  ranged f rom  4 7 , 8 8 6 , 6 8 9  d o l l a r s  t o  

4 9 , 2 5 8 , 6 7 3  d o l l a r s ,  c o r r e s p o n d in g  t o  wage r a t e s  o f  $ 3 . 0 0  and $6 . 5 0 , 

r e s p e c t i v e l y  ( T a b l e  l l l - l ) .

T h i s  in c r e a s e  o f  n e a r l y  1 . 4  m i l l i o n  d o l l a r s  was o v e r  200 thousand  

d o l l a r s  l e s s  t h a n  th e  i n c r e a s e  e x p e r i e n c e d  d u r i n g  e x a m i n a t i o n  o f  

C o n s t r a i n e d  Optimum.

The number o f  m an-hours  u t i l i z e d  a t  a wage o f  $ 3 . 0 0  was 4 1 6 , 1 0 2

59



Table 111-1. The impact of wages in the long run

Total
Wage Rate Cost

(Dollars/man-hour) (Dollars)

3,00 47,886.689

3.25 47,990.714

3.50 48,094.739

3.75 48,198,377

if .00 48,297,764

if. 25 48,397,150

4.50 48,496,536

4.75 48,595,922

5.00 48,695,129

5.25 48,789,053

5.50 48,882,977

5.75 48,976,901

Man-
Hours
Labor

Cost3
N

Cost3

P2°5

Cost0

K2°

416,102 87.74 146,28 91.41

416,102 87.79 146.84 91.54

416,102 87.83 147.39 9 1 . 6 6

397,545 87.88 147.94 91.79

397,545 87.92 148.36 91.91

397,545 87.97 148.79 92.04

397,545 88.02 149.21 92.16

397,545 8 8 .0 6 149.64 92.29

375,697 88.11 150.06 92.41

375,697 88.15 150.34 92.54

375,697 88.20 150.61 92.66

375,697 88.24 150.88 92.79

Cost/ Wage Wage as %
Nutrient B i l l  of Tot.

Tonb (Dollars) Cost

109.28 1,248,306 2.61

109.51 1,352,332 2.82

109.75 1,456,357 3.03

109.99 1,490,794 3.09

110.22 1,590,180 3.29

110.44 1,689,566 3.49

110.67 1,788,953 3.69

110.90 1,888,339 3.89

111.12 1,878,485 3.86

111.34 1,972,409 4,04

111.55 2,066,334 4.23

111.77 2,160,258 4.41



Table l l l - l .  (cont 'd , )

Wage Rate 
(Dollars/man-hour)

Total
Cost

(Dollars)

Man-
Hours
Labor

Cost3
N

Cost3

P2°5

Cost3
k 2o

Cost/
Nutrient

Ton*3

Wage 
B i l l  

(Dollars)

Wage as % 
of Tot. 

Cost

6.00 69,070,825 375.697 88,29 1 5 U 6 92.91 111.98 2,254,182 4.59

6.25 i+9,16'*,71+9 375.697 88,34 151,43 93.04 112.19 2,348,106 4,78

6.50 **9,258,673 375.697 88.38 151.70 93*16 112.41 2,442,031 4.96

increm ental cost per nutrient ton (d o lla rs ) .

i o t a l  cost divided by to ta l nutrien t tonnage (438,023 tons).
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a n n u a l l y ;  w h e r e a s ,  a t  $ 3 . 7 5  p e r  m an-hou r  l a b o r  u t i l i z a t i o n  dropped  

t o  3 9 7 , 5 4 5  and a t  $ 5 . 0 0  the  f i g u r e  was 3 7 5 * 6 9 7 .  These  f i g u r e s  a r e  

s u b s t a n t i a l l y  lo w e r  th a n  th e  4 5 2 , 1 8 2  m an-hours  used th r o u g h o u t  th e  

ra nge  o f  wage r a t e s  in  t h e  s h o r t  run a n a l y s i s .  Assuming a w ork  week  

o f  40 ho urs  and a 50  week y e a r ,  s w i t c h i n g  f rom  1970 A c t u a l  ( a t  $ 4 . 0 0  

p e r  m an-hour)  w i t h  u t i l i z a t i o n  o f  6 4 5 , 4 0 5  m an-hours  t o  C o n s t r a i n e d  

Optimum ( a g a i n  a t  $ 4 . 0 0  per  m an-hour)  w o u ld  i n v o l v e  a r e d u c t i o n  o f  

97 em ployees  ( T a b l e  I I 1 - 2 ) .  The most s e r i o u s  i m p l i c a t i o n s  on em ploy­

ment i n v o l v e  a s h i f t  f rom  1970 A c t u a l  t o  th e  long run o r g a n i z a t i o n  

w i t h  e n d in g  wage r a t e  o f  $ 5 . 0 0  o r  more p e r  m a n-hou r .  T h i s  s h i f t  w ou ld  

reduce  employment needs by 135 e m p lo y e e s ,  which is  n e a r l y  42 p e r  c e n t  

o f  a l l  em ployees  needed t o  produce M i c h i g a n ' s  1970 f e r t i l i z e r  con­

s u m p t io n .  W h i l e  t h i s  r e d u c t i o n  may be s e r i o u s  f o r  t h e  f e r t i l i z e r  

i n d u s t r y ,  t h e  n a t i o n a l  employment s i t u a t i o n  would be r e l a t i v e l y  un­

a f f e c t e d .  Even i f  com parab le  changes in  employment p r a c t i c e s  were  

u n d e r t a k e n  in  th e  f e r t i l i z e r  i n d u s t r y  t h r o u g h o u t  t h e  U . S . ,  t h e r e  

p r o b a b ly  would be no n o t i c e a b l e  im pact  on unemployment and r e l i e f  

program s.^

The l a r g e s t  r e d u c t i o n  in  em ployees  r e s u l t i n g  f rom  a s i n g l e  change  

i s  t h a t  i n v o l v e d  in  a change from 1970 A c t u a l  to  C o n s t r a i n e d  Optimum.  

The 97 p o t e n t i a l l y  d i s p l a c e d  em ployees  w ere  l a r g e l y  u t i l i z e d  t o  p r o -  

duce suboptimum p r o d u c ts  o r  were  employed in  s u b - o p t im a l  p r o c e s s e s .

* T h i s  a r i s e s  f rom  t h e  low l a b o r  usage in th e  f e r t i l i z e r  i n d u s t r y .

^A com par ison o f  1970 A c t u a l  and C o n s t r a i n e d  Optimum (A p p e n d ix  A) 
w i l l  r e a d i l y  show w h ich  p r o d u c ts  and f a c i l i t i e s  would  be e x c lu d e d  
d u r i n g  such a s h i f t .
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T a b le  I I 1 -2 .  Employment in d i f f e r e n t  in d u s t r y  o r g a n i z a t i o n s

O rgan i  z a t i  on Wage R a te Man-Hours Employees®

1970 A c t u a l $ 4 .0 0 6 4 5 , 4 0 5 323
C o n s t r a i n e d  optimum $ 3 . 0 0 - $ 6 . 5 0 4 5 2 , 1 8 2 226
Opti  mum $ 3 . 0 0 - $ 3 . 5 0 4 1 6 , 1 0 2 208
O pt  i mum $ 3 . 7 5 - $ 4 . 75 3 9 7 , 5 4 5 199
Opt i mum $ 5 . 0 0 - $ 6 . 5 0 3 7 5 , 6 9 7 188

So u rc e s :  A p p e n d ic e s  A and C.

a Based on 40 h o u r  week and 50 week y e a r .

The e f f e c t s  o f  changes in  th e  wage r a t e  in  th e  lo n g  ru n  a r e  f e l t  

p r i m a r i l y  by b u l k  b l e n d e r s  (A p p e n d ix  C, T a b l e  C - 6 ) .  When th e  wage 

r a t e  changed f rom  $ 3 . 5 0  t o  $ 3 . 7 5  p e r  man-hour  t h e r e  was a d e c r e a s e  o f  

1 8 , 5 5 7  man-hours ( T a b l e  1 1 1 - 2 ) .  D u r in g  t h i s  c h a n g e ,  b u l k  b l e n d i n g  

and th e  a s s o c i a t e d  r e t a i l i n g  f u n c t i o n  ac co u n te d  f o r  a t o t a l  l a b o r  

r e d u c t i o n  o f  1 8 , 6 2 4  m an-hours ( T a b l e  1 1 1 - 3 ) .  T h i s  i n d i c a t e s  t h a t  the  

change in  l a b o r  u t i l i z a t i o n  o f  a l l  o t h e r  a c t i v i t i e s  combined was an 

i n c re a s e  o f  67  m a n -h o u rs .

The o n l y  o t h e r  m a jo r  e f f e c t  t h a t  o c c u r r e d  d u r i n g  t h i s  change in  

t h e  wage r a t e  was an in c r e a s e  in  t h e  l e v e l  o f  d i r e c t  a p p l i c a t i o n  o f  

g r a n u l a r  p o ta s s iu m  c h l o r i d e  (A p p e n d ix  C ,  T a b l e  C - 5 ) . The d i r e c t  

a p p l i c a t i o n  l e v e l ,  f o r  wage r a t e s  between $ 3 - 0 0  and $ 3 . 5 0  was 2 7 ,1 6 3  

to n s ;  a t  $ 3 .7 5  per  m an-hour  f o r  l a b o r ,  a p p l i c a t i o n  i n c r e a s e d  t o  

8 6 , 3 1 9  t o n s .  Accompanying t h i s  change was a change in  th e  b u l k  b le n d  

p r o d u c t  m ix  (A p p e n d ix  C, T a b l e  C - 6 ) .  P r i o r  t o  i n c r e a s i n g  t h e  wage
3

r a t e  t o  $ 3 . 7 5  p e r  m a n -h o u r ,  5 0 2 ,3 2 1  to n s  o f  a 7 - 2 8 - 2 8  g ra d e  p r o d u c t

3
7 - 2 8 - 2 8  d e n o te s  t h a t  th e  p r o d u c t  c o n t a i n s  7 p e r  c e n t  n i t r o g e n ,  

28 p e r  c e n t  P2O5 , and 28 per  c e n t  K2O.



Table 111-3. Labor u t i l i z a t io n  and through-put volume in bulk blending and custom blending (optimum)

Man-hours 
per ton

$3.00 to 
$3.50

Wage rate 
(Dollars per man-hour)

$3.75 to
$4.75

$5.00 to 
$6.50

Buik blending 0.1905 95,962 62,806 71,293

Custom blendi ng 0.1905 -0 - 21,641 -0 -

a
R eta i1ing 0.25 62,790 55,411 46,780

Total (blending and re ta i l in g ) 158,482 139,858 118,073

Per cent o f a l 1 labor 38,09 35.18 31.43

Sources: Compiled from Appendix C, Table C-6, and Henderson, e t  a l .

aS a te l1i te  warehouse product hand)ing.
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were  b u l k  b l e n d e d .  For wages between $ 3 * 7 5  and $ 4 . 7 5  per  m a n -h o u r ,  

i n c l u s i v e ,  t h e  b u l k  b l e n d e r s  produced 3 2 9 ,6 8 9  to n s  o f  7- 2 8 -2 8  and 

113 ,601  to n s  o f  a 1 0 . 6 - 4 2 . 5 5 - 1 0 . 8 5  custom b le n d  f e r t i l i z e r .  S in c e  

i t  was e c o n o m i c a l l y  d e s i r a b l e  t o  d i r e c t  a p p l y  g r a n u l a r  p o ta s s iu m  

c h l o r i d e ,  th e  m ix  o f  th e  two b u l k  b le n d  p r o d u c ts  was n e c e s s a r y  t o  

m a i n t a i n  N, 1*2^5* anc* *^2® c o n s t r a i n t s .  T h u s ,  t h e  1 -4 -1  r a t i o  custom  

b le n d  m a t e r i a l ,  b e in g  r e l a t i v e l y  h ig h  in ph os pha te  and low in  p o ta s s iu m ,  

r e p la c e d  some o f  t h e  7- 2 8 -28  w h ich  has a 1 - 4 - 4  r a t i o ,  as t o t a l  b u l k  

b l e n d i n g  d rop pe d  t o  4 4 3 , 2 9 0  t o n s .

I t  s h o u ld  be p o in t e d  o u t  t h a t  th e  p r o b a b le  im petus  f o r  t h e  de­

c r e a s e  i n  b u l k  b l e n d in g  and i n c r e a s e  in  d i r e c t  a p p l i c a t i o n  i s  th e  

f a c t  t h a t  l a b o r  c o s t s ,  in  t h e  m o d e l ,  f o r  b u l k  b l e n d i n g  v a r y  d i r e c t l y  

w i t h  changes i n  th e  f e r t i l i z e r  i n d u s t r i a l  wage r a t e ;  w h e r e a s ,  th e  

c o s t  o f  d i r e c t  a p p l i c a t i o n  o f  f e r t i l i z e r  m a t e r i a l s  does no t  v a r y  w i t h  

th e  i n d u s t r y  wage r a t e .  T h i s  assu m p t ion  is  based l a r g e l y  upon an 

a s su m p t ion  t h a t  fa rm  w o rk e rs  a r e  the  p r im a r y  s o u r c e  o f  any la b o r  

needed f o r  d i r e c t  a p p l i c a t i o n  and t h e i r  wages a r e  in d e p e n d e n t  o f  

th o s e  in t h e  f e r t i l i z e r  i n d u s t r y .

Changing t h e  wage r a t e  f ro m  $ 4 . 7 5  to  $ 5 . 0 0  p e r  man-hour  had an  

e f f e c t  s i m i l a r  to  changing  i t  f ro m  $ 3 .5 0  to  $ 3 . 7 5 .  T h i s  t i m e ,  ho w e ve r ,  

t h e  d e c r e a s e  i n  l a b o r  u t i l i z a t i o n  by b u l k  b l e n d i n g  was 2 1 ,7 8 5  m an-hours  

( T a b l e  1 1 1 - 3 ) .  The t o t a l  d e c r e a s e  in  l a b o r  usage was 2 1 , 8 4 8  ( T a b l e  

111- 2 ) ,  w h ic h  im p l i e s  a l l  o t h e r  a c t i v i t i e s  d e c r e a s e d  t h e i r  l a b o r  

u t i l i z a t i o n  by 63  m an-hou rs .

A Custom b le n d  f e r t i l i z e r  is  made s p e c i f i c a l l y  to  o r d e r  and is  
g e n e r a l l y  in  a n u t r i e n t  r a t i o ,  such as 1- 3 - 2 , n o t  t o  be confused  w i t h  
th e  d e s i g n a t i o n  f o r  grades as e x p l a i n e d  in  f o o t n o t e  3 .  T h u s ,  1 0 . 6 -  
4 2 . 5 5 - 1 0 . 8 5  a p p r o x im a te s  a 1 - 4 - 1  r a t i o  o f  N t o  P2O5 t o  * 2^ '



66

D i r e c t  a p p l i c a t i o n  o f  p o ta s s iu m  c h l o r i d e  d e c l i n e d  by 26 tons  t o  

8 6 , 2 9 3  t o n s .  A t  t h e  same t i m e ,  monoammonium phosphate  d i r e c t  a p p l i c a ­

t i o n  was used a t  a l e v e l  o f  6 8 , 9 6 5  t o n s .  The c o m b in a t io n  o f  th e s e  

two p r o d u c ts  b e in g  a p p l i e d  d i r e c t l y  a l lo w e d  b u l k  b l e n d in g  t o  r e v e r t  

t o  a s i n g l e  p r o d u c t ,  n a m e ly ,  7 - 2 8 - 2 8 .  The l e v e l  o f  b l e n d i n g  dropped  

f ro m  M*3»290 t o  3 7 ^ 2 ^ 3 ;  w h e r e a s ,  the  amount o f  7 - 2 8 - 2 8  b le n d e d  i n ­

c r e a s e d  f rom  3 2 9 , 6 8 9  to  37^,2^*3 t o n s .

F i g u r e  I I 1-1 p r e s e n t s  w h at  c o u ld  be c o n s id e r e d  as l a b o r  "demand"
5

c u r v e s  f o r  th e  long and s h o r t  run  optimum o r g a n i z a t i o n s .  These  

graphs  show the  amount o f  l a b o r  r e q u i r e d  t o  m in i m i z e  t o t a l  c o s t  f o r  

t h e  v a r i o u s  wage r a t e s ,  g i v e n  th e  c o n s t r a i n t s  a s s o c i a t e d  w i t h  each  

o r g a n i z a t i o n .  As m e n t io n e d  p r e v i o u s l y ,  th e  l e v e l  o f  l a b o r  u t i l i z a t i o n  

in  th e  C o n s t r a i n e d  Optimum i n d u s t r y  o r g a n i z a t i o n  i s  c o n s t a n t  t h r o u g h ­

o u t  th e  range o f  wages e x a m in e d .  T h i s  phoenomenon is  r e p r e s e n t e d  by 

th e  c o n t in u o u s  v e r t i c a l  l i n e  in  F i g u r e  I I  1 - 1 .  N o n -z e r o  changes in  

l a b o r  u t i l i z a t i o n  between two c o n s e c u t iv e  wage r a t e s  a r e  r e p r e s e n t e d  

by dashed l i n e s .

T h u s ,  we have seen t h a t  b u l k  b l e n d in g  i s  r e p l a c e d  to  some e x t e n t  

by d i r e c t  a p p l i c a t i o n  o f  f e r t i l i z e r  m a t e r i a l s  as  the  wage r a t e  i n ­

c r e a s e s .  N e a r l y  a m i l l i o n  d o l l a r s  in  t o t a l  c o s t  cou ld  be a v o id e d  by 

r e o r g a n i z i n g  th e  i n d u s t r y  i n t o  t h e  lo n g  run optimum scheme. T h i s  

c o s t  s a v in g s  r e f l e c t s  o n l y  th e  d i f f e r e n c e  d i r e c t l y  a t t r i b u t e d  t o  a 

r e d u c t i o n  in  l a b o r  u t i l i z a t i o n  a t  c o n s t a n t  w ages .  In  the  f o l l o w i n g  

s e c t i o n ,  we w i l l  f u r t h e r  i n v e s t i g a t e  th e  Optimum i n d u s t r y  o r g a n i z a t i o n .

5 T he s e ,  o f  c o u r s e ,  a r e  n o t  t r u e  demand c u r v e s ,  s in c e  th e  q u a n t i t y  
o f  f e r t i l i z e r  n u t r i e n t s  produced was h e l d  c o n s t a n t  w h i l e  t h e  wage 
r a t e  was v a r i e d .
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6 . 5 0

6 . 2 5

6 .0 0

5 - 7 5 Long Run

5 . 5 0

5 . 2 5 S h o r t
Run

5.00

3 . 7 5

3 . 5 0

3 . 2 5

3 .0 0

0.0
360 400 42 0  440

Annual  Man-Hours (Thousands)

380

F i g u r e  1 1 1 - 1 .  L a b o r  Usage In t h e  Long and S h o r t  Run.
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R e t u r n  on In v e s tm e n t  In  t h e  Long Run

S i m i l a r  t o  the  s h o r t  run a n a l y s i s ,  th e  r a t e  o f  r e t u r n  on i n ­

v e s tm e n t  was exam ined f o r  r a t e s  f rom  2 0 . 0  t o  - 2 . 0  per  c e n t .  U n l i k e  

t h e  s h o r t  run a n a l y s i s ,  th e  model was a l l o w e d  to  s e l e c t  th o s e  a c t i v ­

i t i e s  r e q u i r e d  to  m in i m i z e  t o t a l  c o s t ,  r e g a r d l e s s  o f  w h e th e r  o r  n o t  

th o s e  f a c i l i t i e s  c u r r e n t l y  e x i s t .  T h i s  a n a l y s i s ,  t h e n ,  i n v e s t i g a t e s  

th e  e f f e c t s  o f  v a r i o u s  r a t e s  o f  r e t u r n  on in v e s tm e n t  on th e  o p t im a l  

i n d u s t r y  o r g a n i z a t i o n ,  g iv e n  t h a t  th o s e  f a c i l i t i e s  d e s i r e d  t o  m in im iz e  

t o t a l  c o s t  would  be s e l e c t e d  among th o s e  known to  be c u r r e n t l y  f e a s i ­

b l e ,  b u t  no t  n e c e s s a r i l y  in  c u r r e n t  u s e .

R e tu rn  on in v e s tm e n t  was s e t  a t  2 0 . 0  per  c e n t  and th e n  s c a le d  

down by 2 . 0  per  c e n t  in c r e m e n ts  t o  - 2 . 0  p e r  c e n t .  In  a d d i t i o n ,  th e  

upper l i m i t  o f  v a l i d i t y  o f  th e  Optimum o r g a n i z a t i o n  was d e te r m in e d  

by 0 .1  per  c e n t  in c r e m e n ts  in  th e  a p p r o p r i a t e  r a n g e .

T h ro u g h o u t  th e  e n t i r e  range o f  r a t e s  e x a m in e d ,  t h e r e  was v e r y  

l i t t l e  change in  t h e  p r o d u c ts  produced in  th e  o p t i m a l  o r g a n i z a t i o n s  

(A p p e n d ix  D, T a b l e  0 - 1 ) .  The most n o t i c e a b l e  change is  t h a t  o c c u r r i n g  

in  th e  d r y  b l e n d i n g  segment o f  th e  i n d u s t r y ;  custom b le n d e d  f e r t i l ­

i z e r s  a r e  n o t  used f o r  e i t h e r  h igh  o r  low r a t e s  o f  r e t u r n  on i n v e s t ­

m e n t .  T h i s  w i l l  be e x p l a i n e d  in  g r e a t e r  d e t a i l .

When r e t u r n  on in v e s t e d  c a p i t a l  was s e t  a t  2 0 . 0  p e r  c e n t ,  3 7 4 , 2 4 3  

to n s  o f  b u l k  b le n d e d  f e r t i l i z e r  were  produced (A p p e n d ix  D, T a b le  D - 6 ) . 

A d d i t i o n a l  d r y  f e r t i l i z e r  b e in g  consumed was composed o f  d i r e c t  a p p l i ­

c a t i o n  o f  g r a n u l a r  p o ta s s iu m  c h l o r i d e  and monoammonium p h o s p h a te .  

D i r e c t  a p p l i c a t i o n  o f  th e  l a t t e r  p r o d u c t  amounted t o  6 8 ,9 6 5  tons  

(A p p e n d ix  D, T a b l e  D - 4 ) ; w h e r e a s ,  t o t a l  p r o d u c t io n  o f  t h i s  p ro d u c t  was 

n e a r l y  c o n s t a n t  t h r o u g h o u t  t h e  range  o f  r a t e s  o f  r e t u r n  on in v e s tm e n t
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a n a l y z e d .  The o b s e r v e d  v a r i a t i o n  in  i t s  l e v e l  o f  p r o d u c t i o n  is  com­

p l e t e l y  e x p l a i n e d  by th e  r o u n d in g  e r r o r s  in  th e  d r y  b le n d  f o r m u l a ­

t i o n s ,  s i n c e  t h i s  i s  th e  o n l y  p h o s p h a t ic  m a t e r i a l  used and t o t a l  

P2O5 r e q u i r e d  remained c o n s t a n t .  S i m i l a r l y ,  th e  v a r i a t i o n  in  the  

l e v e l  o f  p r o d u c t io n  o f  g r a n u l a r  p o ta s s iu m  c h l o r i d e  ( t h e  o t h e r  d i r e c t l y  

a p p l i e d  d r y  f e r t i l i z e r )  can be e x p l a i n e d  e n t i r e l y  by t h e  same ro u n d in g  

e r r o r s ;  w h e r e a s ,  the  v a r i a t i o n  in  th e  l e v e l  o f  d i r e c t  a p p l i c a t i o n  is  

due l a r g e l y  t o  changes in  the  b l e n d i n g  segment.  D i r e c t  a p p l i c a t i o n  

o f  g r a n u l a r  po tass ium  c h l o r i d e ,  when r e t u r n s  on in v e s t e d  c a p i t a l  were

2 0 . 0  per  c e n t ,  amounted to  8 6 ,2 9 3  to n s  (A p p e n d ix  D, T a b l e  D - 5 ) .  

Anhydrous ammonia was the  o n l y  o t h e r  p r o d u c t  t o  be a p p l i e d  d i r e c t l y .  

R e t u r n  on in v e s tm e n t  o f  2 0 . 0  p e r  c e n t  is  a s s o c i a t e d  w i t h  1 2 9 , 8 9 0  to n s  

o f  NH^ b e in g  a p p l i e d  d i r e c t l y  (A p p e n d ix  D, T a b l e  D - 2 ) .

L o w e r in g  th e  r a t e  o f  r e t u r n  i n  in c r e m e n ts  o f  2 . 0  p e r c e n ta g e  p o i n t s  

d i d  n o t  produce a change in  the  o p t i m a l  o r g a n i z a t i o n  o f  th e  i n d u s t r y  

u n t i l  1 0 .0  per  c e n t  was re a c h e d .  S u b s e q u e n t ly ,  i n c r e m e n t a t i o n  by 0 .1  

p e r c e n t a g e  p o i n t s  d e te r m in e d  t h a t  1 0 .7  p e r  cen t  r e t u r n  on in v e s tm e n t  

was th e  r a t e  a t  w h ic h  the  o p t i m a l  o r g a n i z a t i o n  changed.  F o r  r a t e s  

g r e a t e r  th a n  o r  e q u a l  t o  1 0 .8  p e r  c e n t ,  t h e  o p t i m a l  o r g a n i z a t i o n  is  

i d e n t i c a l  t o  t h a t  a s s o c i a t e d  w i t h  a r e t u r n  on in v e s t e d  c a p i t a l  o f

2 0 . 0  p e r  c e n t .  W i th  r e t u r n  on in v e s tm e n t  s e t  a t  1 0 .7  p e r  c e n t ,  th e  

long run o p t im a l  o r g a n i z a t i o n  o f  th e  i n d u s t r y  is  i d e n t i c a l  t o  t h a t  o f  

Optimum, w h ic h  assumed a r a t e  o f  7 . 5  p e r  c e n t .

A t  1 0 .7  per  c e n t  r e t u r n  on i n v e s t m e n t ,  th e  d i r e c t  a p p l i c a t i o n  o f  

monoammonium phosphate  becomes s u b - o p t i m a l ;  c o n s e q u e n t l y ,  i t  is  no 

l o n g e r  a p a r t  o f  th e  o p t i m a l  i n d u s t r y  o r g a n i z a t i o n .  D ry  b l e n d i n g  o f  

f e r t i l i z e r  becomes more ec onom ic a l  th a n  d i r e c t  a p p l i c a t i o n  o f  mono-
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ammonium p h o s p h a te .  A s l i g h t  d e c r e a s e  in  b u l k  b l e n d in g  is  augmented  

w i t h  the  im p le m e n ta t io n  o f  custom b l e n d in g  (A p p e n d ix  D, T a b l e  D -1 )  

t o  r e s u l t  I n  an in c r e a s e  o f  69,01+7 to n s  o f  d r y  b le n d e d  f e r t i l i z e r s .  

T h i s  amount is  n e a r l y  i d e n t i c a l  t o  t i e  tonn age  o f  monoammonium phos­

p h ate  t h a t  was p r e v i o u s l y  ( a t  h i g h e r  r a t e s  o f  r e t u r n )  d i r e c t l y  a p p l i e d .  

H e a n w h i l e ,  d i r e c t  a p p l i c a t i o n  o f  g r a n u l a r  p o ta s s iu m  c h l o r i d e  remained  

n e a r l y  c o n s t a n t  as d id  d i r e c t  a p p l i c a t i o n  o f  anhydrous ammonia 

(A p p e n d ix  D, T a b l e s  D -2  and D - 5 ) .

The c a u s a l  f a c t o r  o f  th e  d e c r e a s e  in  d i r e c t  a p p l i c a t i o n  o f  mono­

ammonium phosphate  is  t h a t  o f  r e t u r n s  on in v e s t m e n t .  A t  h i g h  r e t u r n s  

on in v e s t m e n t  (above  1 0 .7  p e r  c e n t ) ,  th e  c o s t  o f  o p e r a t i n g  th e  d r y  

b l e n d e r  i s  s u f f i c i e n t l y  h i g h  t h a t  d i r e c t  a p p l i c a t i o n  o f  monoammonium 

phosphate  becomes e c o n o m i c a l l y  s u p e r i o r ,  d e s p i t e  t h e  f a c t  t h a t  o n l y  

two n u t r i e n t s  (monoammonium ph osphate  c o n t a i n s  13 p e r  c e n t  N and 52  

per  c e n t  ^2^5 ) a r e  b e in g  a p p l i e d ;  w h e r e a s ,  the  b le n d e d  m a t e r i a l  con­

t a i n s  a l l  t h r e e .  T h u s ,  d i r e c t  a p p l i c a t i o n  o f  monoammonium phosphate  

r e q u i r e s  t h a t  an e x t r a  a p p l i c a t i o n  charge  be m e t ,  s in c e  i t  and th e  

b le n d e d  m a t e r i a l  must be a p p l i e d ;  w h e r e a s ,  w i t h  r e t u r n s  on in v e s tm e n t  

l e s s  th a n  o r  e q u a l  to  1 0 .7  p e r  c e n t  b u t  a t  l e a s t  as g r e a t  as 8 per  

c e n t ,  t h e  d e c re a s e d  cos t  o f  b l e n d i n g  makes t h a t  a d d i t i o n a l  a p p l i c a t i o n  

c h a rg e  s u b - o p t i m a l .  A c t u a l l y ,  as we w i l l  see m o m e n t a r i l y ,  the  e x t r a  

a p p l i c a t i o n  c h a rg e  remained s u b - o p t im a l  th ro u g h  and i n c l u d i n g  r e t u r n s  

on in v e s tm e n t  o f  - 2 . 0  per  c e n t .

The r e m a in d e r  o f  the  o r g a n i z a t i o n  was e s s e n t i a l l y  unchanged by 

th e  l o w e r i n g  o f  th e  r a t e  o f  r e t u r n  on i n v e s t e d  c a p i t a l  t o  1 0 .7  P«r  

c e n t .  F u r t h e r m o r e ,  t h i s  o r g a n i z a t i o n a l  scheme, w h ic h  i s  i d e n t i c a l
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to  t h a t  o f  th e  long run Optimum o r g a n i z a t i o n ,  remained unchanged  

u n t i l  th e  r a t e  o f  r e t u r n  reached  6 . 0  per  c e n t .

W i th  r e t u r n s  a t  6 . 0  p e r  c e n t ,  the  t r e n d  tow ard  in c r e a s e d  d r y  

b l e n d i n g  o f  f e r t i l i z e r  c o n t i n u e d .  T o t a l  b l e n d i n g  in c r e a s e d  by 5 9 ,0 3 1  

tons  to  5 0 2 ,3 2 1  t o n s ,  o f  w h ic h  a l l  o f  i t  was b u l k  b le n d e d  f e r t i l i z e r s  

(A ppe nd ix  D ,  T a b le s  D - l  and D -6 )  . G iven  t h i s  same r a t e  o f  r e t u r n ,  

d i r e c t  a p p l i c a t i o n  o f  g r a n u l a r  p o ta s s iu m  c h l o r i d e  was 2 7 ,1 6 3  tons  

a n n u a l l y ,  w h ich  is  5 9 , 1 5 6  tons lo w e r  than  a t  p r e v i o u s l y  h i g h e r  r a t e s  

o f  r e t u r n  on in v e s te d  c a p i t a l  (A p p e n d ix  0 ,  T a b l e  D - 5 ) . T h u s ,  th e  

reduced r a t e  o f  r e t u r n  has caused some o f  th e  d i r e c t  a p p l i c a t i o n  o f  

g r a n u l a r  po ta s s iu m  c h l o r i d e  to  be r e p la c e d  by d r y  b len ded  f e r t i l i z e r .

In o r d e r  t o  a c c o m p l is h  t h i s  change and c o n t i n u e  t o  meet  th e  N, ^ 2 ^ 5 ’ 

and K2O c o n s t r a i n t s ,  the  o b s e rv e d  s w i tc h  from a c o m b in a t io n  o f  b u l k  

and custom b le n d  f e r t i l i z e r  to  s o l e l y  b u l k  b l e n d i n g  was n e c e s s a r y .

When t h e  custom b le n d e d  f e r t i l i z e r  was b e in g  made, th e  f o r m u l a ­

t i o n  o f  i t  had a n u t r i e n t  r a t i o  o f  1 - 4 - 1 ,  w h ic h  c o n t a in e d  1 0 . 6 ,  4 2 . 5 5 ,  

and I O .85  per c e n t  N, f * 2 °5 » an<* ^ 2 0 ,  r e s P ® c t  i ve 1 y . The b u l k  b le n d  

f e r t i l i z e r  used th r o u g h o u t  th e  e n t i r e  range o f  r a t e s  examined was 

composed o f  7 per  c e n t  n i t r o g e n  and 28 per  c e n t  o f  each P2^5 an<* ^ 2^* 

Thus ,  i t  is  e a s i l y  seen how the  b u l k  b le n d  f e r t i l i z e r  used up th e  

5 9 ,1 5 6  to n s  o f  g r a n u l a r  po ta s s iu m  c h l o r i d e  t h a t  were  p r e v i o u s l y  d i r e c t l y  

a p p l i e d .  The low n i t r o g e n  and phosphate  c o n t e n t  o f  th e  b u l k  b le n d  

f e r t i l i z e r ,  r e l a t i v e  t o  t h e  custom b l e n d ,  a l lo w e d  NH^ d i r e c t  a p p l i c a ­

t i o n  to  re m a in  n e a r l y  c o n s t a n t  and used a l l  o f  th e  phosphate  r e q u i r e d  

to  meet th e  s p e c i f i c a t i o n ;  t h u s ,  no d i r e c t  a p p l i c a t i o n  o f

was r e q u i r e d .

As m e n t io n e d  e a r l i e r ,  th e  d i r e c t  a p p l i c a t i o n  o f  monoammoniurn
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phosphate  becomes s u b - o p t i m a l  when s u f f i c i e n t l y  low r a t e s  o f  r e t u r n  

a r e  imposed, v i z . ,  r a t e s  o f  r e t u r n  below and i n c l u d i n g  10 .7  p e r  c e n t .  

C o n s e q u e n t ly ,  b l e n d i n g  a l l  P2O5 becomes an i m p l i e d  c o n s t r a i n t  f o r  

m i n i m i z i n g  t o t a l  c o s t ,  g i v e n  r a t e s  o f  r e t u r n  l e s s  tha n  o r  e q u a l  t o  

1 0 .7  per  c e n t .  W i t h  r a t e s  o f  r e t u r n  le s s  th a n  o r  e q u a l  t o  6 . 0  p e r  

c e n t ,  d i r e c t  a p p l i c a t i o n  o f  K^O becomes s u b - o p t i m a l ,  as w i t n e s s e d  by  

th e  d e c re a s e  o f  59 *156  to n s  o f  d i r e c t  a p p l i c a t i o n  o f  g r a n u l a r  p o ta s s iu m  

c h l o r i d e .  T h e r e f o r e ,  we can now r e a d i l y  u n d e r s t a n d  why the  7 - 2 8 - 2 8  

b u l k  b le n d  f e r t i l i z e r  was used a t  such a h ig h  l e v e l .  In  a t t e m p t i n g  

t o  b le n d  a l l  ant* ^ 0 , w ' t h o u t  p ro d u c in g  e x ce s s  o f  e i t h e r ,  each

ton  o f  7 - 2 8 - 2 8  c o n t a i n e d  a t o t a l  o f  5b p e r  c e n t  o f  anc* ^ 2 *̂  com“

b i n e d ;  w h e r e a s ,  th e  p r e v i o u s l y  used custom b l e n d  c o u ld  o n l y  s u p p ly  a 

t o t a l  o f  5 3 * 4  p e r  c e n t  o f  ant  ̂ K 2^ P®1” t o n - M o r e o v e r ,  th e  7 - 2 8 - 2 8

f o r m u l a t i o n  e x h a u s te d  th e  P2O5 r e q u i r e m e n t  b e f o r e  i t  had met t h e  K2O 

needs ( t h i s  f o l l o w s  from  t h e  f a c t  t h a t  a l l  P2O5 i s  b len d e d  and some 

K2O is  s t i l l  b e i n g  a p p l i e d  d i r e c t l y ) ;  w h e r e a s ,  had th e  custom b le n d  

f e r t i l i z e r  been u s e d ,  i t s  4  to  I r a t i o  o f  P2O5 to  ^ 2°  wou^  have r e ­

q u i r e d  t h a t  a l a r g e r  number o f  tons  o f  g r a n u l a r  po tass ium  c h l o r i d e  be 

a p p l i e d  d i r e c t l y ,  r e l a t i v e  t o  th e  use o f  7 - 2 8 - 2 8 .

The c o s t  s i t u a t i o n  in  th e  long run a n a l y s i s  is  s i m i l a r  t o  t h a t  

v ie w e d  in  th e  s h o r t  r u n .  When r e t u r n s  on in v e s t e d  c a p i t a l  a r e  s e t  a t

2 0 . 0  per  c e n t ,  the  t o t a l  c o s t  o f  s u p p ly in g  t h e  1970 l e v e l s  o f  N,

P2O5 , and K2O in  th e  long run  is  $ 5 2 , 9 3 6 , 0 3 2 .  J u s t  under 14 p e r  c e n t  

o f  t h i s  f i g u r e  can be a t t r i b u t e d  t o  the  $ 7 , 3 8 6 , 5 6 0  in  r e t u r n s  ( T a b l e  

1 1 1 - 4 ) .  I f  th e  i n d u s t r y  would  s w i tc h  to  t h e  lo n g  run o p t im a l  i n d u s t r y  

o r g a n i z a t i o n  c o r r e s p o n d in g  t o  2 .0  p e r  c e n t  r e t u r n  on i n v e s t e d  c a p i t a l ,  

w h ic h  i s  a s l i g h t l y  g r e a t e r  r a t e  th a n  t h a t  r e c e i v e d  in  r e c e n t  y e a r s  in



Table 111-4. The e f fe c t  of returns on investment in the long run ( in  do llars)

Return on Investment 
(per cent)

Total
Cost Investment

Cost9
N

Costa

P2°5

Cost9
K20 Returns

20.0 52,936,032 36,932,798 95.98 162.04 9 6 . 3 4 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 4,431,936

10.7 49,501,018 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

4.0 46,958,084 38,420,188 85.67 143.39 90.67 1,536,808

2.0 46,189,680 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 44,652,872 38,420,188 81.81 134.63 88.55 -768,404

a Incremental cost per ton.
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t h e  i n d u s t r y ,  th e  t o t a l  c o s t  o f  s u p p l y i n g  t h a t  same q u a n t i t y  o f  

f e r t i l i z e r  would  be o n l y  $ 4 6 , 1 8 9 , 6 8 0 .  T h i s  lo w e r  r e t u r n  on i n v e s t ­

ment would save  M ic h ig a n  fa r m e r s  o v e r  6 . 7  m i l l i o n  d o l l a r s  as compared  

t o  a r e t u r n  o f  2 0 . 0  p e r  c e n t .  More i m p o r t a n t l y , t h e  c o s t  s a v in g s  as  

compared t o  the  n e a r l y  7 1 . 5  m i l l i o n  d o l l a r s  o f  t h e  c u r r e n t  o r g a n i z a ­

t i o n  (A p p e n d ix  A ,  T a b l e  A—1) is  $ 2 5 , 2 5 5 * 9 8 / ,  w h ic h  is  o v e r  55 per  c e n t  

o f  th e  t o t a l  c o s t  o f  th e  Tong run  o p t i m a l  o r g a n i z a t i o n ,  g iv e n  t h a t  

r e t u r n  on in v e s tm e n t  is  2 . 0  p e r  c e n t .

I f ,  on t h e  o t h e r  hand,  i n d u s t r y  p a r t i c i p a n t s  s w i tc h e d  to  th e  

lo n g  run  o p t im a l  i n d u s t r y  o r g a n i z a t i o n  a s s o c i a t e d  w i t h  a r e t u r n  on 

i n v e s t e d  c a p i t a l  o f  1 0 .0  per  c e n t ,  th e  c o s t  s a v in g s  to  M ic h ig a n  

f a r m e r s  would s t i l l  be o v e r  22 m i l l i o n  d o l l a r s ,  when compared w i t h  

th e  c u r r e n t  i n d u s t r y  o r g a n i z a t i o n .  The r e t u r n  o f  1 0 .0  per  c e n t  would  

c e r t a i n l y  be a t t r a c t i v e  t o  th e  i n d u s t r y  e n t r e p r e n e u r s ,  w h i l e  a t  t h e  

same t i m e ,  M ic h ig a n  fa rm e r s  w o u ld  o b t a i n  an e f f e c t i v e  31 P«r c e n t  

r e d u c t i o n  in  t h e i r  e x p e n d i t u r e s  on f e r t i l i z e r .

S i m i l a r  t o  t h e  r e s u l t s  in  t h e  s h o r t  run a n a l y s i s ,  po ta s s iu m  e x ­

p e r ie n c e d  the  l e a s t  change in  i t s  in c r e m e n ta l  c o s t  per  t o n .  A r a t e  

o f  r e t u r n  o f  2 0 . 0  p e r  c e n t  is  a s s o c i a t e d  w i t h  an in c r e m e n ta l  c o s t  o f  

$ 9 6 . 3 4  p e r  to n  o f  K 20 ;  w h e r e a s ,  th e  f i g u r e  was $ 8 8 . 5 5  p e r  to n  when 

r e t u r n s  were - 2 . 0  p e r  c e n t .  T h i s  change amounts t o  o n l y  $ 7 . 7 9  p e r  

t o n .  D u r in g  th e  same change in  t h e  r a t e  o f  r e t u r n ,  phosphate  had a 

d e c r e a s e  o f  $ 2 7 .4 1  in  c o s t  per  i n c r e m e n t a l  t o n .  The 2 0 . 0  p e r  c e n t  

r a t e  o f  r e t u r n  f i g u r e  f o r  P2®5 was $ 1 6 2 . 0 4  w h i l e  t h e  lo w est  f i g u r e  

was $ 1 3 4 . 6 3 ,  to  g i v e  P2®5 t *ie  g r e a t e s t  change among th e  t h r e e  n u t r i ­

e n t s .  N i t r o g e n ,  h a v in g  a change in  in c r e m e n ta l  c o s t  p e r  to n  o f  $ 1 4 . 1 7 ,  

was in  between the  o t h e r  two.  I t s  h i g h  and low in c r e m e n t a l  c o s t s  were  

$9 5 . 9 8  and $ 8 1 .8 1  per  t o n ,  r e s p e c t i v e l y .
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T o t a l  in v e s tm e n t  changed by l e s s  than 1 . 5  m i l l i o n  d o l l a r s ,  g i v e n  

th e  range o f  r a t e s  o f  r e t u r n  to  i n v e s t e d  c a p i t a l  e x a m in e d .  A r a t e  o f  

r e t u r n  on in v e s tm e n t  o f  2 0 . 0  p e r  c e n t  c o r re s p o n d s  t o  an o p t i m a l  l e v e l  

o f  in v e s tm e n t  o f  $ 3 6 , 9 3 2 , 7 9 8 ,  g i v e n  t h a t  c o s t  m i n i m i z a t i o n  is  th e  

o b j e c t i v e .  T h i s  f i g u r e  in c r e a s e s  t o  $ 3 8 , 4 2 0 , 1 8 8  when the  r a t e  o f  

r e t u r n  d ro p s  to  6 . 0  p e r  c e n t  ( T a b l e  1 1 1 - 4 ) .  T o t a l  c o s t  changed by 

$ 8 , 2 8 3 , 1 6 0  and r e t u r n s  on in v e s t e d  c a p i t a l  changed $ 8 , 1 5 4 , 9 6 4  o v e r  

t h e  range o f  r a t e s  e x a m in e d .  C o n s e q u e n t ly ,  9 8 .5  per  c e n t  o f  th e  

change in  t o t a l  c o s t  is  a c c o u n te d  f o r  by the  change in  r e t u r n  on 

i n v e s t m e n t .  T h u s ,  th e  long  run o p t i m a l  i n d u s t r y  a c t i v i t i e s  a r e  r e l ­

a t i v e l y  e f f i c i e n t  u s e rs  o f  n o n - in v e s t m e n t  f a c t o r s .

The r e l a t i v e l y  s m al l  change in  t o t a l  in v e s tm e n t  n o te d  above i s  

somewhat s u r p r i s i n g ,  g i v e n  th e  range o f  r a t e s  e x a m in e d .  On th e  o t h e r  

h a n d ,  the  f e r t i l i z e r  i n d u s t r y  i s  l a r g e l y  t e c h n o l o g y  o r i e n t e d ;  con­

s e q u e n t l y ,  once th e  minimum c o s t  p r o d u c t  m ix  is  e s t a b l i s h e d ,  changes  

in  the  r a t e  o f  r e t u r n  on in v e s tm e n t  a r e  n o t  l i k e l y  t o  r e s u l t  in a 

change in  t h a t  m ix .  F u r t h e r m o r e ,  the  r e l a t i v e l y  h ig h  c a p i t a l  i n t e n ­

s i v e  n a t u r e  o f  th e  i n d u s t r y  combined w i t h  a l i m i t e d  number o f  a l t e r ­

n a t i v e  t e c h n o l o g i e s  make the  l e a s t  c o s t  p r o d u c t  m ix  r a t h e r  s t a b l e .

Once a c a p i t a l  i n t e n s i v e  te c h n o l o g y  has been s e l e c t e d  as b e in g  mimimum 

c o s t ,  i n c r e a s e s  in  th e  r a t e  o f  r e t u r n  would  cause i t  t o  be r e p la c e d  

o n l y  i f  an a l t e r n a t i v e  p r o d u c t  o r  te c h n o lo g y  r e s u l t e d  in  a lo w er  t o t a l  

c o s t .  The h i g h  degree  o f  in t e r - d e p e n d e n c e  among th e  v a r i o u s  a c t i v i t i e s  

in  th e  l i n e a r  programming model would te n d  to  make changes from one 

p r o d u c t  t o  a n o t h e r  r a t h e r  com plex;  t h i s  a r i s e s  because a p a r t i c u l a r  

p r o d u c t  o r  t e c h n o lo g y  in  th e  l e a s t  c o s t  s o l u t i o n  i s  d i r e c t l y  o r  

i n d i r e c t l y  conn ec ted  w i t h  s e v e r a l  o t h e r  a c t i v i t i e s  fo r m in g  an i n t e r ­
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woven g ro u p .  In o r d e r  f o r  one a c t i v i t y  in t h a t  group t o  be r e p l a c e d ,  

a m a jo r  p o r t i o n  o f  th e  g rou p  would  have to  change .  For e x a m p le ,  

suppose t h a t  monoammoniurn phosphate  (MAP) i s  used in  a d r y  b u l k  b lend  

f o r m u l a t i o n  w i t h  some o t h e r  u n s p e c i f i e d  p r o d u c t s .  In  o r d e r  f o r ,  sa y ,  

t r i p l e  s upe rpho sp ha te  (TSP) to  r e p l a c e  MAP, s e v e r a l  a c t i v i t i e s  must  

ch a n g e .  Among those  t h a t  would  need to  change a r e :  the  b u l k  b le n d  

f o r m u l a t i o n ;  th e  t r a n s p o r t a t i o n  a c t i v i t i e s  f o r  MAP, TSP, and th e  

o t h e r  p r o d u c ts  composing t h e  f o r m u l a t i o n s ;  MAP and TSP s t o r a g e ;  o t h e r  

n i t r o g e n o u s  f e r t i l i z e r s  ( s i n c e  TSP does no t  c o n t a i n  N, b u t  MAP does)  

and t h e i r  r e l a t e d  a c t i v i t i e s ;  e t c .  T h u s ,  we see t h a t  once t h e  minimum 

c o s t  s o l u t i o n  has been e s t a b l i s h e d ,  an a l t e r n a t i v e  p ro d u c t  o r  t e c h ­

n o lo g y  would need to  have a c o n s i d e r a b l e  c o s t  s a v in g  a d v a n ta g e  o v e r  

an a c t i v i t y  in  th e  l e a s t  c o s t  s o l u t i o n  b e f o r e  the  s o l u t i o n  would  

c h a n g e .

I f  th e  Optimum o r g a n i z a t i o n  (A p p e n d ix  A) were  imposed t h r o u g h o u t  

the  range  o f  r a t e s  o f  r e t u r n  e x a m in e d ,  th e n  o n l y  small improvements  

c o u ld  be made tow ards  c o s t  m i n i m i z a t i o n  f o r  th o s e  r a t e s  o f  r e t u r n  on 

in v e s tm e n t  f o r  wh ich  th e  Optimum o r g a n i z a t i o n  i s  s u b - o p t i m a l .  For  

r a t e s  o f  r e t u r n  between and i n c l u d i n g  6 . 0  and 1 0 .7  per  c e n t ,  th e  

Optimum i n d u s t r y  o r g a n i z a t i o n  r e s u l t s  in  minimum c o s t .

I f  th e  r e t u r n  on in v e s tm e n t  was 2 0 . 0  p e r  c e n t ,  the  Optimum o r g a ­

n i z a t i o n  would r e s u l t  in  a c o s t  equa l  to  $ 5 2 , 9 9 7 , 9 7 6 ,  w h ic h  is  o n ly  

$ 6 1 , 9 ^  more th a n  th e  o p t i m a l  o r g a n i z a t i o n  f o r  t h a t  r a t e  o f  r e t u r n .

The minimum c o s t  o r g a n i z a t i o n  w o u ld ,  t h u s ,  save j u s t  o v e r  o n e - t e n t h  

o f  one per  c e n t  o f  the  t o t a l  c o s t  o f  th e  Optimum o r g a n i z a t i o n .  On the  

o t h e r  hand ,  i f  th e  r a t e  o f  r e t u r n  on in v e s tm e n t  was z e r o  p e r  c e n t ,  

use o f  the  Optimum o r g a n i z a t i o n  would r e s u l t  in  an in c r e a s e  o f  $56 ,36 0
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in t o t a l  c o s t ,  wh ich  i s  j u s t  more th a n  o n e - t e n t h  o f  one per  c e n t  o f  

th e  t o t a l  c o s t  o f  the  minimum c o s t  o r g a n i z a t i o n .  The Optimum i n d u s t r y  

o r g a n i z a t i o n  i s ,  t h e r e f o r e ,  v e r y  n e a r l y  th e  o p t im a l  o r g a n i z a t i o n  o v e r  

the  range o f  r e t u r n s  t o  in v e s tm e n t  i n v e s t i g a t e d .

I m p l i c a t i o n s  o f  t h e  Long Run Optimum O r g a n i z a t i o n

The s t a b i l i t y  o f  th e  Optimum s o l u t i o n  under  v a r i o u s  wage r a t e s  

and r a t e s  o f  r e t u r n  on in v e s tm e n t  and i t s  p o t e n t i a l  c o s t  s a v in g s  

suggest  t h a t  i t  is  an a p p r o p r i a t e  long te rm  goal  f o r  the  i n d u s t r y .  

Optimum has r a t h e r  d i r e  i m p l i c a t i o n s  f o r  th e  s u b o p t lm a l  p r o d u c t  man­

u f a c t u r e r s  and p r o c e s s o r s .  On th e  o t h e r  hand ,  i t  im p l ie s  g ro w th  in  

th e  use o f  th e  o p t im a l  p r o d u c t s .  L e t ' s  exam ine  more c l o s e l y  some o f  

th e  s p e c i f i c  i m p l i c a t i o n s  o f  th e  Optimum s o l u t i o n .

The m a jo r  long run a d ju s tm e n ts  a r e :

1. In c r e a s e d  use o f  anhydrous  ammonia produced in  M ic h i g a n  a lo n g  

w i t h  a s h i f t  t o  c e n t r i f u g a l  compressor t e c h n o l o g y  and t o  d i s t r i b u t i o n  

o f  NHj d i r e c t l y  t o  the  fa rm s;

2 .  In c r e a s e d  usage o f  l a r g e - s c a l e  b l e n d e r s  and e l i m i n a t i o n  o f  

s m a l l - s c a l e  b l e n d e r s  and a l l  g r a n u l a t o r s ;

3 .  C o n s t r u c t i o n  and o p e r a t i o n  o f  l a r g e  t e r m i n a t i n g  f a c i l i t i e s  in  

M ic h ig a n  f o r  th e  d i s t r i b u t i o n  o f  p o ta s s iu m  c h l o r i d e  d i r e c t l y  t o  fa rm s ;

4 .  Usage o f  monoammonium phosphate  as the  o n l y  source  o f  phos­

p h a te ;  a nd ,

5 .  E l i m i n a t i o n  o f  a l l  l o c a l  r e t a i l i n g  o u t l e t s  w i t h  the  r e t a i l i n g  

f u n c t i o n  b e in g  p er fo rm ed  by m a n u f a c t u r e r ,  b l e n d e r s ,  and t e r m i n a l s .

L e t ' s  exam ine  these  a d ju s t m e n t s  t o  see w h at  th e y  im p ly .

The Optimum s o l u t i o n  i m p l i e s  t h a t  i t  i s  more econom ica l  t o  produce
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anhydrous  ammonia in  M ic h ig a n  f o r  d i r e c t  a p p l i c a t i o n  th a n  a t  th e  G u l f  

C o a s t .  C u r r e n t l y ,  most o f  th e  NH^ m a n u f a c t u r in g  is  done on th e  G u l f  

Coast because o f  th e  a v a i l a b i l i t y  o f  n a t u r a l  gas from w h ic h  anhydrous  

ammonia i s  made. The Optimum s o l u t i o n  i n d i c a t e s  t h a t  i t  is  c h e a p e r  

t o  p ip e  th e  n a t u r a l  gas t o  M ic h i g a n  to  make NH^ th a n  i t  i s  t o  s h i p  NHg 

from th e  G u l f  C oast  t o  M i c h i g a n .  However ,  NH^ p r o d u c t i o n  a t  t h e  G u l f  

Coast is  s t i l l  i m p o r t a n t  f o r  th e  ammonia in p u t  in  ammoniated phos­

p h a te s  produced in  F l o r i d a .

About  o n e - f o u r t h  o f  t h e  n i t r o g e n  s u p p l ie d  under  the  Optimum s o l u ­

t i o n  comes f rom  monoammonium p h o s p h a te .  The NH^ p r o d u c t io n  on th e  

G u l f  Coast  is  v e r y  im p o r t a n t  f o r  th e  econom ica l  p r o d u c t io n  o f  ammoni­

a t e d  phosphate  in  F l o r i d a .  No o t h e r  phosphate  p ro d u c t  i s  used in  th e  

long r u n .  C o n s e q u e n t ly ,  phosphate  p ro d u c ers  m ig h t  s t r i v e  t o  phase  

o u t  th e  normal and t r i p l e  s u p e rp h o s p h a te  f a c i l i t i e s  in  th e  M id w e s t .  

F u r t h e r m o r e ,  the  e x i s t i n g  c a p a c i t y  t o  produce ammoniated phosphate  

n e a r  th e  F l o r i d a  mines c o u ld  be used t o  produce monoammonium p h o s p h a te .  

P r i o r i t y  on new in v e s tm e n t  in  phosphate  p r o d u c t io n  shou ld  be p la c e d  

on ammoniated phosphate  f a c i l i t i e s  in  F l o r i d a ,  i f  t h e  Optimum o r g a n i z a ­

t i o n  is  t o  be i n s t a l l e d .

In  t h e  r e m a in d e r  o f  th e  n i t r o g e n  s e c t o r ,  improved c o o r d i n a t i o n  

w i l l  be needed to  move anhydrous  ammonia d i r e c t l y  from the p ro d u c e r  

to  the  f a r m e r ,  s in c e  th e  l o c a l  r e t a i l e r  is  e l i m i n a t e d  in  th e  long r u n .  

U n t i l  such improved c o o r d i n a t i o n  is  r e a l i z e d ,  NH^ from th e  G u l f  C oast  

p r o d u c e r  is  c o m p e t i t i v e  w i t h  M ic h ig a n  p r o d u c t i o n .  T h u s ,  as c e n t r i f u g a l  

compressor  te c h n o lo g y  is  i n s t a l l e d  in  M ic h ig a n  and th e  n e c e s s a r y  co­

o r d i n a t i o n  i s  o b t a i n e d ,  G u l f  C oas t  NH^ f o r  d i r e c t  a p p l i c a t i o n  in  

M ic h ig a n  s hou ld  be phased o u t  w i t h  th e  anhydrous  ammonia r e t a i l e r  t o  

f u l l y  r e a l i z e  the  Optimum o r g a n i z a t i o n .
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F a c i l i t i e s  f o r  th e  p r o d u c t i o n  o f  o t h e r  n i t r o g e n o u s  p r o d u c ts  

w o uld  no t  be r e p l a c e d  as th e y  d e p r e c i a t e .  The long run o p t i m a l  s o l u ­

t i o n  i n d i c a t e s  t h a t  NH^ and monoammonium ph osphate  would be the  o n l y  

s o u rc e s  o f  n i t r o g e n .  Thus ,  n i t r o g e n  p ro d u c e rs  in  M ic h ig a n  would  make 

new in v e s tm e n t  o n l y  in  c e n t r i f u g a l  NH^ p r o d u c t i o n  f a c i l i t i e s .

In  the  p o ta s s iu m  s e c t o r ,  th e  Optimum s o l u t i o n  i n d i c a t e s  t h a t  

g r a n u l a r  p o ta s s iu m  c h l o r i d e  i s  th e  optimum source  o f  I t  m ig h t

be d i f f i c u l t  f o r  th e  p ro d u c e rs  to  make a s u f f i c i e n t  s u p p ly  o f  g r a n u l a r  

g ra d e  p o ta s s iu m  c h l o r i d e .  T h u s ,  e f f o r t s  may be needed to  d e v e lo p  

improved r e f i n i n g  p rocesses  in  o r d e r  to  produce  s u f f i c i e n t l y  l a r g e  

q u a n t i t i e s  o f  g r a n u l a r  grade  p o ta s s iu m  c h l o r i d e .

The p r o c e s s i n g / m i x i n g  s e c t o r  o f  the  i n d u s t r y  w i l l  be do m ina ted  

by l a r g e  b u l k  b l e n d i n g  f a c i l i t i e s .  G r a n u l a r  m i x e r s ,  l i q u i d  m ix e rs  

and s m a l1 b u l k  b l e n d i n g  f a c i l i t i e s  would no t  be r e p l a c e d  as a t t r i t i o n  

and d e t e r i o r a t i o n  cause them t o  f o l d .  In a l l ,  a b o u t  50 l a r g e  b l e n d e r s  

c a p a b le  o f  b l e n d i n g  9 , 0 0 0  to n s  a n n u a l l y  would  be r e q u i r e d  t o  meet th e  

l e v e l  o f  b l e n d i n g  i n d i c a t e d  in  t h e  Optimum s o l u t i o n .  I t  i s  e s t i m a t e d  

t h a t  28 such f a c i l i t i e s  c u r r e n t l y  e x i s t ;  t h e r e f o r e ,  22 new 9 * 0 0 0  ton  

b l e n d e r s  w i l l  be needed t o  meet th e  long run b l e n d i n g  volume o f  th e  

o p t i m a l  i n d u s t r y  o r g a n i z a t i o n .

The o p t i m a l i t y  o f  th e  l a r g e r  b l e n d e r s  i n d i c a t e s  t h a t  in  th e  long  

r u n ,  g r e a t e r  c a p i t a l  o u t l a y  w i l l  be needed f o r  e n t r y  i n t o  th e  p r o c e s s ­

i n g / m i x i n g  s e c t o r  o f  th e  i n d u s t r y  as compared to  r e c e n t  y e a r s .  In  

a d d i t i o n ,  improved m a r k e t i n g  programs w i l l  need t o  be implemented to  

h a n d le  th e  l a r g e r  volume t h r o u g h - p u t  o f  th e  new b l e n d e r s .

The long run  Optimum i n d u s t r y  o r g a n i z a t i o n  has i m p l i c a t i o n s  f o r  

s e v e r a l  segments o f  th e  t r a n s p o r t a t i o n  s e c t o r  o f  th e  i n d u s t r y .
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The s h i f t  o f  anhydrous  ammonia p r o d u c t i o n  from th e  G u l f  C oast  t o  

M ic h ig a n  has i m p l i c a t i o n s  f o r  r a i l  and p i p e l i n e  modes o f  t r a n s p o r t a ­

t i o n ,  C u r r e n t l y ,  a l a r g e  p o r t i o n  o f  NH^ used in  M ic h i g a n  i s  s h ip ped  

by r a i l  f rom t h e  G u l f  Coast  t o  M i c h i g a n .  I f  i n d u s t r y  e v o l v e s  as o u t ­

l i n e d  by the  Optimum s o l u t i o n ,  th e n  t h e  use o f  r a i l  f o r  NH^ t r a n s p o r t a ­

t i o n  w i l l  d e c r e a s e .  A t  the same t i m e ,  in c r e a s e d  usage w i l l  be made 

o f  th e  p i p e l i n e  f o r  n a t u r a l  gas s h ip m e n t  t o  M ic h i g a n  from t h e  G u l f  

C o a s t .  L i m i t e d  p i p e l i n e  a v a i l a b i l i t y  has been one o f  the  e x p r e s s e d  

f a c t o r s  a t t r i b u t i n g  t o  t h e  s h o r t a g e  o f  n a t u r a l  gas in  th e  M ic h ig a n  

a r e a .  Thus ,  t h e  sug g es te d  s h i f t  in  th e  n i t r o g e n  s e c t o r  c o u ld  be 

hampered by th e  l i m i t e d  a v a i l a b i l i t y  o f  p i p e l i n e  t r a n s p o r t a t i o n  f a c i l ­

i t i e s  in  th e  s h o r t  r u n .  In t h e  lo n g  r u n ,  a d d i t i o n a l  p i p e l i n e  f a c i l ­

i t i e s  is  an in v e s tm e n t  i te m  t h a t  s hou ld  be g iv e n  c o n s i d e r a b l e  th o u g h t  

by th e  n i t r o g e n  s e c t o r .

I f  phosphate  p r o d u c t i o n  s h i f t s  p r i m a r i l y  t o  F l o r i d a ,  th e n  t h e r e  

w i l l  be a need f o r  a d d i t i o n a l  r a i l  c a p a c i t y  t o  haul  monoammonium 

phosphate  to  M i c h i g a n .  T h i s  w i l l  i n c r e a s e  th e  burden on an a l r e a d y  

t a x e d  r a i l  f l e e t .  T h e r e f o r e ,  in  o r d e r  to  s u c c e s s f u l l y  co m p le te  th e  

i n d i c a t e d  s h i f t  in  phosphate  p r o d u c t i o n ,  th e  s u p p ly  o f  r a i l  c a rs  

s u i t a b l e  f o r  h a u l i n g  ammoniated phosphate  p r o d u c ts  w i l l  need t o  be 

augmented.

I t  is  q u i t e  p o s s i b l e  t h a t  some o f  th e  r a i l  c a r s  needed f o r  phos­

p h ate  p ro d u c ts  a r e  c u r r e n t l y  b e in g  used by th e  p o ta s h  s e c t o r .  The  

im p le m e n ta t io n  o f  t e r m i n a l s  f o r  po tash  w i l l  f r e e  some o f  t h e  p r e v i o u s l y  

needed r a i l  c a r s .  T h i s  w i l l  come a b o u t  s i n c e  some o f  th e s e  c a r s  were  

used p r i m a r i l y  t o  meet  t h e  peak season rush  p e r i o d .  W i th  t h e  i n s t a l ­

l a t i o n  o f  the  t e r m i n a l s ,  th e  e f f e c t  w i l l  be t h a t  o f  r e d u c in g  some o f
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t h e  s e a s o n a l i t y ,  s in c e  one f u n c t i o n  o f  t h e  t e r m i n a l  i s  t o  s t o c k - p i l e  

f e r t i l i z e r ;  c o n s e q u e n t l y ,  a s m a l l e r  number o f  r a i l  c a r s  making more 

h a u l s  shou ld  be a b l e  to  keep up w i t h  demand, i f  t h e y  have th e  t e r m i n a l  

system in  w h ic h  t o  s t o c k - p i l e  d u r i n g  th e  o f f - s e a s o n .

T r u c k  t r a n s p o r t a t i o n  w i t h i n  M ic h i g a n  w i l l  come under  heavy  use 

f o r  a v e r y  s h o r t  p e r i o d  o f  t im e  d u r i n g  th e  y e a r .  D i s t r i b u t i o n  o f  

potash  and anhydrous  ammonia f rom  th e  M ic h i g a n  t e r m i n a l  and p r o d u c e r ,  

r e s p e c t i v e l y ,  d i r e c t l y  t o  th e  fa rm  is  h i g h l y  s e a s o n a l  w o rk .  The  

c u r r e n t  a v a i l a b l e  s u p p ly  o f  such t r u c k s  is  unknown, b u t  i t  is  l i k e l y  

t h a t  th e  s u p p ly  i s  i n s u f f i c i e n t  t o  meet th e  peak s e ason a l  demand.  

C u r r e n t l y ,  th e  v a r i e t y  o f  p r o d u c t  forms and the  numerous r e t a i l e r s  and 

sm al l  p r o c e s s o rs  te n d  t o  d i m i n i s h  th e  e f f e c t  o f  s e a s o n a l i t y  on t r a n s ­

p o r t a t i o n ,  s i n c e  th e  p r o d u c t  is  spread  o u t  o v e r  the  s t a t e  in  th e s e  

f a c i l i t i e s  r a t h e r  th a n  b e in g  c o n c e n t r a t e d  in  a c e n t r a l  t e r m i n a l  and 

a s m al l  number o f  l a r g e  b l e n d e r s .

One o f  t h e  most im p o r t a n t  changes i n v o l v e s  th e  f a r m e r .  A n a l y s i s  

o f  th e  Optimum s o l u t i o n  i n d i c a t e s  t h a t  t h e r e  w i l l  be a s i g n i f i c a n t  

change in  th e  p r o d u c ts  used by f a r m e r s .  The a b i l i t y  and w i l l i n g n e s s  

o f  f a r m e r s  to  s h i f t  t o  p r o d u c t s  o t h e r  th a n  th o s e  t h e y  a r e  c u r r e n t l y  

u s in g  is  a v e r y  n e c e s s a r y  s t e p  in  th e  s w i tc h  t o  th e  Optimum i n d u s t r y  

o rg a n  i z a t  i on .

The most s e r i o u s  i m p l i c a t i o n s  i n v o l v e  those  f a r m e r s  c u r r e n t l y  

u s in g  l i q u i d  f e r t i l i z e r s .  S in c e  th e s e  p r o d u c ts  a r e  s u b o p t im a l  in  th e  

lo n g  r u n ,  f a r m e r s  c u r r e n t l y  u s in g  them w i l l  need t o  s w i t c h  t o  o t h e r  

f e r t i l i z e r s  i f  th e  c o s t  s a v in g s  p o t e n t i a l  o f  th e  Optimum o r g a n i z a t i o n  

i s  to  be r e a l i z e d .  As p o i n t e d  o u t  in  C h a p t e r  I I ,  th e  model has not  

t a k e n  i n t o  a c c o u n t  t h e  c o s t  o f  s w i t c h i n g  f rom  l i q u i d  t o  d r y  f e r t i l i z e r
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h a n d l i n g  e q u ip m e n t .  In  th e  s h o r t  r u n ,  t h e r e  i s  l i k e l y  t o  be a g ra d u a l  

p h a s e -o u t  o f  l i q u i d  p r o d u c t s ,  d u r i n g  w h ic h  t im e  fa r m e r s  t h a t  a r e  

c u r r e n t l y  u s in g  l i q u i d s  s h o u ld  s w i t c h  t o  d ry  b le n d e d  f e r t i l i z e r s  and  

t h e i r  a s s o c i a t e d  h a n d l i n g  e q u ip m e n t .

Summary

The Optimum s o l u t i o n  has p roved  t o  be v e r y  n e a r l y  o p t i m a l  when 

s u b j e c t e d  t o  v a r i o u s  wage r a t e s  and r a t e s  o f  r e t u r n  on in v e s tm e n t .

Changes in  th e  wage r a t e  had a m in im al  impact  upon the  Optimum 

s o l u t i o n ;  d i r e c t  a p p l i c a t i o n  o f  monoammonium phosphate  and g r a n u l a r  

p o ta s s iu m  c h l o r i d e  r e p l a c e d  some o f  th e  d r y  b l e n d in g  a c t i v i t y  as 

i n c r e a s e d  wages w e re  imposed upon t h e  m ode l .

The Optimum s o l u t i o n  is  th e  lo n g  run o p t im a l  i n d u s t r y  o r g a n i z a ­

t i o n  f o r  r a t e s  o f  r e t u r n  on in v e s tm e n t  from 6 . 0  p e r  c e n t  t o  1 0 .7  P®r  

c e n t ,  i n c l u s i v e .  F o r  r a t e s  le s s  th a n  6 . 0  per  c e n t ,  Optimum would r e ­

s u l t  in  a maximum i n c r e a s e  in  t o t a l  c o s t  o f  $ 5 6 , 3 6 0 .  T h i s  f i g u r e  is  

e q u i v a l e n t  t o  an i n c r e a s e  o f  $ 0 , 1 2 9  P®r n u t r i e n t  to n  o f  consum ption  

in  1970 in  M i c h i g a n .  On t h e  o t h e r  h a n d ,  im p le m e n t a t io n  o f  Optimum 

c o u ld  save M ic h ig a n  fa r m e r s  $ 2 5 , 2 5 5 * 9 8 7  when compared t o  th e  1970  

A c t u a l  s o l u t i o n .  T h i s  s a v in g s  is  e q u i v a l e n t  t o  $ 5 7 . 6 6  p e r  n u t r i e n t  

t o n .

D i r e c t  a p p l i c a t i o n  o f  monoammonium phosphate  and g r a n u l a r  p o t a s ­

sium c h l o r i d e  a r e  a f f e c t e d  as changes in  the  d r y  b l e n d i n g  segment 

t a k e  p l a c e  in  a t t e m p t i n g  t o  m in im iz e  t o t a l  c o s t  t o  t h e  M ic h ig a n  fa r m e r s  

o v e r  v a r i o u s  r a t e s  o f  r e t u r n .

I m p le m e n ta t io n  o f  t h e  Optimum s o l u t i o n  would have a s i g n i f i c a n t  

im pact  upon the  o r g a n i z a t i o n  and o p e r a t i o n  o f  t h e  f e r t i l i z e r  i n d u s t r y
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i n  M i c h i g a n ,  Most n o t a b le  among the  numerous im pacts  would  be th e  

e l i m i n a t i o n  o f  su b o p t im a l  p r o d u c ts  and th e  p ro d u c e rs  and m a r k e t i n g  

n e tw o rk  a s s o c i a t e d  w i t h  them.

For  th e  f a r m e r ,  the  Optimum s o l u t i o n  t o  i n d u s t r y  o r g a n i z a t i o n  has 

two v e r y  i m p o r t a n t  i m p l i c a t i o n s .  F i r s t ,  M ic h ig a n  fa r m e r s  c o u ld  s ta nd  

t o  r e c e i v e  a d e c r e a s e  in f e r t i l i z e r  e x p e n d i t u r e s  e q u i v a l e n t  t o  32  per  

c e n t  o f  t h e  amount th e y  s p e n t  in  1970 .  S e c o n d ly ,  the  e l i m i n a t i o n  o f  

some p r o d u c t s ,  l i q u i d s  in  p a r t i c u l a r ,  w i l l  mean an in c r e a s e  in  t h e  

c o s t  o f  h a n d l i n g  and a p p l i c a t i o n  o f  f e r t i l i z e r  f o r  some f a r m e r s .

T h u s ,  no t  a l l  f a r m e r s  c o u ld  r e c e i v e  the  f u l l  3 2  p e r  c e n t  r e d u c t i o n  

in  f e r t i l i z e r  e x p e n d i t u r e s .



CHAPTER IV

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

The Problem

In v ie w  o f  the  p o t e n t i a l  r e d u c t i o n  in  c o s t  t o  f a r m e r s  a n d / o r  

in c r e a s e d  r e t u r n s  t o  i n d u s t r y  p a r t i c i p a n t s  d i s c u s s e d  in  t h e  p r e v io u s  

c h a p t e r s ,  an o p t im a l  t r a n s i t i o n  from t h e  c u r r e n t  i n d u s t r y  o r g a n i z a ­

t i o n  (a s  s i m u l a t e d  by 1970 A c t u a l  in  A p p e n d ix  A) t o  t h e  lo n g  run  

Optimum (A p p e n d ix  A) o r g a n i z a t i o n  is  d e s i r a b l e .  S in c e  t h i s  long run  

o p t i m a l  i n d u s t r y  o r g a n i z a t i o n  u t i l i z e s  some f a c i l i t i e s  w h ic h  do not  

c u r r e n t l y  e x i s t ,  i t  i s  a p p r o p r i a t e  t o  a n a l y z e  t h e  in v e s tm e n t  r e q u i r e d  

t o  t r a n s f o r m  th e  c u r r e n t  i n d u s t r y  i n t o  t h a t  o p t i m a l  o r g a n i z a t i o n .

In making such a t r a n s i t i o n ,  s e v e r a l  im p o r t a n t  q u e s t io n s  need t o  

be a n s w e re d .  In d u s t r y  i n v e s t o r s  need t o  know w h ic h  p r o d u c ts  t o  p ro ­

duce and t h e  a p p r o p r i a t e  t e c h n o lo g y  t o  employ f o r  t h a t  p r o d u c t i o n .  

M o r e o v e r ,  t h e  t i m i n g  o f  t h e  in v e s tm e n t  in  new f a c i l i t i e s  must be 

c l o s e l y  c o o r d i n a t e d  w i t h  t h e  s c r a p p in g  o f  o l d  f a c i l i t i e s .  The c r u c i a l  

q u e s t io n s  h e r e  a r e  t h o s e  o f  w h ic h  p r o d u c t s  and t e c h n o l o g i e s  would  

r e p l a c e  c u r r e n t  p r o d u c ts  and t e c h n o l o g i e s ;  what  l e v e l  o f  annual  i n ­

ve s tm e n t  in  new f a c i l i t i e s  would  be im m e d ia t e ly  scrapped  and w h ich  

would re m a in  in  use; and w h ic h  in v e s tm e n t  would  be made f i r s t .  T h i s  

c h a p t e r  i s  d e v o te d  t o  a n s w e r in g  th e s e  q u e s t i o n s .  In  a d d i t i o n ,  t h i s  

c h a p t e r  w i l l  s u p p ly  answers  t o  q u e s t io n s  c o n c e r n in g  th e  n e c e s s a r y

8k
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l e v e l s  o f  s e r v i c e s ,  such as t r a n s p o r t a t i o n ,  t h a t  would be r e q u i r e d  

by th e  proposed t r a n s f o r m a t i o n  o f  th e  i n d u s t r y .  To answer th e s e  

q u e s t i o n s  th e  t r a n s i t i o n  was made in  a c c o rd a n c e  w i t h  c e r t a i n  assump­

t i o n s .

The A ssum ptions

The f o l l o w i n g  is  a l i s t  o f  a ssu m p t ions  made c o n c e r n in g  t h e  t r a n ­

s i t i o n  from 1970 A c t u a l  t o  th e  long run Optimum i n d u s t r y  o r g a n i z a t i o n :

1. S in c e  th e  C o n s t r a i n e d  Optimum o r g a n i z a t i o n  i s  composed o f  

o n l y  e x i s t i n g  f a c i l i t i e s ,  i t  i s  assumed t h a t  t h e  t r a n s i t i o n  c o u ld  be 

made t o  t h i s  o r g a n i z a t i o n  w i t h i n  th e  t im e  p e r i o d  o f  one y e a r .  An 

i m p l i e d  assu m p t ion  t h a t  i s  c l o s e l y  r e l a t e d  t o  t h i s  f i r s t  y e a r  o f  

t r a n s i t i o n ,  as w e l t  as to  th e  r e m a in d e r  o f  t h e  t r a n s i t i o n  y e a r s ,  is  

t h a t  f a r m e r s  would w i l l i n g l y  purchase  th e  p r o d u c t s  s u p p l i e d ,  g i v e n  

th e  r e d u c t i o n  in c o s t  t o  them.

2 .  E x i s t i n g  f a c i l i t i e s  w ere  assumed t o  be a t  t h e i r  m i d l i f e .

T h i s  i s  based on th e  t rem endous grow th  in  t h e  i n d u s t r y  t h a t  t o o k  p l a c e  

f i v e  t o  s i x  y e a r s  a g o .  T h e r e f o r e ,  most o f  t h e  f a c i l i t i e s  would  be a t  

l e a s t  f i v e  y e a r s  o l d  and would be in  th e  d e c l i n i n g  y e a r s  o f  t h e i r  

p r o d u c t i v i t y .  Normal a t t r i t i o n  p lu s  th e  r e l a t i v e l y  poor r e t u r n s  on 

in v e s tm e n t  e x p e r i e n c e d  in  r e c e n t  y e a r s  s u g g e s ts  t h a t  a 20 per  c e n t  

r a t e  o f  d e t e r i o r a t i o n  o f  p h y s i c a l  c a p a c i t y  w o u ld  be a p p r o p r i a t e  f o r  

the  e x i s t i n g  f a c i l i t i e s  t h a t  a r e  used each y e a r .  I f ,  h o w e ve r ,  e x i s t ­

ing f a c i l i t i e s  a r e  n o t  u s e d ,  i t  i s  assumed t h a t  f+0 per  c e n t  o f  t h e i r  

c a p a c i t y  would  be e l i m i n a t e d .  T h i s  i s  based on normal a t t r i t i o n  and 

poor econom ic  c o n d i t i o n s  in  th e  i n d u s t r y  and t h e  b e l i e f  t h a t  th e s e  

f o r c e s  (a n d  o t h e r s )  t h a t  caused th e  f a c i l i t i e s  t o  be i d l e d  would  c o n -
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t l n u e  t o  h arass  them , such t h a t  o n l y  h a l f  o f  th o s e  s hut  down would  

a g a i n  be o p e r a t e d .  T h u s ,  c u r r e n t  f a c i l i t i e s  c o u ld  be used f o r  a 

maximum o f  f i v e  y e a r s  i f  th e y  were used e v e r y  y e a r ;  w h e r e a s ,  t h e y  

w o uld  no lo n g e r  be a v a i l a b l e  a f t e r  t h r e e  y e a r s  i f  t h e y  were  n o t  used 

a t  a l l .

3 .  New f a c i l i t i e s  c o u ld  not  be " p u r c h a s e d "  u n t i l  a f t e r  t h e  t r a n ­

s i t i o n  was com ple ted  f ro m  the  1970 A c t u a l  o r g a n i z a t i o n  ( Y e a r  0)  t o  th e  

C o n s t r a i n e d  Optimum o r g a n i z a t i o n  ( Y e a r  I ) .  In a d d i t i o n ,  th e  model was 

n o t  a l l o w e d  to  p u rc h a s e  new f a c i l i t i e s  t h a t  w e re  n o t  used in  t h e  long  

run  Optimum o r g a n i z a t i o n .  S ince  t h e  model i s  no t  r e c u r s i v e ,  i t  c o u ld  

n o t  s i m u l t a n e o u s l y  d e t e r m i n e  the  lo n g  run  o p t i m a l  i n d u s t r y  o r g a n i z a ­

t i o n  and th e  o p t im a l  t r a n s i t i o n  p a th  t o  a c h i e v e  t h a t  o r g a n i z a t i o n .  

C o n s e q u e n t l y ,  t o  p r e v e n t  th e  model f ro m  p o s s i b l y  s e l e c t i n g ,  d u r i n g  

each s t e p  o f  the  t r a n s i t i o n ,  f a c i l i t i e s  t h a t  a r e  n o t  used in  th e  

Optimum o r g a n i z a t i o n ,  t h e  p u rc h a s in g  r e s t r i c t i o n  was imposed. W i t h o u t  

t h a t  r e s t r i c t i o n ,  t h e  model c o u ld  have p o s s i b l y  s e l e c t e d  f a c i l i t i e s  

t h a t  a r e  n o t  in Optimum. Such s e l e c t i o n  would  have caused a d d i t i o n a l  

in v e s t m e n t  in  a t t e m p t i n g  t o  m in im iz e  th e  s h o r t  run t o t a l  c o s t  and 

w o uld  have p ro lo n g e d  t h e  com ple te  a t t a i n m e n t  o f  th e  long run o p t i m a l  

o r g a n i z a t i o n ,  s in c e  new f a c i l i t i e s  a r e  assumed t o  have  a t e n  y e a r  l i f e .

U. New f a c i l i t i e s ,  those  " p u r c h a s e d "  by th e  m o d e l ,  were assumed 

t o  p h y s i c a l l y  d e t e r i o r a t e  a t  th e  r a t e  o f  10 p e r  c e n t  o f  t h e i r  o r i g i n a l  

c a p a c i t y  a n n u a l l y .  T h i s  i s  based on th e  f a c t  t h a t  a f a c i l i t y  w ou ld  

n o r m a l l y  lo s e  some o f  i t s  o r i g i n a l  c a p a c i t y  and on th e  r e c e n t  econom ic  

r e c o r d  o f  t h e  f e r t i l i z e r  i n d u s t r y .  T h i s  f i g u r e  may be somewhat h ig h  

and c o u l d ,  t h e r e b y ,  r e s u l t  in  upward b i a s  o f  th e  new in v e s tm e n t  c o s t s  

o f  t h e  t r a n s i t i o n .
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5 .  R e tu r n  on in v e s t m e n t  o f  e x i s t i n g  f a c i l i t i e s  and those  a t  

l e a s t  one y e a r  o l d  was assumed t o  be z e r o .  T h i s  i s  c o n s i s t e n t  w i t h  

t h e  c l a s s i c a l  e conom ic  t h e o r y  o f  th e  s h o r t  r u n .  T h i s  t h e o r y  s t a t e s  

t h a t  a p r o d u c t i v e  p ro c e s s  ( f a c i l i t y )  w i l l  be used in  the  s h o r t  run  

i f  i t s  r e t u r n s  a r e  a t  l e a s t  equa l  t o  i t s  v a r i a b l e  c o s t s .  T h u s ,  a 

f a c i l i t y  need n o t  o b t a i n  any r e t u r n s  to  be a p p l i e d  tow ards  i t s  f i x e d  

c o s t s  ( i n v e s t m e n t )  in  t h e  s h o r t  r u n ,  p r o v id e d  i t s  v a r i a b l e  c o s t s  a r e  

m e t .  In  o t h e r  w o r d s ,  once an in v e s tm e n t  has been made, i t  w i l l  be 

u t i l i z e d  in  th e  s h o r t  run  r e g a r d l e s s  o f  in v e s tm e n t  ( f i x e d )  c o s t ,  i f  

i t s  v a r i a b l e  c o s t s  a r e  r e c o v e r e d ;  t h u s ,  i t  i s  as though f i x e d  c o s ts  

were  z e r o ,  w h ic h  i s  w h a t  t h i s  assu m p t ion  i m p l i e s .

6 .  R e tu rn  on in v e s tm e n t  o f  new f a c i l i t i e s ,  i . e . ,  those  purchased  

d u r i n g  the  c u r r e n t  t r a n s i t i o n  y e a r ,  was s e t  a t  1 5 . 0  p e r  c e n t .  T h i s  

n o t  o n l y  imposed f i x e d  c o s ts  upon t h e s e  f a c i l i t i e s ,  b u t  a l s o  r e f l e c t e d  

m anagement 's  i n s i s t e n c e  on r e c e i v i n g  an e q u i t a b l e  r e t u r n  on new i n v e s t ­

m e n t .  A f t e r  t h i s  f i r s t  y e a r  o f  u t i l i z a t i o n ,  the  f a c i l i t y  th e n  became

a member o f  t h a t  g ro u p  d e s c r i b e d  under as su m p t io n  5» t h a t  i s ,  i t s  

r e t u r n  on in v e s tm e n t  was s e t  t o  z e r o . *

7 .  Sa lv a ge  v a l u e s  o f  a l l  f a c i l i t i e s  were  assumed t o  be z e r o .

S in c e  t h e r e  a r e  e s s e n t i a l l y  no a l t e r n a t i v e  uses f o r  most f e r t i l i z e r  

p r o d u c t i o n  e q u ip m e n t ,  t h e  z e r o  s a lv a g e  v a l u e  becomes a p p r o p r i a t e .  In  

e s s e n c e ,  t h i s  a s s u m p t io n  i m p l i e s  t h a t  any c o s t  i n v o lv e d  in  s c r a p p in g

The 1 5 .0  p e r  c e n t  r e t u r n  on new in v e s tm e n t  was s e l e c t e d  t o  
a l l o w  f o r  th e  r i s k  a s s o c i a t e d  w i t h  such v e n t u r e s .  The 1 5 . 0  p e r  c e n t  
p lu s  t h e  1 0 .0  per  c e n t  d e p r e c i a t i o n  a p p r o x im a te s  th e  o f t e n  e x p r e s s e d  
r u l e  o f  thumb in m a n u f a c t u r i n g  i n d u s t r i e s  o f  n o t  making an in v e s tm e n t  
u n le s s  i t  cou ld  be e x p e c t e d  to  be " p a i d  o f f "  w i t h i n  f o u r  y e a r s .
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a f a c i l i t y  is  j u s t  o f f s e t  by the  s a l e  o f  i t s  components. A c tu a l  

s a lv a g e  v a lu e s  o f  the  f a c i l i t i e s  a r e  n o t  known t o  e x i s t .  F u r t h e r ­

more,  i n c o r p o r a t i o n  o f  n o n - z e r o  s a lv a g e  v a lu e s  would  have  n e a r l y  

do ub led  th e  s i z e  o f  the  m o d e l ,  which a l r e a d y  had 771 rows and 2 , 65 ^ 

columns. The e f f e c t  o f  t h i s  assumption  is t o  a l l o w  f a c i l i t i e s  to  s i t  

i d l e  w i t h o u t  imposing a m a in te n a n c e  c o s t  f o r  such i d l e n e s s .  H ow e v e r ,  

as p o i n t e d  o u t  under a s s u m p t io n  two ,  an i d l e  f a c i l i t y  was assumed t o  

p h y s i c a l l y  d e t e r i o r a t e  a t  t w i c e  the  r a t e  o f  one t h a t  is  u t i l i z e d .

8. F o r  e x i s t i n g  f a c i l i t i e s  n o t  in M ic h ig a n  i t  is  assumed t h a t

the  maximum amount th e y  c o u ld  s u p p ly  to  M ic h ig a n  is th e  g r e a t e r  o f

t h e i r  l e v e l  o f  s u p p ly  under  the  1970 A c t u a l  o r  C o n s t r a i n e d  Optimum 

o r g a n i z a t i o n s .  Th a t  i s ,  f o r  s u p p l y i n g  f e r t i l i z e r  t o  M i c h i g a n ,  thos e  

e x i s t i n g  f a c i l i t i e s  o u t s i d e  the  s t a t e  c o u ld  n o t  s u p p ly  more than t h a t  

q u a n t i t y  s u p p l i e d  under  e i t h e r  1970 A c t u a l  o r  C o n s t r a i n e d  Optimum.  

T h is  was done t o  a p p r o x im a te  the  c u r r e n t  s i t u a t i o n  and e s t a b l i s h  an 

up p e r  l i m i t  on e x i s t i n g  f a c i l i t i e s .

9 .  S p e c i f i c  p ro d u c ts  w ould  n o t  be f o r c e d  i n t o  p r o d u c t io n  a f t e r

Y e a r  0 ,  T h a t  i s ,  1970 A c t u a l  (Y e a r  0 )  w o u ld  be the  o n l y  y e a r  in th e

t r a n s i t i o n  in  wh ich  s p e c i f i c  p ro d u c ts  would  have f o r c e d  p r o d u c t i o n .  

T h e r e a f t e r ,  o n ly  N, ^2^ 5 ’ an<* *^2^ l e v e l s  w o u ld  be f o r c e d .  In Y e a r  1 , 

C o n s t r a i n e d  Optimum p r o d u c t i o n  o f  p r o d u c ts  w o u ld  be l i m i t e d  t o  those  

t e c h n o l o g i e s  and f a c i l i t i e s  c u r r e n t l y  in e x i s t e n c e ;  t h e r e f o r e ,  c a p a c ­

i t y  c o n s t r a i n t s  were  used d u r i n g  Y e a r  1 to  l i m i t  p r o d u c t io n  to  th e  

e x i s t i n g  c a p a c i t i e s .

10.  The "demand" f o r  N , P2^5* anc* *^2^ w e re  m a i n t a i n e d  a t  th e  

1970 l e v e l s  o f  consum pt ion .  T h is  was done t o  s e r v e  as a b a s is  f o r  

com parison among the v a r i o u s  s ta g e s  o f  t r a n s i t i o n .
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11.  I t  I s  assumed t h a t  t h e r e  i s  no e f f e c t i v e  c a p i t a l  r a t i o n i n g ,  

e i t h e r  i n t e r n a l  o r  e x t e r n a l  t o  t h e  f i r m .  In  o t h e r  w o rd s ,  the  n e c e s s a ry  

in v e s tm e n t  funds a r e  assumed t o  be a v a i l a b l e  r e g a r d l e s s  o f  t h e  d e s i r e d  

q u a n t i t y .  T h i s  assu m p t ion  may no t  be v e r y  r e a l i s t i c ,  b u t  i t  a l l o w s  

us t o  d e t e r m in e  th e  amount o f  in v e s tm e n t  t h a t  s hou ld  be made to  m i n i ­

m ize  t o t a l  c o s t .

P roc e dure

As p r e v i o u s l y  m e n t io n e d ,  th e  1970 A c t u a l  o r g a n i z a t i o n  i s  used as  

the  p o i n t  o f  d e p a r t u r e  f o r  t r a c i n g  th e  t r a n s i t i o n  t o  t h e  lo n g  run  

o p t i m a l  i n d u s t r y  o r g a n i z a t i o n .  F u r t h e r m o r e ,  th e  f i r s t  y e a r  was assumed 

to  be u t i l i z e d  t o  make t h e  a p p r o p r i a t e  o r g a n i z a t i o n a l  changes n e c e s s a r y  

to  be c o n s i s t e n t  w i t h  th e  C o n s t r a i n e d  Optimum o r g a n i z a t i o n .  T h u s ,  the  

c a p a c i t y  c o n s t r a i n t s  n e c e s s a r y  t o  make t h e  f i r s t  y e a r ' s  t r a n s i t i o n  a r e  

e x a c t l y  th o s e  o f  C o n s t r a i n e d  Optimum (A p p e n d ix  E, T a b l e  E - l ) .  The 

c o n s t r a i n t s  on n o n - e x i s t i n g  f a c i l i t i e s  w ere  a l l  s e t  equa l  to  z e r o  f o r  

t h i s  f i r s t  y e a r  o f  t r a n s i t i o n .  The n o n - z e r o  c a p a c i t y  c o n s t r a i n t s  in  

T a b l e  E-1 were  d e r i v e d  a f t e r  a c a r e f u l  s tu d y  o f  th e  e x i s t i n g  f a c i l ­

i t i e s  in  M i c h i g a n . ^

The C o n s t r a i n t s  t o  be used f o r  the  second y e a r  o f  t r a n s i t i o n  

were d e r i v e d  by a p p l y i n g  a s s u m p t io n s  2 and 8 .  Some exam ple  c a l c u l a ­

t i o n s  w i l l  a i d  in  u n d e r s t a n d i n g  t h e  p r o c e d u r e .  The c o n s t r a i n t  f o r  

Y e a r  2 f o r  G u l f  C oast  p r o d u c t i o n  o f  anhydrous  ammonia by th e  c e n t r i f -

^See B e l l ,  e t  a l . .  f o r  a th o ro u g h  d e s c r i p t i o n  o f  th e  M ic h ig a n  
f e r t i l i z e r  i n d u s t r y .
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ugal p rocess  (A p p e n d ix  E ,  T a b l e  E - 2 )  was o b t a i n e d  as f o l l o w s :  s in c e

t h i s  p a r t i c u l a r  f a c i l i t y  was used in  both  1970 A c t u a l  and C o n s t r a i n e d  

Optimum, th e  maximum o f  e i t h e r  60  per  c e n t  o f  i t s  l e v e l  o f  use in  

1970 A c t u a l  o r  80  per  c e n t  o f  i t s  l e v e l  o f  use in  C o n s t r a i n e d  Optimum  

was th e  c o n s t r a i n t  v a l u e  used f o r  the second y e a r .  From A p p e n d ix  A ,  

T a b l e  A - 2 ,  we see t h a t  t h i s  f a c i l i t y  was used a t  a l e v e l  o f  7 3 * 0 3 3  

to n s  under  1970 A c t u a l ;  w h e r e a s ,  8 0 , 3 0 8  to n s  were  processed t h r o u g h  

i t  under th e  C o n s t r a i n e d  Optimum o r g a n i z a t i o n .  C l e a r l y ,  80 p e r  c e n t  

o f  th e  l a t t e r  f i g u r e  ( 6 * * ,8 4 6 )  i s  g r e a t e r  th a n  60  per  c e n t  o f  t h e  

fo r m e r  ( * * 3 * 8 2 0 ) .  T h u s ,  6 4 , 8 4 6  to n s  i s  th e  c o n s t r a i n t  f o r  th e  f a c i l i t y  

in  q u e s t i o n  f o r  th e  second y e a r .  In  t h e  case o f  n o n -p r e s s u r e  n i t r o g e n  

s o l u t i o n s  produced in  th e  M id w e s t  (A p p e n d ix  A ,  T a b l e  A - 6 ) , th e  l e v e l  

o f  use under  th e  1970 A c tu a l  o r g a n i z a t i o n  i s  * *0 ,91 2  to n s ;  w h e r e a s ,  th e  

f a c i l i t y  was i d l e  under th e  C o n s t r a i n e d  Optimum o r g a n i z a t i o n .  Con­

s e q u e n t l y ,  a r e d u c t i o n  in  p o t e n t i a l  c a p a c i t y  o f  6 0  p e r  c e n t  was made 

(2 0  per  c e n t  f o r  go in g  f rom  1970 A c t u a l  to  C o n s t r a i n e d  Optimum p lu s  

40 per  c e n t  f o r  b e in g  i d l e  u n d e r  C o n s t r a i n e d  O pt im um ).  T h is  l e f t  o n l y  

4 0  p e r  c e n t  o f  4 0 , 9 1 2 ,  o r  1 6 ,3 6 5  t o n s ,  as  th e  c a p a c i t y  f o r  t h e  second  

t r a n s i t i o n  y e a r  (A p p e n d ix  E ,  T a b l e  E - 2 ) .

The c o n s t r a i n t s  f o r  t h e  t h i r d  y e a r  were  made in  a s i m i l a r  m a n n e r ,  

e x c e p t  t h a t  90 per  c e n t  o f  t h e  c a p a c i t y  o f  th e  f a c i l i t i e s  pu rc ha s e d  

d u r i n g  t h e  second y e a r  ( u s i n g  a s su m p t io n  number 4 )  was added t o  t h e  

new c a p a c i t y  c a l c u l a t i o n ,  r e f l e c t i n g  an a d d i t i o n a l  y e a r  o f  p h y s i c a l  

d e t e r i o r a t i o n  (A p p e n d ix  E ,  T a b l e  E - 3 ) . T h i s  p r o c e d u r e  was r e p e a t e d  

t o  e s t a b l i s h  t h e  c a p a c i t y  c o n s t r a i n t s  f o r  th e  e n s u in g  y e a r s  (A p p e n d ix  

E ,  T a b l e s  E - 4  th ro u g h  E - 6 ) . When a l l  o f  t h e  c u r r e n t l y  e x i s t i n g  f a c i l ­

i t i e s  were f u l l y  d e t e r i o r a t e d ,  th e  process  was h a l t e d .
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A f t e r  t h e  t r a n s i t i o n  t o  Y e a r  1 and p r i o r  t o  t h a t  o f  Y e a r  2 ,  the  

r a t i o  c o n s t r a i n t s  were removed f ro m  a l l  f a c i l i t i e s .  T h a t  i s t th e  

c o n s t r a i n t s  u t i l i z e d  under the  f i r s t  t r a n s i t i o n  ( t o  C o n s t r a i n e d  

Optimum) t o  m a i n t a i n  a c o n s t a n t  r a t i o  o f  p r o d u c t i o n  between s p e c i f i c  

f a c i l i t i e s  ( e . g . ,  NH^ p r o d u c t i o n  in  t h e  Midwest  and G u l f  C o a s t ) ,  f o r  

t h e  purposes  o f  s i m u l a t i n g  r e a l i t y ,  were  removed p r i o r  to  m aking  th e  

t r a n s i t i o n  t o  Y e a r  2 .  They were  no lo n g e r  needed ,  s i n c e ,  b e g i n n i n g  

w i t h  t h e  t r a n s i t i o n  t o  Y e a r  2 ,  new f a c i l i t i e s  c o u ld  be p u rc h a s e d ;  

w h e r e a s ,  p r e v i o u s l y  th e  purchase  a c t i v i t y  was no t  a l l o w e d .

S in c e  t h e  r e t u r n  on in v e s tm e n t  on new f a c i l i t i e s  i s  s e t  a t  1 5 .0  

p e r  c e n t ,  i t  i s  n e c e s s a r y  to  compare t h e  t r a n s i t i o n  o r g a n i z a t i o n s  w i t h  

a v a r i a t i o n  o f  Optimum t h a t  embodies a h i g h e r  r a t e  th a n  t h e  7 . 5  per  

c e n t  imposed on i t .  The r e s u l t s  o b t a i n e d  in  t h e  p r e v io u s  c h a p t e r  

when r e t u r n  on in v e s tm e n t  was g r e a t e r  t h a n  1 0 .7  p e r  c e n t  in  th e  long  

run  a r e  e x a c t l y  what  we need f o r  a b a s i s  o f  c o m p a r is o n .  A c t u a l l y  the  

f a c i l i t i e s  used a r e  th e  same w h e t h e r  c om par ison  is  made t o  Optimum 

w i t h  7 . 5  o r  2 0 . 0  p e r  c e n t  r e t u r n  on in v e s t m e n t ,  b u t  t h e r e  is  a s m al l  

change in  t h e  r e l a t i v e  l e v e l s  o f  t h e  v a r i o u s  f a c i l i t i e s .  T h e r e f o r e ,  

th e  column headed by " 2 0 .0 %  t o  10 .8% ,r i n  a l l  th e  t a b l e s  o f  A p p e n d ix  0 

shou ld  be r e f e r r e d  t o  i f  t h e  s p e c i f i c  q u a n t i t i e s  o f  each f a c i l i t y  a re  

d e s i r e d ;  o t h e r w i s e ,  r e f e r e n c e  can be made to  Optimum in  A p p e n d ix  A 

when c om par ing  th e  t r a n s i t i o n a l  o r g a n i z a t i o n s  t o  th e  d e s i r e d  long run 

o p t i m a l  o r g a n i z a t i o n  o f  th e  i n d u s t r y .

The T r a n s i  t i o n

The c o m p le te  t r a n s i t i o n  w i l l  be d i s c u s s e d  y e a r  by y e a r .  F i r s t ,  

th o s e  a c t i v i t i e s  a f f e c t e d  w i l l  be a n a l y z e d ,  then  a c o s t  a n a l y s i s  w i l l
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be u n d e r ta k e n .  In th e  n e x t  s e c t i o n ,  the  c o s ts  w i l l  be r e l a t e d  t o  the  

needed in v e s tm e n t  and p o t e n t i a l  s a v i n g s .

Y e a r  0 t o  Y e a r  1

D u r in g  the f i r s t  y e a r  o f  t r a n s i t i o n  ( f r o m  1970 A c tu a l  to  Con­

s t r a i n e d  Optimum),  numerous changes in th e  o r g a n i z a t i o n  o f  the  i n d u s t r y  

w e re  r e a l i z e d .  S i x t e e n  p ro d u c ts  made d u r i n g  Y e a r  0 w e re  n o t  made dui— 

ing  Y e a r  1 (A p p e n d ix  A, T a b l e  A - l ) .  In a d d i t i o n ,  seven o t h e r  p ro d u c ts  

d e c r e a s e d  in th e  l e v e l  o f  t h e i r  s u p p ly  t o  M ic h i g a n ;  w h e r e a s ,  seven 

p r o d u c ts  in c r e a s e d  in the  l e v e l  o f  t h e i r  u t i l i z a t i o n .

In the  anhydrous ammonia s e c t o r ,  G u l f  Coast and Midwest p rod uc­

t i o n  d e c l i n e d  s l i g h t l y ;  w h e r e a s ,  M ic h ig a n  p r o d u c t io n  in c r e a s e d  more 

than  o n e - t h i r d  (A p p e n d ix  A, T a b le  A - 2 ) . Most n o t a b l e  was the  c om ple te  

s h u t  down o f  the G u l f  Coast p i s t o n  type  p r o d u c t io n  f o r  M ic h ig a n  con­

sum pt ion  and the more than  doubled  use o f  d i r e c t  a p p l i c a t i o n  o f  NH^. 

Y e a r  0 u t i l i z e d  o n ly  6 2 , 0 8 2  tons o f  NH^ f o r  d i r e c t  a p p l i c a t i o n ,  w h i l e  

Y e a r  1 used 1 2 8 ,3 3 8  t o n s .  The use o f  d i r e c t  a p p l i c a t i o n  o f  anhydrous  

ammonia as a p r im a r y  s o u r c e  o f  n i t r o g e n  in Y e a r  1 caused aqueous 

ammonia, n o n -p r e s s u r e  n i t r o g e n  s o l u t i o n s ,  lo w - p r e s s u r e  n i t r o g e n  s o l u ­

t io n s  and u r e a  ( a l l  o f  w h ich  a re  n i t r o g e n  p r o d u c ts )  t o  no lo n g e r  be 

u t i l i z e d .  Anhydrous ammonia, b e in g  e x t r e m e l y  h ig h  in n i t r o g e n  con­

t e n t ,  8 2 . 2  p e r  c e n t  N ,  makes i t  a v e r y  ec onom ic a l  source  o f  n i t r o g e n  

r e l a t i v e  t o  the o t h e r  p r o d u c ts  m e n t io n e d .

N i t r i c  a c id  p r o d u c t i o n  dropped n e a r l y  5 0 ,0 0 0  tons d u r i n g  the t r a n ­

s i t i o n  t o  Y e a r  1. The impetus f o r  t h i s  d e c r e a s e  came s o l e l y  f rom  the  

r e d u c t i o n  o f  ammonium n i t r a t e  (A ppend ix  A ,  T a b le s  A -4  and A - 5 ) - P r i o r  

t o  the  t r a n s i t i o n ,  ammonium n i t r a t e  was b e in g  used in  th e  p r o d u c t io n
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o f  n i t r o g e n  m a n u f a c t u r i n g  s o l u t i o n s ,  low and n o n - p r e s s u r e  n i t r o g e n  

s o l u t i o n s ,  and g r a n u l a t e d  mixed and d r y  b len d e d  f e r t i l i z e r s .  In  

a d d i t i o n ,  2 7 , 7 0 ^  tons  w e re  used f o r  d i r e c t  a p p l i c a t i o n .  D u r in g  Y e a r  

1, h o w e v e r ,  i t  was used o n l y  f o r  th e  p r o d u c t io n  o f  n i t r o g e n  manufac­

t u r i n g  s o l u t i o n s  w h ic h  w ere  e v e n t u a l l y  used t o  make g r a n u l a t e d  mixed  

f e r t i l i z e r .  F u r t h e r m o r e ,  ammonium n i t r a t e  was n o t  used f o r  d i r e c t  

a p p l i c a t i o n  d u r i n g  Y e a r  1.

The m a jo r  p o r t i o n  o f  n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s  p r o d u c t io n  

s w i tc h e d  from t h e  M id w est  t o  t h e  G u l f  Coast  as a consequence o f  the  

r e o r g a n i z a t i o n  in  th e  NH^ s e c t o r  (A p p e n d ix  A ,  T a b l e s  A - l  and A - 8 ) .

Y e a r  1 had o v e r  8 0  p e r  c e n t  o f  th e  M idw est  NHj g o in g  d i r e c t l y  to  the  

fa rm s ;  w h ere a s  Y e a r  0 had none.  The p r o d u c t io n  c o n s t r a i n t s  o f  Y e a r  0 

fo r c e d  most NH^ t o  be used f o r  t h e  p r o d u c t io n  o f  p r o d u c t s  t h a t  were  

consumed in  1970 ,  b u t  a r e  s u b - o p t im a l  g iv e n  th e  o r g a n i z a t i o n  and 

c a p a c i t i e s  o f  th e  e x i s t i n g  f a c i l i t i e s . ^  T h e r e f o r e ,  when th e s e  con­

s t r a i n t s  were  removed f o r  making t h e  t r a n s i t i o n  t o  Y e a r  1, those  sub-  

o p t im a l  p r o d u c ts  were r e p l a c e d  w i t h  ones t h a t  a r e  more e c o n o m ic a l .

As a r e s u l t ,  th e  NHg produced in  th e  M idwest  was no lo n g e r  needed f o r  

M idwest  and M ic h ig a n  p ro d u c e rs  o f  th o s e  s u b - o p t im a l  p r o d u c t s ,  and i t  

c o u ld  t h e n  f l o w  d i r e c t l y  t o  th e  f a r m s .  S i m i l a r l y ,  p r o d u c t i o n  o f  sub-  

o p t i m a l  p r o d u c ts  a t  th e  G u l f  C oast  and F l o r i d a ,  u s in g  G u l f  Coast  NH^, 

ceased upon th e  removal  o f  th e  a fo r e m e n t i o n e d  p r o d u c t  c o n s t r a i n t s .

Thus ,  NHj was a v a i l a b l e  a t  th e  G u l f  Coast  t o  produce t h e  n i t r o g e n  

m a n u f a c t u r in g  s o l u t i o n s  t h a t  had p r e v i o u s l y  been produced in  th e  M id w e s t .

3 See a s s u m p t io n  number n i n e .
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The t r a d e - o f f s  between s h i p p i n g  NH^ f ro m  t h e  G u l f  Coast  th ro u g h  th e  

r e t a i l e r  and th e n  t o  th e  fa rm  f o r  d i r e c t  a p p l i c a t i o n ,  s h i p p i n g  NH^ 

d i r e c t l y  f rom  t h e  M id w e s t  NH^ p r o d u c e r  t o  th e  f a r m s ,  and p r o d u c t io n  

and sh ipm ent  o f  n i t r o g e n  m a n u f a c t u r i n g  s o l u t i o n s  in  th e  M idw est  and 

G u l f  C oast  t o  th e  M ic h i g a n  g r a n u l a t e d  m ixed f e r t i l i z e r  p ro d u c e rs  a r e  

such t h a t  th e y  f a v o r  p r o d u c t i o n  o f  a m a j o r i t y  o f  n i t r o g e n  m a n u f a c t u r ­

in g  s o l u t i o n s  a t  t h e  G u l f  Coast  ( A p p e n d ix  A ,  T a b le  A - 8 ) .

The p r o d u c t i o n  o f  e l e m e n t a l  phosphorus d u r i n g  Y e a r  0 was abandoned  

in  Y e a r  I .  E le m e n ta l  phosphorus was used in  th e  p r o d u c t i o n  o f  w h i t e  

p h o s p h o r ic  a c i d  in  M ic h ig a n  w h ich  in  t u r n  was used by th e  C e n t r a l  

M ic h i g a n  diammonium ph osphate  p r o d u c e r .  R e d u c t io n  o f  g r a n u l a t e d  mixed  

f e r t i l i z e r  p r o d u c t i o n  d u r i n g  Y e a r  1 r e s u l t e d  in  a s hut -dow n o f  th e  

C e n t r a l  M ic h ig a n  diammonium phosphate  p r o d u c e r ,  t h e r e b y  i n d i r e c t l y  

e l i m i n a t i n g  e l e m e n t a l  phosphorus p r o d u c t i o n .  E le m e n ta l  phosphorus  

was a l s o  used f o r  p r o d u c in g  s u p e r p h o s p h o r ic  a c i d  in  th e  M id w e s t .

T h i s  a c i d  was used in  th e  p r o d u c t i o n  o f  ammoniated p o ly p h o s p h a te  

l i q u i d s ,  wh ich  became s u b - o p t im a l  in  Y e a r  I .  C o n s e q u e n t l y ,  e le m e n t a l  

phosphorus and w h i t e  and supei— p h o s p h o r ic  a c i d s  were n o t  produced in  

Year  I (A p p e n d ix  A ,  T a b l e s  A - l l ,  A - 1 2 ,  and A - | i + ) .

Normal s u p e r p h o s p h a te ,  w h ich  i s  o n l y  20 p e r  c e n t  P2O5 » was re_  

p la c e d  in  Y e a r  1 by monoammonium phosphate  as a source  o f  P2O5 in  

g r a n u l a t e d  mixed and d r y  b le n d e d  f e r t i l i z e r s  (A p p e n d ix  A ,  T a b l e  A—1 7 ) -  

The e x t r e m e l y  h ig h  a n a l y s i s  o f  monoammonium p h o s p h a te ,  13 p e r  cen t  

n i t r o g e n  and 52  per  c e n t  PjOg*  makes th e  use o f  normal sup e rp h o sp h a te  

u n e c o n o m ic a l .  S i m i l a r l y ,  monoammoniurn phosphate  r e p l a c e d  a m a jo r  

p o r t i o n  o f  diammonium p h o s p h a te  f o r  use in  g r a n u l a t e d  mixed and d r y  

b le n d e d  f e r t i l i z e r s  (A p p e n d ix  A ,  T a b l e s  A - 2 0  and A - 2 1 ) .  In  th e  t r a n ­
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s i t  ion  f rom  Y e a r  0 to  Y e a r  1 ,  p r o d u c t i o n  o f  monoammoniurn phosphate  

in c r e a s e d  f rom  26 ,2**4  t o  9 9 , 9 1 0  t o n s ,  w h i l e  diammonium phosphate  

p r o d u c t i o n  d e c rea s e d  f rom  1 0 5 ,2 0 5  t o  7 7 , 8 1 0  tons  (A p p e n d ix  A ,  T a b l e  

A - 1 ) .

Green p h o s p h o r ic  a c i d  became th e  s o le  source  o f  phosphate  d u r i n g  

Y e a r  1 . In  Y e a r  0 ,  ph osphate  was s u p p l i e d  by g r e e n ,  w h i t e ,  and s u p e r -  

p h o r i c  a c i d s .  In  Y e a r  1 ,  h o w e v e r ,  th e  l a t t e r  two a c i d s  gave way t o  

an in c r e a s e  in  p r o d u c t i o n  o f  g re e n  p h o s p h o r ic  a c i d  f ro m  195,^*55 t o  

236,7^*8 to n s  (A p p e n d ix  A ,  T a b l e s  A - l  , A - 1 2 ,  A - 1 3 ,  and A - 1 4 ) .

The c o n t in u e d  use o f  g r a n u l a t e d  t r i p l e  s u p e rp h o s p h a te  in  d r y  

b le n d e d  f e r t i l i z e r s  was i t s  o n l y  u t i l i z a t i o n  in  Y e a r  I ;  w h e r e a s ,  i t  

had been used f o r  d i r e c t  a p p l i c a t i o n  in  a d d i t i o n  t o  b l e n d i n g  in  

Y e a r  0 ( A p p e n d ix  A ,  T a b l e  A - 1 9 ) .  R u n - o f - p i l e  t r i p l e  s u p e r p h o s p h a te ,  

used t o  make g r a n u l a t e d  t r i p l e  s u p e r p h o s p h a te ,  d e c re a s e d  s l i g h t l y  

f rom 138,91*5 to  1 1 5 ,3 0 3  to n s  in  Y e a rs  0 and 1, r e s p e c t i v e l y .  Much o f  

th e  d e c r e a s e  i s  th e  r e s u l t  o f  d e c re a s e d  g r a n u l a t e d  m ixed  f e r t i l i z e r  

p r o d u c t i o n  from 3 8 8 , 5 5 5  t o  3 0 3 , 6 5 5  to n s  (A p p e n d ix  A ,  T a b l e s  A - l ,  A - 2 7 ,  

and A - 2 8 ) .  In  a d d i t i o n ,  h o w e v e r ,  some o f  t h e  d e c re a s e d  usage o f  r u n -  

o f - p i l e  t r i p l e  s u p e rp h o s p h a te  is  the  d i r e c t  r e s u l t  o f  d e c re a s e d  usage  

o f  g r a n u l a r  t r i p l e  s u p e r - p h o s p h a t e ,  w h ic h  i s  made f rom  r u n - o f - p i l e  

(A p p e n d ix  A ,  T a b l e  A - 1 8 ) .

In  t h e  potash  s e c t o r ,  t h e  m a jo r  change t h a t  o c c u r r e d  as a r e s u l t  

o f  th e  t r a n s i t i o n  from Y e a r  0 t o  Y e a r  1 i s  th e  i n c r e a s e d  usage o f  

g r a n u l a r  p o ta s s iu m  c h l o r i d e .  In c r e a s e s  in  d r y  b le n d e d  f e r t i l i z e r ' s  

usage o f  i t  a r e  r e s p o n s i b l e  f o r  t h i s  r e a c t i o n  (A p p e n d ix  A ,  T a b l e s  A-T 

and A - 2 5 ) . A l th o u g h  d r y  b le n d e d  f e r t i l i z e r  p r o d u c t i o n  d e c re a s e d  in  

t o t a l  volume produced from 2 0 3 , 2 1 3  t o  1 8 5 ,5 3 5  t o n s ,  t h e  a v e r a g e  p o t a s -
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sium c o n t e n t  o b v i o u s l y  i n c r e a s e d ,  s in c e  more p o ta s s iu m  is  g o in g  i n t o  

fe w e r  tons  o f  b le n d e d  f e r t i l i z e r .  S i m i l a r l y ,  r u n - o f - m i n e  p o ta s s iu m  

c h l o r i d e  usage in  g r a n u l a t e d  m ixed f e r t i l i z e r s  i n c r e a s e d ,  a l t h o u g h  

th e  l a t t e r  d e c r e a s e d .  O t h e r  n o t a b l e  changes in  th e  p o ta s h  s e c t o r  

o f  t h e  i n d u s t r y  in c l u d e  th e  abandonment o f  d i r e c t  a p p l i c a t i o n  o f  

g r a n u l a r  and c o a r s e  po ta s s iu m  c h l o r i d e .

Bagged f e r t i l i z e r s  w e re  n o t  used a t  a l l  in  Y e a r  I ;  w h e r e a s ,

2 0 8 , 6 1 7  tons  w e re  s u p p l ie d  in  Y e a r  0 .  T h i s  tonn age  was composed o f  

1 5 5 *4 0 0  to n s  o f  g r a n u l a t e d  m ixed f e r t i l i z e r s  and 5 3 , 2 1 7  to n s  o f  d ry  

b le n d e d  f e r t i l i z e r s  (A p p e n d ix  A ,  T a b l e s  A - 27 and A - 2 9 ) .  The e l i m i n a ­

t i o n  o f  bagged f e r t i l i z e r  i s  c o n s i s t e n t  w i t h  th e  c u r r e n t  t r e n d  toward

b u l k  m a t e r i a l .  The small f a r m e r  would  p r o b a b l y  r e l y  on custom a p p l i c a ­

t i o n  s e r v i c e  r a t h e r  th a n  p u rc h a s e  a p p l i c a t i o n  and h a n d l i n g  e q u ip m e n t .

I m p l i c a t i o n s  o f  th e  F i r s t  T r a n s i t i o n  S tep

The t r a n s i t i o n  from Y e a r  0 t o  Y e a r  1 has s i g n i f i c a n t  i m p l i c a t i o n s  

f o r  v a r i o u s  groups  p a r t i c i p a t i n g  in  th e  i n d u s t r y .  The f o l l o w i n g  

p a ra g r a p h s  w i l l  p o i n t  o u t  some o f  th e  a n t i c i p a t e d  problems a s s o c i a t e d  

w i t h  t h i s  f i r s t  s t e p  o f  th e  t r a n s i t i o n .

A t o t a l  o f  16 p ro d u c ts  t h a t  were  produced in  Y e a r  0 a r e  n o t  p ro ­

duced in  Y e a r  1 .  Fo r  th e  f a r m e r ,  a d j u s t i n g  t o  new p r o d u c ts  c o u ld  

p r e s e n t  some p r o b le m s .  For  e x a m p le ,  none o f  th e  f e r t i l i z e r  produced  

in  Y e a r  1 r e a c h e s  th e  fa rm  in  a l i q u i d  s t a t e  ( e x c l u d i n g  anhydrous  

am m onia ) .  I f  a f a r m e r  was p r e v i o u s l y  u s in g  l i q u i d  f e r t i l i z e r ,  h i s  

f e r t i l i z e r  a p p l i c a t i o n  e qu ipm en t  would  no l o n g e r  be u s e f u l .  F u r t h e r ­

m ore ,  he w o u ld  need to  e i t h e r  buy o r  borrow d r y  b u l k  a p p l i c a t i o n  

e q u ip m e n t  o r  make a r ra n g e m e n ts  f o r  custom a p p l i c a t i o n .  T h u s ,  some
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f a r m e r s  w o u ld  f i n d  t h e y  w o u ld  be p a y in g  more f o r  a p p l i c a t i o n  o f  

f e r t i l i z e r ,  b u t  th e  r e d u c t i o n  in  c o s t  o f  the  f e r t i l i z e r  m a t e r i a l  

s h o u ld  e a s i l y  o f f s e t  i t .

In  a d d i t i o n  t o  th e  change in  p r o d u c t  fo r m ,  th e  f a r m e r  w i l l  need  

to  become a c q u a i n t e d  w i t h  new p r o d u c t s .  A l th o u g h  t h e  i n d u s t r y  i s  n o t  

p r o d u c in g  any  new p r o d u c t s ,  many fa r m e r s  w i l l  be u s in g  a f e r t i l i z e r  

m a t e r i a l  t h a t  t h e y  had n o t  p r e v i o u s l y  e n c o u n t e r e d .  In  Y e a r  0 t h e r e  

w e re  19 b a s i c  p r o d u c ts  b e in g  a p p l i e d  on t h e  fa rm ;  w h ere a s  in  Y e a r  1 

t h e r e  were  o n l y  t h r e e  d i s t i n c t  p r o d u c ts  b e in g  a p p l i e d  ( c o u n t i n g  a l l  

b u l k  and custom b le n d  p r o d u c ts  as a s i n g l e  p r o d u c t ) .  T h u s ,  a f a r m e r  

t h a t  was p r e v i o u s l y  u s in g  u r e a  as  a d i r e c t  a p p l i c a t i o n  s o u rc e  o f  

n i t r o g e n  w i l l  need t o  become a c q u a i n t e d  w i t h  anhydrous  ammonia.

These  two p r o d u c ts  d i f f e r  n o t  o n l y  in  p h y s i c a l  form b u t  in  t h e i r  

n i t  rogen c o n t e n t .

A n o th e r  p rob lem  d i r e c t l y  a f f e c t i n g  fa r m e r s  is  t h a t  o f  d i s t r i b u ­

t i o n .  The i n d u s t r y  o r g a n i z a t i o n  in  Year  1 would  l i k e l y  have f e w e r  

f i r m s  s u p p ly in g  f e r t i l i z e r  t o  f a r m e r s .  C o n s e q u e n t l y ,  each f a r m e r  

m ig h t  n o t  be a b l e  t o  g e t  h i s  f e r t i l i z e r  e x a c t l y  when he wants  i t ,  

s in c e  each f i r m  would  be s e r v i n g  more f a r m e r s .

H o s t  f i r m s  i n  t h e  i n d u s t r y  a r e  g o in g  t o  be h e s i t a n t  t o  s w i t c h  

t o  t h e  o r g a n i z a t i o n  o f  Y e a r  1. They w i l l  most l i k e l y  w ant  t o  c o n t i n u e  

o p e r a t i n g  th o s e  f a c i l i t i e s  t h a t  produce s u b o p t im a l  p ro d u c ts  such as  

u re a  o r  l i q u i d  m ix e s .  I f  f a r m e r s  a r e  s u f f i c i e n t l y  in fo rm e d  ( p r o b a b l y  

by an e x t e n s i o n  program) a b o u t  t h e  p o t e n t i a l  c o s t  s a v in g s  o f  th e  

Y e a r  1 p r o d u c t s ,  th e n  th o s e  f i r m s  t h a t  c o n t i n u e  t o  o p e r a t e  f a c i l i t i e s  

p r o d u c in g  s u b o p t im a l  p r o d u c ts  w i l l  q u i c k l y  l e a r n  t h a t  t h e y  no lo n g e r
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h a / e  a m a rk e t  f o r  th o s e  p r o d u c t s .  C o n s e q u e n t ly ,  th e y  would  n o t  be 

a b l e  t o  r e c o v e r  even t h e i r  v a r i a b l e  c o s ts  and would  f i n d  i t  u n p r o f i t ­

a b l e  to  c o n t i n u e  p r o d u c t i o n .

On th e  o t h e r  h a n d ,  those  f i r m s  t h a t  would s ta n d  t o  i n c r e a s e  t h e i r  

p r o d u c t i o n  such as anhydrous  ammonia o r  g re e n  p h o s p h o r ic  a c i d ,  w ould  

r e a d i l y  s u p p o r t  a s w i t c h  to  th e  i n d u s t r y  o r g a n i z a t i o n  o f  Y e a r  1 .

T h e i r  t o t a l  s a le s  w o u ld  in c r e a s e  and i t  is  l i k e l y  t h e y  c o u ld  a l s o  i n ­

c r e a s e  t h e i r  p r o f i t ,  b u t  th e s e  p r o d u c e r s  would n o t  be w i t h o u t  p r o b le m s .  

In  Y e a r  0 ,  n e a r l y  p e r  c e n t  o f  a l l  f e r t i l i z e r  p r o d u c t io n  f l o w e d  

th r o u g h  r e t a i l e r s ;  w h e r e a s ,  in  Y e a r  1 t h i s  f i g u r e  dropped to  l e s s  

t h a n  6 . 5  per  c e n t .  A m a jo r  p o r t i o n  o f  th e  r e t a i l i n g  f u n c t i o n  was 

a b s o rb e d  by th e s e  p r o d u c e r s ,  w h i l e  some o f  i t  was ta k e n  on by d r y  

m i x e r s .  T h u s ,  th e s e  p ro d u c e rs  c o u ld  n o t  o n l y  in c r e a s e  t h e i r  t o t a l  

p r o d u c t i o n  b u t  th e y  c o u l d  a l s o  p r o v i d e  a d d i t i o n a l  s e r v i c e s  w i t h  t h e i r  

p r o d u c t .

The f e r t i l i z e r  r e t a i l e r  i s  a f f e c t e d  v e r y  s i g n i f i c a n t l y .  A l l  d r y  

and l i q u i d  r e t a i l e r s  a r e  i d l e d  by t h e  t r a n s i t i o n  f rom  Y e a r  0 t o  Y e a r  

1. In  a d d i t i o n ,  t h e  a nhydrous  ammonia r e t a i l e r  d e c r e a s e s  h i s  a c t i v i t y  

by more than  25 per  c e n t .  No lo n g e r  can the  f a r m e r  r e l y  on h i s  

n e ig h b o rh o o d  f e r t i l i z e r  r e t a i l e r  t o  s u p p ly  th e  p r o d u c ts  and s e r v i c e s  

he d e s i r e s .  I n s t e a d ,  the  f a r m e r  w i l l  f i n d  i t  n e c e s s a r y  to  t r a n s a c t  

h i s  b u s in e s s  w i t h  th e  r e g i o n a l l y  l o c a t e d  p rod uc er  o r  m i x e r .  T h i s  

c o u l d  have some u n d e s i r a b l e  income r e d i s t r i b u t i o n  e f f e c t s  on s m a l l  

a g r i c u l t u r a l  c o m m u n i t ie s .

The t r a n s p o r t a t i o n  a s s o c i a t e d  w i t h  f e r t i l i z e r  p r o d u c ts  w i l l  be 

a f f e c t e d  in  t h r e e  b a s i c  ways .  F i r s t ,  th e  change in  p r o d u c t  forms  

( e l i m i n a t i o n  o f  l i q u i d s ,  e t c . )  w i l l  a f f e c t  th e  t y p e  o f  t r a n s p o r t i n g
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v e h i c l e  r e q u i r e d .  S e c o n d ly ,  th e  a v e r a g e  d i s t a n c e  o f  a t y p i c a l  haul  

to  a f a r m  w i l l  be i n c r e a s e d ,  s in c e  th e  l o c a l  r e t a i l e r s  have been  

e s s e n t i a l l y  e l i m i n a t e d .  T h i r d l y ,  th e  t o t a l  volume h a u l e d  w i l l  be 

n e a r l y  20 p e r  c e n t  le s s  i n  Y e a r  1 as compared to  Y e a r  0 .  T h i s  l a s t  

f a c t o r  a r i s e s  from an i n c r e a s e  in  a v e r a g e  t o t a l  a n a l y s i s  from ^ 9 . 9  

p e r  c e n t  t o  6 2 . 2  per  c e n t  (A p p e n d ix  A ,  T a b l e  A - 3 2 ) , w h i l e  t o t a l  nu­

t r i e n t  tonnage  rem a in ed  c o n s t a n t ;  in  d r y  b len d e d  p r o d u c t s ,  o v e r

1 5 ,0 0 0  to n s  o f  l i m e s t o n e  f i l l e r  were  e l i m i n a t e d .

The most s i g n i f i c a n t  i m p l i c a t i o n  o f  th e  f i r s t  s t e p  o f  t h e  t r a n ­

s i t i o n  i s  th e  r e d u c t i o n  in  t o t a l  c o s t  ( t h i s  w i l l  be d is c u s s e d  in  

g r e a t e r  d e t a i l  l a t e r ) .  T o t a l  e x p e n d i t u r e s  f o r  f e r t i l i z e r  ( i n c l u d i n g  

t r a n s p o r t a t i o n  and a p p l i c a t i o n )  would be about  18 m i l l i o n  d o l l a r s  ( o r

a b o u t  26 per  c e n t )  le s s  in  Y e a r  I th a n  in  Y e a r  0 .  T h i s  s a v i n g s ,  i f

passed o n ,  would be a welcome b r e a k  f o r  f a r m e r s  who have been fa c e d  

w i t h  i n c r e a s i n g  in p u t  p r i c e s  in  r e c e n t  y e a r s ;  f e r t i l i z e r  p r i c e s ,  

h o w e v e r ,  have been s t a b l e  o r  d e c l i n i n g  in  r e c e n t  y e a r s .

The r e m a in in g  s te p s  o f  t h e  t r a n s i t i o n  have i m p o r t a n t  i m p l i c a t i o n s

f o r  in v e s t m e n t  d e c i s i o n  m a k ing ;  b u t ,  f i r s t ,  l e t ' s  exam ine  th o s e  s t e p s .

Y e a r  1 t o  Y e a r  2

The t r a n s i t i o n  t o  Y e a r  2 marked t h e  b e g i n n i n g  o f  t h e  p u rc h a s in g  

o f  new f a c i l i t i e s .  A t  th e  same t i m e ,  t h e  c a p a c i t y  c o n s t r a i n t s  on 

e x i s t i n g  f a c i l i t i e s  w e re  u p d a te d  t o  r e f l e c t  p h y s ic a l  d e t e r i o r a t i o n .  

T a b l e  E - 2  o f  A ppend ix  E shows th e  u p d a te d  c o n s t r a i n t s ,  th e  l e v e l  o f  

use o f  o l d  f a c i l i t i e s ,  pu rc ha s e s  o f  new f a c i l i t i e s  in  to n n a g e  c a p a c i t y ,  

and t o t a l  u t i l i z a t i o n  f o r  e a ch  c o n s t r a i n e d  f a c i l i t y .  The  o n l y  con­

s t r a i n t s  o m i t t e d  from A p p e n d ix  E a r e  t h o s e  used t o  p r e v e n t  t h e  purchase  

o f  f a c i l i t i e s  t h a t  a r e  no t  in  th e  long run  Optimum o r g a n i z a t i o n .
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A c o m p a r is o n  o f  T a b l e  F - l  and T a b l e  A - l , in  A p p e n d ic e s  F and A ,  

r e s p e c t i v e l y ,  shows t h a t  n e a r l y  t h e  same p r o d u c ts  w e re  used in  Y e a r  

2 as in  Y e a r  1 ( C o n s t r a i n e d  O pt im um ).  The n o t i c e a b l e  e x c e p t i o n s  a r e  

e l e m e n t a l  phosphorus and w h i t e  p h o s p h o r ic  a c i d .  In  a d d i t i o n ,  c o a r s e  

po ta s s iu m  c h l o r i d e  was used in  Y e a r  2 .

The u t i l i z a t i o n  o f  th e s e  p r o d u c t s  w i t h  i n t e r e s t  on in v e s tm e n t  a t  

z e r o  per  c e n t  ( a s s u m p t io n  number 4 ) ,  w h i l e  th e y  w ere  no t  used in  

Optimum w i t h  i n t e r e s t  on in v e s tm e n t  a t  7 . 5  per  c e n t ,  suggests  t h a t  

th e y  a r e  j u s t  b a r e l y  s u b - o p t im a l  in  th e  long r u n .  On the  o t h e r  hand ,  

th e y  w ere  n o t  o p t i m a l  in  t h e  s h o r t  run w i t h  i n t e r e s t  on in v e s tm e n t  a t  

7 . 5  per  c e n t ,  b u t  when t h e i r  i n t e r e s t  is  dropped to  z e r o ,  th e y  become 

o p t i m a l ,  g i v e n  th e y  e x i s t  and o t h e r  f a c i l i t i e s  a r e  charged 1 5 -0  per  

c e n t  on in v e s t m e n t .

A nhydrous  ammonia un derw en t  c o n s i d e r a b l e  change d u r i n g  th e  t r a n ­

s i t i o n  t o  Y e a r  2 .  The most n o t i c e a b l e  charge  was t h e  purchase  o f  

8 6 , 2 M f  to n s  o f  NH^ p r o d u c t i v e  c a p a c i t y  in  C e n t r a l  M ic h ig a n  (A p p e n d ix  

F,  T a b l e  F - 2 ) . A d d i t i o n a l  p r o d u c t i v e  c a p a c i t y  was purchased on th e  

G u l f  C o a s t ;  t h e  e x i s t i n g  6 4 , 2 ^ 6  to n s  o f  c a p a c i t y  w e re  supp lem ented  

w i t h  th e  pu rc ha s e  o f  1 0 , 5 2 2  tons o f  new c a p a c i t y .  M e a n w h i le ,  1 1 ,3 1 5  

tons  o f  NH^ were  produced in  t h e  M id w e s t ,  a l l  o f  w h ic h  was produced  

w i t h  e x i s t i n g  f a c i l i t i e s .  I n t e r e s t i n g l y  enough, n o t  a l l  o f  th e  

a v a i l a b l e  c a p a c i t y  a t  t h e  M idw est  NH^ m a n u f a c t u r e r  was u t i l i z e d .

Less th a n  o n e - t h i r d  o f  th e  a v a i l a b l e  36,1*tO to n s  o f  c a p a c i t y  were  

used (A p p e n d ix  E ,  T a b l e  E - 2 ) .  The i m p l i c a t i o n  i s  t h a t  G u l f  C oas t  

and C e n t r a l  M ic h i g a n  NH^ p r o d u c t i o n  a r e  c h e a p e r  th a n  t h e  M id w e st  

p r o d u c t io n  f o r  NH^ u s e s ,  o t h e r  th a n  d i r e c t  a p p l i c a t i o n  and p r o d u c t i o n  

o f  n i t r o g e n  m a n u f a c t u r i n g  s o l u t i o n s ,  n i t r i c  a c i d ,  and ammonium n i t r a t e ,
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w h ic h  a r e  a l l  used d i r e c t l y  o r  i n d i r e c t l y  by th e  g r a n u l a t e d  mixed  

f e r t i l i z e r  p r o d u c e r .  T h i s  i s  t r u e  even  when the  M id w e s t  p ro d u c e r  

i s  no t  c h a rg e d  f o r  i n t e r e s t  on in v e s tm e n t  and th e  o t h e r  two a r e  each  

charged  1 5 .0  p e r  c e n t .  I f  t h i s  were  n o t  t r u e ,  then  a l l  o f  th e  c a p a c i t y  

i n  th e  M idw est  would  have been u t i l i z e d ;  w h e r e a s ,  s u f f i c i e n t  c a p a c i t y  

was used t o  produce NH^ f o r  some d i r e c t  a p p l i c a t i o n  and p r o d u c t i o n  o f  

n i t r i c  a c i d ,  ammonium n i t r a t e ,  and n i t r o g e n  m a n u f a c t u r i n g  s o l u t i o n s ,  

w h i l e  th e  r e m a in d e r  o f  t h e  c a p a c i t y  was l e f t  i d l e .

A f a c t o r  o f  pr im e im p o r ta n c e  t h a t  e n t e r s  i n t o  t h e  e x p l a n a t i o n  o f  

t h e  i d l e  NH^ c a p a c i t y  in  th e  M id w e s t  i s  t h a t  o f  n i t r o g e n  s t o r a g e .  As 

you w i l l  r e c a l l ,  the  model f o r c e s  50 per  c e n t  o f  each  n u t r i e n t  t o  be 

s t o r e d .  (n Y e a r  2 ,  a l l  o f  t h e  a v a i l a b l e  NH^ s t o r a g e  c a p a c i t y  a t  t h e  

M id w est  and G u l f  Coast  p ro d u c e r s  was u t i l i z e d .  In a d d i t i o n ,  1 9 ,9 7 2  

to n s  o f  NH^ s t o r a g e  w ere  purchased a t  t h e  C e n t r a l  M ic h i g a n  NH^ manu­

f a c t u r e r ,  w h ic h  was th e  o n l y  l o c a t i o n  MH^ s t o r a g e  c o u ld  be purchased  

as a consequence o f  a s su m p t io n  number se ve n .  E x a c t l y  a l l  o f  th e  NHj  

produced in  t h e  M id w e s t  t h a t  i s  used f o r  d i r e c t  a p p l i c a t i o n  i s  s t o r e d  

a t  the  m a n u f a c t u r e r ;  no o t h e r  NH^ is  s t o r e d  t h e r e .  C o n s e q u e n t l y ,  

d i r e c t  a p p l i c a t i o n  o f  NHj f rom  th e  M idw est  m a n u f a c t u r e r  is  o p t i m a l  

o n l y  i f  s t o r a g e  can be used w i t h o u t  p a y in g  a c h a rg e  f o r  c a p i t a l  

in v e s t m e n t .  F o r  e x a m p le ,  th e  model w o u ld  have a l l o w e d  f u l l  use o f  

t h e  a v a i l a b l e  NH^ p r o d u c t i v e  c a p a c i t y  in  th e  M id w e s t  and c o r r e s p o n d ­

i n g l y  lo w e r  new p r o d u c t i o n  c a p a c i t y  in  C e n t r a l  M i c h i g a n ,  w i t h  the  

same l e v e l  o f  NH^ s t o r a g e  a t  t h e  C e n t r a l  M ic h ig a n  m a n u f a c t u r e r .  T h a t  

i s ,  p r o d u c t i o n  o f  3 6 , * * 3 1 to n s  o f  NHj in  th e  M id w est  ( 2 5 » l l 6  tons  more 

t h a n  o p t i m a l l y  produced t h e r e )  and p r o d u c t i o n  o f  2 5 ,1 1 6  f e w e r  tons  in  

C e n t r a l  M ic h i g a n  ( 6 1 , 1 2 8  tons  o f  NHj a t  t h e  new m a n u f a c t u r e r )  c ou ld
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have ta k e n  p l a c e .  S t o r a g e  a t  th e  C e n t r a l  M ic h ig a n  m a n u f a c t u r e r  c o u ld  

s t i l l  have been 1 9 , 9 7 2  t o n s ,  which w o u ld  im ply  t h a t  a 1a r g e r  p e r ­

c e n ta g e  o f  C e n t r a l  M ic h i g a n  and s m a l l e r  p e r c e n ta g e  o f  M id w e st  p ro d u c ­

t i o n  w ould  have  been s t o r e d .  A l th o u g h  t h i s  s o l u t i o n  would  have had  

l e s s  new in v e s tm e n t  on w h ic h  t o  pay i n t e r e s t  c h a rg e s  ( s i n c e  fe w e r  tons  

o f  new NH^ p r o d u c t i o n  c a p a c i t y  would  have been purchased  a t  C e n t r a l  

M i c h i g a n ) ,  th e  s o l u t i o n  w i t h  h i gh er  i n t e r e s t  c o s ts  was c h e a p e r .  The  

e x p l a n a t i o n  o f  t h i s  s e e m in g ly  p a r a d o x i c a l  s i t u a t i o n  is  t h a t  t r a n s p o r ­

t a t i o n  f rom  t h e  M id w est  i s  more e x p e n s iv e  than  f ro m  C e n t r a l  M ic h ig a n  

t o  th e  fa r m s .  The NHj was r a i l e d  a t  a c o s t  o f  $ 9 . 8 0  p e r  ton  (H e n d e rs o n ,  

e t  a l . )  f rom  th e  M id w e st  m a n u f a c t u r e r  to  the M ic h i g a n  t e r m i n a l .  From 

t h e r e  th e  t r a n s p o r t a t i o n  c o s t  by t r u c k  t o  th e  fa rm s i s  e x a c t l y  th e  

same as i t  i s  from th e  C e n t r a l  M ic h ig a n  NH^ m a n u f a c t u r e r .  C o n s e q u e n t ly ,  

th e  o p t i m a l  o r g a n i z a t i o n  u t i l i z e s  a l l  t h e  cheap s t o r a g e  a t  t h e  M id w est  

m a n u f a c t u r e r  and th e n  a v o id s  the  $ 9 . 8 0  e x t r a  t r a n s p o r t a t i o n  c h a r g e .

A n o th e r  i n t e r e s t i n g  phenomenon o c c u r r e d  in  Y e a r  2 .  The a v a i l a b l e  

c a p a c i t y  o f  p i s t o n  com pressor  ty p e  NHj p r o d u c t io n  f o r  M ic h i g a n  con­

sum ption was d i v e r t e d  f rom  th e  G u l f  C o a s t  p rod uc er  t o  o t h e r  a r e a s ,  

and the  C e n t r a l  M ic h i g a n  p ro d u c e r  was i d l e d .  A t o t a l  o f  1+1,27** to n s  

o f  c a p a c i t y  w e re  i d l e d  o r  d i v e r t e d ,  w h i l e  new c e n t r i f u g a l  com pressors  

were purchased a t  b o th  l o c a t i o n s .  T h i s  i m p l i e s  t h a t  th e  p i s t o n  com­

p r e s s o r s  a r e  no t  e c o n o m i c a l l y  c o m p e t i t i v e  w i t h  th e  c e n t r i f u g a l  com­

p r e s s o r s ,  even  when th e y  a r e  g iv e n  th e  a d v a n ta g e  o f  z e r o  r e t u r n  on  

in v e s t m e n t .  T h i s  i n d i c a t e s  t h a t  th e  c e n t r i f u g a l  com pressor  te c h n o lo g y  

is  much more e f f i c i e n t  in  i t s  u t i l i z a t i o n  o f  n o n - in v e s t m e n t  f a c t o r s .  

F u r t h e r m o r e ,  i t  is  even  c h e a p e r  to  pay f o r  t r a n s p o r t a t i o n  o f  NH^ 

f rom th e  G u l f  Coast  to  M ic h ig a n  than  to  u t i l i z e  t h e  e x i s t i n g  p i s t o n
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ty p e  NH^ p r o d u c t io n  te c h n o lo g y  in M ic h i g a n .  Thus ,  in v e s tm e n t  p lus  

t r a n s p o r t a t i o n  charges  would  n o t  p r e v e n t  the  c e n t r i f u g a l  ty p e  

te c h n o lo g y  from r e p l a c i n g  the  p i s t o n  ty p e .

A s e r v i c e  a c t i v i t y  t h a t  is n o t  used in  the  long run Optimum 

o r g a n i z a t i o n ,  b u t  is  used d u r i n g  th e  t r a n s i t i o n ,  is the  n o - s t o r e  

o p t i o n  a t  the  M ic h ig a n  t e r m i n a l .  Years  0 and 1 both  used th e  anhydrous  

ammonia r e t a i l e r  as a means o f  t r a n s f e r r i n g  f rom  one t r a n s p o r t a t i o n  

mode to  a n o t h e r ;  how ever ,  Y e a r  2 uses the  M ic h ig a n  t e r m i n a l  f o r  t h i s  

f u n c t i o n .  No p r o d u c t  is s t o r e d  in  e i t h e r  c a s e .  The t e r m i n a l  was 

s e l e c t e d  as h a v in g  m in im al  c o s t ,  even though the r e t a i l e r  was n o t  

c h a rg e d  w i t h  i n t e r e s t  on in v e s tm e n t .  S in c e  the  t r a n s p o r t a t i o n  t r a n s f e r  

is  a s e r v i c e ,  i t ,  l i k e  t r a n s p o r t a t i o n ,  does n o t  in c u r  in v e s tm e n t  

c h a r g e s .

A l th o u g h  n e i t h e r  n i t r i c  a c i d  n o r  ammonium n i t r a t e  u t i l i z e  t h e i r  

f u l l  a v a i l a b l e  c a p a c i t y  d u r i n g  Y e a r  2 ,  th e y  a r e  d i r e c t l y  l i n k e d  w i t h  

the  Midwest n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s  p ro d u c ers  w h ic h  o p e r a t e  

a t  f u l l  c a p a c i t y  (A p p e n d ix  E, T a b l e  E - 2 ,  and A ppendix  F, T a b le s  F~3 ,

F - 4 ,  and F - 5 ) . W h i le  the  M i A / e s t  n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s  

p r o d u c e r  is  a t  f u l l  c a p a c i t y ,  th e  G u l f  Coast  p ro d u c e r  is  n o t  used a t  

a l l .  T h is  c r e a t e s  excess  c a p a c i t y  in the  n i t r i c  a c i d  and ammonium 

n i t r a t e  s e c t o r s  o f  the  i n d u s t r y .  F u r t h e r m o r e ,  ammonium n i t r a t e  is no 

l o n g e r  used e i t h e r  f o r  d i r e c t  a p p l i c a t i o n  o r  in  dry  b le n d e d  f e r t i l i z e r s ,  

th e r e b y  c r e a t i n g  a d d i t i o n a l  excess  c a p a c i t y  on the G u l f  C oast  and in  

th e  M iA je s t  in  the  ammonium n i t r a t e  and n i t r i c  a c i d  s e c t o r s .

D i r e c t l y  c o n n e c te d  w i t h  these  t h r e e  s e c t o r s  ( v i z . ,  n i t r i c  a c i d ,  

ammonium n i t r a t e ,  and n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s )  is  the  g r a n ­

u l a t e d  mixed f e r t i l i z e r  p r o d u c e r .  ( t  is d i f f i c u l t  to  d e t e r m in e  w h e t h e r
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t h e  s h u t  down o f  t h e  o u t s t a t e  M ic h i g a n  g r a n u l a t o r  caused th e  e x c e s s  

c a p a c i t y  in  th e  t h r e e  m ent ioned  s e c t o r s ,  o r  w h e t h e r  t h e  causal  r e ­

l a t i o n s h i p  is  in  t h e  o p p o s i t e  d i r e c t i o n .  R e g a r d le s s  o f  th e  d i r e c t i o n  

o f  c a u s a l i t y ,  a l l  f o u r  s e c t o r s  possess  ex ce s s  c a p a c i t y .  G r a n u l a t i o n  

o f  m ixed  f e r t i l i z e r s  has 1 0 4 ,1 4 7  t o n s  o f  excess  c a p a c i t y  as a r e s u l t  

o f  t h e  t r a n s i t i o n  f rom  Y e a r  1 t o  Y e a r  2 ,  w h i l e  n i t r i c  a c i d ,  ammonium 

n i t r a t e ,  and n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s  have 3 0 , 7 5 2 ;  4 0 , 1 9 7 ;  

and 1 1 ,0 5 3  tons o f  e x c e s s  c a p a c i t y ,  r e s p e c t i v e l y  (A p p e n d ic e s  E and F ,  

T a b l e s  E - 2 ,  F - l ,  F - 3 ,  F - 4 ,  F - 5 ,  and F - 1 5 ) .

N o n -p r e s s u r e  and l o w - p r e s s u r e  n i t r o g e n  s o l u t i o n s  and u re a  a r e  

a l l  unused d u r i n g  Y e a r  2 .  T h e i r  i d l e d  c a p a c i t i e s  a r e  1 6 ,3 6 5 ;  1 1 , 2 6 8 ;  

and 2 0 , 8 0 2  annual  t o n s ,  r e s p e c t i v e l y  (A p p e n d ix  E ,  T a b l e  E - 2 ) .  T h e i r  

i d l e n e s s  i s  a c o n t i n u a t i o n  o f  th e  t r e n d  e s t a b l i s h e d  in  C o n s t r a in e d  

Optimum ( Y e a r  1 ) .  A l l  t h r e e  a r e  p r o d u c t s  c u r r e n t l y  used in  c o n s i d e r ­

a b l e  q u a n t i t i e s  in  M i c h i g a n ,  b u t  t h e y  become s u b - o p t im a l  when th e y  

no lo n g e r  have f o r c e d  p r o d u c t i o n .

W h i t e  p h o s p h o r ic  a c i d  is  used to  i t s  f u l l  e x i s t i n g  c a p a c i t y ,  

w h i l e  e l e m e n t a l  p h o s p h o ru s ,  w h ich  i s  used in  the  p r o d u c t i o n  o f  w h i t e  

a c i d ,  i s  j u s t  s l i g h t l y  b e lo w  i t s  c o n s t r a i n e d  c a p a c i t y .  E le m e n ta l  

phosphorus p r o d u c t i o n  used 1,591 o f  t h e  a v a i l a b l e  1 , 6 0 2  to n s  o f  c a p a c ­

i t y ,  w h i l e  p r o d u c t i o n  o f  w h i t e  p h o s p h o r ic  a c i d  was 6 , 7 4 6  tons  in  

Y e a r  2 (A p p e n d ic es  E and F ,  T a b le s  E - 2 ,  F - 6 ,  and F - 7 ) .

Green p h o s p h o r ic  a c i d ,  on th e  o t h e r  hand,  u t i l i z e d  i t s  f u l l  

c a p a c i t y  in  F l o r i d a  and purchased an a d d i t i o n a l  1 1 1 , 9 1 8  tons o f  annua l  

c a p a c i t y ,  making t o t a l  p r o d u c t io n  in  F l o r i d a  2 4 2 , 6 0 3  t o n s .  A l t h o u g h  

5 8 , 7 1 4  to n s  o f  a v a i l a b l e  c a p a c i t y  e x i s t  in  th e  M i d w e s t ,  none o f  i t  was 

u sed .  T h i s  i d l e  c a p a c i t y  in  the  M id w e s t  is  l a r g e l y  a r e s u l t  o f  th e
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i d l e n e s s  o f  th e  m a jo r  phosphate  p r o d u c t  m a n u f a c t u r e r s  t h e r e .  Diam­

monium and monoammonium phosphate  have i d l e  c a p a c i t i e s  o f  1 0 ,5 8 2  and 

1 3 , 5 8 8  annual  t o n s ,  r e s p e c t i v e l y ,  in  the  M id w e s t .  In F l o r i d a ,  how­

e v e r ,  a l l  diammonium c a p a c i t y  i s  u t i l i z e d  and monoammonium p r o d u c t i o n  

was augmented w i t h  t h e  purchase  o f  103 ,980  to n s  o f  annual  c a p a c i t y  

(A p p e n d ic e s  E and F ,  T a b l e s  E - 2 ,  F - 8 , F - 1 0 ,  and F - T l ) .  In  a d d i t i o n ,  

g r a n u l a t e d  t r i p l e  s upe rpho sp ha te  has 15 ,959  to n s  o f  i d t e  c a p a c i t y  in  

F l o r i d a ,  and r u n - o f - p i l e  t r i p l e  s u p e rp h o s p h a te  has 5 3 , 0 1 9  to n s  i d l e d  

i n t h e  M i d w e s t .

These  i d l e  tonn ages  a r e  caused l a r g e l y  by t h e  changes i n  g r a n u ­

l a t e d  mixed and d r y  b le n d e d  f e r t i l i z e r s .  The f o r m e r  d e c re a s e d  from

2 7 2 , 0 0 0  t o  2 i *5 ,6 9 9  annu a l  t o n s .  F u r t h e r m o r e ,  th e  change in  d r y  b l e n d ­

in g  f o r m u l a t i o n s  was such t h a t  no diammonium phosphate  was used in  

Y e a r  2 in  b le n d e d  f e r t i l i z e r s ;  on t h e  o t h e r  hand,  monoammonium phos­

p h ate  s u p p l i e d  a l l  t h e  phosphate  f o r  b le n d e d  p r o d u c ts  d u r i n g  t h a t  

same y e a r .  In  a d d i t i o n  g r a n u l a r  t r i p l e  s u p e r p h o s p h a te ,  t h a t  was 

b le n d e d  in  a custom b l e n d  f e r t i l i z e r  i n  Y e a r  1 , i s  no t  used f o r  b l e n d ­

in g  d u r i n g  Y e a r  2 .

D i r e c t  a p p l i c a t i o n  o f  diammonium phosphate  (A p p e n d ix  F ,  T a b l e  

F - 1 0 )  amounted t o  3 5 , 3 8 6  tons  in  Y e a r  2;  w hereas  i t  was n o t  a p p l i e d  

d i r e c t l y  in  any o f  th e  p r e c e e d in g  y e a r s .  The z e r o  in v e s tm e n t  c h a rg e s  

f o r  i t s  p r o d u c t i o n  make i t  r a t h e r  e c o n o m i c a l ,  b u t  n o t  t o  th e  e x t e n t  

t h a t  a d d i t i o n a l  b l e n d i n g  f a c i l i t i e s  w o u ld  be pu rchased  to  m a i n t a i n  

t h e  f o r m u l a t i o n  w h ic h  had p r e v i o u s l y  used i t .

A l th o u g h  diammonium f a c i l i t i e s  w e re  l e f t  i d l e  in  the  M id w e s t ,  

p r o d u c t i o n  o f  i t  f o r  d i r e c t  a p p l i c a t i o n  was u n d e r ta k e n  in  th e  e x i s t i n g  

f a c i l i t i e s  in  F l o r i d a ,  w h ere  c h e a p e r  anhydrous ammonia i s  a v a i l a b l e
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( f r o m  the  c e n t r i f u g a l  com pressor  on th e  G u l f  Coast)  and green phos­

p h o r i c  a c i d  is  produced .  I t  is less  e x p e n s i v e  to  s h ip  th e  r e l a t i v e l y  

hig h  a n a l  ys i s diammonium phosphate  (1 8 —̂+6 —0)  from F l o r i d a  to  M ic h iga n  

than i t  is to  s h i p  anhydrous ammonia f ro m  the  G u l f  C oas t  and green  

p h o s p h o r ic  a c i d  from F l o r i d a .  A l t e r n a t i v e l y ,  the e x i s t i n g  green a c id  

and p i s t o n  compressor  NH^ m a n u fa c tu r e r s  in the Midwest c o u l d  have 

s u p p l i e d  the  p r o d u c t io n  in p u ts  to  the  i d l e d  Midwest diammonium phos­

p h ate  p r o d u c e r ,  b u t  t h i s ,  t o o ,  was more e x p e n s iv e  than  th e  o p t im a l  

scheme.

S i m i l a r l y ,  monoammoniurn phosphate  was produced in  F l o r i d a  w i t h  

e x i s t i n g  and new f a c i l i t i e s  d e s p i t e  the  e x i s t e n c e  o f  th e  a v a i l a b l e  

in p u t  and p r o c e s s i n g  f a c i l i t i e s  in t h e  M id w e s t .  Again the  co m b in a t io n  

o f  c h e a p e r  in p u ts  and less  t r a n s p o r t a t i o n  e x p e n d i tu r e s  r e s u l t e d  in 

i d l e  f a c i l i t i e s  in the  M id w e s t .

In the  p o ta s s iu m  s e c t o r  o f  the  i n d u s t r y ,  s ta n d a r d  p o ta s s iu m  

c h l o r i d e  was n o t  used; t h i s  c o n t in u e d  th e  t r e n d  e s t a b l i s h e d  a f t e r  

Y e a r  0 .  S t a n d a r d  p o ta s s iu m  c h l o r i d e  ( i n  Y e a r  0)  was o r i g i n a l l y  used 

t o  make c l e a r  mixed l i q u i d  f e r t i l i z e r s ;  h o w e v e r ,  the  removal  o f  t h e i r  

f o r c i n g  c o n s t r a i n t s  re n d e re d  them s u b o p t i m a l .

Coarse  p o ta s s iu m  is  s t i l l  used f o r  d i r e c t  a p p l i c a t i o n .  I t s  

o r i g i n a l  5 0 , 0 0 0  tons o f  c a p a c i t y  were  reduced  to  2 0 ,0 0 0  t o n s ,  because  

t h i s  potash  p r o d u c t  was n o t  used d u r i n g  Y e a r  1 (A ppend ices  A and F ,  

T a b le s  A - l  and F - 1 4) .

R u n -o f - m in e  p o ta s s iu m  c h l o r i d e  used o n l y  p a r t  o f  i t s  9 7 .1 7 0  tons  

o f  e x i s t i n g  c a p a c i t y .  I t s  d e c re a s e  is  due p r i m a r i l y  t o  t h e  decreased  

p r o d u c t io n  o f  g r a n u l a t e d  mixed f e r t i l i z e r s .  In Year  2 ,  g r a n u l a t o r s  

used 5 9 , 3 2 3  tons  o f  t h i s  po tash  p r o d u c t ;  w h e r e a s ,  in  Y e a r  1 they used 

1 2 1 ,4 6 2  tons a n n u a l l y .
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Dry  b l e n d i n g  o f  f e r t i l i z e r  used o n l y  1 1 3 , 3 9 0  to n s  o f  g r a n u l a r  

po ta s s iu m  c h l o r i d e  in  Y e a r  2; w h e r e a s ,  1 3 7 ,5 9 0  to n s  were  used f o r  th e  

same p ro c e s s  in  Y e a r  1. F u r t h e r m o r e ,  the  amount o f  g r a n u l a r  po ta s s iu m  

c h l o r i d e  p e r  ton o f  b le n d e d  f e r t i l i z e r  d e c re a s e d  f rom  5 0 .5 8  per  c e n t  

in  Y e a r  1 t o  4 6 . 1 5  p e r  c e n t .  A t  th e  same t i m e ,  ho w ever ,  t o t a l  g r a n u l a r  

p r o d u c t io n  in c r e a s e d  by 4 2 , 1 1 4  t o n s ,  w h i l e  6 9 , 6 3 2  to n s  o f  new p rod uc­

t i o n  c a p a c i t y  w e re  p u rc h a s e d .  D i r e c t  a p p l i c a t i o n ,  n o t  p r e v i o u s l y  

used,  a c c o u n te d  f o r  6 6 , 3 1 4  to n s  o f  th e  1 7 9 , 7 0 4  to n s  o f  t o t a l  produc­

t i o n .  S i m i l a r  t o  anhydrous  ammonia, g r a n u l a r  p o ta s s iu m  c h l o r i d e ,  

d e s t i n e d  f o r  d i r e c t  a p p l i c a t i o n ,  changed t r a n s p o r t a t i o n  modes a t  t h e  

M ic h ig a n  t e r m i n a l  (A p p e n d ix  F ,  T a b l e  F—1 3 ) -

D ry  b l e n d i n g  f e r t i l i z e r  p r o d u c t i o n ,  w h i l e  down s l i g h t l y  from th e  

p r e v io u s  y e a r ,  o b t a i n e d  4 4 , 0 9 9  to n s  o f  new c a p a c i t y  in  o u t s t a t e  

M ic h i g a n .  A t  th e  same t i m e ,  t h e  1 6 ,0 0 0  to n s  o f  a v a i l a b l e  c a p a c i t y  a t  

C e n t r a l  M ic h i g a n  were l e f t  i d l e  (A pp e n d ic es  E and F ,  T a b l e s  E - 2  and 

F - 1 6 ) .  In  a d d i t i o n  to  t h e  new p r o d u c t i o n  f a c i l i t i e s  purchased in  

o u t s t a t e  M i c h i g a n ,  2 2 , 0 5 0  to n s  o f  new r e t a i l i n g  c a p a c i t y  w ere  p u r ­

chased t o  supp lem en t  t h e  e x i s t i n g  100 ,800  t o n s .

The m a jo r  f a c i l i t i e s  purchased  f o r  use d u r i n g  Y e a r  2 i n c l u d e :  

8 6 , 2 4 4  to n s  o f  c e n t r i f u g a l  compressor c a p a c i t y  t o  produce NH^ in  

C e n t r a l  M i c h i g a n ;  1 1 1 , 9 1 8  to n s  o f  g re e n  p h o s p h o r ic  a c i d  c a p a c i t y  in  

F l o r i d a ;  1 0 3 , 9 8 0  tons  o f  monoammonium phosphate  p r o d u c t i o n  in  F l o r i d a ;  

6 9 , 6 3 2  to n s  o f  g r a n u l a r  p o ta s s iu m  c h l o r i d e  f a c i l i t i e s  in  Sas ka too n;  

and th e  o u t s t a t e  M ic h ig a n  pu rc ha s e  o f  4 4 , 0 9 9  annual  tons  o f  d r y  

b l e n d i n g  c a p a b i l i t y .  These f i v e  new f a c i l i t i e s  s hou ld  be g iv e n  

h i g h e s t  p r i o r i t y  i f  a t r a n s f o r m a t i o n  o f  th e  f e r t i l i z e r  i n d u s t r y  is  

to  be made. On t h e  o t h e r  h a n d ,  f a c i l i t i e s  such as th e  p i s t o n  t e c h -
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n o lo g y  f o r  p r o d u c in g  NH^» t h e  p r o d u c t i o n  o f  u r e a ,  ammoniated p o l y ­

phosphate  l i q u i d s  and g r a n u l a r  t r i p l e  s u p e rp h o sp h a te  s h o u ld  be among 

th e  f i r s t  ones t o  be s c ra p p e d .

The g e n e r a l  t r e n d  o f  t h e  t r a n s i t i o n  has been e s t a b l i s h e d ;  t h e  

e n s u in g  y e a r s  w i l l  c o n t i n u a l l y  b r i n g  t h e  o r g a n i z a t i o n  o f  th e  f e r t i l i z e r  

i n d u s t r y  c l o s e r  t o  th e  long run o p t i m a l  o r g a n i z a t i o n .

Y e a r  2 t o  3

The p r o d u c ts  produced in  Y e a r  3 a r e  e x a c t l y  th e  same as thos e  

s u p p l i e d  d u r i n g  th e  p r e v i o u s  y e a r  (A p p e n d ix  F ,  T a b l e  F - l ) ;  o n l y  th e  

q u a n t i t i e s  v a r i e d .

An i n c r e a s i n g l y  l a r g e r  s h a r e  o f  t o t a l  anhydrous ammonia p rod uc­

t i o n  is  produced a t  C e n t r a l  M i c h i g a n .  In  Y e a r  2 ,  5 0 . 0  p e r  c e n t  was 

produced t h e r e ;  w h i l e  in  Y e a r  3 th e  9 6 ,7 2 1  to n s  produced t h e r e  a c co unted  

f o r  5 6 .1  p e r  c e n t  o f  t h e  t o t a l  NH^ produced t o  s u p p ly  M ic h i g a n  w i t h  

n i t r o g e n .  A t  th e  same t i m e ,  M id w est  and G u l f  Coast  p r o d u c t i o n  con­

t i n u e d  t o  d e c r e a s e ,  d e s p i t e  th e  f a c t  t h a t  1 0 , 0M f tons  o f  new c a p a c i t y  

were purchased  on th e  G u l f  C o a s t  (A p p e n d ix  F ,  T a b l e  F - 2 ) .

D i r e c t  a p p l i c a t i o n  o f  NH^ in c r e a s e d  s l i g h t l y  t o  1 2 7 , 76 *t to n s  

w i t h  9 5 , 8 5 2  to n s  coming f rom  C e n t r a l  M i c h i g a n .  The r e m a in in g  869 to n s  

o f  C e n t r a l  M ic h ig a n  NH^ p r o d u c t i o n  w ent  i n t o  th e  p r o d u c t i o n  o f  d iam ­

monium p h o s p h a te .

The G u l f  C oast  NH^ m a n u f a c t u r e r s  c o n t i n u e d  to  s u p p ly  t h e  M idw est  

n i t r i c  a c i d ,  ammonium n i t r a t e ,  and n i t r o g e n  m a n u f a c t u r i n g  s o l u t i o n s  

p r o d u c e r s .  These  t h r e e  M id w e s t  p ro d u c e rs  c o n t in u e d  t o  d e c r e a s e  in  

volume o f  p r o d u c t i o n ,  w i t h  th e  pace d e t e r m i n e d  by t h e  c o n s t r a i n t  on 

n i t r o g e n  m a n u f a c t u r i n g  s o l u t i o n s .  The o t h e r  two had e x c e s s  c a p a c i t y  

(A p p e n d ic es  E and F ,  T a b l e s  E - 3 ,  F - 3 ,  F - 4 ,  and F - 5 ) .
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E le m e n ta l  phosphorus and w h i t e  p h o s p h o r ic  a c i d  were a g a in  u t i ­

l i z e d  t o  th e  c o n s t r a i n t  e s t a b l i s h e d  f o r  w h i t e  a c i d  (A p p e n d ix  E ,  T a b le  

E - 3 ) • T o t a l  p r o d u c t io n  o f  w h i t e  a c i d  was 3 * 3 7 3  tons  d u r i n g  Y e a r  3 

in  which 795 to n s  o f  e l e m e n t a l  phosphorus w ere  used.  S in ce  p h o s p h o r ic  

a c i d  is  the  s o l e  source  o f  phosphate  f o r  f e r t i l i z e r  m a n u f a c t u r i n g ,  

th e  d e c r e a s e  in  p r o d u c t i o n  o f  w h i t e  a c i d  n e c e s s a r i l y  i m p l i e s  in c r e a s e d  

p r o d u c t io n  o f  g re e n  a c i d ,  g i v e n  c o n s t a n t  demand f o r  p h o s p h a te .  Con­

s e q u e n t l y ,  t o t a l  g reen  p h o s p h o r ic  a c i d  in c r e a s e d  by 7 ,0 8 5  t o n s ,  from  

2 4 2 , 6 0 3  to n s  in  Y e a r  2 t o  2 4 9 , 6 8 8  to n s  in  Y e a r  3 (A p p e n d ix  F ,  T a b l e  

F - 8 ) .

R u n - o f - p i l e  t r i p l e  s u p e rp h o s p h a te  p r o d u c t i o n  was a g a i n  a t  i t s  

l i m i t i n g  c o n s t r a i n t  in  F l o r i d a ,  b u t  was c o n s i d e r a b l y  be low  t h e  con­

s t r a i n t  on M id w e s t  p r o d u c t i o n .  J u s t  as in  th e  p r e v i o u s  y e a r ,  th e  

t o t a l  p r o d u c t i o n  o f  r u n - o f - p i l e  t r i p l e  s u p e rp h o s p h a te  was u t i l i z e d  by 

th e  g r a n u l a t e d  mixed f e r t i l i z e r  p r o d u c e rs  (A p p e n d ix  F ,  T a b l e  F - 9 ) .

The c o n t i n u e d  d e c r e a s e  in  g r a n u l a t e d  mixed f e r t i l i z e r  p r o d u c t i o n  

was r e s p o n s i b l e  f o r  much o f  th e  d e c re a s e d  p r o d u c t i o n  o f  diammonium 

p h o s p h a te .  In  a d d i t i o n ,  d i r e c t  a p p l i c a t i o n  dropped by n e a r l y  9 , 0 0 0  

t o n s ,  l e a v i n g  t o t a l  p r o d u c t i o n  o f  diammonium phosphate  a t  4 2 , 7 0 9  tons  

f o r  Y e a r  3 (A p p e n d ix  F ,  T a b l e s  F - l  and F - 1 0 ) .

In  Y e a r  3 ,  5 7 , 7 3 2  to n s  o f  new p r o d u c t i v e  c a p a c i t y  o f  monoammonium 

phosphate  w e re  purchased in  F l o r i d a  t o  augment t h e  e x i s t i n g  1 4 3 , 3 3 8  

to n s  o f  c a p a c i t y .  T h i s  r e s u l t e d  in  an i n c r e a s e  o f  o v e r  3 0 ,0 0 0  tons  

o f  p r o d u c t i o n  o f  wh ich  n e a r l y  a l l  w en t  t o  d r y  b le n d e d  f e r t i l i z e r  p r o ­

d u c t i o n  (A p p e n d ix  F ,  T a b l e  F - l l ) .  About  23 p e r  c e n t  o f  th e  t o t a l  

p r o d u c t i o n ,  4 5 , 6 9 0  t o n s ,  w e n t  t o  the fa rm s  f o r  d i r e c t  a p p l i c a t i o n .

T h i s  f i g u r e  marks an in c r e a s e  o f  o v e r  7*500  to n s  f o r  t h i s  same 

p ro c e d u re  in  t h e  p r e v io u s  y e a r .
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The po tash  s e c t o r  o f  th e  i n d u s t r y  e x p e r i e n c e d  t h e  same ty p e s  o f  

changes as  in  t h e  p r e v i o u s  y e a r ,  R u n - o f - m in e  and c o a r s e  p o tass ium  

c h l o r i d e  c o n t i n u e d  to  d e c r e a s e  in  u t i l i z a t i o n ,  w h i l e  6 * t , 2*+6 tons o f  

new c a p a c i t y  o f  g r a n u l a r  p o ta s s iu m  c h l o r i d e  were  purchased in  

S a s k a to o n .  The d e c r e a s e  in  c o a r s e  was f o r c e d  by t h e  c a p a c i t y  l i m i t a ­

t i o n ;  w h e re a s ,  th e  d e c r e a s e  in  r u n - o f - m i n e  p r o d u c t i o n  was induced by 

th e  d e c re a s e d  p r o d u c t i o n  o f  g r a n u l a r  m ixed f e r t i l i z e r s .  In c r e a s e s  in  

d r y  b l e n d i n g  usage o f  g r a n u l a r  p o ta s s iu m  c h l o r i d e ,  supp lemented  by 

in c r e a s e d  d i r e c t  a p p l i c a t i o n ,  were r e s p o n s i b l e  f o r  th e  n e a r l y  3 0 ,0 0 0  

to n  in c r e a s e  in  i t s  p r o d u c t i o n  (A p p e n d ic e s  E and F ,  T a b l e s  E - 3 ,  F - 1 2 ,  

F - 1 3 ,  and F - l * + ) .

D ry  b le n d e d  f e r t i l i z e r  p r o d u c t io n  i n c r e a s e d  by more th a n  *+0,000  

to n s  a n n u a l l y .  To t h e  e x i s t i n g  1 9 0 ,8 8 9  tons  o f  u t i l i z e d  c a p a c i t y ,  

97 ,65*+  to n s  o f  new c a p a c i t y  were  added.  The C e n t r a l  M ic h ig a n  b l e n d i n g  

f a c i l i t i e s  rem ained  i d l e ,  as t h e y  were in  th e  p r e v io u s  y e a r  (A p p e n d ix  

E ,  T a b l e  E - 3 ) .  N e a r l y  5 0 , 0 0 0  to n s  o f  r e t a i l i n g  c a p a c i t y  were  p u rc h a s e d ,  

b r i n g i n g  th e  t o t a l  r e t a i l i n g  c a p a c i t y  t o  l*+*+,271 to n s  (A ppe nd ix  F ,

T a b l e  F - 1 6 ) ,

Year  3 was h i g h l i g h t e d  by increased  purchases o f  those f a c i l i t i e s  

r e q u i re d  to  supplement th e  e x i s t i n g  ones in  m in im iz in g  the  t o t a l  c o s t  

o f  su pp ly ing  f e r t i l i z e r  to  M ic h ig a n .  A d d i t i o n a l  NHj p ro d u c t iv e  capa­

b i l i t y  was b u i l t  in  C e n t ra l  Michigan and on th e  G u l f  Coast.  Green 

phosphoric  ac id  and monoammonium phosphate f a c i l i t i e s  were augmented 

in  F l o r i d a ,  and g r a n u la r  potassium c h l o r i d e  p ro d u c t io n  in  Saskatoon  

re c e iv e d  in cre ased  c a p a c i t y .  The t r a d e - o f f  between in cre as ed  dry  

b le n d in g  and decreased g r a n u la r  m ix ing  was l a r g e l y  re s p o n s ib le  f o r  

the  d e c l i n e  o r  r i s e  o f  p a r t i c u l a r  p ro d u c ts .  In a d d i t i o n ,  the reduced  

c a p a c i t y  c o n s t r a i n t s  fo rc ed  decreased p ro d u c t io n  o f  some products .
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Y e a r  3 t o  4

The t r a n s i t i o n  t o  Y e a r  4  b r o u g h t  th e  t r a n s f o r m a t i o n  o f  th e  i n ­

d u s t r y  c o n s i d e r a b l y  c l o s e r  to  th e  lo n g  run o p t im a ]  o r g a n i z a t i o n .

T h r e e  p r o d u c ts  t h a t  a r e  s u b -o p t im a l  in  th e  lo n g  run became sub-  

o p t  imal in  Y e a r  4 ;  e l e m e n t a l  p h os phorus ,  w h i t e  p h o s p h o r ic  a c i d ,  and 

c o a r s e  p o ta s s iu m  c h l o r i d e  were  n o t  p ro d u c e d .  In  a d d i t i o n ,  s e v e r a l  

o t h e r  p r o d u c ts  w ere  n e a r l y  phased o u t .

None o f  th e  o r i g i n a l  p i s t o n  compressor  t e c h n o l o g y  f o r  p r o d u c t io n  

o f  anhydrous  ammonia e x i s t e d  in  Y e a r  4 .  A t  th e  same t i m e ,  c e n t r i f u g a l  

com press ion  t e c h n o l o g y  was c o n t i n u i n g  t o  in c r e a s e  in  C e n t r a l  M i c h i g a n .  

D u r in g  Y e a r  4 ,  2 1 , 0 1 2  to n s  o f  new c a p a c i t y  were  purchased  in  M i c h i g a n .  

T h i s  b r o u g h t  t h e  t o t a l  c a p a c i t y  t h e r e  t o  1 0 7 * 1 9 8  annu a l  t o n s ,  a l l  o f  

w h ic h  was used t o  s u p p ly  NH^ f o r  d i r e c t  a p p l i c a t i o n .  In  a d d i t i o n  

1 1 , 0 5 0  to n s  o f  NH^ c a p a c i t y  w e re  pu rchased  on th e  G u l f  C o a s t ,  b r i n g i n g  

t h e  t o t a l  c a p a c i t y  t h e r e  t o  6 0 , 6 3 0  to n s  (A pp e n d ic es  E and F ,  T a b le s  

E - 4  and F - l ) .  The M id w e s t  NH^ m a n u f a c t u r e r  c o n t in u e d  t o  o p e r a t e  w e l l  

b e lo w  h i s  c a p a c i t y  in  M i c h i g a n ,  d i r e c t  a p p l i c a t i o n  o f  NH^ c o n t in u e d  

t o  r i s e  s l o w l y  d e s p i t e  t h e  d e c re a s e d  c o n t r i b u t i o n s  o f  t h e  G u l f  C oast  

and M idw est  p r o d u c e r s .

Y e a r  4  w i l l  be t h e  l a s t  f o r  n i t r i c  a c i d ,  ammonium n i t r a t e ,  and 

n i t r o g e n  m a n u f a c t u r in g  s o l u t i o n s ,  s i n c e  t h e y  have re a c h e d  th e  end o f  

t h e i r  d e t e r i o r a t i o n  s c h e d u l e .  T h e i r  l e v e l s  o f  u t i l i z a t i o n  a r e  1 , 7 1 6 ;  

2 , 2 4 3 ;  and 3 , 2 1 3  t o n s ,  r e s p e c t i v e l y .  Once a g a i n ,  t h e  n i t r o g e n  manu­

f a c t u r i n g  s o l u t i o n s  c o n s t r a i n t  i s  t h e  l i m i t i n g  o n e ;  t h e  o t h e r  two  

p r o d u c ts  have e x c e s s  c a p a c i t y  (A p p e n d ic e s  E and F ,  T a b l e s  E - 4 ,  F - 3 ,  

F - 4 ,  and F - 5 ) .

Green p h o s p h o r ic  a c i d  has c o m p l e t e l y  r e p l a c e d  w h i t e  p h o s p h o r ic
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a c i d .  T o t a l  g re e n  a c i d  p r o d u c t i o n  in  Y e a r  4  was 2 5 6 , 7 7 4  t o n s ,  o f  

which 5 6 , 0 4 4  to n s  was newly  p u rc h a s e d .  O ver  9 9 . 6 7  p e r  c e n t  o f  a l l  

green a c i d  produced in  F l o r i d a  d u r i n g  Y e a r  4  i s  used in  F l o r i d a  to  

make phosphate  p r o d u c t s .  The o t h e r  f o u r - t e n t h s  o f  one p e r  c e n t  is  

sh ipped  t o  t h e  M idwest  to  be made i n t o  r u n - o f - p i l e  t r i p l e  s u p e r ­

phosphate (A p p e n d ix  F ,  T a b l e s  F - 8  and F - 9 ) .

Diammonium phosphate p ro d u c t io n  in F l o r i d a  dropped to  2 5 ,83 3  to n s ,  

w h i le  the  C e n t ra l  M ich igan p l a n t  was c o m p le te ly  shut-down. Of the  

t o t a l  p r o d u c t io n ,  1 7 , 9 2 4  to n s ,  o r  n e a r ly  70 per c e n t ,  were shipped to  

Michigan to  be a p p l ie d  d i r e c t l y .  The rem ain ing  7 , 9 0 9  tons went t o  

the C e n tra l  M ich igan  g r a n u la te d  mixed f e r t i l i z e r  m a n u fa c tu re r .

The 6 3 , 5 1 0  to n s  o f  new monoammonium phosphate  c a p a c i t y  in  F l o r i d a  

brou g h t  t h e  t o t a l  up t o  2 3 1 , 8 2 3  and r e s u l t e d  in  more th a n  a 3 0 ,0 0 0  ton  

i n c r e a s e  i n  t o t a l  c a p a c i t y ,  as  compared t o  Y e a r  3 (A p p e n d ix  F ,  T a b l e  

F - l l ) .  D i r e c t  a p p l i c a t i o n  i n c r e a s e d  by n e a r l y  8 , 0 0 0  t o n s ,  w h i l e  d r y  

blended f e r t i l i z e r ' s  consum pt ion  o f  monoammonium phosphate  in c r e a s e d  

more than  2 2 , 0 0 0  tons to  a t o t a l  o f  1 7 8 ,4 5 9  tons  a n n u a l l y .  New 

s to r a g e  f a c i l i t i e s  w i t h  3 9 , 8 4 6  were  purchased f o r  t h e  F l o r i d a  manu­

f a c t u r e r  t o  make t o t a l  s t o r a g e  c a p a b i l i t y  1 3 3 , 8 4 4  t o n s .

Coarse po ta s s iu m  c h l o r i d e  p r o d u c t io n  f e l l  to  z e r o  d u r i n g  Y e a r  4  

as a r e s u l t  o f  t h e  d e t e r i o r a t i o n  scheme. R u n - o f - m in e  potash was 

s u p p l ie d  t o  g r a n u l a t e d  m ixed  f e r t i l i z e r  p r o d u c e r s  in  th e  amount o f  

1 9 ,7 7 2  t o n s .  The o t h e r  po ta s h  p r o d u c t ,  g r a n u l a r  po ta s s iu m  c h l o r i d e ,  

n e c e s s a r i l y  p ic k e d  up th e  s t a c k  l e f t  by c o a r s e  and r u n - o f - m i n e ,  s in c e  

K2O demand was h e l d  c o n s t a n t .  New c a p a c i t y  o f  7 0 , 6 7 8  tons  augmented  

the  e x i s t i n g  1 6 8 ,5 6 3  to n s  t o  make t o t a l  annual c a p a c i t y  2 5 9 , 0 0 6  tons  

(A ppend ix  F ,  T a b l e s  F - 1 2 ,  F - 1 3 ,  and F - 1 4 ) .  To t h e  e x i s t i n g  s t o r a g e
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c a p a b i l i t y  o f  8 6 , 3 1 8  t o n s ,  4 3 , 2 1 7  to n s  o f  new s t o r a g e  f a c i l i t i e s  were  

added.  D i r e c t  a p p l i c a t i o n  o f  g r a n u l a r  p o ta s s iu m  c h l o r i d e  in c r e a s e d  

n e a r l y  1 0 ,0 0 0  tons  from 7 6 , 3 0 7  tons in  Y e a r  3 t o  8 6 , 3 0 0  to n s  in  Y e a r

4 .  Dry b le n d e d  f e r t i l i z e r s  used 152 ,941  to n s  d u r i n g  Y e a r  4 ;  t h i s  

amount is  o v e r  59  P©r c e n t  o f  th e  t o t a l  p r o d u c t i o n .

G r a n u l a te d  mixed f e r t i l i z e r  p r o d u c t i o n  f o r  Y e a r  4  was 4 9 ,4 3 1  t o n s ,  

which  is  le s s  t h a n  h a l f  o f  th e  1 0 0 ,0 0 0  to n  c a p a c i t y  c o n s t r a i n t  

(A p p e n d ix  E ,  T a b l e  E - 4 ) .  D ry  b lended  f e r t i l i z e r s  c o n t in u e d  t o  r e p l a c e  

g r a n u l a t e d  mixed p ro d u c ts  as p r o d u c t io n  o f  t h e  fo rm e r  in c r e a s e d  

a lm o s t  4 3 , 0 0 0  t o n s ,  and th e  l a t t e r 1s p r o d u c t i o n  d e c re a s e d  more than

4 9 . 0 0 0  to n s  (A p p e n d ix  F ,  T a b l e  F - l ) .

Y e a r  4  p u rc h a s e s  o f  new d r y  b l e n d i n g  c a p a c i t y  were 1 0 7 , 4 3 2  t o n s ,  

a l l  o f  which w ere  lo c a t e d  in  o u t s t a t e  M i c h i g a n .  T o t a l  b l e n d i n g  capac ­

i t y  f o r  th e  y e a r  was 3 3 1 , 4 0 0  t o n s .  The C e n t r a l  M ic h ig a n  d r y  b le n d e d  

f e r t i l i z e r  m a n u f a c t u r e r  was phased o u t  by t h e  d e t e r i o r a t i o n  s c h e d u le ;  

c o n s e q u e n t l y ,  a l l  b l e n d in g  c a p a c i t y  was in  o u t s t a t e  M i c h i g a n .  N e a r l y

6 0 . 0 0 0  to n s  o f  new r e t a i l i n g  f a c i l i t i e s  w e r e  purchased t o  supp lem ent  

th e  e x i s t i n g  128 ,041  to n s  (A p p e n d ix  F ,  T a b l e  F - 1 6 ) .

In Y e a r  4 ,  a d d i t i o n a l  purchases  o f  new f a c i l i t i e s  and r e d u c t i o n  

o r  t o t a l  e l i m i n a t i o n  o f  o t h e r  f a c i l i t i e s  b r o u g h t  th e  t r a n s i t i o n  o f  

th e  i n d u s t r y  v e r y  n e a r  to  t h e  long run o p t i m a l  o r g a n i z a t i o n .  Those  

f a c i l i t i e s  t h a t  a r e  no t  in  th e  long run o p t i m a l  o r g a n i z a t i o n  b u t  were  

s t i l l  used in  Y e a r  4  a r e  a l l  in  the  l a s t  y e a r  o f  t h e i r  d e t e r i o r a t i o n  

s c h e d u le ,  e x c e p t  f o r  the  a nhydrous  ammonia p r o d u c e r  in  the  M id w e s t .

S i g n i f i c a n t  pu rc ha s e s  o f  new f a c i l i t i e s  were  made d u r i n g  t h e  

y e a r .  Most n o t a b l e  were  the  2 4 ,6 9 2  to n s  o f  NH^ p r o d u c t io n  c a p a c i t y  

in  C e n t r a l  M ic h i g a n ;  th e  5 6 , 0 4 4  tons o f  g r e e n  p h o s p h o r ic  a c i d  and th e



6 3 , 5 1 0  to n s  o f  monoammonium phosphate  c a p a c i t y  in F l o r i d a ;  th e  7 0 , 6 7 8  

to n s  o f  g r a n u l a r  p o ta s s iu m  c h l o r i d e  p r o d u c t i o n  f a c i l i t i e s  in  Saskatoon  

and f i n a l l y  th e  i n s t a l l a t i o n  o f  1 0 7 , 4 3 2  to n s  o f  d r y  b l e n d i n g  c a p a c i t y  

in  o u t s t a t e  M ic h i g a n .

T h r e e  m a jo r  p r o d u c t s  were  phased o u t  d u r i n g  t h e  y e a r ,  nam ely ,  

e l e m e n t a l  phosphorus ,  w h i t e  p h o s p h o r ic  a c i d ,  and c o a r s e  p o tass ium  

c h 1o r  i d e .

The t r a n s i t i o n  t o  Y e a r  5 w i l l  n e a r l y  c o m p le te  t h e  t r a n s f o r m a t i o n  

o f  th e  f e r t i l i z e r  i n d u s t r y .

Year  4  to  5

From th e  s t a n d p o i n t  o f  p ro d u c ts  s u p p l i e d ,  Y e a r  5 is  i d e n t i c a l  

t o  t h e  lo n g  run o p t i m a l  o r g a n i z a t i o n  o f  th e  i n d u s t r y .  H ow ever ,  th e  

f a c i l i t i e s  used to  s u p p ly  th o s e  p r o d u c ts  d i f f e r  s l i g h t l y  f rom  those  

composing th e  long run Optimum. The a n h y d ro u s  ammonia and d r y  b l e n d ­

ing s e c t o r s  o f  th e  i n d u s t r y  a r e  th e  o n l y  ones in  w h ic h  t h e  f a c i l i t i e s  

a r e  n o t  e q u i v a l e n t  t o  th o s e  used in  t h e  o p t i m a l  lo n g  run o r g a n i z a t i o n .

The c o n t in u e d  use o f  t h e  M idwest  anhy d ro u s  ammonia m a n u f a c t u r in g  

f a c i l i t i e s  caused t h e  Y e a r  5 o r g a n i z a t i o n  t o  d i f f e r  f rom  th e  long run  

o p t  imal o r g a n i z a t i o n .  A l th o u g h  9 ,0 3 5  to n s  o f  c a p a c i t y  were  a v a i l a b l e  

t h e r e ,  o n l y  1 ,5 2 9  to n s  w e r e  produced (A p p e n d ix  E ,  T a b l e  E - 5 ) . T h i s  

p r o d u c t i o n ,  combined w i t h  t h e  4 1 , 4 0 7  and 9 4 , 5 6 2  to n s  o f  e x i s t i n g  

c a p a c i t y  a t  th e  G u l f  C o a s t  and in  C e n t r a l  M i c h i g a n ,  r e s p e c t i v e l y ,  and 

s upp lem ented  by t h e  1 0 , 5 7 4  end 24 ,6 9 1  to n s  o f  new c a p a c i t y  purchased  

a t  t h e  G u l f  C oast  and in  M i c h i g a n ,  r e s p e c t i v e l y ,  b r o u g h t  t o t a l  p rod uc­

t i o n  up t o  1 7 2 ,7 6 3  a nnu a l  to n s  (A p p e n d ix  F ,  T a b l e s  F - l  and F - 2 ) . The  

sm al l  vo lume o f  p r o d u c t i o n  by t h e  M id w e s t  p r o d u c e r  j u s t  f u l l y  u t i l i z e d
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h i s  a v a i l a b l e  s t o r a g e  c a p a c i t y .  In  p r e v io u s  y e a r s ,  a p o r t i o n  o f  h i s  

p r o d u c t io n  was c o n v e r t e d  i n t o  n i t r i c  a c i d f ammonium n i t r a t e ,  and 

n i t r o g e n  m a n u f a c t u r i n g  s o l u t i o n s ,  th e  r e m a in d e r  b e in g  s h ip p e d  t o  

M ic h ig a n  f o r  d i r e c t  a p p l i c a t i o n .  However ,  in  Y e a r  5 ,  th e  t h r e e  

m e n t io n e d  p r o c e s s o r s  were  phased o u t ,  l e a v i n g  o n l y  d i r e c t  a p p l i c a t i o n  

t o  u t i l i z e  h i s  p r o d u c t i o n .  J u s t  as in  th e  p r e v i o u s  y e a r ,  a l l  o f  th e  

NHj m a n u fa c tu r e d  by t h e  C e n t r a l  M ic h ig a n  p l a n t  w ent  f o r  d i r e c t  a p p l i ­

c a t i o n .  In  a d d i t i o n ,  9 , 1 0 8  to n s  o f  the  G u l f  C o a s t ' s  p r o d u c t i o n  were  

a p p l i e d  d i r e c t l y ,  making a t o t a l  o f  1 2 9 ,8 9 0  tons  o f  NH^ used f o r  

d i r e c t  a p p l i c a t i o n  by M ic h ig a n  f a r m e r s  (A p p e n d ix  F ,  T a b l e  F - 2 ) .

N i t r i c  a c i d ,  ammonium n i t r a t e ,  and n i t r o g e n  m a n u f a c t u r i n g  s o l u ­

t i o n s  were  among t h e  seven p r o d u c ts  and p ro c e s s e s  t h a t  w e re  used in  

Y e a r  *+, b u t  were  phased o u t  in  Y e a r  5 .  The o t h e r s  in  th e  g ro u p  w e r e :  

r u n - o f - p i l e  t r i p l e  s u p e r p h o s p h a te ,  diammonium p h o s p h a te ,  r u n - o f - m i n e  

po ta s s iu m  c h l o r i d e ,  and g r a n u l a t e d  mixed f e r t i l i z e r  p r o d u c t i o n  

(A p p e n d ix  F ,  T a b l e  F - l ) .

Green p h o s p h o r ic  a c i d  p r o d u c t i o n  in c r e a s e d  s l i g h t l y  f ro m  th e  

p r e v i o u s  y e a r ' s  l e v e l  o f  25 6 ,7 7**  t o  260 ,* t87  t o n s .  A l l  o f  th e  p ro d u c ­

t i o n ,  o f  w h ic h  5 8 , 2 7 5  to n s  were  f ro m  new f a c i l i t i e s ,  to o k  p l a c e  in  

F l o r i d a ,  In  Y e a r  **, 82 2  to n s  w e re  s h ip ped  t o  t h e  M id w est  m a n u f a c t u r e r  

o f  r u n - o f - p i l e  t r i p l e  s u p e r p h o s p h a te .  However ,  i n  Y e a r  5 ,  t h e  phase  

o u t  o f  t h a t  M id w e s te r n  m a n u f a c t u r e r  f r e e d  a l l  g re e n  a c i d  t o  be made 

i n t o  monoammonium phosphate  in  F l o r i d a  (A p p e n d ix  F ,  T a b l e  F - 8 ) .

R e p l a c i n g  b o th  r u n - o f - p i l e  t r i p l e  s u p e rp h o sp h a te  and diammonium  

p h o s p h a te ,  monoammonium phosphate  p r o d u c t i o n  s p u r t e d  upward by n e a r l y  

* *0 ,000  t o n s .  T o t a l  p r o d u c t io n  in  Y e a r  5 was 270,**95  t o n s ,  o f  w h ic h  

20 1 ,530  to n s  were  used in  d r y  b le n d e d  f e r t i l i z e r  p r o d u c t i o n  and th e
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re m a in in g  6 8 , 9 6 5  tons  went  f o r  d i r e c t  a p p l i c a t i o n .  The e x i s t i n g  

1 9 2 ,7 1 6  to n s  o f  p r o d u c t i v e  c a p a b i l i t y  w e re  supp lem ented  w i t h  7 7 , 7 7 9  

to n s  o f  newTy purchased  c a p a c i t y  (A p p e n d ix  F ,  T a b l e  F - l l ) .

In Y e a r  5 ,  th e  o n l y  source  o f  K20 was g r a n u l a r  p o ta s s iu m  c h l o r i d e .  

I t s  t o t a l  p r o d u c t i o n  f o r  the  y e a r  was 2 5 9 , 0 0 6  t o n s ,  o f  w h ic h  d r y  

b le n d e d  f e r t i l i z e r  to o k  1 7 2 ,7 1 3  to n s  and d i r e c t  a p p l i c a t i o n  a c c o u n te d  

f o r  th e  r e m a in in g  8 6 , 2 9 3  t o n s .  New purchases  o f  p r o d u c t i o n  c a p a c i t y  

o f  6 7 , 7 3 9  a nnu a l  tons  augmented th e  e x i s t i n g  1 9 1 ,2 6 7  to n s  o f  c a p a c i t y  

in  Saskatoon (A p p e n d ix  F ,  T a b l e  F - 1 3 ) .

W i th  a jum p in  t o t a l  p r o d u c t i o n  o f  n e a r l y  4 3 , 0 0 0  t o n s ,  d r y  b l e n d ­

in g  o f  f e r t i l i z e r s  r e p l a c e d  most o f  the  f o r e g o n e  g r a n u l a t e d  mixed  

p r o d u c t io n  o f  t h e  p r e v io u s  y e a r .  A l l  o f  the  3 7 4 , 2 4 3  to n s  o f  t o t a l  

p r o d u c t io n  w e re  produced in  o u t s t a t e  M i c h i g a n .  E x i s t i n g  f a c i l i t i e s  

w i t h  a t o t a l  c a p a c i t y  o f  2 5 6 ,0 8 1  tons  w e re  supp lem en ted  w i t h  th e  

purchase  o f  1 1 8 , 1 6 2  to n s  o f  new c a p a c i t y .  In  a d d i t i o n  t o  th e  128 ,041  

tons  o f  e x i s t i n g  d r y  b le n d e d  r e t a i l i n g  f a c i l i t i e s ,  5 9 ,0 8 1  to n s  o f  new 

r e t a i l i n g  c a p a c i t y  were purchased in  Y e a r  5 ( A p p e n d ix  F ,  T a b l e  F - T 6 ) .

The c o n t in u e d  use o f  t h e  h o r i z o n t a l  d r y  b l e n d i n g  p l a n t  i n  o u t ­

s t a t e  M ic h ig a n  (A p p e n d ix  F ,  T a b l e  F - 1 6 )  and t h e  M id w est  anhydrous  

ammonia m a n u f a c t u r e r  were  t h e  o n l y  two e x c e p t i o n s  in  w h ic h  t h e  f a c i l ­

i t i e s  o f  Y e a r  5 d i f f e r e d  from th o s e  o f  th e  long run o p t i m a l  o r g a n i z a ­

t i o n  (A p p e n d ix  D ) . In  a l l  o t h e r  s e c t o r s  o f  th e  i n d u s t r y ,  t h e  p u rchases  

o f  new f a c i l i t i e s  when combined w i t h  t h e  e x i s t i n g  f a c i l i t i e s  e x a c t l y  

d u p l i c a t e d  th o s e  u t i l i z e d  in  th e  long run o p t i m a l  o r g a n i z a t i o n .

In  th e  n e x t  s e c t i o n  we w i l l  see w h ich  p u rc h a s e s  o f  new f a c i l i t i e s  

a r e  n e c e s s a ry  t o  c o m p le te  t h e  t r a n s i t i o n .  T h e n ,  a t t e n t i o n  w i l l  be 

fo c u s e d  on th e  c o s t s  o f  s u p p l y i n g  f e r t i l i z e r  t o  M ic h ig a n  in  each o f
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t h e  t r a n s i t i o n a l  y e a r s  and on how th e y  compare t o  t h e  1970 A c tu a l  and 

th e  Tong run o p t i m a l  o r g a n i z a t i o n s .

Y e a r  5 t o  6

The t r a n s i t i o n  to  Y e a r  6 c o m p le te s  th e  t r a n s f o r m a t i o n  o f  the  

i n d u s t r y  i n t o  an o r g a n i z a t i o n  t h a t  s u p p l i e s  M ic h ig a n  fa r m e r s  w i t h  th e  

1970 l e v e l s  o f  consum pt ion  o f  N, P2Q5 » an^ K 2O a t  t h e  l e a s t  p o s s i b l e  

c o s t ,  g iv e n  c u r r e n t  f e a s i b l e  t e c h n o l o g y .

In  o r d e r  t o  c o m p le te  th e  t r a n s f o r m a t i o n ,  25,7**1 to n s  o f  anhydrous  

ammonia c a p a c i t y  w ere  purchased  in  C e n t r a l  M ic h ig a n  and 1 1 ,1 7 2  tons  

w ere  purchased  on t h e  G u l f  C o a s t .  A l t h o u g h  th e  t o t a l  l e v e l s  o f  p r o ­

d u c t i o n  a t  t h e  two l o c a t i o n s  a r e  somewhat d i f f e r e n t  t h a n  they  were in  

Ye a r  5s t h e  t o t a l  p r o d u c t i o n  o f  NH^ is  e x a c t l y  th e  same (A ppend ix  F ,  

T a b l e s  F - l  and F - 2 ) .  In  a d d i t i o n ,  th e  f l o w  o f  a nhydrou s  ammonia t o  

d i r e c t  a p p l i c a t i o n  and o t h e r  uses i s  a t  th e  same to n n a g e  l e v e l s  o f  

th e  p r e v i o u s  y e a r ;  h o w e v e r ,  th e  s o u rc e s  a r e  somewhat d i f f e r e n t .

The 6 0 , 3 9 0  to n s  o f  new green p h o s p h o r ic  a c i d  p r o d u c t i o n  c a p a c i t y  

purchased  in  F l o r i d a  j u s t  o f f - s e t  t h e  d e t e r i o r a t i o n  o f  t h e  e x i s t i n g  

f a c i l i t i e s  t o  y i e l d  th e  same l e v e l  o f  t o t a l  p r o d u c t i o n  as  in  Year  5 

(A p p e n d ix  F ,  T a b l e  F - 8 )  . A l l  o f  th e  260,**87  tons  o f  g re e n  a c id  p ro d u c ­

t i o n  went  t o  t h e  F l o r i d a  monoammonium phosphate  m a n u f a c t u r e r .

N e a r l y  * *7 ,000  to n s  o f  new monoammonium phosphate  p r o d u c t i v e  c a ­

p a c i t y  w e re  n e c e s s a ry  t o  o f f s e t  t h e  d e t e r i o r a t i o n  o f  t h e  e x i s t i n g  

f a c i l i t i e s .  T o t a l  p r o d u c t i o n  rem ained  c o n s t a n t  as d i d  th e  d i s t r i b u ­

t i o n  between d r y  b l e n d i n g  and d i r e c t  a p p l i c a t i o n  (A p p e n d ix  F ,  T a b le  

F - l l ) .

S i m i l a r l y ,  5**,7**7 to n s  o f  new g r a n u l a r  p o ta s s iu m  c h l o r i d e  c a p a c i t y
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were purchased  in  S aska too n  t o  m a i n t a i n  a c o n s t a n t  l e v e l  o f  p r o d u c t i o n .  

W ith  th e  d i s t r i b u t i o n  e q u i v a l e n t  t o  t h a t  o f  t h e  p r e v io u s  y e a r ,  d ry  

b l e n d i n g  used 1 7 2 ,7 1 3  to n s  o f  1^0  and d i r e c t  a p p l i c a t i o n  a c c o u n te d  

f o r  8 6 , 2 9 3  tons  (A p p e n d ix  F ,  T a b l e  F - I 3 ) .

The t r a n s i t i o n  t o  Y e a r  6 r e s u l t e d  i n  e l i m i n a t i o n  o f  t h e  h o r i ­

z o n t a l  d r y  b l e n d e r  in  o u t s t a t e  M i c h i g a n .  To compensate f o r  i t s  p r e ­

v io u s  p r o d u c t io n  and d e t e r i o r a t i o n  in  e x i s t i n g  v e r t i c a l  b l e n d e r s ,

87,13*+ to n s  o f  new v e r t i c a l  b l e n d i n g  f a c i l i t i e s  were  pu rc ha s e d  in  

o u t s t a t e  M ic h ig a n  (A p p e n d ix  F ,  T a b l e  F - 1 6 ) .  In  a d d i t i o n ,  * *3 ,5 6 7  tons  

o f  r e t a i l i n g  f a c i l i t i e s  w ere  purchased  t o  accompany t h e  1**3»555 tons  

o f  e x i s t i n g  r e t a i l i n g  c a p a c i t y .  T o t a l  d r y  b l e n d i n g  rem ain ed  c o n s t a n t  

a t  37*+,2**3 annual  t o n s .

R e l a t i v e l y  few o r g a n i z a t i o n a l  changes were  made in  t h e  t r a n s i t i o n  

f rom  Y e a r  5 t o  Y e a r  6 .  E l i m i n a t i o n  o f  t h e  M id w est  anhydrous  ammonia 

m a n u f a c t u r e r  and th e  h o r i z o n t a l  d r y  b le n d e d  f e r t i T z i e r  p r o d u c e r  were  

th e  two m a jo r  changes t h a t  to o k  p l a c e  d u r i n g  t h e  t r a n s i t i o n .  Some 

accompanying m ino r  changes were  needed t o  a d j u s t  th e  f l o w  o f  th e  NH^ 

as a consequence o f  t h e  p h a s e - o u t  o f  t h e  M id w e s t  p r o d u c e r .  O t h e r w i s e ,  

th e  p r o d u c t i o n  and d i s t r i b u t i o n  o f  a l l  o t h e r  p r o d u c ts  were  e x a c t l y  th e  

same as in  th e  p r e v io u s  y e a r .

H a v in g  c o m p le te d  t h e  t r a n s i t i o n ,  l e t ' s  exam ine  th e  i m p l i c a t i o n s  

o f  i t s  f i n a l  s t e p s .

I m p l i c a t i o n s  f o r  Y e a rs  2 th ro u g h  6

New in v e s tm e n t  in  c e n t r i f u g a l  t y p e  anhydrous  ammonia p r o d u c t i o n  

f a c i l i t i e s  I s  v e r y  i m p o r t a n t .  A l th o u g h  p i s t o n  ty p e  p r o d u c t i o n  capa­

b i l i t y  was a v a i l a b l e ,  i t  was l e f t  i d l e  in  Y e a r  2 w h i l e  o v e r  8 5 , 0 0 0
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to n s  o f  new c e n t r i f u g a l  p r o d u c t io n  were  pu rchased  in  M i c h i g a n .  Fo r  

th e  M ic h ig a n  NH^ p r o d u c e r ,  th e  i m p l i c a t i o n  i s  t h a t  h i s  c u r r e n t  t e c h ­

n o lo g y  i s  c l e a r l y  i n e f f i c i e n t  as compared t o  t h e  c e n t r i f u g a l  t e c h n o l o g y .  

From t h e  s t a n d p o i n t  o f  m i n i m i z i n g  t o t a l  c o s t  t o  M ic h ig a n  f a r m e r s  th e  

o b s o l e t e  p i s t o n  t e c h n o l o g y  shou ld  be r e p l a c e d  w i t h  c e n t r i f u g a l  t e c h ­

n o l o g y ,  g i v e n  th e  a s s u m p t io n s  o f  the  m o d e l .  Even from th e  s t a n d p o i n t  

o f  t h e  NHj f i r m ,  t h e  t o t a l  c o s t  o f  p r o d u c t i o n  w i t h  th e  c e n t r i f u g a l  

t e c h n o l o g y  ( i n c l u d i n g  15 p e r  c e n t  r e t u r n  on in v e s tm e n t )  i s  l e s s  than  

j u s t  t h e  v a r i a b l e  c o s t s  o f  th e  p i s t o n  t e c h n o l o g y ,  and would  i n d i c a t e  

t h a t  t h e  c o s t  m i n i m i z i n g  p ro c e d u re  would  be t o  purchase  t h e  c e n t r i f u g a l  

t e c h n o l o g y .  The a s su m p t io n  c o n c e rn in g  z e r o  s a lv a g e  v a lu e s  i s  c r u c i a l  

i n  t h i s  c a s e ,  bu t  i t  seems t o  be an a p p r o p r i a t e  a s s u m p t io n .  I f  th e  

s a lv a g e  v a l u e  s hou ld  happen t o  be n e g a t i v e ,  th e n  the  c e n t r i f u g a l  t e c h ­

n o lo g y  m ig h t  not  be c o m p e t i t i v e .  However ,  i t  i s  more r e a s o n a b le  t h a t  

th e  s a lv a g e  v a lu e  o f  t h e  o l d  ( p i s t o n )  t e c h n o l o g y  would be e i t h e r  z e r o  

o r  p o s i t i v e ,  in  which case  the  c e n t r i f u g a l  te c h n o lo g y  i s  c l e a r l y  more 

e f f i c i e n t .  T h u s ,  th e  NH^ p ro d u c ers  s h o u ld  w i l l i n g l y  s u p p o r t  th e  

s w i t c h  t o  c e n t r i f u g a l  t e c h n o l o g y .

F o r  s e v e r a l  o f  t h e  o t h e r  p ro d u c ts  i n v o l v e d  in  th e  t r a n s i t i o n ,  

the  pu rc ha s e  o f  p r o d u c t i o n  f a c i l i t i e s  t o  e i t h e r  r e p l a c e  an o b s o l e t e  

t e c h n o l o g y  (a s  was th e  case  w i t h  anhydrous ammonia) o r  t o  r e p l a c e  an 

i n e f f i c i e n t  p r o d u c t ,  is  based upon e s s e n t i a l l y  th e  same economic  

c r i t e r i a  p r e s e n te d  a b o v e .  For  some p r o d u c t s ,  i t  i s  c l e a r  t h a t  th e  

t o t a l  c o s t  per  n u t r i e n t  t o n  o f  th e  new p r o d u c t i o n  f a c i l i t i e s  ( i n ­

c l u d i n g  15 p e r  c e n t  r e t u r n  on in v e s tm e n t )  e x c e e d s  th e  v a r i a b l e  c o s t  

o f  th e  p r o d u c t  b e in g  r e p l a c e d .  T h is  i s  t r u e ,  f o r  e x a m p le ,  in  th e  

case o f  t h e  l a r g e  hor  i z o n t a l  b u l k  b l e n d e r  in  o u t s t a t e  M i c h i g a n .  In
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Y e a r  0 and Y e a r  I ,  t h e r e  w e re  no v e r t i c a l  b u l k  b l e n d e r s  in  o u t s t a t e  

M ic h i g a n ;  a l l  o f  th e  l a r g e  b l e n d e r s  t h e r e  w e re  o f  th e  h o r i z o n t a l  t y p e .  

In  th e  long run Optimum o r g a n i z a t i o n ,  a l l  b u l k  b l e n d e r s  a r e  o f  th e  

v e r t i c a l  t y p e ;  c o n s e q u e n t l y ,  i t  was th e  o n l y  ty p e  a l lo w e d  t o  be 

purchased d u r i n g  t h e  t r a n s i t i o n ,  w h i l e  th e  h o r i z o n t a l  ones w e re  b e in g  

phased o u t .  S in c e  e x i s t i n g  f a c i l i t i e s  had t h e i r  f i x e d  c o s t  s e t  to  

z e r o ,  th e  t o t a l  c o s t  o f  t h e  h o r i z o n t a l  b l e n d e r  per  ton  was e x a c t l y  

t h a t  o f  i t s  v a r i a b l e  c o s ts  p lu s  d e p r e c i a t i o n ;  w h e r e a s ,  th e  v e r t i c a l  

b l e n d e r s  had a t o t a l  f i x e d  c o s t  e q u i v a l e n t  t o  15 per  c e n t  o f  t h e  i n ­

v e s tm e n t  c o s t .  T h a t  t h e  h o r i z o n t a l  b l e n d e r s  t o t a l  c os t  was l e s s  per* 

ton  th a n  t h a t  o f  t h e  v e r t i c a l  b l e n d e r  ( w i t h  f i x e d  c o s t s )  is  e v i d e n t  

f rom  n o t i n g  t h a t  t h e  h o r i z o n t a l  b l e n d e r  was a lw a y s  used to  i t s  f u l l  

c a p a c i t y  and th e n  a d d i t i o n a l  b l e n d i n g  c a p a c i t y  was o b t a i n e d  by p u r ­

c h a s in g  some v e r t i c a l  b l e n d e r s .  I f  the  v e r t i c a l  b l e n d e r  had t h e  lo w e s t  

c o s t ,  th e  h o r i z o n t a l  b l e n d e r s  would  have s a t  i d l e ,  b u t  t h i s  was not  

th e  c a s e .  We can con c lu d e  f rom  t h i s  t h a t  some o f  th e  p r o d u c ts  a n d / o r  

t e c h n o l o g i e s  t h a t  a r e  s u b - o p t im a l  in  th e  lo n g  run can be q u i t e  com­

p e t i t i v e  d u r i n g  t h e  t r a n s i t i o n .

From th e  p r o c e e d in g  d i s c u s s i o n  we can i n f e r  s e v e r a l  t h i n g s  about  

t h e  t r a n s i t i o n .  In  cases s i m i l a r  t o  the  NHj exam ple  in  w h ic h  t h e  new 

t e c h n o lo g y  o r  p r o d u c t  is  c l e a r l y  more e f f i c i e n t  th a n  t h a t  w h ic h  i t  

r e p l a c e s ,  f i r m s  in  t h e  i n d u s t r y  would l i k e l y  i n v e s t  in i t  q u i t e  r a p i d l y ,  

th e r e b y  b r i n g i n g  a bou t  th e  r e a l i z a t i o n  o f  a p o r t i o n  o f  th e  lo n g  run  

o p t i  mum o r g a n i z a t i o n  in  a p e r i o d  o f  t im e  t h a t  w ou ld  p r o b a b ly  be s h o r t e r  

than  t h e  6 y e a r  t r a n s i t i o n  p r e s e n t e d  a bov e .  A t  t h e  same t i m e ,  ho w e ve r ,  

some p r o d u c ts  o r  t e c h n o l o g i e s  (such  as the  case  o f  th e  b u l k  b l e n d e r s )  

w i l l  n o t  r e a d i l y  a t t r a c t  new in v e s t m e n t .  The t r a n s i t i o n  f o r  t h e s e
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products  o r  te c h n o lo g ie s  would l i k e l y  e v o lv e  a t  the  same r a t e  as the  

a t t r i t i o n  o f  o l d  p l a n t s  and ,  t h e r e f o r e ,  could be somewhat s low er  than  

the t r a n s i t i o n  p r e s c r ib e d  above.  Of c o u rse ,  the  e x t e n t  t o  which th e  

v a r io u s  products  and processes a re  in te rd e p e n d e n t  could  e f f e c t  the  

r e a l i z e d  r a t e  o f  the  t r a n s i t i o n .

I t  is  i n t e r e s t i n g  t o  no te  t h a t  on an in d u s t ry  b a s i s ,  th e r e  is  

s u f f i c i e n t  cost  sav ings  ge n era te d  by th e  t r a n s i t i o n  t o  pay f o r  the  

new investment f o r  the  f o l l o w i n g  y e a r .  But i t  is  not  l i k e l y  t h a t  

such cost  sav ings could  be a c t u a l l y  r e a l i z e d  by in d i v i d u a l  f i r m s ,  

w i t h i n  the  in d u s t r y ,  e x ce p t  to  the  e x t e n t  th a t  the  sav ings  a re  genera ted  

by t h a t  same f i r m .

The s u b s t a n t i a l  c o s t  s a v in g s  o f  th e  com ple ted  t r a n s i t i o n  c o u ld  be 

p a r t i a l l y  r e t a i n e d  by t h e  f i r m s  w i t h i n  t h e  i n d u s t r y  t o  r e f l e c t  an 

e q u i t a b l e  r e t u r n  on t h e i r  in v e s tm e n t  and th e  r e m a in d e r  c o u ld  be passed  

on t o  th e  f a r m e r .  The r e d u c t i o n  in  c o s t  t o  fa rm e r s  c o u ld  r e s u l t  in  an 

in c r e a s e  in  f e r t i l i z e r  usage in  M i c h i g a n .  R e c a l l  t h a t  t h e  t r a n s i t i o n  

o u t l i n e d  above was made un der  t h e  a s s u m p t io n  t h a t  t h e  q u a n t i t y  o f  N,  

P205 , and K2 0 demanded each  y e a r  i s  c o n s t a n t .  Subsequent a n a l y s i s  

w i t h  p r o j e c t e d  in c r e a s e s  i n  t h e  t h r e e  n u t r i e n t s  r e v e a l e d  t h a t  th e  

t r a n s i t i o n  w o u ld  be e s s e n t i a l l y  i d e n t i c a l  t o  th e  one o u t l i n e d  h e r e ,  

e x c e p t  t h a t  th e  l e v e l s  o f  p u rc h a s e s  o f  new f a c i l i t i e s  would  be changed  

s l i g h t l y ,  w h i l e  th e  p r o d u c ts  and f a c i l i t i e s  in the  t r a n s i t i o n  and in  

th e  lo n g  run  optimum i n d u s t r y  o r g a n i z a t i o n  would be th e  same. The  

N, P2°5  ar|d demands w e re  in c r e a s e d  by making s im p le  s t r a i g h t - l i n e

p r o j e c t i o n s  t o  th e  y e a r  1 9 75 .  The l e v e l s  o f  N, P20 j ,  and K20 r e s u l t i n g  

f ro m  t h e  p r o j e c t i o n s  w e re  1 9 1 , 6 2 2 ,  1 6 0 , 6 5 0  and 198 ,2 76  a nnu a l  t o n s ,  

r e s p e c t i v e l y .  The t o t a l  c o s t  f o r  t h e  p r o d u c t io n  o f  th e s e  n u t r i e n t
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l e v e l s  was j u s t  u n d e r  $60 m i l l i o n ,  i n c l u d i n g  p r o c e s s i n g ,  t r a n s p o r t a ­

t i o n ,  s t o r a g e ,  m a r k e t i n g ,  a p p l i c a t i o n ,  e t c .  A l t h o u g h  th e  t o t a l  c o s t  

i n c r e a s e d  a bou t  $12  m i l l i o n  o v e r  t h a t  o f  c o n s t a n t  n u t r i e n t  demand, 

th e  same ty p e s  o f  f a c i l i t i e s  w ere  s e l e c t e d  by t h e  model to  m in i m i z e  

t h e  t o t a l  c o s t  o f  s u p p l y i n g  f e r t i l i z e r  t o  M i c h i g a n .  Thus ,  chang ing  

t h e  demand t o  r e f l e c t  a s im p le  l i n e a r  g ro w th  in  n u t r i e n t  consum ption  

d i d  n o t  a f f e c t  t h e  long run i n d u s t r y  o r g a n i z a t i o n ,  e x c e p t  f o r  in c r e a s e d  

t o t a l  c o s t  and p r o p o r t i o n a l  i n c r e a s e s  in  th e  l e v e l  o f  o p e r a t i o n  o f  

th o s e  f a c i l i t i e s  in  Optimum.

The f o l l o w i n g  s e c t i o n  a n a ly z e s  in  d e t a i l  t h e  p o t e n t i a l  c o s t  s a v in g s  

as w e l l  as the  in v e s tm e n t  r e q u i r e m e n t s  o f  t h e  t r a n s i t i o n  o u t l i n e d  a b o v e .

C o s t s .  In v e s t m e n t ,  and P o t e n t i a l  S a y in g s

C osts  and P o t e n t i a l  S a v in g s

I f  t h a t  p o r t i o n  o f  th e  f e r t i l i z e r  i n d u s t r y  s e r v i n g  M ic h ig a n  w e re  

t o  be t r a n s f o r m e d  as o u t l i n e d  a b o v e ,  then  t h e  t o t a l  c o s t  o f  s u p p l y i n g  

f e r t i l i z e r  t o  M i c h i g a n  fa r m e r s  w ould  be s u b s t a n t i a l l y  re d u c e d .  The  

1970 A c t u a l  o r g a n i z a t i o n  w h ich  i s  e q u i v a l e n t  t o  Y e a r  0 in  th e  t r a n s i ­

t i o n ,  r e s u l t e d  i n  a t o t a l  c o s t  o f  $ 7 1 , 4 4 5 , 6 6 7  ( T a b l e  IV— 0 .  E v o l v i n g  

th e  i n d u s t r y  t o  Y e a r  1 ,  wh ich  i s  e q u i v a l e n t  t o  C o n s t r a i n e d  Optimum,  

w ould  a l l o w  th e  i n d u s t r y  to  s u p p ly  M i c h i g a n ' s  1970 l e v e l s  o f  consump­

t i o n  f o r  $ 5 2 , 5 5 5 , 2 4 7 .  T h i s  is  a r e d u c t i o n  in  t o t a l  c o s t  o f  2 6 . 4 4  per  

c e n t .  I f  th e  i n d u s t r y  passed th e  c o s t  r e d u c t i o n  on t o  the  f a r m e r s ,  

th e  c o s t  p e r  n u t r i e n t  to n  would  f a l l  f rom $ 1 6 3 .1 1  t o  $ 1 1 9 . 9 8 ,  w h ic h  

would  save M ic h ig a n  fa r m e r s  $ 1 8 , 8 9 0 , 4 2 0  ( T a b l e  IV —1) on th e  t o t a l  

n u t r i e n t  tonnage  o f  4 3 8 , 0 2 3  (A p p e n d ix  F ,  T a b l e  F - l ) .

A s i g n i f i c a n t l y  l a r g e r  c o s t  r e d u c t i o n  w o u ld  be r e a l i z e d  i f  t h e



Table IV-1. Cost data for the t rans i t ion  years

Year
Total Cost 

(do llars )

Reduction 
in Cost3 
(do lla rs )

% Reduction 
in Cost^ 
(per cent)

Cost/Nutrient 
Tonc 

(do llars )

0d 71,445,667 -0 - -0 - 163.11

l e 52,555,247 18,890,420 26.44 119.98

2 48,490,653 22,955,014 32.13 110.70

3 47,292,651 24,153,016 33.91 107.97

4 47,168,520 24,277,147 33*98 107.69

5 47,019,035 24,426,632 34.19 107.34

6 ^ ,7 5 4 ,2 2 0 24,691,447 34.56 106.74

aTotal cost of Year 0 less the to ta l cost fo r  the year in question.

^Reduction in cost for the year in question as a per cent o f the to ta l cost of Year 0, 

cTotal cost for the year in question divided by to ta l nutrient tons (438,023). 

^Equivalent to 1970 Actual.

Equivalent to Constrained Optimum.
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t r a n s i t i o n  were  made t o  Year  2 .  The t o t a l  c o s t  f o r  t h i s  p a r t i c u l a r  

o r g a n i z a t i o n  is  $ 4 8 , 4 9 0 , 6 5 3 ,  w h ic h  i s  3 2 . 1 3  per  c e n t  l e s s  th a n  t h a t  

o f  Y e a r  0 .  The p o t e n t i a l  s a v in g s  i s  $ 2 2 , 9 5 5 , 0 1 4  when compared to  

Y e a r  0 and $ 4 , 0 6 4 , 5 9 4  when compared t o  Y e a r  1.

The t o t a l  c o s t  c o n t in u e d  t o  d ro p  as  a d d i t i o n a l  y e a r s  o f  t r a n s i ­

t i o n  a r e  made. T o t a l  c o s t  f i g u r e s  f o r  Y e a r ' s  3 ,  4 ,  5 ,  and 6 a r e  

$ 4 7 , 2 9 2 , 6 5 1 ;  $ 4 7 , 1 6 8 , 5 2 0 ;  $ 4 7 , 0 1 9 , 0 3 5 ,  and $ 4 6 , 7 5 4 , 2 2 0 ,  r e s p e c t i v e l y  

( T a b l e  I V - 1 ) .  A t  t h e  same t i m e ,  th e  p o t e n t i a l  s a v in g s  c o n t i n u e s  t o  

c l im b  u n t i l  i t  re a c h e s  $ 2 4 , 6 9 1 , 4 4 7  in  Y e a r  6 ,  which c o r re s p o n d s  t o  a 

r e d u c t i o n  in t o t a l  c o s t  o f  3 4 . 5 6  p e r  c e n t .  M e a n w h i le ,  th e  c o s t  p e r  

n u t r i e n t  ton  f e l l  f rom  $ 1 6 3 .1 1  in  Y e a r  0 t o  $ 1 0 6 . 7 4  in  Y e a r  6 .  Con­

s e q u e n t l y ,  t r a n s f o r m i n g  th e  i n d u s t r y  such t h a t  i t  would  be com parab le  

t o  t h e  long run o p t i m a l  o r g a n i z a t i o n  i n v o l v e s  th e  c r e a t i o n  o f  v e r y  

s i g n i f i c a n t  p o t e n t i a l  c o s t  r e d u c t i o n s .  However ,  t o  a c h i e v e  those  

r e d u c t i o n s ,  th e  i n d u s t r y  would  need t o  make r a t h e r  l a r g e  in v e s tm e n ts  

in  new f a c i l i t i e s .

In v e s tm e n ts

The 1970 A c t u a l  (Y e a r  0) o r g a n i z a t i o n  o f  th e  i n d u s t r y  i n v o lv e s  

$ 7 5 , 4 5 6 , 5 0 5  o f  c a p i t a l  in v e s t m e n t .  I f  th e  i n d u s t r y  would  s w i t c h  to  

th e  C o n s t r a i n e d  Optimum ( Y e a r  I )  o r g a n i z a t i o n ,  th e  in v e s tm e n t  f i g u r e  

drops  t o  $ 4 1 , 5 4 6 , 8 5 4 ,  a l l  o f  which i s  o l d  ( e x i s t i n g )  f a c i l i t i e s .  T h i s  

i m p l i e s  a r e d u c t i o n  o f  n e a r l y  3 4  m i l l i o n  d o l l a r s  i n  needed i n v e s t m e n t ,  

o r  e q u i v a l e n t l y ,  a r e d u c t i o n  o f  n e a r l y  45  per  c e n t  ( T a b l e  1 V - 2 ) , w h ic h  

w o uld  be a c a p i t a l  lo s s  t o  th e  owners  o f  th e s e  f a c i l i t i e s .

M a k in g  t h e  t r a n s i t i o n  t o  Y e a r  2 w o u ld  i n v o l v e  $ 1 4 , 0 8 2 , 2 5 5  o f  new 

in v e s t m e n t ,  wh ich  i s  3 8 -0 1  per  c e n t  o f  t h e  $ 3 7 , 0 4 8 , 2 2 9  o f  t o t a l  i n v e s t -



Table IV-2. Investment data for the tran s it io n  years

Year

Old 
Investment 
(d o llars )

New 
Investment 
(do llars )

Total 
Investment 
(do llars )

Per cent new 
investment3 
(per cent)

% Reduction in 
Total Investment 

(per cent)

ob 75,*+56,505 -0 - 75,456,505 -0 - -0 -

1C 41,546,854 -0 - 41,546,854 -0 - 44,94

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

1+ 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

aNew investment as a per cent of to ta l investment. 

^Equivalent to 1970 Actual,

E q u iv a le n t to  Constrained Optimum,
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ment used t h a t  y e a r .  T h i s  t o t a l  i s  5 0 . 9 0  p e r  c e n t  l e s s  th a n  t h a t  o f

Y e a r  0 ( T a b l e  I V - 2 )  . A f t e r  Y e a r  2 f t h e  f i r s t  y e a r  new in v e s tm e n t

purchases  w ere  a l l o w e d ,  th e  amount o f  new in v e s tm e n t  l e v e l s  o f f  t o  

a v e r a g e  a b o u t  8 . 4  m i l l i o n  d o l l a r s  a n n u a l l y  th r o u g h o u t  th e  re m a in d e r  

o f  t h e  t r a n s i t i o n .  S i m i l a r l y ,  th e  t o t a l  in v e s tm e n t  d u r i n g  t h e  l a s t  

f o u r  y e a r s  o f  t r a n s i t i o n  l e v e l s  o f f  t o  a v e r a g e  ab o u t  3 6 . 9  m i l l i o n  

d o l l a r s  per  y e a r ,  o r  a b o u t  51 per  c e n t  le s s  th a n  the  t o t a l  in v e s tm e n t  

o f  Y e a r  0 .  As a p e r  c e n t  o f  t o t a l  i n v e s t m e n t ,  th e  new in v e s tm e n t  o f

the  l a s t  f o u r  y e a r s  a v e r a g e s  ab o u t  2 2 . 6  p e r  c e n t .

Summary

We have seen t h a t  a c o m p le te  t r a n s f o r m a t i o n  o f  th e  o r g a n i z a t i o n  

o f  th e  f e r t i l i z e r  i n d u s t r y  c o u ld  r e s u l t  in  a lm o s t  a 25 m i l l i o n  d o l l a r  

r e d u c t i o n  in  the  t o t a l  c o s t  o f  s u p p l y i n g  M ic h ig a n  f a r m e r s  w i t h  t h e  

l e v e l s  o f  N, * an<* *^2^ t îeY pu rc ha s e d  in  1970 .

A t  t h e  end o f  t h e  s i x - y e a r  t r a n s i t i o n ,  th e  t o t a l  c o s t  o f  s u p p ly ­

ing N, P2®5» anc* ^2® t o  M ic h ig a n  would  be $ 4 6 , 7 5 4 , 2 2 0  a n n u a l l y ,  o r  

a bou t  3 4 . 5 6  per  c e n t  l e s s  tha n  th e  c u r r e n t  t o t a l  c o s t .  D u r in g  th e  

s i x - y e a r  t r a n s i t i o n ,  a b o u t  4 7 . 5  m i l l i o n  d o l l a r s  o f  new in v e s tm e n t  

would be r e q u i r e d ,  w h i l e  t h e  t o t a l  c o s t  s a v in g s  would  amount to  n e a r l y  

1 3 9 . 4  m i l l i o n  d o l l a r s ,  as compared w i t h  m a i n t a i n i n g  th e  c u r r e n t  t o t a l  

c o s t  th r o u g h o u t  th e  t r a n s i t i o n .

A nhydrous ammonia p r o d u c t io n  in  C e n t r a l  M i c h i g a n ,  g re e n  p o t a s ­

sium c h l o r i d e  f a c i l i t i e s  in  S a s k a to o n ,  and d r y  b le n d e d  f e r t i l i z e r  

p r o d u c t io n  f a c i l i t i e s  in  o u t s t a t e  M ic h i g a n  a r e  t h e  m a jo r  new in v e s tm e n t  

i t e m s .  On th e  o t h e r  h a n d ,  f a c i l i t i e s  such as th e  p i s t o n  com pressor  

t e c h n o lo g y  f o r  p r o d u c in g  NH^, the  p r o d u c t i o n  o f  u r e a ,  ammoniated



127

phosphate  l i q u i d s  and g r a n u l a r  t r i p l e  s u p e rp h o sp h a te  a r e  among th e  

f a c i l i t i e s  t h a t  f i r s t  become i d l e .

C hanging  t h e  ''demand11 t o  a p p r o x im a te  a f i v e  y e a r  grow th  in  

n u t r i e n t  c o n s u m p t io n ,  s i m i l a r  t o  t h a t  o f  th e  l a s t  f i v e  y e a r s  ( 1 9 6 5  t o  

1 9 7 0 ) ,  d i d  n o t  r e s u l t  in  any changes in  t h e  m ix  o f  f a c i l i t i e s  s e l e c t e d  

t o  m in im iz e  t o t a l  c o s t .



CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The f e r t i l i z e r  i n d u s t r y  has been p la g u e d  w i t h  v e r y  low r e t u r n s  

on in v e s tm e n t  in  r e c e n t  y e a r s .  T o t a l  p r o d u c t i v e  c a p a c i t y  was a b o u t  

61 p e r  c e n t  g r e a t e r  t h a n  e s t i m a t e d  d o m e s t ic  consum pt ion  in  1 9 7 0 ,  

w h ic h  i s  l a r g e l y  t h e  cause o f  th e  low r e t u r n s .  N ot  o n l y  is  p r o d u c t i v e  

c a p a c i t y  g r e a t e r  th a n  c o n s u m p t io n ,  b u t  th e  g ro w th  r a t e s  o f  th e s e  two  

in  r e c e n t  y e a r s  have added t o  t h e  d i s p a r i t y .  T h a t  i s ,  grow th  o f  

c a p a c i t y  has exceeded grow th  in  consum ption  such t h a t  th e  amount o f  

e x ce s s  c a p a c i t y  has c o n t i n u e d  t o  grow.

In 1970 ,  o v e r  645  thousand m an-hours  o f  l a b o r  were  used t o  man­

u f a c t u r e  and p rocess  M i c h i g a n ' s  f e r t i l i z e r  c o n s u m p t io n .  W i th  l a b o r  

p r i c e d  n e a r  $ 4 . 0 0  p e r  m a n -h o u r ,  t h e  t o t a l  e x p e n d i t u r e  f o r  l a b o r  ex ce e d s  

2 . 5  m i l l i o n  d o l l a r s .  In  I 9 6 7 , th e  v a l u e  added p e r  man-hour  In  manu­

f a c t u r i n g  f e r t i l i z e r s  in  th e  U .S .  was $l3**+9» w h i l e  t h a t  o f  a l l  manu­

f a c t u r i n g  was $ 9 . 4 1 .  T h u s ,  l a b o r  i s  an i m p o r t a n t  f a c t o r  in th e  p ro d u c ­

t i o n  o f  f e r t i l i z e r .

I n f o r m a t i o n  as  t o  how th e  o p t i m a l  s h o r t  and lo n g  run o r g a n i z a ­

t i o n s  o f  th e  i n d u s t r y  a r e  a f f e c t e d  by changes i n  t h e  wage r a t e  and  

r e t u r n  on in v e s tm e n t  can  be used t o  h e l p  th e  i n d u s t r y  e v o lv e  t o  an 

o r g a n i z a t i o n  u t i l i z i n g  l e s s  l a b o r  and i n v e s t m e n t ,  and r e s u l t i n g  in  

lower  t o t a l  c o s t ,  y e t  s u p p l y i n g  t h e  same l e v e l s  o f  N ,  P2O5 » apd

128
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t o  the  M ic h ig a n  fa rm s .  In a d d i t i o n ,  i n f o r m a t i o n  c o n c e r n in g  th e  r e ­

q u i r e d  l e v e l s  o f  new in v e s tm e n t  needed each y e a r  to  t r a n s f o r m  the  

i n d u s t r y  i n t o  a more e f f i c i e n t  (same o u t p u t  o f  n u t r i e n t s  f o r  le s s  

c o s t )  o r g a n i z a t i o n  is u s e fu l  in d e t e r m i n i n g  w h e t h e r  i n t e r n a l  and 

e x t e r n a l  c a p i t a l  r a t i o n i n g  w i l l  a f f e c t  th e  t r a n s f o r m a t i o n .

T h is  s tu d y  a n a l y z e d  the  e f f e c t s  o f  wage r a te s  and r e t u r n  on 

in v e s tm e n t  on the  s h o r t  run and long run l e a s t  c o s t  o r g a n i z a t i o n s  o f  

the  i n d u s t r y .  To a n a ly z e  th e s e  e f f e c t s ,  a Targe l i n e a r  programming  

mode? was used t h a t  had been c o n s t r u c t e d  f o r  a more encompassing  

s tu d y  o f  the  f e r t i l i z e r  i n d u s t r y .  W i t h i n  the  f ramework o f  t h i s  m o d e l ,  

the  i n d u s t r y  as i t  s e rv e s  M ic h ig a n  was s i m u l a t e d .  A s h o r t  run o p t im a l  

o r g a n i z a t i o n  ( C o n s t r a i n e d  Optimum) t h a t  u t i l i z e d  o n l y  e x i s t i n g  f a c i l ­

i t i e s  was d e t e r m i n e d .  S i m i l a r l y ,  a long run o p t i m a l  o r g a n i z a t i o n  

(Optimum) was d e t e r m in e d  t h a t  was c o n s t r a i n e d  o n ly  by e x i s t i n g  f e a s i b l e  

t e c h n o lo g y  and n u t r i e n t  demands.

The s i m u l a t i o n  o f  t h e  i n d u s t r y  was used as a benchmark f o r  com­

p a r i s o n  w i t h  the  two o p t i m a l  o r g a n i z a t i o n s .  Wage r a t e s  and r e t u r n  on 

in v e s tm e n t  were  p a r a m e t e r i z e d  s e p a r a t e l y  t o  d e t e r m in e  w h at  e f f e c t s  

th e y  had on the Optimum and C o n s t r a i n e d  Optimum ( f r o m  the  s t a n d p o i n t  

o f  minimum c o s t )  o r g a n i z a t i o n s .

F i n a l l y ,  the  t r a n s i t i o n  o f  th e  i n d u s t r y  from i t s  c u r r e n t  o r g a n i ­

z a t i o n  t o  the long run o p t i m a l  o r g a n i z a t i o n  was mapped o u t  to  a s c e r t a i n  

the  i n t e r m e d i a t e  o p t i m a l  s t r u c t u r e  o f  the  i n d u s t r y  and the  needed annual  

i n v e s tm e n t  t o  c o m p le te  the  t r a n s f o r m a t i o n .

The s h o r t  run o p t i m a l  o r g a n i z a t i o n  o f  th e  f e r t i l i z e r  i n d u s t r y  is  

i n s e n s i t i v e  to  changes in the  wage r a t e  o v e r  the  range from  $ 3 - 0 0  to  

$ 6 . 5 0  p e r  m a n-hou r .  D e s p i te  th e  f a c t  t h a t  w i t h i n  t h i s  range the t o t a l
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c o s t  o f  l a b o r  changed by n e a r l y  1 .6  m i l l i o n  d o l l a r s  and th e  wage b i l l  

approached 5 . 5  p e r  c e n t  o f  th e  t o t a l  c o s t ,  the  minimum c o s t  o r g a n i z a ­

t i o n  d id  n o t  change.

In  the  long r u n ,  ho w e ve r ,  changes in the wage r a t e  d i d  a f f e c t  

th e  o p t im a l  i n d u s t r y  o r g a n i z a t i o n ,  b u t  o n l y  to  a m in o r  e x t e n t .  The 

e f f e c t s  o f  changes in  th e  wage r a t e  in the long run a r e  f e l t  p r i m a r i l y  

by the  d r y  b le n d e d  f e r t i l i z e r  p r o d u c e r s .  When th e  wage r a t e  changed  

f rom  $ 3 -5 0  to  $ 3 -7 5  p e r  m a n-hou r ,  t h e r e  was a d e c r e a s e  o f  1 8 ,5 5 7  man-  

h o u r s .  O f f s e t t i n g  t h i s  d e c rea s e d  p r o d u c t io n  o f  d ry  b le n d e d  f e r t i l ­

i z e r s ,  d i r e c t  a p p l i c a t i o n  o f  g r a n u l a r  p o ta s s iu m  c h l o r i d e  in c r e a s e d  by 

n e a r l y  6 0 , 0 0 0  tons p e r  y e a r .

The long run o p t i m a l  o r g a n i z a t i o n  o f  the  i n d u s t r y  remained  

s t a b l e  as the wage r a t e  was ranged f rom  $ 3 . 7 5  t o  $ 4 . 7 5  p e r  m a n -h o u r ,  

i n c l u s i v e .  H ow ever ,  when the r a t e  was r a is e d  t o  $ 5 . 0 0 ,  a change  

s i m i l a r  t o  t h a t  n o te d  above o c c u r r e d .  Th is  t i m e ,  h o w e v e r ,  the  de­

c r e a s e  in  l a b o r  u t i l i z a t i o n  by dry  b le n d e d  f e r t i l i z e r  p rod ucers  was 

2 1 ,7 8 5  m an -h o u rs .  At the  same t i m e ,  d i r e c t  a p p l i c a t i o n  o f  monoammo­

nium ph osphate  was i n i t i a t e d  a t  an annual  l e v e l  o f  6 8 ,9 6 5  to n s .  No 

o t h e r  changes o c c u r r e d  when the wage r a t e  was r a i s e d  t o  the  maximum 

exam ined l e v e l  o f  $ 6 . 5 0  p e r  m an-hour.

More im p o r t a n t  i m p l i c a t i o n s  th a n  those r e s u l t i n g  f rom  wage r a t e  

changes a r e  e v i d e n t  f o r  the  f e r t i l i z e r  i n d u s t r y  l a b o r e r  when i n v e s t i ­

g a t i n g  a change in  the  i n d u s t r y  o r g a n i z a t i o n  f rom  t h a t  o f  the  c u r r e n t  

s t r u c t u r e  t o  the  long run o p t i m a l  o r g a n i z a t i o n .  Such a s h i f t  in i n ­

d u s t r y  o r g a n i z a t i o n  w o u ld  e l i m i n a t e  n e a r l y  U2 p e r  c e n t  o f  the  f e r t i l ­

i z e r  i n d u s t r y  em ployees  engaged in  s u p p l y i n g  M ic h ig a n  w i t h  f e r t i l i z e r .  

T h is  sounds r a t h e r  d r a s t i c ;  ho w e ve r ,  o n ly  135 fe w e r  employees w o u ld  be
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n e e d e d ,  wh ich  i s  o n l y  a b o u t  o n e - h a l f  o f  one p e r  c e n t  o f  t h e  t o t a l  

em ployees  in  th e  U .S .  f e r t i l i z e r  i n d u s t r y .  On the  o t h e r  ha nd ,  r e ­

o r g a n i z a t i o n  o f  the  e n t i r e  i n d u s t r y  c o u ld  have a s u b s t a n t i a l  im pact  

on n a t i o n a l  unemployment.

The C o n s t r a in e d  Optimum and Optimum o r g a n i z a t i o n s  were  v e r y  

n e a r l y  o p t i m a l  th r o u g h o u t  t h e  ra n g e  o f  r a t e s  o f  r e t u r n  on in v e s tm e n t  

e x am in e d .  Fo r  r a t e s  o f  r e t u r n  l e s s  than  1 2 . 0  p e r  c e n t ,  C o n s t r a i n e d  

Optimum is  s u b o p t im a l  by l e s s  th a n  o n e - t e n t h  o f  one per  c e n t  o f  the  

t o t a l  c o s t  o f  t h e  o p t i m a l  o r g a n i z a t i o n ;  m o r e o v e r ,  i t  i s  th e  o p t i m a l  

s h o r t  run o r g a n i z a t i o n  f o r  r a t e s  o f  r e t u r n  between 6 . 0  and 1 2 . 0  per  

c e n t .  D e s p i t e  a c o n s i d e r a b l y  l a r g e  number o f  changes in  t h e  o p t i m a l  

o r g a n i z a t i o n  f o r  r e t u r n s  l e s s  th a n  6 . 0  p e r  c e n t ,  C o n s t r a in e d  Optimum 

was j u s t  b a r e l y  su b o p t im a l  i n  te rm s o f  t o t a l  c o s t .

S i m i l a r l y ,  Optimum was q u i t e  c lo s e  in  te rm s  o f  t o t a l  c o s t  t o  th e  

o p t i m a l  lo n g  run o r g a n i z a t i o n s  f o r  the range  o f  r a t e s  o f  r e t u r n  on 

in v e s tm e n t  e x am in e d .  M a i n t a i n i n g  the  Optimum o r g a n i z a t i o n  in  th e  

lo n g  run r e g a r d l e s s  o f  th e  r e t u r n  on in v e s tm e n t  would mean t h a t ,  a t  

the  v e r y  w o r s t ,  l e s s  tha n  $ 0 . 1 3  per  n u t r i e n t  to n  in  p o t e n t i a l  c o s t  

s a v in g s  would  be f o r e g o n e .  T h i s  i s  v e r y  i n s i g n i f i c a n t  when compared  

w i t h  t h e  p o t e n t i a l  $ 5 7 *6 6  p e r  n u t r i e n t  ton  t h a t  Optimum c o u ld  save  

M ic h i g a n  f a r m e r s  when compared w i t h  the  1970 A c t u a l  o r g a n i z a t i o n .

A t r a n s f o r m a t i o n  from th e  c u r r e n t  i n d u s t r y  o r g a n i z a t i o n  t o  th e  

Opt imum s o l u t i o n  o f  i n d u s t r y  o r g a n i z a t i o n  w o u ld  save M ic h ig a n  fa rm e r s  

o v e r  23 m i l l i o n  d o l l a r s  o r  a b o u t  32 per  c e n t  o f  th e  c u r r e n t  t o t a l  

c o s t  o f  N, ?2®5* an<* *^2^ consumed in  M ic h i g a n .  Among th e  new f a c i l ­

i t i e s  needed to  co m p le te  t h e  t r a n s i t i o n  a r e  c e n t r i f u g a l  com pressor  

ty p e  a nhy drou s  ammonia p r o d u c t i o n  f a c i l i t i e s  in  c e n t r a l  M ic h i g a n  and
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a d d i t i o n a l  d r y  b len ded  f e r t i l i z e r  p r o c e s s i n g  f a c i l i t i e s  in  o u t s t a t e  

Mi c h ig a n .

Conclus  ions

The o v e r a l l  o b j e c t i v e  o f  t h i s  s tu d y  has been to  a n a ly z e  the  

C o n s t r a i n e d  Optimum and Optimum i n d u s t r y  o r g a n i z a t i o n s  and to  d e t e r m i n e  

an o p t i m a l  t r a n s i t i o n  from th e  c u r r e n t  i n d u s t r y  o r g a n i z a t i o n  to  

Optimum. P r i o r  to  and d u r i n g  t h e  t r a n s i t i o n ,  assuming i t  is  to  be 

im p le m e n te d ,  two im p o r t a n t  c o n c e p ts  shou ld  be k e p t  in  mind.  These  

two c o n c e p ts  w i l l  be b r i e f l y  d i s c u s s e d ,  a f t e r  which s p e c i f i c  con­

c l u s i o n s  w i l l  be l i s t e d .

T h e r e  a r e  many a s p e c ts  o f  the  t r a n s i t i o n  t h a t  w i l l  need to  be 

e x p l a i n e d  t o  a l l  i n d u s t r y  p a r t i c i p a n t s  In  e d u c a t i o n a l  programs b e f o r e  

i t  w i l l  be r e a d i l y  a c c e p t e d .  A g r i c u l t u r a l  e x t e n s i o n  p e rs onne l  w i l l  

need to  e x p l a i n  the  c o s t  s a v i n g  a d v a n ta g e s  o f  th e  o p t i m a l  p r o d u c ts  t o  

f a r m e r s  and fa rm  managers. As m ent ioned  p r e v i o u s l y ,  f a rm e r  a c c e p ta n c e  

o f  th e s e  o p t i m a l  p ro d u c ts  i s  v e r y  c r u c i a l  t o  s u c c e s s f u l l y  r e a l i z i n g  

th e  t r a n s i t i o n .  In  a d d i t i o n ,  e x t e n s i o n  p e rs o n n e l  w i l l  need t o  h e l p  

f a r m e r s  c u r r e n t l y  u s in g  l i q u i d  p ro d u c ts  t o  make th e  c o n v e r s io n  t o  

d ry  p r o d u c t  h a n d l i n g  and a p p l i c a t i o n  e q u ip m e n t .

F u r t h e r  e d u c a t i o n a l  e f f o r t s  w i l l  be needed t o  in s u r e  p ro p e r  

c o o r d i n a t i o n  o f  the  new m a r k e t i n g  and m e r c h a n d iz in g  p l a n s  t h a t  w i l l  

be used un d e r  th e  Optimum o r g a n i z a t i o n .  A d d i t i o n a l  e d u c a t i o n a l  

programs w i l l  be n e c e s s a ry  t o  in fo r m  f e r t i l i z e r  p r o d u c e r s  o f  th e  

a d v a n ta g e s  t o  them t h a t  th e  new i n d u s t r y  a r ra n g e m e n t  a f f o r d s ;  m o r e o v e r ,  

t h e  p r o d u c e r s  and p ro c e s s o rs  w i l l  need i n f o r m a t i o n  on how and when 

th e y  s h o u ld  make new in v e s tm e n ts  a n d / o r  s c r a p  o l d  te c h n o lo g y  o r  f a c i l ­
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i t i e s .  T h u s ,  t h e r e  i s  a l a r g e  e d u c a t i o n a l  e f f o r t  t h a t  is  a n e c e s s a r y  

p a r t  o f  th e  t r a n s i t i o n .

The second c o n c e p t  i s  t h a t  o f  fa rm  p o l i c y .  The d e c re a s e d  c o s t  

o f  f e r t i l i z e r  t o  f a r m e r s  w i l l  l i k e l y  mean t h a t  t h e y  w i l l  use more o f  

i t ,  t h e r e b y  i n c r e a s i n g  t o t a l  p r o d u c t i o n .  G iven  th e  i n e l a s t i c  demand 

f o r  fa rm  p r o d u c t i o n ,  M ic h ig a n  fa rm e r s  would  l i k e l y  r e c e i v e  a lo w e r  

t o t a l  income. T h is  assumes t h a t  t h e  i n c r e a s e d  p r o d u c t i o n  does in  

f a c t  have a downward i n f l u e n c e  on p r i c e s  fa r m e r s  r e c e i v e .  I t ' s  

p o s s i b l e  t h a t  the  i n c r e a s e d  p r o d u c t i o n  in  M ic h i g a n  would have a 

n e g l i g i b l e  e f f e c t  on p r i c e .  Those persons  i n v o l v e d  in  making fa rm  

p o l i c y  s h o u ld ,  ho w e ve r ,  be made aware  o f  th e  p o t e n t i a l  e f f e c t  o f  i n ­

c r e a s e d  o u t p u t .

The f o l l o w i n g  s p e c i f i c  c o n c lu s io n s  can be drawn from t h i s  s tu d y ;

1. The C o n s t r a i n e d  Optimum o r g a n i z a t i o n  o f  th e  f e r t i l i z e r  i n ­

d u s t r y  can be used as a s h o r t  run t a r g e t  to w a rd s  w h ic h  i n d u s t r y  p a r ­

t i c i p a n t s  can s e t  t h e i r  s i g h t s .  I t s  s t a b i l i t y  when c o n f r o n te d  w i t h  

f l u c t u a t i o n s  in  the  wage r a t e ,  i t s  p r o x i m i t y  t o  o p t i m a l i t y  t h r o u g h o u t  

a w ide  range  o f  r e t u r n s  on in v e s tm e n t  and i t s  s i g n i f i c a n t  c o s t  re d u c ­

t i o n  o v e r  1970 a c t u a l  sug g es ts  t h a t  i t  is  a d e s i r a b l e  s h o r t  te rm  g o a l .

2 .  Changes in  t h e  wage r a t e  in  th e  s h o r t  r u n ,  w i t h i n  th e  l i m i t s  

s t u d i e d ,  s h o u ld  n o t  be t h e  s o l e  im petus  f o r  c h a n g in g  t o  a t e c h n o lo g y  

n o t  r e p r e s e n t e d  in  C o n s t r a i n e d  Optimum. The f a c t  t h a t  l a b o r  u t i l i z a ­

t i o n  was c o n s t a n t  f o r  wage r a t e s  f rom  $ 3 . 0 0  t o  $ 6 . 5 0  p e r  m an-hour  

s ug g es ts  t h a t  those  t e c h n o l o g i e s  u t i l i z e d  in  th e  C o n s t r a in e d  Optimum 

o r g a n i z a t i o n  use l a b o r  e f f i c i e n t l y .

3 .  The C o n s t r a in e d  Optimum o r g a n i z a t i o n  can be c o n s id e r e d  as 

th e  s h o r t  run o p t i m a l  o r g a n i z a t i o n  f o r  r e t u r n s  on in v e s tm e n t  from - 2 . 0
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t o  1 2 *0  per  c e n t ,  I n c l u s i v e ;  a c t u a l l y ,  i t  i s  s u b o p t im a l  f o r  r e t u r n s  

between - 2 . 0  and 5 . 9  per  c e n t ,  i n c l u s i v e ,  b u t  th e  d i f f e r e n c e  is  le s s  

th a n  o n e - t e n t h  o f  one per  c e n t  o f  t h e  t o t a l  cos t  o f  t h e  o p t i m a l  o r g a ­

n i z a t i o n .  T h e r e f o r e ,  i f  management r e c e i v e d  an e q u i t a b l e  r e t u r n  on 

in v e s tm e n t  t h e r e  w o u ld  be e s s e n t i a l l y  no e f f e c t  on t h e  s h o r t  run  

o p t i m a l  o r g a n i z a t i o n  o f  the  i n d u s t r y ,  g i v e n  r e t u r n s  on in v e s tm e n t  

b e lo w  1 2 .0  p e r  c e n t .

4 .  The n i t r o g e n  segment o f  t h e  i n d u s t r y  i s  th e  most s e n s i t i v e  

t o  changes in  th e  v a r i a b l e s  s t u d i e d .  In  p a r t i c u l a r ,  anhydrous  am­

monia is  n e a r l y  a lw a y s  a f f e c t e d  in  one way o r  a n o t h e r ;  t h i s  is  l a r g e l y  

due to  th e  f a c t  t h a t  i t  is  th e  p r i m a r y  source  o f  n i t r o g e n  and is  used

in  severaT p r o d u c t i o n  processes  o f  f e r t i l i z e r s  t h a t  a r e  n o t  p r e d o m in a te ­

l y  n i t r o g e n .

5 .  In v e s tm e n t  in  anhydrous ammonia f a c i l i t i e s  in  C e n t r a l  M ic h ig a n  

a p p e a rs  t o  be a d e s i r a b l e  long run v e n t u r e .  A l l  o f  t h e  lo ng  run  

a n a l y s e s  had a c o n s i d e r a b l e  amount o f  th e  t o t a l  anhydrous  ammonia 

p r o d u c t io n  m a n u fa c tu r e d  in  M i c h i g a n .

6 .  G r a n u l a r  mixed f e r t i l i z e r  p ro d u c e rs  c o u ld  be phased o u t  and 

r e p l a c e d  t o  a l a r g e  e x t e n t  by lo w e r  c o s t  d r y  b len ded  f e r t i l i z e r  p ro ­

d u c e r s  lo c a t e d  in  o u t s t a t e  M i c h i g a n .  The g r a n u l a t o r s  were  n e v e r  p a r t  

o f  any o f  the  lo n g  run  a n a ly s e s ;  w h e r e a s ,  the  b l e n d e r s  were  s e l e c t e d  

in  e v e r y  long run a n a l y s i s  to  h e l p  a c h i e v e  minimum c o s t .

7 .  Monoammonium phosphate  a p p e a r s  t o  be s l i g h t l y  s u p e r i o r  t o

diammoniurn phosphate  from an econom ic  s t a n d p o i n t  o f  m i n i m i z i n g  c o s t .  

H ow e v e r ,  i t  i s  q u i t e  p o s s i b l e  t h a t ,  g iv e n  a d i f f e r e n t  r a t i o  o f  n i t r o ­

gen t o  phosphate  in  th e  t o t a l  demand, diammonium phosphate  would  

a p p e a r  t o  be s u p e r i o r .
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8 .  The r e l a t i v e  s t a b i l i t y  o f  Optimum, g iv e n  t h e  ranges  o f  the  

v a r i a b l e s  a n a l y z e d ,  and th e  n e a r l y  23 m i l l i o n  d o l l a r s  i t  cou ld  sub­

t r a c t  f rom  t o t a l  c o s t  s ugg es t  i t  s h o u ld  be the  long te rm  goal  o f  th e  

i n d u s t r y ,  i f  c o s t  m i n i m i z a t i o n  is  th e  o b j e c t i v e .  M o r e o v e r ,  Opt imum's  

s t a b i l i t y  im p l i e s  t h a t  th e  in v e s tm e n ts  a s s o c i a t e d  w i t h  i t  would n o t  

be made uneconomical  by changes in  e i t h e r  the  wage r a t e  o r  the r e t u r n  

on in v e s t m e n t ,  g i v e n  t h e  ra nge s  e x a m in e d .  T h e r e f o r e ,  t h e r e  would be 

l e s s  r i s k  in v o lv e d  in  in v e s tm e n t  made in  th e  optimum f a c i l i t i e s .  

H ow ever ,  t h e y  c o u ld  be made uneconom ica l  by new t e c h n o l o g y .

Recommendat i ons

The need f o r  a d d i t i o n a l  r e s e a r c h  became e v i d e n t  as t h i s  s tudy  

p r o g r e s s e d .

The most o b v io u s  a r e a  t h a t  needs a d d i t i o n a l  r e s e a r c h  i s  t h a t  o f  

t h e  "demands" f o r  N, 1*2^5* ar|d K^O. Somehow, th e s e  demands need t o  

be b e t t e r  s p e c i f i e d  th a n  th e  a g g r e g a t i o n s  u t i l i z e d  in  t h i s  s tu d y .  The  

h ig h  d e g re e  o f  a g g r e g a t i o n  used in  th e  lo n g  run o p t i m a l  o r g a n i z a t i o n  

r e s u l t e d  in  o n l y  t h r e e  p r o d u c ts  b e in g  p rod uced .  S in c e  a l l  p2°5 was 

made i n t o  a 7 - 2 8 - 2 8  d r y  b le n d e d  f e r t i l i z e r ,  any c r o p  r e q u i r i n g  o n l y

w o u ld  n e c e s s a r i l y  g e t  N and K^O, g i v e n  t h e  long  run  minimum c o s t  

i n d u s t r y  o r g a n i z a t i o n .  T h e r e f o r e ,  I would  recommend s p e c i f y i n g  th e  

N, p£^5 » ar,d ^2® demands in  a c c o rd a n c e  w i t h  the  m a jo r  c rops  produced  

in  M i c h i g a n .  Perhaps t h i s  c o u ld  be b e s t  u t i l i z e d  by i n c l u d i n g  crop  

p r o d u c t i o n  a c t i v i t i e s  w i t h  each c ro p  r e p r e s e n t e d  in  th e  model by 

numerous l e v e l s  o f  f e r t i l i z a t i o n .  The model c o u ld  th e n  be c o n v e r te d  

such t h a t  i t  would  m a x im iz e  farm  p r o f i t .

S e c o n d ly ,  th e  e v e r  i n c r e a s i n g  e x c e s s  c a p a c i t y  and e x t r e m e l y  low
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r e t u r n s  on in v e s tm e n t  s ugg est  t h a t  some i n - d e p t h  r e s e a r c h  needs t o  be 

done t o  a n a ly z e  the  in v e s t m e n t  d e c i s i o n - m a k i n g  p ro c e d u r e s  u t i l i z e d  

w i t h i n  t h e  i n d u s t r y .  I t  a p p e a r s  t h a t  t h e  c u r r e n t  p r o c e d u r e s  a r e  

e i t h e r  poor o r  a r e  n o t  used a p p r o p r i a t e l y .

T h i r d l y ,  th e  a s s u m p t io n s  made f o r  th e  t r a n s i t i o n  from 1970 A c t u a l  

t o  Optimum c o n c e r n in g  t h e  r a t e  o f  d e t e r i o r a t i o n  o f  e x i s t i n g  f a c i l i t i e s  

d i r e c t l y  a f f e c t s  th e  l e n g t h  o f  t im e  r e q u i r e d  to  co m p le te  th e  t r a n s i t i o n .  

In  a d d i t i o n ,  the  e x i s t a n c e  o f  n o n - z e r o  s a lv a g e  v a lu e s  c o u ld  p o s s i b l y  

change t h e  t r a n s i t i o n  to  a c o n s i d e r a b l e  d e g r e e .  The i n t e r - r e l a t i o n ­

s h i p s  o f  th e s e  two a s s u m p t io n s  p o i n t  o u t  t h e  need f o r  b a s i c  r e s e a r c h  

in  t h e s e  two a r e a s .  A f t e r  c o m p le t in g  such r e s e a r c h ,  the  t r a n s i t i o n  

a n a l y s i s  c o u ld  be r e c o n s i d e r e d .

F i n a l l y ,  s i n c e  anhy d ro u s  ammonia i s  made from n a t u r a l  gas and 

s i n c e  NH^ is  so im p o r t a n t  th r o u g h o u t  th e  i n d u s t r y ,  f l u c t u a t i o n s  in  

t h e  p r i c e  o f  n a t u r a l  gas c o u ld  r e s u l t  in  changes in the  o p t i m a l  

i n d u s t r y  o r g a n i z a t i o n .  In  p a r t i c u l a r ,  v a r i a t i o n s  in  the  p r i c e  o f  

n a t u r a l  gas among t h e  t h r e e  p r o d u c t io n  s i t e s  embodied in  th e  model 

c o u ld  y i e l d  some v e r y  u s e f u l  r e s u l t s .
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1970 A c t u a l ,  C o n s t r a i n e d  Optimum, and Optimum: D ata
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T a b l e  A - l .  P r o d u c t  use summary f o r  1970 a c t u a l ,  c o n s t r a i n e d  optimum,  
and optimum ( i n  t o n s )

P ro d u c t

T o t a l  c o s t  ( i n  d o l l a r s )
Anhydrous ammonia
Aqueous ammon i a
N i t r i c  ac i  d
Ammonium n i t r a t e
N o n p re s s u re  n i t r o g e n  s o l u t i o n
Low p r e s s u r e  n i t r o g e n  s o l u t i o n
N i t r o g e n  m a n u f a c t u r in g  s o l u t i o n
Urea
G r a n u l a r  ammonium s u l f a t e  
E le m e n ta l  phosphorous  
W h i te  p h o s p h o r ic  a c i d  
Green p h o s p h o r ic  a c i d  
S u p e r p h o s p h o r ic  a c i d  
Ammonium p o ly p h o s p h a te  l i q u i d  

( 1 0 - 3 4 - 0 )
Ammonium p o ly p h o s p h a te  l i q u i d  

( 1 1 - 3 7 - 0 )
Normal s u p e rp h o s p h a te  
R u n - o f - p i l e  t r i p l e  s u p e rp h o s p h a te  
G r a n u l a r  t r i p l e  s u perpho sp hate  
Diammonium phosphate  
Monoammoniurn phosphate  
Rock phosphate
R u n - o f - m in e  p o ta s s iu m  c h l o r i d e  
S ta n d a r d  p o ta s s iu m  c h l o r i d e  
G r a n u l a r  p o ta s s iu m  c h l o r i d e  
Coarse  p o ta s s iu m  c h l o r i d e  
G r a n u l a t e d  mixed f e r t i l i z e r s  
Bulk  b le n d e d  f e r t i l i z e r s  
Custom b le n d e d  f e r t i l i z e r s  
Hot p ro c e s s  c l e a r  mixed l i q u i d s  
Cold p rocess  c l e a r  mixed l i q u i d s  
Suspens ion  l i q u i d s  
N s u p p l l e d  
P2O5 s u p p l i e d  
K2O s u p p l i e s

1970 C o n s t r a i n e d
a c t u a l  optimum Optimum

, 4 4 5 , 6 6 7 5 2 , 5 5 5 , 2 4 7 4 8 , 2 9 7 , 7 6 3
1 6 4 ,3 0 9 1 7 1 ,8 9 4 1 7 2 ,828

3 , 8 9 7 - 0 - - 0 -
5 9 , 8 3 2 1 0 ,5 3 9 - 0 -
7 8 ,2 1 0 1 3 ,7 7 7 - 0 -
4 0 , 9 1 2 - 0 - - 0 -
2 8 , 171 - 0 - - 0 -
1 6 ,0 6 7 19,737 - 0 -
5 2 ,0 0 6 - 0 - - 0 -
3 5 , 6 2 8 - 0 - - 0 -

4 , 0 0 4 - 0 - - 0 -
1 6 ,8 6 6 - 0 - - 0 -

1 9 5 ,4 5 5 2 3 6 , 7 4 8 2 6 0 , 5 6 5
2 0 7 - 0 - - 0 -

4 , 8 3 2 - 0 - - 0 -

402 - 0 - - 0 -
5 3 ,7 9 1 - 0 - - 0 -

1 3 8 ,9 4 5 1 1 5 ,3 0 3 - 0 -
2 6 , 5 9 8 5 , 2 7 4 - 0 -

1 0 5 ,2 0 5 7 7 ,8 1 0 - 0 -
2 6 , 2 4 4 9 9 ,9 1 0 2 7 0 , 5 7 6

27 7 - 0 - - 0 -
111 ,1 6 6 1 2 1 ,4 6 2 - 0 -

1 ,8 7 7 - 0 - - 0 -
9 5 , 5 1 9 1 3 7 ,5 9 0 2 5 9 , 0 3 2
5 0 , 0 0 0 - 0 - - 0 -

3 8 8 , 5 5 5 3 0 3 , 6 5 5 - 0 -
2 0 3 , 2 1 3 1 8 5 ,5 3 5 3 2 9 , 6 8 9

2 7 , 7 8 5 8 6 ,4 6 5 1 1 3 ,6 0 0
1 1 ,4 5 0 - 0 - - 0 -

7 , 6 3 3 - 0 - - 0 -
- 0 - - 0 - - 0 -

1 4 1 ,9 3 2 141 ,932 1 4 1 ,9 3 2
1 4 0 ,6 5 0 1 4 0 ,6 5 0 1 4 0 ,6 5 0
1 5 5 ,4 41 155 ,441 155,441



Table A-2. Anhydrous ammonia product flow

Product tons per year

Originating 
1 ocat i on Activ i ty Type

Terminating
location

1970
actual

Constrained
optimum Optimum

Gulf Coast Production Centrifugal — 73,053 80,308 *2,886

Gulf Coast Product ion Piston — 10,363 -Q- -0 -

Midwest Production Centrifugal <♦6,913 *5,175 -0-

Central 
Mi chi gan

Production Centrifugal — -0 - -0 - 129,9*2

Central
Michigan

Product ion Piston 3*,000 *6,*11 -0 -

Gulf Coast Mfr's. storage Cyrogenic — 13,189 *5,5*0 -0-

Mi dwest Mfr 's . storage Cyrogeni c — -0 - 7,6*7 -0-

Central 
Mi chigan

Mfr's storage Cyrogen i c — -0 - -0 - 5*.239

Gulf Coast Product
transfer

On-s i te Gulf Coast 
producers^

50,763 7 ,* *8 -0 -

Gulf Coast TRansportation Barge Florida
nrrwhirj* r<

19,012 27,320 *2,886



Table A-2, (cont'd .)

Originating
location Activ i ty Type

Terminating
location

1970
actual

Product tons per year

Constrained
optimum Opt i mum

Gutf Coast Transportat ion Rail Outstate 
retai lers

13,622 ^5,5^0 -0 -

Midwest Product
transfer

On-site Midwest
producers

25,9^6 8 , 7 8 8 -0-

Midwest Transportation Rai 1 Outstate  ̂
processors

2,157 -0 - -0 -

Midwest T ransportation Rai 1 Outstate 
re ta i le rs

18,810 -0 - -0 -

Midwest T ransportation Truck Farms -0 - 36,387 -0-

Central
Michigan

Product
transfer

On-site Michigan
producers

 ̂,350 -0- -0 -

Central 
Mi chigan

Transportation Truck Outstate
reta i lers

29,6A2 -0 - -0 -

Central
Michigan

Transportation Truck Farms 8 1 123,9^2

zi
jl



Table A-2. (cont'd .)

Originating
location Activi ty Type

Terminating 
location

1970
actual

Product tons per year

Constrained
optimum Optimum

Outstate Reta i1ing _  _  _ — — — 62,07*1 *♦5,540 -0-
Mi chigan

Outstate Transportation Applicator Farms 62,07*1 45,540 -0 -
retai lers

Farms Applicat ion — - - - 62,082 128,338 129,942

^Nitr ic  acid, ammonium n i t r a te ,  nitrogen manufacturing solutions, and urea producers.

2
Diammonium phosphate and monoammonium phosphate producers.

^N it r ic  acid, ammonium n i t r a te ,  nonpressure and low pressure nitrogen solutions, nitrogen manufactur­
ing solutions, urea, ammoniated polyphosphates, diammonium phosphate, and monoammonium phosphate producers.

4
Aqueous ammonia, granular mixed and liquid mixed f e r t i l i z e r  producers,

^Diammonium phosphate and granular mixed f e r t i l i z e r  producers.



Table A*3. Aqueous ammonia product flow

Product tons per year

Originating
location Activi ty Type

Terminali ng 
location

1970
actual

Constrained
optimum Optimum

Outstate
Michigan

Production Airmon i a 
converter

— 3,897 -0 - - 0 -

Outstate 
Mi chi gan

Transportation Rail Outstate 
retai ler

3,897 -0 - - 0 -

Outstate
Michigan

Retai1ing — 3,897 -0 - -0 -

Outstage 
retai lers

Transportation Applicator Fa rms 3,897 - o - -0 -

Farms Appli cation 3,897 - 0 - ' 0 -

¥7
1



Table A-4. N i t r ic  acid product flow

Originating
location

Gulf Coast

Midwest

Gulf Coast

Midwest

_______ Product tons per year________

Terminating 1970 Constrained
Act iv i ty  Type location actual optimum Optimum

Production Medium —  41 ,882 7 >377 ~0-
p res sure

Production Medium —  17,950 3,162 -0 -
pressure

Product On-site Gulf Coast 41,882 7,377
transfer producers

Product On-site Midwest 17,950 3,162 -0 -
transfer  producers

* Ammonium n i t ra te  producers.



Table A-5. Ammonium n i t ra te  product flow

Originating
location

Gulf Coast

Midwest

Gulf Coast 

Guif Coast

Gulf Coast

Gulf Coast

Gulf Coast

Guif Coast

Product tons per year

Act i v i ty Type
Terminating

location
1970

actual
Constrained 

opt i mum Opt imum

Production

Production

Product
transfer

Transportation

Transportation

Transportation

Transportation

Neutralizat ion-  
evaporation

Neutralization-  
evaporation

Mfr 's .  storage Bulk

On-s i te

Barge

Rail

Rail

Rail

1
Gulf Coast 

producers

Midwest
producers

Michigan
producers

Outstate
processors

Outstate 
re ta i le rs

3

3

5*1,7*7

23 ,*63

*,879

- 0-

20,105

1,027

5,912

27,70*

9 ,6 * *

*,133

- 0 -

9 ,6 * *

- 0 -

- 0-

- 0-

- 0 -

- 0-

- 0-

- 0-

- 0 -

- o -

-0 -



Table A-5. (cont'd .)

Originating
location Activi ty Type

Terminating
location

1970
actual

Product tons per year

Constrained
optimum Optimum

Midwest Product
transfer

On-site Midwest  ̂
producers

23,*63 4,133 -0 -

Outstate Reta i1ing — — 27,70^ -0 - -0 -
Michigan

Outstage Transportation Appli cators Farms 27,704 -0 - -0 -
retai lers

Farms Application — — 27,704 -0 - -0-

^Nitrogen manufacturing solutions producers.

2
Nonpressure and low pressure nitrogen solutions and nitrogen manufacturing solutions producers.

3
Granulated mixed and dry blended f e r t i l i z e r  producers.



Table A-6. Nonpressure nitrogen solutions product flow

Product tons per year

Originating
location Act iv i ty Type

Terminating
location

1970
actual

Constrained
optimum Optimum

Midwest Production Blending — 40,912 -0 - -0-

Midwest Mfr's. storage Tank — 40,635 -0 - -0 -

Midwest Transportation Rail Outstate j 
processors

1,109 -0 - -0-

Midwest Transportation Rail Outstate 
retai lers

39,803 -0 - -0-

Outstate
Michigan

Retai1ing — — 39,803 -0 - -0 -

Outstage 
retai lers

Transportation Applicators Farms 39,803 -0 - -0-

Farms Application — — 39,803 - 0 - -0 -

^Cold process liquid mixed f e r t i l i z e r  producers*

8+
71



Table A~7* Low pressure nitrogen solutions product flow

Product tons per year

Originating
location Activi ty Type

Terminating
location

1970
actual

Constrained
optimum Opt imum

Midwest Production Blending — 28,171 -0- -0 -

Midwest Mfr 's . storage Tank — 9 ^ 7 2 -0 - -0 -

Midwest Transportation Rai 1 Michigan  ̂
producers

16,260 -0 - - 0 -

Midwest Transportation Rai 1 Outstate j 
processors

9,756 - 0 - -0 -

Midwest Transportation Rai 1 Outstate 
retai lers

2,155 -0 - -0 -

Outstate 
Mi chigan

Reta i1ing — — 2,155 -0 - -0 -

Outstate 
re ta i lers

Transportation Applicators Farms 2,155 -0 - -0 -

Farms Application — — 2,155 -0 - - 0 -

^Granulated mixed f e r t i l i z e r  producers.



Table A-8. Nitrogen manufacturing solutions product flow

Originating
location Act i v i ty Type

Terminating 
1ocation

1970
actual

Product tons per year

Constrained
optimum Optimum

Gulf Coast Product ion Blending — -0 - 13,816 -0 -

Midwest Production Blend i ng — 16,067 5,921 -o-

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

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

Gulf Coast Transportation Rail Michigan j 
producers

-0 - 10,329 -0-

Gulf Coast Transportat ion Rai 1 Outstate | 
processors

-0 - 3,488 -0-

Midwest Transportation Rail Michigan | 
producers

10,042 5,921 -0-

Midwest Transportation Rail Outstate j 
processors

6,025 -0 - -0 -

1 Granulated mixed f e r t i l i z e r  producers.



Table A-9* Urea product flow

Product tons per year

Originating
location A ct iv i ty Type

Termtnating 
locat ion

1970
actual

Constrained
optimum Optimum

Gulf Coast 

Gulf Coast

Gulf Coast

Midwest 

Gulf Coast 

Gulf Coast

Gulf Coast

Gulf Coast

Production

Production

Production

Production 

Mfr's* storage 

Transportat ion

Transportation

Transportation

Gas separation

Ammon\urn 
carbamate 
slurry

Water
absorption

Gas separation

Bulk

Barge

Rail

Rail

Midwest j 
producers

Michigan
processors'

Outstate
processors'

29,470

6,934

10,401

5,201

33,878

9,651

1,247

11,861

-0-

-0-

- 0-

-0-

- 0 -

-0'

- 0-

- 0-

* 0 -

-0-



Table A-9. (cont'd .)

Product tons per year

Originating
location Activi ty Type

Terminating
location

1970
actual

Constrained 
optimum Optimum

Gulf Coast Transportation Rati Outstate 
retai lers

Z k t 0 k 7 -0 -  -0 -

Mi dwest Product
transfer

On-site Midwest j 
producers

5,201 -0 -  -0 -

Outstate
Michigan

Retai1 ing — — 24,0^7 -0 -  - 0 -

Outstate 
retai lers

Transportation Applicators Farms 101101

Farms Applicat ion — — 2A,Oi»7 - 0 - -o-

Nonpressure nitrogen solutions producers.

2
Granulated mixed and dry blended f e r t i l i z e r  producers.



Table A -10* Ammonium su lfa te  product flow

Originating
location Act iv i ty Type

Term!nating 
location

1970
actual

Product tons per year

Constrained
optimum Optimum

Central
Michigan

Purchase — - - - 11*17^ -0 - -0*

Outstate
processors

Purchase — — 21,984 -0 - -0 -

Outstate 
retai lers

Purchase — — 2^70 - 0 - -0 -

Outstate
Michigan

Retailing — — 2,470 -0 - -0-

Outstate 
re ta i le rs

Transportation Appli cators Farms 2,470 -0 - -0 -

Farms Appli cation - - 2,470 -0 - -0 -
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Table A - I I .  Elemental phosphorus product flow

Originating 
1ocat i on Act i v i ty Type

Terminating
location

1970
actual

Product tons per year

Constrained 
optimum Optimum

Florida Production E lec tr ic
furnace

— 4,00* -0 -  -0-

Florida Transportation Barge Midwest j 
producers

27 -0 -  -o-

Florida Transportation Rai 1 Michigan j 
producers

3,977 • o 1 1 o 1

White phosphoric and superphosphoric acid producers.



Table A-12. White phosphoric acid product flow

Originating
location Act iv i ty Type

Terminating
location

Product tons per year

1970 Constrained 
actual optimum Optimum

Central 
Mi chIgan

Production Furnace
process

— 16,866 -0 -  -Q-

Central
Michigan

Product On-site Michigan
producer

16,866 -0-  -0 -

^Dianmonium phosphate producer.



Table A-13. Green phosphoric acid product flew

Originating
location Act i v i ty Type

Terminating
location

1970
actual

Product tons per year

Constrained
optimum Opt i mum

Florida Product ion Wet process — 134.864 163,356 260,565

Hi dwest Production Wet process — 60,591 73,392 -0 -

Florida Mfr's . storage Rubber-1ined — 3,561 -0 - -0-

Florida Product
transfer

On-site Florida  ̂
producers

134,864 163,356 260,565

Midwest Product
transfer

On-si te Midwest | 
producers

55,8^3 73,392 - 0 -

Midwest Transportation Rai 1 Outstate 2 
processors

4,7*8 -0 - - 0 -

^Ammoniated polyphosphates, t r ip l e  superphosphate, diammonium phosphate and monoammonium phosphate 
producers.

Hot process clear mixed liquid f e r t i l i z e r  producers.



Table A -14. Superphosphoric acid product flow

Product tons per year

Originating
location Act i v i ty Type

Terminating
location

1970
actual

Constrained 
optimum Optimum

Hi dwest Production Thermal — 207 -0 -  -0 -

Midwest Product
transfer

On-site Midwest  ̂
producers

207 -0 -  -0 -

* Ammon fated polyphosphates producers.



Table A -15. Ammoniated polyphosphate (10-3A-0) product flow

Originating
location A ct iv i ty Type

Terminat ing 
location

Product tons per year

1970 Constrained 
actual optimum Optimum

Midwest Production Ammoniat ion — *1 , 8 3 2  - 0 - -0 -

Mi dwest Mfr 's .  storage Tank — Os NJ .e- 1 0 1 -0-

Midwest Transportation Rail Outstate j 
processors

*i,832 -0 - -0-

'Cold process clear mixed l iquid  f e r t i l i z e r  producers.



Table A-16. Ammoniated polyphosphate (11- 37- 0) product flow

Originating
location A ct iv i ty Type

Terminating
location

1970
actual

Product tons per year

Constrained 
opt imum Optimum

Midwest Production Ammon?at ion — 402 - o - -o -

Midwest Mfr 's .  storage Tank — 302 -0 - -0-

Midwest Transportation Rail Outstate | 
processors

402 -0 - -0 -

^Cold process clear mixed l iquid f e r t i l i z e r  producers.



Table A -17* Normal superphosphate product flew

Originating
location Acti vi ty Type

Terminating 
location

1970
actual

Product tons per year

Constrained 
opt)mum Opt1 mum

Florida Production Cone mixer — 21,791 -0 - -0-

Central 
Mi chigan

Production Cone mixer — 32,000 -0 - -0 -

Flori da Mfr 's .  storage Bulk — 16,660 -0 - -0 -

FI orida T ransportation Rail Outstate | 
processors

21,791 -0- -o-

Central 
M i ch i gan

Product
transfer

On-si te Michigan j 
producers

31,5*0 -0 - -0 -

Central 
Mi chi gan

Transportation Rail Outstate j 
processors

89 -0 - -0 -

Central 
Mi chigan

Transportation Rai 1 Outstate 
retai lers

371 -0 - -0-

Outstate
Michigan

Retai1ing 371 -0 - -0-

09
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Table A -17- (cont1d.)

_______ Product tons per year________

Originating Terminating 1970 Constrained
location A c t iv i ty  Type location actual optimum Optimum

Outstate Transportation Applicators Farms 371 -0 -  -0 -
reta i lers

Farms Application —  —  371 -0 -  -0-

^Granulated mixed and dry blended f e r t i l i z e r  producers.



Table A-18. Run-of-pi le t r i p l e  superphosphate product flow

Originating
location Acti vi ty Type

Terminating 
locat ion

1970
actual

Product tons per year

Constrained
optimum Optimum

Florida Production Cone mixer — 83,085 44,234 -o-

Mi dwest Production Cone mixer — 55,860 71,069 -0-

Florida Mfr's . storage Bulk — 55,907 25,897 -0 -

Florida Product 
t ransfer

On-site Florida  ̂
producers

27,130 5,380 -0-

Florida Transportation Rai 1 Michigan  ̂
producers

1*1,024 38,854 -0 -

Flori da Transportation Rail Outstate  ̂
processors

41,930 -0 - -0 -

Midwest Transportation Rail Michigan ^ 
producers

55,860 51,646 -0 -

Midwest Transportation Rail Outstate 2 
processors

-0 - 19,423 -0 -

^Granulated t r i p l e  superphosphate producers. 

2
Granulated mixed f e r t i l i z e r s  producers.



Table A-19. Granular t r i p l e  superphosphate product flow

Product tons per year

Originating
location Activi ty Type

Terminating
location

1970
actual

Constrained 
opt i mum Optimum

Florida Production Rotary drum 
granulator

— 26,598 5,27*t - 0 -

Florida M fr 's .  storage Bulk — 17,2^2 3,956 -0 -

Florida Transportation Rai 1 Michigan  ̂
processors

1,831 -0 - -0 -

Florida Transportation Rail Outstate
processors

21,159 5 ,271t -0 -

Florida Transportation Rail Outstate 
retai lers

3,608 -0 - - 0 -

Outstate 
Mlchigan

RetaiI ing — — 3,608 -0 - -0-

Outstate 
re ta i le rs

Transportation Applicators Farms 3,608 -Q- - 0 -

Farms Applicat ion — — 3,608 - 0 - -0 -

^Dry blended f e r t i l i z e r  producers.



Table A-20. Diammonium phosphate product flow

Originating
location Act iv i ty Type

Terminating
location

1970
actual

Product tons per year

Constrained
optimum Optimum

Florida Production Slurry 
ammon i at i on

— 70,886 64,582 *0-

Mi dwest Production Slurry 
ammoniat ion

— 1^,519 13,228 -0-

Central
Michigan

Production Slurry 
ammoniat ion

— 19,800 -0 - -0 -

Florida Mfr 's .  storage Bulk — 51,19* 28,358 -0 -

Florida T ransportation Rail Michigan
producers

-0 - 26,772 -0 -

Florida Transportation Rail Outstate j 
processors

64,0*8 37,810 -0*

Florida Transportation Rai 1 Outstate 
retat lers

6,838 -0 - -0 -

Midwest Transportation Rail Michigan  ̂
producers

14,478 13,228 -0 -

*7
91



Table A-20. (cont 'd .)

Product tons per year

Originating
location Act Ivi ty Type

Terminating
location

1970
actual

Constrained
optimum Optimum

Midwest Transportation Rail Outstate ] 
processors

^0 -0 - -0 -

Central
Michigan

Product
transfer

On-s i te Michigan  ̂
producers

19,800 -0 - -0 -

Outstate
Michigan

Reta i1ing — . . . 6 , 8 3 8 -0 - -o-

Outstate 
retai lers

Transportation Appli cators Farms 6,838 -0 - -0 -

Farms Appli cat ion — — 6,838 -0 - -0 -

^Granulated mixed and dry blended f e r t i l i z e r  producers.



Table A-21. Monoammonium phosphate product flow

Or!glnating  
location A ct iv i ty Type

Terminating 
location

1970
actual

Product tons per

Constrained 
opt imum

year

Optimum

Florida Production Slurry 
ammon i at ion

— 21,783 82,926 270,576

Mi dwest Production Slurry 
ammontat ion

— 4,461 16,985 -0 -

Florida M fr 's ,  storage Bulk — 17,231 74,933 202,932

Florida Transportation Rail Outstate
processors

18,514 72,156 270,576

Florida Transportation Rai 1 Outstate 
re ta i le rs

3,269 -fl­ -0 -

Flori da Transportation Rail Michigan
processors

-0- i t ) ,770 -0 -

Midwest T ransportation Rail Michigan  ̂
processors

2,180 -0 - -0 -

Mi dwest Transportation Rail Outstate  ̂
processors

2,281 16,985 -0 -



Table A-21. (cont'd .)

Product tons per yea r

Originating
location Act iv i ty Type

Terminating 
locat ion

1970
actual

Constrained
optimum Optimum

Outstate 
Hi chigan

Reta i1ing — — 3,269 -0 - -0 -

Outstate 
re ta i le rs

Transportation App1icators Farms 3,269 -0- -0 -

Farms Appli cation -  -  - -------- 3,269 -0 - -0 -

W y  blended f e r t i l i z e r  producers.



Table A-22. Rock phosphate product flow

Product tons per year

Originating  
locat i on Act i v tty Type

Terminating
location

1970
actual

Constrained
optimum Opt imum

Florida Production Grinding — 277 -0 - -0 -

Florida Transportation Rail Outstate 
retai lers

277 -0- -0 -

Outstate
Michigan

RetaiIing — — 277 -0 - -0-

Outstate 
retai lers

Transportation Applicators Farms 277 -0- -0-

Farms Applicat ion - -  - •  * * - 277 -0- -0-
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Table A-23. Run-of-mine potassium chloride product flow

Originating
location Act iv i ty  Type

Saskatoon Production Flotation

Saskatoon Mfr 's .  storage Bulk

Saskatoon Transportation Rail

Saskatoon Transportation Rail

________ Product tons per year

Terminating 1970 Constrained
location actual optimum Optimum

111,116 121,462 -0 -

31,265 16,096 -0 -

Michigan } 69,479 100,000 -0 -
producers

Outstate j 41,687 21,462 -0 -
processors

^Granulated mixed f e r t i l i z e r  producers.



Table A-2^. Standard potassium chloride product flow

Or ig inat ing  
1 ocat i on Activi ty Type

Terminating
location

1970
actual

Product tons per year

Constrained 
optimum Optimum

Saskatoon Production Flotation 1,877 - 0 -  -0 -

Saskatoon Mfr 's .  storage Bulk -  - - 1,^07 -0 -  -0 -

Saskatoon Transportation Rail Outstate j 
processors

1,877 -0 -  -0 -

*Hot and cold process clear mixed l iquid f e r t i l i z e r  producers.
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Table A-25. Granular potassium chloride product flew

Product tons per year

Originating
location Act i v i ty Type

Terminating
location

1970
actual

Constrained
optimum Opt imum

Saskatoon Production

Saskatoon Mfr 's .  storage

Saskatoon Transportation

Saskatoon Transportation

Saskatoon Transportation

Saskatoon Transportation

Michigan Transportation
terminal

Outstate Retailing
Michigan

Flotation

Bulk

Rail

Rail

Rail

Rail

Truck

Mi chigan 
terminal

Michi gan 
processors

Outstate , 
processors

Outstate
re ta i le rs

Farms

1

95,919

62,9^3

- 0-

6,321

77,602

11.996 

- 0 -

11.996

137,590

103,192

- 0-

9,230

128,360

- 0-

- 0-

- 0-

259,032

129,535

86,319

172,713

86,319

- 0-



Table A-25. (cont'd.)

Product tons per year

Or!ginating 
location Acti vi ty Type

Terminating
location

1970
actual

Constrained 
optimum Optimum

Outstate 
re ta i lers

Transportat ton Appli cators Farms 11,996 -0 -  -0 -

Farms Applicat ion ----- 11,996 -0 -  86,319

W y  blended f e r t i l i z e r  producers.
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Table A-26. Coarse potassium chloride product flow

Product tons per year

Ori ginating 
location A ct iv i ty Type

Terminating
location

1970
actual

Constrained 
opt i mum Optimum

Saskatoon Production Flotation — 50,000 -0- -o -

Saskatoon Transportation Rai 1 Outstate 
retai lers

50,000 -0- -0-

Outstate 
Mi chi gan

Retai1ing — — 50.000 -0- -0-

Outstate 
retai lers

Transportation Appli cators Farms 50,000 -0 - -0 -

Farms Applicat ion --------- --------- 50,000 -0 - -0 -



Table A-27. Bagged granulated mixed f e r t i l i z e r s  product flow

Product tons per year

Originating
location Activi ty Type

Terminating
location

1970
actual

Constrained
optimum Opt imum

Central 
Mi chi gan

Production TV A
continuous

— 97,139 -0 - -0-

Outstate
Michigan

Product ion TVA 
(30,000 TPY)

— 58,283 -0 - -0 -

Central
Michigan

Mfr 's ,  storage Bagged — 36,427 - 0 - -0 -

Central
Michigan

Transportation Truck Outstate 
retai lers

97,117 - 0 - -0 -

Central 
Mi chigan

Transportation Truck Farms 22 - 0 - -0 -

Outstate
producer

Transportation Truck Outstate 
retai lers

58,283 - 0 - -0 -

Outstate
Michigan

Retai 1 ing — — 155,400 -0 - -0-

Outstate 
retai lers

Transportation Wagons Farms 155,400 -0 - -0 -

Farms Appli cat ion — 155,400 -0 - -0 -



Table A-28. Bulk granulated mixed f e r t i l i z e r  product flow

Product tons per year

Originat ing 
locat ion A ct iv i ty Type

Terminating
location

1970
actual

Constrained
optimum Optimum

Central 
M i ch i gan

Outstate 
Mi ch i gan

Central
Michigan

Central
Michigan

Centra]
Michigan

Outstate
producer

Outstate
producer

Outstate
Michigan

Production 

Production 

Mfr 's .  storage 

Transportation 

Transportation 

Transportation 

Transportation 

Reta i1ing

TVA
continuous

TVA
continuous

Bulk

Rai

Truck

Truck

Truck

Outstate 
retai lers

Farms

Outstate 
retai lers

Farms

145,708 250,000

87,425 53,655

- 0-

145,708

- 0-

87,425

- 0 -

233,133

187,500

250,000

53,655

- 0-

- 0-

- 0 -

- 0-

- 0-

- 0-



Table A-28. (cont'd .)

Ori ginating 
location Act i v i ty Type

Terminating 
locati on

Product tons per year

1970 Constrained 
actual optimum Optimum

Outstate Transportation Applicators Farms 233,133 -0 - -0 -
retai lers

Farms Appli cation - - - -  -  - 233,133 3-3,655 -0 -

ON



Table A-29. Bagged blended f e r t i l i z e r  product flow

Product tons per year

Originating
location A ct iv i ty Type

Terminat ing 
location

1970
actual

Constrained
optimum Optimum

Central
Michigan

Production Horizontal w/ 
rotary drum

— 16,444 -0 - -o-

Outstate
Michigan

Production Horizontal 
(1000 TPY)

— 6,986 -0 - -0 -

Outstate 
Mi chigan

Production Horizontal 
(2500 TPY)

— 29,787 -0 - -o-

Central
Michigan

Transportation Truck Outstate 
retai ler

16,444 -0 - -0 -

Outstate
processors

Transportation Wagon Farms 36,773 -o- -0 -

Outstate
Michigan

Reta i1ing — — 16,444 -0 - -0 -

Outstate 
retai ler

Transportation Wagon Farms 16,444 -0 - -0 -

Farms Appli cation - - - — 53,217 -0- -0 -
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Table A-30. Bulk blended f e r t i l i z e r s  product flow

Product tons per year

Ori ginating 
location Activi ty Type

Terminating 
1ocat i on

1970
actual

Constrained
optimum Opt i mum

Central
Michigan

Outstate
Michigan

Outstate
Michigan

Outstate
Michigan

Outstate 
Mi chigan

Central
Michigan

Central
Michigan

Production

Production

Production

Production

Production

T fansportation

Transportation

Horizontal w/ 
rotary drum

Horizontal 
(9000 TPY)

Vertical  
(9000 TPY)

Horizontal 
(2500 TPY)

Horizontal 
(1000 TPY)

Rai 1

Truck

Outstate 
re ta i lers

Farms

2.902 

- 0-  

- 0-

1*1,653

33,226

2 .902  

- 0 -

20,000

252,000

- 0-

- 0-

- 0-

- 0-

20,000

- 0 -

H 3 ,2 9 0

- 0-

- 0-

- 0 '



Table A-30, (cont 'd.)

Product tons per year

Originating
location Act iv i ty Type

Terminating
location

1970
actual

Constrained 
opt i mum Optimum

Outstate
processors

T ransportation Truck Sate l1i te 
out lets

-0 - 126,000 221,61*5

Outstate
processors

Transportation Appli cators Farms 178,879 126,000 221,6^5

Outstate
Michigan

Reta i1ing — 2 , 9 0 2 -0 - -0 -

Outstate 
retai lers

Transportation Applicators Farms 2,902 -0 - -0-

Sate l1i te 
outlets

Product 
hand)ing

— — -0- 126,000 221,61*5

Sate l1i te 
outlets

Transportation Appli cators Farms -0- 126,000 22t,61*5

Farms Applicat ion -  -  - -  -  - 177,781 272,000 1*1*3,290



Table A-31. Clear mixed liquid f e r t i l i z e r  product flow

Product tons per year

Originating 
location Act iv i ty Type

Termi nat i ng 
location

1970
actual

Constrained
optimum Opt i mum

Outstate
Michigan

Outstate
Michigan

Outstate
processors

Farms

Production 

Production 

T ransportation 

Applicat ion

Hot process —
(3000 TPY)

Cold blend —
(1000 TPY)

Applicators Farms

11,450

7,633

19.083

19.083

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-
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Table A-32. Miscellaneous items and factor usage

Item
1970

Actual
Constrained

Optimum Opt imum

Labor (man-hours)

Wage b i l l  @ $4.00/man-hour 

Investment capital  (dollars)  

Operating capital  (dol lars)  

Interest on investment @ 7.5^ 

Limestone f i l l e r  (tons)

Total f e r t i I i z e r  material (tons) 

Average content (per cent)

A11 nutrients  

N

P2°5

y

Limestone f i l l e r

6*5,405  

2,581,620  

75,**56,505 

28,535,706 

5,659,238 

15,**82 

877,131

**9.9

16.2

16.0

17.7

1.77

*452,182

1 ,808,728

**1,5*6,85**

17,212,759

3,116,014

- 0 -

703,993

62 . 2

20.2

20.0

22.1

- 0-

397,545

1,590,180

37,601,696

16,087,234

2,820,127

- 0 -

659,551

66.4

21.5 

21,3

23.6 

- 0 -



APPENDIX B

R e t u r n s  on In v e s tm e n t  in  th e  S h o r t  Run



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

Rate of return

Product
20% to 

1A.1%
1*,0% to 

i2. i%
12.0% to 

6.0%
5.9% to 

*.*%
*.3% to 

*.2%
*.1% to 

2.1%
2.0% to 

-2.0%

Anhydrous ammonia 171,89* 171,89* 171,89* 171,89* 171,89* 171,97* 171,97*

N i t r i c  acid 10,539 10,539 10,539 10,539 10,539 9,930 9,930

Ammonium n i t ra te 13,777 13,777 13,777 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 236,7*8 236,7*8 236,7*8 236,7*8 236,7*8 220,6*5 220,6*5

White phosphoric acid -0- -0 - -0 - -0 - -0 - 16,866 16,866

Run-of-pile t r i p l e  superphosphate 115,303 115,303 115,303 115,303 115,303 112,087 112,087

Granular t r i p l e  superphosphate 5,27* 5,27* 5,27* 5,27* 5,27* 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 99,911 72,737 72,737

Run-of-mine potassium chloride 121,*62 121,*62 121,*62 121,*62 121, *62 11*,**0 11*,**0
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Table B - l . (cont'd.)

Product

Rate of return

20% to 
l * . l%

14.0* to 
12.1%

12.0% to 
6.0%

5.9% to 
*.*%

*.3% to 
*.2%

*.1% to 
2.1%

2.0% to 
-2.0%

Granular potassium chloride 137,590 137,590 137,590 137,590 137,590 1**,629 144,629

Granulated mixed f e r t i l i z e r s 303,655 303,655 303,655 303,655 303,655 286,099 286,099

Bulk blended f e r t i l i z e r s 185,535 185,535 185,535 185,535 185,535 135,075 135,075

Custom blended f e r t i l i z e r s 86, * 6 5 86,*65 86,*65 86,*65 86,*65 136,925 136,925

N supplied 1*1,932 1*1,932 1*1,932 1*1,932 1*1,932 1*1,932 1*1,932

P2 O5 supplied 1*0,650 1*0,650 1*0,650 1*0,650 1*0,650 1*0,650 1*0,650

K̂ O supplies 155,**1 155,441 155,441 155,441 155,**! 155.441 155,**1



Table B-2. Anhydrous ammonia product flew

Rate of return
Originating

location Activi ty Type
Terminating 

locat ion
20% to 

] * . U
1*.'0% to

1 2 .U
12.Q& to 

6.0*
5 .9 *  to 

* . * 3
Product tons per year

Gulf Coast Production Centri fugal — 80,308 8 0 , 3 0 8 80,308 80,308

Midwest Production Centri fugal — *5,175 *5,175 *5,175 *5,175

Central 
Mi chigan

Production Piston — *6, *11 *6,*11 *6,*11 *6,*11

Gulf Coast Mfr 's .  storage Cyrogenic — 36,752 36,752 *5,5*0 *8,205

Midwest Mfr 's .  storage Cyrogenic — 16,*35 16,*35 7,6*7 *,981

Gulf Coast Product
transfer

On-site Gulf Coast 
producers

7, **8 7 ,* *8 7, **8 *,783

Gulf Coast Transportation Barge Florida 2
producers

27,320 27,320 27,320 27,320

Gulf Coast Transportation Rail Outstate 
retai lers

-0 - -0 - *5 ,5*0 *8,205

Mi dwest Product
transfer

On-si te Midwest ,  
producers

-0 - -0- 8,788 11,*5*

Mi dwest Transportation Truck Farms *5,175 *5,175 36,387 33,721



Table B-2, (cont’ d.)

Rate of return
Originating  

iocat ion A c t iv i ty Type
Terminating

location
20% to  

14.1%
14.0% to 

12.1%
12.0% to 

6.0%
5-9$ to 

4.4%
Product tons per year

Central 
Mi chigan

Transportation Truck Farms 46,411 46,411 46,411 46,411

Outstate 
retai lers

Transportation Appli cator Fa rms -o- -0 - 45,540 48,205

Farms Applicat ion — 128,338 128,338 128,338 128,338 128,338

Gulf Coast Transportation Barge Midwest 
produce rs

8,788 8,788 -0 - -0 -

Gulf Coast Transportation Barge Mi dwest 
terminal

36,752 36,752 -0 - -0 -

Midwest
terminal

Transportation Truck Fa rms 36,752 36,752 -0 - -0 -

Gulf Coast Transportation Rail Michigan  ̂
processors

-0 - -0 - -0 - -0 -



Table B-2. (cont'd.)

______________ Rate of return______________
Originating Terminating 20% to 14.0% to lY,0% to 5.9% to

location A c t iv i ty  Type location 14. 1% 12.1% 6.0%_______ 4.4%
Product tons per year

Midwest Transportation Rail Michigan , -0*  -0 -  -0 -  -0 -
processors



Table B-2. (cont'd .)

Rate of return
Originating  

locat ion Activi ty Type
Terminating 

locat ion
*>.3  ̂ to

h . 1 %
k . ] %  to 

2.1%
2.0? to 

-2.0?
Product tons per year

Gulf Coast Production Centri fugal — 80,308 80,31(5 80,345

Hi dwest Production Centri fugal — *>5,175 45,196 45,196

Central 
Mi chi gan

Product ion Piston — **6,**11 46,433 46,433

Gulf Coast H fr 's .  storage Cyrogenic — 1*8,828 45,739 50,085

Midwest Mfr 's . storage Cyrogeni c — *>,359 8,789 4,443

Gulf Coast Product
transfer

On-site Gulf Coast^ 
producers

A,160 3,920 3,920

Gulf Coast Transportation Barge Florida
producers

27,320 26,340 26,340

Gulf Coast Transportation Rail Outstate 
retai lers

1*8,828 45,739 50,085

Midwest Product
transfer

On-si te Midwest
producers^

12,076 11,501 11,501

Mi dwest Transportation Truck Farms 33,099 33,695 29,349



Table B-2. (cont 'd .)

Rate of return
Originating

location Activi ty Type
Terminating

location
1*.3* to 

* . 2 *
* . 1 *  to 

2 .1*
2 .0 *  to 

-2 .0 *
Product tons per year

Central
Michigan

Transportation Truck Farms *6,411 *6,*33 *6 ,*33

Outstate 
retai lers

Transportation Appli cator Fa rms * 8 , 8 2 8 *5,739 50,085

Fa rms App1icat ion — — 128,338 125,867 1125,867

Gulf Coast Transportation Barge Midwest  ̂
p roduce rs

-0 - -0 - -0-

Gulf Coast T ransportation Barge Midwest
terminal

-0 - -0 - -0-

Midwest
terminal

Transportation Truck Farms -0- -0- -0-

Gulf Coast Transportation Rai 1 Michigan  ̂
processors

-0 - * ,3 *6 -0 -

Midwest Transportation Rai 1 Michigan  ̂
processors

-0 - -0 - * ,3 *6
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Table B-2. (cont'd.)

^N it r ic  acid, ammonium n i t r a te ,  and nitrogen manufacut ring solutions producers.

2
Diammonium and monoammonium phosphate producers.

3N i t r ic  acid, ammonium n i t ra te ,  nitrogen manufacturing solutions, and diammonium and monoammonium 
phosphate producers.

Granular mixed f e r t i l i z e r  producers.



Table B-3. N i t r ic  acid product flow

Originating
location

Gulf Coast 

Midwest 

Gulf Coast 

Midwest

Act i v i ty Type
Terminating

location
20% to

\ k . \ %

Rate of return 
T O T T o  12.0% to 5-9^ to

}2.}% 6.01 kM
Product tons per year

Production

Production

Product
transfer

Product
transfer

Medi urn 
pressure

Med ium 
pressure

On-site

On-si te

7,377 7,377

3 , 1 6 2  3 , 1 6 2

Gulf Coast 7,377 7,377
producers

Midwest
producers

3,162 3,162

7.377 

3 , 1 6 2

7.377 

3,162

7.377 

3,162

7.377 

3,162



Table B-*3. (cont 'd ,)

Rate of return

Originating Terminating
A.32 to A.l? to 

2.1?
2.0? to 

-2.0?
locat ion Act ivi ty Type location Product tons per year

Gulf Coast Production Medium
pressure

— 7,377 6,951 6,951

Midwest Production Medi urn 
pressure

— 3,162 2,979 2,979

Gulf Coast Product
transfer

On-si te Gutf Coast, 
producers

7,377 6,951 6,951

Midwest Product
transfer

On-site Midwest j 
producers

3,162 2,979 2,979

^Ammonium n i t ra te  producers.



Table B-4. Ammonium n i t r a te  product flow

Originating
location

Gulf Coast 

Midwest 

Gulf Coast 

Gulf Coast 

Mi dwest

A ct iv i ty Type
Terminating

location
W IxT

14.1?

Rate of return 
T O T t o  12.0? to 5-9? to

1 2 . 1? 6.0? 4.4?
Product tons per year

Production

Production

Product
transfer

Product
transfer

Neutralizat ion  
evaporation

Neutralizat ion  
evaporation

On-site

Transportation Barge

On-site

Gulf Coast 
producers

Mi dwest 
producers

Mi dwest 
producers

9.644 

4,133

9.644 

- 0-

9.644 

4,133

9.644 

- 0-

9.644 

4,133

9.644 

- 0-

4,133 4,133 4,133

9,644

4.133 

1,826 

7 ,81 8

4.133



Table B-4. (cont 'd .)

Originating
location

Gulf Coast 

Midwest 

Gulf Coast 

Gulf Coast 

Midwest

A ct iv i ty Type
Terminating 

location
4 . 3V to 

it. 2%

Rate of return 
O T T o  2.0% to

2 . 1% - 2 . 0%
Product tons per year

Production

Production

Product
transfer

Transportation

Product
transfer

Neutrali zation 
evaporation

Neutrali zation 
evaporat ion

On-site

Barge 

On-s i te

Gulf Coast 
Producers

Midwest 1 
producers

M i dwes t 
producers

9,644

4,133

9,644 

it ,133

9,086

3.894 

- 0-

9,086

3.894

9,086

3.894 

- 0-

9,086

3.894

^Nitrogen manufacturing solutions producers.



Table B-5. Nitrogen manufacturing solutions product flow

Rate of return
Originating

location Acti vi ty Type
Terminat ing 

locat ion
20? to

1 4 . 1?
14.0? to 

12.1? 
Product

12.0? to 
6.0? 

tons per year

5.9^ to 
4.4?

Gulf Coast Production Blending — 13,816 13,816 13,816 2,616

Midwest Production B1 end ing — 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 Rai 1 Mi ch i gan  ̂
producers

10,329 10,329 10,329 -0 -

Gulf Coast Transportation Rail Outstate j 
processors

3, **88 3,488 3,488 2,616

Midwest Transportation Rail M i ch i gan . 
producers

5,921 5,921 5,921 16,250

Midwest Transportation Rai 1 Outstate ^
n rnrpccnrc

-0 - -0 - -0 - 872



Table B-5. (cont 'd .)

Originating
location Activi ty Type

Terminating
location

Rate of re turn
V.Ofc to*.3% to *.0% to 2.0% to 

k . 1 %  2 . } % ________ -2.0%
Product tons per year

Gulf Coast Production Blending -  — -0 - -0 - -0 -

Midwest Production Blending — 19,738 18,596 18,596

Gulf Coast Mfr 's .  storage Tank -0 - -0 - -0 -

Mi dwest M fr 's ,  storage Tank — 2,616 1,760 1,760

Gulf Coast Transportation Rail Michigan  ̂
producers

-0 - -0 - -0 -

Gulf Coast Transportation Rail Outstate
processors

-0 - -0 - -0 -

Midwest Transportat ion Rail M i ch i gan j 
producers

16,250 16,250 16,250

Midwest Transportation Rai 1 Outstate j 3,*88 2,3*6 2,3*6

^Granulated mixed f e r t i l i z e r  producers.



Table B-6. Elemental phosphorous product flow

Originating
location

Florida

Florida

Florida  

Flori da

Rate of return
Terminating 20% to 14.0% to J O T ~ t o  5-9? to

A ct iv i ty  Type location 14.1%______ 12 , \%_______ 6.0%_______ 4.4%
Product tons per year

Production E lec tr ic  - -  -0 -  -0 -  -0 -  -0 -
furnace

Transportation Rail Michigan  ̂ -0 -  -0 -  -0 -  -0 -
producers

Rate of return 
4.3% to 4.1% to 2.0% to

4,2%________ 2J%________ -2.0%
Product tons per year

Production E lec tr ic  - -  -0 -  3*977 3,977
furnace

Transportation Rail Michigan ] -0 -  3,977 3,977
producers

^White phosphoric acid producers.



Table B-7. White phosphoric acid product flow

Originating
location A ct iv i ty  j * Type

Terminating
location — 

O
.t- —

‘ r~
t

a* 
O

Rate of return 
1^.0% to 12.0? to 5.9? to

12.1? 6.0? k , k %
Product tons per year

Central 
Hi chigan

Production Furnace
process

— -0 - 1011o1101
Central 

Mi chigan
Product

transfer
On-s i te Michigan j 

producers
-0 -

4 .3 *
k . 1 %

-0 -  -0 -  -0 -

Rate of return 
to to 2,0? to  

2,1? -2.0?  
Product tons per year

Central 
Hi chigan

Production Furnace
process

— -0 - 16,866 16,866

Central
Hichigan

Product
transfer

On-s ite M i ch igan  ̂
producers

-0 - 16,866 16,866

] Diammonium phosphate producers.



Table B-8. Green phosphoric acid product flow

____________ Rate of return
Originating Terminating 20^~to to 12.0% to 5.9% to

location Act iv i ty  Type location 1*< . 1%______ 12.1%_______ 6.0%_________ %̂
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
transfer

Qn-si te Florida  ̂
producers

163,356 163,356 163,356 163,356

Midwest Product On-s i te Midwest | 73,392 73,392 73,392 73,392
transfer  producers



Table B-8. (cont 'd.)

Rate of return
Originating

location Act ivi ty Type
Terminating 

location
4.3^ to 
4 .2*

4 .1*  to 
2 , ) %

2 .0 *  to 
-2 .0 *

Product tons per year

Florida Production Wet process — 163,356 152,245 152,245

Midwest Product ion Wet process — 73,392 68,400 68,400

Florida Product
transfer

On-site Florida } 
producers

163,356 152,245 152,245

Mi dwest Product
transfer

On-si te Midwest | 
producers

73,392 68,400 68,400

^Triple superphosphate, and dtammoniurn and monoarrnionium phosphate producers.

66
1



Table B-9. Run-of-pi le t r i p l e  superphosphate product flew

Originating
location Act iv i ty Type

Terminating 
1ocat i on

20% to 
} k . ) %

Rate of return 
U.0% to 12.0% to 

12.1% 6.0% 
Product tons per year

5-9^ to 
6.6*

Flori da Product ion Cone mixer — Vt,234 AA,23*t 6 6 , 2 3 6 6 6 , 2 3 6

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
transfer

On -s i te Florida j 
producers

5,380 5,380 5,380 5,380

Florida Transportation Rail Michigan ^ 
producers

38,85^ 38 ,8511 3 8 , 8 5 6 38,856

Mi dwest Transportation Rai 1 M i ch i gan  ̂
producers

5 1 ,6 A6 51,61(6 51,666 5 1 , 6 6 6

Mi dwest Transportation Rail Outstate 2 
processors

19,**23 19,1(23 19,623 19,623
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Table B-9. (cont 'd .)

Originating
location Acti vi ty Type

Terminating
location

*t.3^ to 
k . 2 %

Rate of return 
A .U  to Z . 0 %  to 

2. ]% - 2 . 0 %  
Product tons per year

Florida Production Cone mixer — Mi,23*t 45,066 *15,066

Mi dwest Production Cone mixer — 71,069 67,021 67,021

Florida Mfr's . storage Bulk — 25,897 17,*»2*i 1 7 , *i2 *i

Florida Product
transfer

On-si te Florida j 
producers

5,380 8,519 8,5)9

Florida Transportation Rai 1 Michigan  ̂
producers

38,85*1 36,5*t7 36,5*17

Mi dwest Transportation Rai 1 Mi chigan 
producers^

5 1 , 6*16 53,953 53,953

Midwest Transportat ion Rail Outstate 2 
processors

19,**23 13,068 13,068

' Granulated t r ip le  superphosphate producers.

2
Granulated mixed f e r t i l i z e r  producers.



Table 8-10. Granular t r i p l e  superphosphate product flow

Ori ginating  
location Acti vi ty Type

Terminat ing 
location

203 to 
lit. 1%

Rate 
14.0% to

12 .n
Product

of return
12.0% to 

6.0% 
tons per year

5-9*  to 
6 .6 *

Florida Production Rotary drum 
granulator

— 5.271* 5,276 5,276 5,276

Flori da Mfr 's .  storage Bulk — 3,956 3,956 3,956 3,956

Florida Transportation Rai 1 Outstate
processors

5,276 5,276 5,276 5,276 202



Table B-1Q. (cont'd.)

Rate of return
Originating

location Activi ty Type
Terminating

location
4.3*  to 
4 .2*

4 .1*  to 
2.1*

2 .0 *  to 
-2 .0 *

Product tons per year

Florida Production Rotary drum 
granulator

— 5,274 8,352 8,352

Florida Mfr 's .  storage Bulk — 3,956 6,264 6,264

Florida Transportation Rai 1 Outstate j 
processors

5 , 2 1 k 8,352 8,352

W y  blended f e r t i l i z e r  producers.
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Table B - l l .  Diammonium phosphate product flow

Rate of return
Originating

location Act i v i ty Type
Terminating

location
20% to 

14.1*
14.0* to 

12.1*
12.0% to 

6 .0 *
5-9% to 

4.4*
Product tons per year

Florida Production Slurry  
ammon i at i on

— -0 - 64,582 64,582 64,582

Midwest Production Slurry 
ammoniat ion

-0 - 13,228 13,228 13,228

Central
Michigan

Production Slurry  
amnion i at ion

— -0 - -0 - -0 - -0 -

Florida Mfr 's .  storage Bulk 28,358 28,358 28,358 28,358

Florida Transportation Rai 1 Michigan j 
producers

26,772 26,772 26,772 26,772

Florida Transportation Rail Outstate
processors

37,810 37,810 37,810 37,810

Midwest Transportation Rai 1 Michigan ( 
producers

13,228 13,228 13,228 13,228

Florida Production TVA process — 6^,582 -0 - -0 - -0 -

Midwest Production TVA process — 1 3 , 2 2 8 -0 - -0 - -0 -

*lO
Z



Table B - l l .  (cont 'd.)

Originating Terminating 20% to
Rate of return 

1A.0% to 12.0% to S-S% to
location Act iv i ty Type location }k.}% 12.1% 6.0% 

Product tons per year

Michigan Transportation Truck Farms -0- - 0-  - o - -0 -

Farms Appli cation ™ ™ ™ — — — -0 - -0 -  -0- -0 -
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Table B-1I . (cont 'd .)

Rate of return
Originating

location Act iv i ty Type
Termtnating 

location
A. }% to 

b . 1 %
4.1£ to 

2 . 1*
2 . 0 * to 

- 2 . 0 *
Product tons per year

Florida Production Slurry
ammoniation

— 6 * , 5 8 2 76,*07 76,*07

Mi dwest Production Slurry 
ammon i at i on

— 1 3 , 2 2 8 15,650 15,650

Central
Michigan

Product ion Slurry 
ammon i at i on

— - 0 - 1 9 , 8 0 0 1 9 , 8 0 0

Florida Mfr 's .  storage Bulk — 28,358 39,0*2 39,0*2

Florida Transportation Rai 1 Michigan  ̂
producers

26,772 2*,350 2*.350

Florida Transportation Rail Outstate
processors

37,810 52,057 52,057

Mi dwest Transportation Rail Michigan j 
producers

1 3 , 2 2 8 15,650 15,650

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 A. 3% to V .1% to 2.0% to

location A c t iv i ty  Type location A._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

^Granulated mixed and dry blended f e r t i l i z e r  producers. 207



Table B-12. Monoammonium phosphate product flow

Originating
location A ct iv i ty Type

Terminating 
location

20? to
1 4 . 1?

Rate of return 
14.OS to 12.0? to 

12.1? 6.0? 
Product tons per year

5.9% to 
4.4?

Florida Production Slurry 
ammon i at ion

— 82,926 82,926 82,926 82,926

Midwest Production SIurry 
ammoniation

— 16,985 16,985 16,985 16,985

Florida Mfr 's .  storage Bulk — 76,933 74,933 7^,933 7^,933

Florida Transportation Rai 1 Outstate j 
processors

72,156 72,156 72,156 72,156

Midwest Transportation Rail Outstate . 
processors

16,985 16,985 16,985 16,985

Florida Transportation Rai 1 Michigan
processors

10,770 10,770 10,770 10,770
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Table B-12. (cont 'd .)

Rate of return
Originating

location A ct iv i ty Type
Terminating

location
4.3& to 

4.2%
4.1% to 

2.1%
2.0% to 

-2.0%
Product tons per year

Florida Product ion Slurry  
ammon i at ion

— 82,926 60,372 60,372

Midwest Production Slurry 
ammoniat ion

— 16,985 12,365 12,365

Florida Mfr 's .  storage Bulk — 74,933 5<it553 56,553

Florida Transportation Rail Outstate j 
processors

72,156 49,602 49,602

Midwest Transportation Rai 1 Outstate | 
processors

16,985 12,365 12,365

Florida Transportation Rail Mi chi gan 
processors

10,770 10,770 10,770

^Dry blended f e r t i l i z e r  producers.
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Table B-13. Run-of-mine potassium chloride product flow

Originating
location Act iv i ty Type

Terminating
location

20fe to 
14.1?

Rate 
A .0 ?  to 

12.11 
Product

of return 
12.0? to 

6.0? 
tons per year

5.9? to 
4.4?

Saskatoon Production Flotation — 121,462 121,462 121,462 121,462

Saskatoon M fr 's .  storage Bulk — 16,096 16,096 16,096 16,096

Saskatoon Transportation Rail Michigan  ̂
producers

100,000 100,000 100,000 100,000

Saskatoon Transportat ion Rai 1 Outstate  ̂
processors

21,462 21,462 21,462 21,462
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Table B -13- (cont 'd .)

Rate of return
Or tginating  

location Act iv i ty Type
Terminating

location
4.3? to 

4.2?
4.1? to 

2.1?
2.0? to 

-2.0?
Product tons per year

Saskatoon Production Flotat ion — 121,462 114,440 114,440

Saskatoon Mfr 's .  storage Bulk — 16,096 10,830 10,830

Saskatoon Transportation Rai 1 Michigan
producers

100,000 100,000 100,000

Saskatoon Transportation Rail Outstate | 
processors

21,462 14,440 14,440

'Granulated mixed f e r t i l i z e r  producers.
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Table B-lA. Granular potassium chloride product flow

Originating
location Act iv i ty Type

Terminating
location

20? to 
Ht.l?

Rate of return 
14.0? to 12.0? to 

12.1? 6.0? 
Product tons per year

5-9*  to 
4.4?

Saskatoon Product ion Flotation — 137,590 137,590 137,590 137,590

Saskatoon Mfr 's .  storage Bulk — 103,192 103,192 1 0 3 , 1 9 2 103,192

Saskatoon Transportation Rai 1 Michigan j 
processors

9,230 9,230 9,230 9,230

Saskatoon Transportation Rail Outstate j 128,360 128,360 128,360 128,360
processors



Table B-14. (cont'd .)

Originating
location Activi ty Type

Terminating
location

Rate of return 
4.3$ to 4.1$ to 2.0$ to 

4.2$ 2.1$ -2.0$  
Product tons per year

Saskatoon Production Flotation — 137,590 144,629 144,629

Saskatoon M f i 's .  storage Bulk — 103,192 108,472 108,472

Saskatoon Transportat ion Rail Michigan  ̂
processors

9,230 9,230 9,230

Saskatoon Transportation Rai 1 Outstate
processors

128,360 135,399 135,399

^Dry blended f e r t i l i z e r  producers.



Table B-15- Bulk granulated mixed f e r t i l i z e r  product flew

Rate of return
Originating

location Act!vi ty Type
Terminating 

location
20% to 

U.1%
1A.0% to

1 2 . n
12.0% to 

6.0%
5.9% to 

k . k %
Product tons per year

Central
Michigan

Production TVA
continuous

— 250,000 250,000 250,000 250,000

Outstate
Michigan

Production TVA
continuous

— 53,655 53,655 53,655 53,655

Central
Michigan

Mfr's, storage Bulk — 187,500 187*500 187,500 187,500

Central
Michigan

T ransportation Truck Farms 2 5 0 , 0 0 0 2 5 0 , 0 0 0 250,000 250,000

Outstate
producer

Transportation Truck Farms 53,655 53,655 53,655 53,655

Fa rms Application - -  - -  - - 303,655 303,655 303,655 303,655



Table B-15. (cont'd.)

Rate of return
Originating

location A ct iv i ty Type
Terminating

location
A.1% to 

k . 2 %
A , I *  to 
2 .1*

2 . 0 %  to 
-2 .0 *

Product tons per year

Central
Michigan

Production TVA
continuous

— 250,000 250,000 250,000

Outstate
Michigan

Product ion TVA
continuous

— 53,655 36,099 36,099

Central
Michigan

M fr 's ,  storage Bulk — 187,500 187,500 187,500

Central 
M i ch i gan

Transportation Truck Farms 250,000 250,000 250,000

Outstate
producer

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

Farms App1icat ion — — — — — ~ 303,655 286,099 286,099

«k

I
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Table B-16. Bulk blended f e r t i l i z e r s  product flow

Rate of return
Originating

location Activi ty Type
Terminating 

locat ion
20% to

U . 1 *
1A.0% to 

12.1%
12.0% to 

6.0%
5-9% to 

M %
Product tons per year

Central
Michigan

Production Horizontal w/ 
rotary drum

— 20,000 20,000 20,000 20,000

Outstate 
Mi chigan

Production Horizontal 
(9000 TPY)

— 252,000 252,000 252,000 252,000

Central 
Mi chi gan

Transportation Truck Farms 20,000 20,000 20,000 20,000

Outstate
processors

Transportation Truck S ate l1i te 
outlets

126,000 1 2 6 , 0 0 0 1 2 6 , 0 0 0 1 2 6 , 0 0 0

Outstate
processors

Transportation Applicators Farms 126,000 126,000 126,000 126,000

Sate l1ite  
outlets

Product 
hand!ing

— — 126,000 126,000 126,000 126,000

Sate l1i te 
outlets

Transportation Applicators Farms 126,000 126,000 126,000 126,000

Farms Applicat ion - 272,000 272,000 272,000 272,000

216



Table B-16. (cont 'd .)

Rate of return
Originating

location Act!vi ty Type
Terminating

location
to

4.2%
4.1% to 

2.1%
2.0% to 

-2.0%
Product tons per year

Central 
Hi chigan

Production Horizontal w/ 
rotary drum

— 20,000 20,000 20,000

Outstate
Michigan

Production Horizontal 
(9000 TPY)

— 252,000 252,000 252,000

Central
Michigan

Transportation Truck Fa rms 20,000 20,000 20,000

Outstate
processors

Transportation Truck S ate l1i te 
outlets

126,000 126,000 126,000

Outstate
processors

Transportat ion Applicators Farms 126,000 126,000 126,000

Sate l1i te 
outlets

Product 
handling

- - * ■ — 126,000 126,000 126,000

Sate l1i te 
outlets

Transportation Appl icators Farms 126,000 126,000 126,000

Farms Applicat ion — — 272,000 272,000 272,000
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T a b le  C - l .  Product use summary fo r  changes in  the  la b o r  m arket in
the  long run ( i n  tons)

Waqe r a t e

P ro d u ct
$3 .0 0  t o  

$ 3 .5 0
$3 .7 5  t o

$ 4 .7 5
$5 . 0 0  t o  

$ 6 . 5 0

Anhydrous ammonia 1 7 2 ,7 6 4 172,828 1 7 2 ,7 6 3

Green p h o s p h o r ic  a c i d 2 6 0 ,4 9 2 2 6 0 ,5 6 5 2 6 0 , 4 8 7

Monoammonium phosphate 270,500 2 7 0 ,5 7 6 2 7 0 ,4 9 5

G r a n u l a r  po ta s s iu m  c h l o r i d e 2 5 8 ,9 8 5 2 5 9 , 0 3 2 2 5 9 ,0 0 6

B u lk  b len ded  f e r t i l i z e r 5 0 2 ,3 21 3 2 9 , 6 8 9 3 7 4 , 2 4 3

Custom b len de d  f e r t i l i z e r - 0 - 113,601 - 0-

N s u p p l i e d 141 ,932 1 4 1 ,93 2 1 4 1 ,93 2

P2O5 s u p p l ie d 1 4 0 ,6 5 0 1 4 0 ,6 5 0 1 4 0 ,6 5 0

K20  s u p p l ie d 155*441 155 ,441 155 ,441



Table C-2. Anhydrous ammonia product flow

Waqe rate
Originating

location Acti vi ty Type
Tern i nat i ng 

location
$3.00 to 

$3.50
$3.75 to 

$4.75
$5.00 to 
$6.50

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

Central
Michigan

Production Centrifugal — 129,890 129,942 129,890

Centra]
Michigan

M fr 's . storage Cyrogeni c - - - 54,248 54,239 62,429

Gulf Coast Transportation Barge Florida j 
producers

42,874 42,886 42,873

Central 
Mi chi gan

Transportation Truck Farms 1 2 9 , 8 9 0 129,942 1 2 9 , 8 9 0

Farms Application — - - - 1 2 9 , 8 9 0 129,942 129,890

' Monoammoniurn phosphate producers.



Table C-3. Green phosphoric acid product flow

Originating
location Acti vi ty Type

Terminating
location

$3.00 to 
$3.50

Waqe rate  
$3.75 to 

$4.75
$5.00 to 

$6.50

Florida Production Wet process — 260,492 2 6 0 , 5 6 5 260,487

Florida Product
transfer

On-si te Florida . 
producers

260,492 260,565 260,487

Monoammoniurn phosphate producers. 220



Table C-4. Monoammonium phosphate product flow

Originating
location A c t iv ity Type

Terminating
location

$3,00 to
$3,50

Waqe rate
$3.75 to 
$‘*.75

$5.00 to
$6.50

Florida Production Slurry  
ammoniat ion

— 270,500 270,576 270,^95

Florida M fr 's . storage Bui k — 202,875 202,932 1 5 1 ,1 ^

Florida Transportation Rail Outstate | 
processors

270,500 270,576 201,530

Farms Appli cation — . . . -0 - -0 - 68,965

Florida Transportation Rai 1 M i ch i gan 
terminal

-0 - -0 - 6 8 , 9 6 5

Michigan 
termi nal

Transportation Truck Farm -0 - -0 - 68,965

^Dry-blended f e r t i l i z e r  producers.



Table C-5. Granular potassium chloride product flow

Waae rate
Origi nati ng 

location A c t iv ity Type
Terminating

location
$3.00 to 

$3.50
$3.75 to

5 4 . 7 5
$5.00 to  

$6.50

Saskatoon Production Flota tion 258,985 2 5 9 , 0 3 2 2 5 9 , 0 0 6

Saskatoon M fr 's , storage Bulk . . . 173,866 1 2 9 , 5 3 5 129,535

Saskatoon Transportation Rail Mi chi gan 
termi nal

27,163 8 6 , 3 1 9 8 6 , 2 9 3

Saskatoon Transportation Rail Outstate
processors

231,821 1 7 2 , 7 1 3 172,713

Michigan 
termi nal

Transportation Truck Farms 27,163 8 6 , 3 1 9 86,293

Farms Appli cation — — 27,163 8 6 , 3 1 9 86,293

^Dry-blended f e r t i l i z e r  producers.
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Table C-6. Bulk blended f e r t i l i z e r  product flow

Waqe rate
Originating

location A c t iv ity Type
Termi nating 

location
$3.00 to 

$3.50
$3.75 to 

$4.75
$5.00 to 

$6.50

Outstate 
Mi chi gan

Production V ertica l  
(9000 TPY)

- - - 502,321 443,290 374,243

Outstate
processors

Transportation Truck S ate l1i te 
outle ts

251,160 221,645 187,121

Outstate
processors

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

S a te l1i te 
outle ts

Product 
handli ng

— — 251,160 221,645 187,121

S ate l1ite  
outle ts

Transportation Appli cators Farms 251,160 221,645 187,121

Farms Appli cation — 502,321 443,290 374,243
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Table D -l. Product use summary for returns on investment in the long run (in  tons)

Product

Rate o f return
20.0% to 

10.8%
10.7% to 

8.0%
6.0% to 

-2.0%

Anhydrous ammonia 172,763 172,828 172,76A

Green phosphoric acid 260,A87 260,565 260,A92

Monoammonium phosphate 270,A95 270,576 270,500

Granular potassium chloride 2 5 9 , 0 0 6 259,032 258,985

Bulk blended f e r t i l i z e r 37A,2A3 329,689 502,321

Custom blended f e r t i l i z e r -0" 113,600 -0 -

N supplied 1 A l ,932 1 A l ,932 lAl ,932

supplied 1A0,650 1A0,650 IAO.650

K 0 supplied 
2

155,AAI 1 5 5 , AAI 155,AAI

*t
zz



Table D-2, Anhydrous ammonia product flow

Rate of return
Originat i ng 

location Acti vi ty Type
Termi nating 

location
20.0% to 

10.8%
10.7% to 

8 . «
6.0% to 

-2.0%
Product tons per year

Gulf Coast Product!on Centri fugal — *+2,873 42,886 42,874

Central
Michigan

Production Centri fugal — 129,890 129,942 129,890

Central
Michigan

M fr 's , storage Cyrogeni c — 62,429 5*+, 239 54,248

Gulf Coast Transportation Barge Florida j 
producers

42,873 42,886 42,874

Central
Michigan

Transportati on Truck Farms 129,890 129,942 129,890

Farms Appli cation . . . - - - 129,890 129,9*+2 1 2 9 , 8 9 0

'Monoammonium phosphate producers.
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Table D-3, Green phosphoric acid product flow

Rate of return
Originating

location Acti vi ty Type
Terminating

location
20.0% to 

10.8%
10.7% to 
8.0%

6.0% to 
-2.0%

Product tons per year

Florida Production Wet process 260,487 260,565 260,492

Florida Product
transfer

On-st te Florida j 
producers

260,487 260,565 260,492

Monoammonium phosphate producers.
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Table D-4. Monoammonium phosphate product flow

O rig inati ng 
location Act i v i ty Type

Termi nati ng 
location

20.0% to 
10.8%

Rate of return
10.7% to 6.0% to 
8.0% -2.0% 

Product tons per year

Florida Production Slurry
ammoniation

. . . 270,495 270,576 270,500

Florida M fr 's . storage Bulk — 151,148 202,932 202,875

Florida Transportation Rai 1 Outstate j 
processors

201,530 270,576 270,500

Farms Application . . . — 68,965 -0 - -0 -

Florida Transportation Rail Michi gan 
term!nal

68,965 -0 - -0 -

Michi gan 
terminal

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

^Dry blended f e r t i l i z e r  producers.

L
Z
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Table D-5. Granular potassium chloride product flow

Rate o f return
Originating

location Activ i ty Type
Terminating

location
20.0% to 

10.8%
10.7% to 
8.0%

6,0% to 
-2.0%

Product tons per year

Saskatoon Production Flotation — 259,006 259,032 258,985

Saskatoon M fr’ s. storage Bulk — 129,535 129,535 173,866

Saskatoon Transportation Rail Michi gan 
terminal

86,293 86,319 27,163

Saskatoon Transportation Rail Outstate | 
processors

172,713 172,713 231,821

Michigan
terminal

Transportation Truck Farms 86,293 86,319 27,163

Farms Applicat ion — — 86,293 86,319 27,163

*Dry blended f e r t i l i z e r  producers.
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Table D-6. Bulk blended f e r t i l i z e r s  product flow

Rate of return
Originating

location Activi ty Type
Terminati ng 

location
20.0% to 

10.8%
10.7% to 
8.0%

6.0% to 
“2,0%

Product tons per year

Outstate
Michigan

Production Vertica l  
(9000 TRY)

— 374, 243 443,290 502,321

Outstate
processors

Transportation Truck S a te l I i te  
outlets

187,122 221,645 251,161

Outstate
processors

Transportation Appli cators Farms 187,122 221,645 251,161

S a te l1i te 
outlets

Product 
hand!i ng

— 187,122 221,645 251,161

S a te l1i te 
outle ts

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

Farms Application 374,243 443,290 502,321
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Table E - l ,  Transition constraints and levels of u t i l iz a t io n  for Year 1 ( in  tons)

Product Location A ctiv i ty Type
0

Constraint Level

Anhydrous 
ammoni a

Gulf Coast Production Centri fugal none 80,308

Anhydrous
ammonia

Gulf Coast Production Piston none -0 -

Anhydrous
ammonia

Midwest Production Centri fugal none *♦5,175

Anhydrous
ammonia

Central 
Michi gan

Production Centri fugal -0 - -0 -

Anhydrous
ammonia

Central 
Michi gan

Production Piston 68,000

Anhydrous 
ammon i a

Gulf Coast M fr 's .
storage

Cyrogeni c none 45,5*tO

Anhydrous
ammonia

Midwest
*

M fr 's .
storage

Cyrogenic none 7,6**7

Anhydrous 
ammon i a

Central 
Mi chigan

M fr 's ,
storage

Cyrogeni c -0 - -0 -

N i t r ic  acid Gulf Coast Production Medium pressure none 7,377

N it r ic  acid Midwest Production Medium pressure none 3,162
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Table E - l ,  (co n t 'd .)

Product Location A c t iv ity Type Constraint Level

Ammoniurn 
ni t ra te

Ammon i urn 
ni tra te

Ammon i urn 
n itra te

Non-pressure
N-solution

Non-pressure
N-solution

Low-pressure
N-solution

Low-pressure
N-solution

N-mfg.
solution

N-mfg.
solution

Gulf Coast 

Midwest 

Gulf Coast

Midwest

Midwest

Midwest

Product ion 

Production

M fr's .
storage

M fr 's .
storage

M fr 's .
storage

Neutrali zation  
evaporation

Neutrali zation  
evaporation

Bulk

Midwest Production Blending

Tank

Production Blending

Tank

Gulf Coast Production Blending

Mi dwest Production Blending

none

none

none

none

none

none

none

none

none

*+,133

- 0-

- 0-

- 0-

- 0-

- 0-

13,816

5,921



Table E - l . (cont1d.)

Product Location Act i v i ty Type Constrai nta Level

N-mfg.
solution

Gulf Coast M fr's .
storage

Tank none 2,616

N-mfg.
solution

Midwest M fr 's .
storage

Tank none -0 -

Urea Gulf Coast Production Gas separation none -0 -

Urea Gulf Coast Production Ammonium carba­
mate slurry

none -0 -

Urea Gulf Coast Production Water
absorption

none -0 -

Urea Midwest Production Gas separation none -0 -

Urea Gulf Coast M fr 's .
storage

Bui k none -0 -

Elemental
phosphorus

Florida Production E le c tr ic
furnace

none -0 -

White phos­
phoric acid

Central 
Mi chi gan

Production Furnace
process

121,900 -0 -

Green phos­
phoric acid

Florida Production Wet process none 1 6 3 , 3 5 6

232



Table E - l , (cont'd .)

Product Location Acti vi ty Type Constrai nta Level

Green phos­
phoric acid

Midwest Production Wet process none 73,392

Green phos­
phoric acid

Florida M fr 's .
storage

Rubber-1ined none -0 -

l O ^ - O 11 Midwest Production Ammoniation none -0 -

10-3^-0b Midwest M fr's .
storage

Tank none -0 -

1l-37-Oc Midv^st Production Ammoniation none -0 -

i l - 3 7 -0 C Midwest M fr 's .
storage

Tank none -0 -

NSPd Florida Production Cone mixer none -0 -

NSPd Central 
M i ch i gan

Production Cone mixer 32,000 -0 -

NSPd Florida M fr 's .
storage

Bulk none -0 -

R-Q-P TSP® Florida Production Cone mixer none Mf,23U

R-O-P TSP* Midwest Production Cone mixer
i

none 71,069



Table E-1 * (cont'd .)

Product Location A c tiv ity Type
a

Constraint Level

R-O-P TSP® Florida M fr 's ,
storage

Bulk none 25,897

Granular
TSPf

Florida Production Rotary drum 
granulator

none 5,27^

Granular
TSPf

Florida M fr's .
storage

Bulk none 3,956

Di ammonIum 
phosphate

Florida Production SIurry 
ammoniation

none 61+, 582

Diammonium 
phosphate

Midwest Production Slurry
ammoniation

none 13,228

Diammonium 
phosphate

Central
Michigan

Production Slurry
ammoniation

19,800 -0 -

Diammonium 
phosphate

Florida M fr's .
storage

Bulk none 28,358

Monoammon i um 
phosphate

Florida Production Slurry
ammoniation

none 82,926

Monoammon i um 
phosphate

Midwest Production Slurry
ammoniation

none 16,985



Table E - l ,  (cont'd .)

Product Location A c t iv ity Type Constrai nta Level

Monoammon i um 
phosphate

Florida M fr 's .
storage

Bui k none 7 M 3 3

Rock
phosphate

Florida Production Gri nding none -0 -

Super phos­
phoric acid

Midwest Production Thermal none -0 -

R-O-M KCL9 Saskatoon Production Flotation none 121, <462

R-O-M KCL9 Saskatoon M fr ’ s.
storage

Bulk none 16,096

STD. KCLh Saskatoon Production Flota tion none -0 -

STD. KCLh Saskatoon M fr 's . Bui k none -0 -

Gran. KCL1 Saskatoon Production Flotation none 137,590

Gran. KCL1 Saskatoon M fr 's .
storage

Bui k none 103,192

Coarse KCL̂ Saskatoon Production Flotation none -0 -

Granulated 
mixed f e r t .

Central 
Mi chi gan

Production TVA continuous 250,000 250,000
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Table E - l ,  (cont'd .)

Product Location A c t iv ity Type
a

Constrai nt Level

Granulated 
mixed f e r t .

Outstate
Michigan

Product ion TVA continuous 250.000 53,655

Granulated 
mixed fe r t .

Central
M i ch i gan

M fr 's .
storage

Bulk none 187,500

Bulk blended 
f e r t .

Central 
M i ch igan

Production Horizontal w/ 
rotary drum

20.000 20,000

Bulk blended 
f e r t .

Outstate
Michigan

Production Horizontal 
( 9 0 0 0  TPY)

252.000 252,000

Bulk blended 
f e r t .

Outstate 
M i ch igan

Production Vertica l  
(9000 TPY)

-0 - -0 -

Bulk blended 
f e r t .

Outstate
Michigan

Production Horizontal 
(2500 TPY)

210.000 -0 -

Bulk blended 
f e r t .

Outstate
Michigan

R e ta i1ing — none 126,000

Dry
products

Michigan R e ta i1i ng 687.300 -0 -

Anhydrous
ammonia

Mi chi gan R e ta i1i ng - - - 7^,800



Table E - l .  (c on t 'd .)

Product Location A ctiv i ty Type Constraint3 Level

Liquid
products

Michigan R eta i1i ng — 55,100 -0 -

aLimiting capacity for current f a c i l i t i e s  during th is  year, 

^Ammonium polyphosphate liqu id  (1 0 -3 ^ 0 ) .  

cAmmonium polyphosphate liqu id  (1 1 -3 7 -0 ).

^Normal superphosphate. 

eRun-of-p ile  t r ip le  superphosphate.

^Granular t r ip le  superphosphate.

^Run-of-mine potassium chloride.
L

Standard potassium chloride.

'Granular potassium chloride,

JCoarse potassium chloride.
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Table E-2. Transition constraints and levels of u t i l i z a t io n  for Year 2 ( in  tons)

Product Location Activ i ty Type Constraint3 01db
Purchased

Newc
Total

Use

Anhydrous
ammonia

Gulf Coast Production Centrifugal 64,2*6 6 * ,2 *6 1 0 , 5 2 2 7*.768

Anhydrous 
ammon i a

Gulf Coast Production Pi ston 4,1*5 -0 - NAd -0 -

Anhydrous
ammonia

Midwest Production Centri fugal 36,1*0 11,315 NAd 11,315

Anhydrous
ammonia

Central
Michigan

Production Centrifugal -0 - . -0 - 86 ,2 ** 8 6 ,2 **

Anhydrous 
ammoni a

Central 
Mi chi gan

Production Pi ston 37,129 -0 - NA -0 -

Anhydrous 
ammon i a

Gulf Coast M fr 's .
storage

Cyrogeni c 36,*31 36,*31 NA 36,*31

Anhydrous
ammonia

Mi dwest M fr 's .
storage

Cyrogen i c 6,118 6,118 NA 6,118

Anhydrous
ammonia

Central 
Mi chi gan

M fr 's .
storage

Cyrogeni c -0 - -0 - 19,972 19,972

N it r ic  acid Gulf Coast Production Medium pressure 25,129 -0 - NA -0 -



Table E-2. (c o n t'd .)

Product Location A c t iv i ty  Type Constraint*
. Purchased Total

Old Newc Use

N it r ic  acid Midwest Production Medium pressure

Ammon i um 
ni tra te

Ammonium 
ni tra te

Ammonium
n itra te

Non-pressure 
N-solution

Non-pressure
N-solution

Low-pressure 
N-solution

Low-pressure
N-solution

N-mfg.
solution

Gulf Coast Production Neutra lization
evaporation

Midwest Production N eutra lization
evaporation

Gulf Coast M fr 's .
storage

Midwest

Midwest

M fr 's .
storage

M fr 's .
storage

Bui k

Midwest Production Blending

Tank

Midwest Production Blendi ng

Tank

Gulf Coast Production Blending

10,770

32,848

14,078

1,952

16,365

16,254

11,268

3,789

11,053

5,147

- 0-

6,729

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

NA

NA

NA

NA

NA

NA

NA

NA

NA

5,147

- 0-

6,729

- 0-

- 0-

- 0-

- 0-

- 0*

- 0-



Table E-2. (con t 'd .)

Product Location A c t iv ity Type
A

Constrai nt 01db
Purchased

Newc
Total

Use

N-mfg. 
solution

Midwest Production B lend ing 9,640 9,640 NA 9,640

N-mfg. 
solution

Gulf Coast M fr 's ,
storage

Tank 2,093 -0 - NA -0 -

N-mfg, 
solution

Midwest M fr 's .
storage

Tank 1 , 8 0 8 -0 - NA -0 -

Urea Gulf Coast Production Gas separation 11,788 -0 - NA -0 -

Urea Gulf Coast Production Ammonium carba­
mate slurry

2,77** -0 - NA -0 -

Urea Gulf Coast Production Water absorption 4,160 -0 - NA -0 -

Urea Midwest Production Gas separation 2,080 -0 - NA -0 -

Urea Gulf Coast M fr 's .
storage

Bulk 11,788 -0 - NA -0 -

Elemental
phosphorus

Florida Production E le c tr ic
furnace

1,602 1,591 NA 1,591

White phos­
phoric acid

Central
Michigan

Production Furnace
process

6,746 6,746 NA 6,746

0+
72



Table E-2. (co n t 'd .)

Product Location Activ i ty Type Constraint9 01db
Purchased

Newc
Total

Use

Green phos­
phoric acid

Florida Production Wet
process

130,685 130,685 111,918 2*+2,603

Green phos­
phoric acid

Midwest Production Wet
process

58,71*+ -0 - NA -0 -

Green phos­
phoric acid

Florida M fr 's .
storage

Rubber-lined !,*+2*+ -0 - -0 - -0 -

1 0 -3 4 -0 e Midwest Production Ammoniation 1,933 -0 - NA -0 -

10-3*+-0e Midwest M fr 's .
storage

Tank 1 ,*+50 -0 - NA - 0 -

n - 3 7 - o f Midwest Production Ammoniation 161 - 0 - NA - 0 -

11 -37 -O f Midwest M fr 's .
storage

Tank 121 - 0 - NA - 0 -

NSPS Florida Production Cone mixer 8,716 - 0 - NA -0 -

NSP9 Central
Michigan

Production Cone mixer 1 2 , 8 0 0 - 0 - NA - 0 -

NSP9 Florida M fr 's ,
storage

Bulk 6,66*+ - 0 - NA -0 -



Table E-2. (c o n t 'd .)

Product Location A ctiv i ty Type Constraint3
b

Old
Purchased

Newc
Total

Use

R-O-P TSPh Florida Production Cone mixer 49,851 49,851 NA 49,851

R-O-P TSPh Midwest Production Cone mixer 56,855 3,836 NA 3,836
L

R-O-P TSP Florida M fr 's .
storage

Bulk 33,058 -0 - NA -0 -

Granular
TSP'

Florida Production Rotary drum 
granulator

15,959 -0 - NA -0 -

Granular
TSP'

Florida M fr 's .
storage

Bulk 10,345 -0 - NA -0 -

DIammonium 
phosphate

Florida Production Slurry
ammoniation

51,666 51,666 NA 51,666

0 i amnion i um 
phosphate

Midwest Production Slurry
ammoniation

10,582 -0 - NA -0 -

Diammonium 
phosphate

Central 
Mi chi gan

Production Slurry
ammoniation

7,920 7,920 NA 7,920

Diammonium 
phosphate

Florida M fr 's .
storage

Bulk 30,716 -0 - NA -0 -

Monoammoni um 
phosphate

Florida Production Slurry
ammoniation

66,341 66,341 103,980 170,321

Z*
iZ



Table E-2. (con t 'd .)

Product LocatI on Act i v i ty Type Constrai nta 01db
Purchased

Newc
Total

Use

Monoammontum 
phosphate

Midwest Production Slurry
ammoniation

1 3 , 5 8 8 -0 - NA -0 -

Monoammoni um 
phosphate

Florida M fr 's ,
storage

Bulk 59,946 59,9*6 39,286 99,232

Rock
phosphate

Florida Production Gri ndi ng 111 -0 - NA -0 -

Super phos­
phoric acid

Midwest Production Thermal
C*"\
G

O -0 - NA -0 -

R-O-M KCLJ* Saskatoon Production Flotation 97,170 59,323 NA 59,323

R-O-M KCL-* Saskatoon M fr 's ,
storage

Bulk 18,759 -0* NA -0 -

STD. KCLk Saskatoon Production Flotation 751 -0 - NA -0 -

STD. KCLk Saskatoon M fr 's ,
storage

Bulk 563 -0 - NA -0 -

Gran. KCL* Saskatoon Production Flotation 110,072 110,072 69,632 179,704

Gran, KCL̂ Saskatoon M fr 's .
storage

Bulk 82,55** 82,55** 2,489 85,043



Table E-2, (cont 'd . )

Product Location Acti vi ty Type
a

Constraint 01db
Purchased

Newc
Total

Use

Coarse KCLm Saskatoon Production Flotation 20,000 20,000 NA 20,000

Granulated 
mixed f e r t .

Centra] 
Mich igan

Production TVA continuous 200,000 H+8,308 NA 146,308

Granulated 
mixed f e r t .

Outstate
Michigan

Production TVA continuous 52,i+55 -0 - NA -0 -

Granulated 
mixed f e r t .

Central
Michigan

M fr 's ,
storage

Bulk 150,000 111,231 NA 111,231

Bulk blended 
f e r t .

Central
Michigan

Production Horizontal w/  
rotary drum

16,000 -0 - NA -0 -

Bulk blended 
f e r t .

Outstate 
Mich igan

Production Horizontal 
(9000 TPY)

201,600 201,600 NA 201,600

Bulk blended 
f e r t .

Outstate 
Michi gan

Production Vertica l 
(9000 TPY)

-0 - -0 - ¥+,099 ¥+,099

Bulk blended 
f e r t .

Outstate
Michigan

Production Horizontal 
(2500 TPY)

56,661 -0 - NA -0 -

Bulk blended 
f e r t .

Outstate
Michigan

R e ta i1i ng — 100,800 100,800 22,050 122,850

Dry
products

Michigan R e ta i1i ng — 215,383 -0 - NA -0 -



Table E-2. (cont 'd . )

Product Location A c t iv ity Type Constraint3 Old^
Purchased

Newc
Total

Use

Anhydrous
ammonia

Hi chi gan R eta i1i ng — 3 7 ,2W -0 - NA -0 -

Liquid
products

Mi chigan R e ta i1i ng io1CNI
-4-**
oo NA -0 -

aLimlting quantity for OLD f a c i l i t i e s  during th is  year, 

b
Total capacity from previous years a f te r  adjustments for physical depreciation, 

°Total capacity o f f a c i l i t i e s  purchased during th is  year,

^Not a]lowed.

Ammonium polyphosphate liq u id  (10-3h-0 ).

^Ammonium polyphosphate liq u id  (11*37-0 ).

^Normal superphosphate,

^Run-of-pile t r ip le  superphosphate.
♦

'Granular t r ip le  superphosphate,

^Run-of-mine potassium chloride*



Table E-2. (cont 'd.)

Standard potassium chloride. 

^Granular potassium chloride. 

mCoarse potassium chloride.

i

9
*j

Z



Table E-3. Transit ion constraints and levels of u t i l i z a t io n  for Year 3 ( in  tons)

Product location A c t iv ity Type
0

Constraint 01 db
Purchased

New0
Total

Use

Anhydrous
ammonia

Gulf Coast Production Centrifugal 57,655 57,655 10,044 67,699

Anhydrous
ammonia

Gulf Coast Production Piston -0 - -0 - NAd -0 -

Anhydrous 
ammon i a

Midwest Production Centri fugal 27,105 8,053 NA 8,053

Anhydrous 
ammon i a

Central 
Mi chi gan

Production Centri fugal 77,620 7 7 , 6 2 0 19,101 96,721

Anhydrous
ammonia

Centra]
Michigan

Production Piston 18,564 -0 - NA -0 -

Anhydrous
ammonia

Gulf Coast M fr 's .
storage

Cyrogeni c 27,324 27,324 NA 27,324

Anhydrous
ammonia

Midwest M fr 's .
storage

Cyrogeni c 4,588 4,588 NA 4.588

Anhydrous
ammonia

Central
Michigan

M fr 's ,
storage

Cyrogenic 17,975 17,975 12,603 30,578

N i t r ic  acid Gulf Coast Production Medium pressure 8,376 -0 - NA -0 -

N i t r ic  acid Midwest Production Medium pressure 7,180 3,432 NA 3,432



Table E-3. (cont 'd.)

Product Location A c t iv ity Type
a b Purchased Total

Constraint Old Newc Use

Ammon i um 
ni tra te

Ammon i um 
ni tra te

Ammon i um 
n it ra te

N-mfg,
solution

Gulf Coast

Midwest

Gulf Coast

Non-pressure Midwest
N-solution

Non-pressure Midwest 
N-solution

Low-pressure Midwest 
N-solution

Low-pressure Midwest 
N-solution

Production

Production

M fr 's ,
storage

M fr 's ,
storage

M fr 's .
storage

Neutra lization  
evaporation

Neutra lization  
evaporation

Bulk

Production Blending

Tank

Production Blending

Tank

Gulf Coast Production Blending

N-mfg, Midwest
solution

Production Blending

10,949

9,385

- 0-

- 0-

- 0-

- 0-

- 0-

5 , 5 2 6

6,427

- 0-

4,486

- 0-

- 0-

-0 -

-0 -

- 0-

- 0-

6,427

NA

NA

NA

NA

NA

NA

NA

NA

NA

- 0-

4,486

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

6,427



Table E-3. (cont 'd.)

Product Location Act i v i ty Type
a

Constraint 0 ld b
Purchased

Newc
Total

Use

N-mfg.
solution

Gulf Coast M fr 's .
storage

Tank l f 0W -0 - NA -0 -

N-mfg.
solution

Midwest M fr 's .
storage

Tank »0p -0 - NA -0 -

Urea Gulf Coast Production Gas separation -0 - -0 - NA -0 -

Urea Gulf Coast Production Ammonium carba­
mate s lurry

- o - -0 - NA -0 -

Urea Gulf Coast Production Water
absorption

-0 - -0 - NA -0 -

Urea Midwest Production Gas separation -0 - -0 - NA -0 -

Urea Gulf Coast M fr 's .
5 torage

Bulk -0 - -0 - NA -0 -

Elemental
phosphorus

Florida Production E lec tr i  c 
furnace

801 795 NA 795

White Phos­
phoric acid

Central
Michigan

Production Furnace
process

3,373 3,373 NA 3,373



Table E-3. (cont 'd . )

Product Locat i on A c t iv ity Type Constraint3 01db
Purchased

Newc
Total

Use

Green phos­
phoric acid

Florida Production Wet
process

198,7^*0 198,7^*0 50,9^8 2^9,688

Green phos­
phor! c acid

Midwest Production Wet
process

29,357 -0 - NA -0 -

Green phos­
phoric acid

Florida M fr 's .
storage

Rubber-1i ned -0 - -0 - -0 - -0 -

10-3^0® Midwest Production Ammoniat ion -G- -0 - NA -0 -

10 -3V 06 Midwest M fr 's .
storage

Tank -0 - -0 - NA -0 -

u-o1r-~-
mi Midwest Production Ammoniation -0 - -0 - NA -0 -

11-37-0 Midwest M fr 's .
storage

Tank -0 - -0 - NA -0 -

NSP9 Florida Production Cone mixer -0 - -0 - NA -0 -

NSP9 Central
Mi chi gan

Production Cone mixer -0 - -0 - NA -0 -

NSP9 Florida M fr 's .
storage

Bulk -0 - -0 - NA -0 -



Table E-3. (cont 'd , )

Product Location A c t iv ity Type Constraint9
b

Old
Purchased

Newc
Total

Use

R-O-P TSPh Florida Production Cone mixer 33,522 33,522 NA 33,522

R-O-P TSPh Midwest Production Cone mixer 42*641 2,271 NA 2,271

R-O-P TSPh Florida M fr 's .
storage

Bulk 11,181 -0 - NA -0 -

Granular
TSPT

Florida Production Rotary drum 
granuiator

5,320 -0 - NA -0 -

Granular
TSP1

Florida M fr 's .
storage

Bui k 3 , W -0 - NA -0 -

D i ammon i um 
phosphate

Florida Production Slurry
ammoniation

38*749 38,749 NA 38,749

D i ammonIum 
phosphate

Midwest Production Slurry
ammoniation

5,291 -0 - NA -0 -

0 i ammon i um 
phosphate

Central 
Mi chi gan

Production Slurry
ammoniation

3,960 3,960 NA 3,960

Diammonium 
phosphate

Florida M fr 's .
storage

Bulk 10,239 -0 - NA
i

-0 -



Table E-3. (cont 'd.)

Product Location Activ i ty Type Constrai nta Oldb
Purchased

Newc
Total

Use

Monoammon i um 
phosphate

Florida Production Slurry
ammoniation

1*0,338 57,732 201,070

Monoammon i um 
phosphate

Midwest Production Slurry
ammoniation

6,79** -0 - NA -0 -

Monoammon i um 
phosphate

Florida M fr 's .
storage

Bulk 80,317 80,317 36,218 116,535

Rock
phosphate

Florida Production Grinding -0 - -0 - NA -0 -

Super phos­
phoric acid

Midwest Production Thermal -0 - -0 - NA -0 -

R-O-M KCLJ* Saskatoon Production Flota tion 72,877 39,551 NA 39,551
4

R-O-M KCLJ Saskatoon M fr 's .
storage

Bulk 6,253 -0 - NA -0 -

STD. KCLk Saskatoon Production Flotation -0 - -0 - NA -0 -

STD. KCLk Saskatoon M fr 's .
storage

Bulk -0 - -0 - NA -0 -

Gran. KCL* Saskatoon Production Flota tion 1**5,223 ] 1*5,223 6*t,2<*6 209,A69

zS
z



Table E-3. (cont 'd . )

Product Location Activ i ty Type Constraint3 0!db
Purchased

Newc
Total

Use

Gran, KcJ Saskatoon M fr 's .
storage

Bulk 64,155 64,155 35,717 99,872

m
Coarse KCL Saskatoon Production Flotation 10,000 10,000 NA 10,000

Granulated 
mixed fe r t .

Central
Michigan

Production TVA continuous 150,000 98,877 NA 98,877

Granulated 
mixed fe r t .

Outstate 
Mt ch igan

Production TVA continuous 17,485 -0 - NA -0 -

Granulated 
mixed fe r t .

Central
Michigan

M fr 's ,
storage

Bulk 112,500 74,158 NA 74,158

Bulk blended 
f e r t .

Central 
Mi ch igan

Production Horizontal w/ 
rotary drum

8,000 -0 - NA -0 -

Bulk blended 
f e r t .

Outstate 
Mi chi gan

Production Horizontal 
(9000 TPY)

151,200 151,200 NA 151,200

Bulk blended 
f e r t .

Outstate
Michigan

Production Verti cal 
(9000 TPY)

39,689 39,689 97,654 137,343

Bulk blended 
f e r t .

Outstate 
Mi chigan

Production Horizontal 
(2500 TPY)

28,331 -0 - NA -0 -
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Table E-3. (cont 'd .)

Product Location Activ i ty Type Constraint 01 db
Purchased

Newc
Total

Use

Bulk blended 
f e r t .

Outstate 
Michi gan

R e ta i1i ng — 95,<*5 95,445 48,826 144,271

Dry
products

Michi gan R eta i1ing — -0 - -0 - NA -0 -

Anhydrous 
ammoni a

Mi chi gan R e ta i1i ng — 12,415 -0 - NA -0 -

Liquid
products

Michigan R e ta i1i ng - - - -0 - -0 - NA -0 -

aLimiting quantity for OLD f a c i l i t i e s  during th is  year.

^Total capacity from previous years a f te r  adjustments fo r physical depreciation. 

‘T o ta l capacity of f a c i l i t i e s  purchased during th is  year,

^Not allowed.

eAmmonium polyphosphate liq u id  (1 0 -3 4 -0 ).

^Ammonium polyphosphate liq u id  (1 1 -3 7 -0 ).

^Normal superphosphate.



Table E-3. (cont 'd . )

^Run-of-pile t r ip le  superphosphate.

'Granular t r ip le  superphosphate.

jRun-of-mine potassium chloride, 

k
Standard potassium chloride. 

^Granular potassium chloride. 

mCoarse potassium chloride.

N)vi
VI



Table E-4. Transit ion Constraints and levels of u t i l i z a t io n  for Year 4 ( in  tons)

Product Location A c t iv ity Type Constraint3 0 ldb
Purchased

New0
Total

Use

Anhydrous
ammonia

Gulf Coast Production Centri fugal **9,580 **9,580 11,050 60,630

Anhydrous
ammonia

Gulf Coast Production Pi ston -0 - -0 - NAd -0 -

Anhydrous
ammonia

Midwest Production Centrifugal 18,070 **,791 NA **,791

Anhydrous
ammonia

Central
Michigan

Production Centrifugal 86,186 86,186 21,012 107,198

Anhydrous
ammonia

Central 
Michi gan

Production Pi ston -0 - -0 - NA -0 -

Anhydrous
ammonia

Gulf Coast M fr 's .
storage

Cyrogenic 18,2)6 18,216 NA 18,216

Anhydrous
ammonia

Midwest M fr 's .
storage

Cyrogenic 3,059 3,059 NA 3,059

Anhydrous
ammonia

Central
Michigan

M fr 's .
storage

Cyrogenic 27,320 27,320 13,865 **1,185

N i t r ic  acid Gulf Coast Production Medium pressure -0 - -0 - NA -0 -



Table E-4, (cont 'd ,)

Product Location Act!vi ty Type Constrai nta 01db
Purchased

Newc
Total

Use

N i t r ic  acid Midwest Production Medium pressure 3,590 1,716 NA 1,716

Ammoni um 
ni t ra te

Gulf Coast Production Neutra lization  
evaporation

-0 - -0 - NA -0 -

Ammoni um 
ni tra te

Midwest Production N eutra lization  
evaporation

4,693 2,243 NA 2,243

Ammonium 
ni t ra te

Gulf Coast M fr 's .
storage

Bulk -0 - -0 - NA -0 -

Non-pressure 
N-solution

Midwest Production Blendi ng -0 - -0 - NA -0 -

Non-pressure 
N-solution

Midwest M fr 's .
storage

Tank -0 - -0 - NA -0 -

Low-pressure
N-solution

M i dwest Production Blendi ng -0 - -0 - NA -0 -

Low-pressure
N-solution

Midwest M fr 's .
storage

Tank -0 - -0 - NA -0 -

N-mfg,
solution

Gulf coast Production Blendi ng -0 - -0 - NA -0 -
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Table E-4, (cont 'd . )

Product Location A c t iv i ty  Type Constraint Old
b Purchased Total 

Newc Use

N-mfg.
solution

N-mfg.
solution

N-mfg,
solution

Urea

Urea

Urea

Urea

Urea

Elemental
phosphorus

Midwest Production Blending

Gulf Coast

Midwest

Gulf Coast 

Gulf Coast

Midwest 

Gulf Coast

M fr 's .
storage

M fr 's .
storage

Production

Production

Gulf Coast Production

Production

M fr 's .
storage

Florida Production

Tank

Tank

Gas separation

Ammonium carba­
mate s lurry

Water
absorption

Gas separation

Bui k

E le c tr ic
furnace

3,213

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

3,213

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

NA

NA

NA

NA

NA

NA

NA

NA

NA

3,213

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-



Table E-4. (Cont'd.)

Product Location A c t iv ity Type Constraint®
b

Old
Purchased

Newc
Total

Use

White phos­
phoric acid

Central
Michigan

Production Furnace
process

-0 - -0 - NA -0 -

Green phos­
phoric acid

Florida Production Wet
process

200,730 200,730 56,044 256,774

Green phos­
phor ic acid

Midwest Production Wet
process

-0 - -0 - NA -0 -

Green phos­
phoric acid

Florida M fr 's .
storage

Rubber-1ined -0 - ■0- NA -0 -

IO-34-Oe Midwest Production Ammoniation -0 - -0 - NA -0 -

10-34-0® Midwest M fr 's .
storage

Tank -0 - -0 - NA -0 -

11-37-0f Midwest Production Arrmoniation -0 - *0* NA -0 -

l l -3 7 -O f Midwest M fr 's ,
storage

Tank -0 - —0— NA -0 -

NSP9 Florida Production Cone mixer -0 - •*0“ NA -0 -

NSP9 Central
Michigan

Production Cone mixer -0 - -0 - NA -0 -
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Table E-4, (cont 'd .)

Product Location A c t iv ity Type
a

Constraint Qldb
Purchased

Newc
Total

Use

NSP9 Florida M fr 's .
storage

Bulk -0 - -0 - NA -0 -

R-O-P TSPh Florida Production Cone mixer 16,617 16,617 NA 16,617

R-O-P TSPh Midwest Production Cone mixer 28,428 1,277 NA 1,277

R-O-P TSPh Florida M fr 's .
storage

Bulk -0 - -0 - NA -0 -

Granglar
TSP1

Florida Production Rotary drum 
granulator

-0 - -0 - NA -0 -

Granular
TSP'

Florida M fr 's .
storage

Bulk -0 - -0 - NA -0 -

Diammonium 
phosphate

Florida Production Slurry  
ammoniat ion

25,833 25,833 NA 25,833

Diammonium 
phosphate

Midwest Production Slurry  
ammoniat ion

-0 - -0 - NA -0 -

D i ammon ium 
phosphate

Central
M i ch i gan

Production Slurry  
ammoniat ion

-0 - -0 - NA -0 -



Table E-h, (cont 'd . )

Product Location Activ i ty Type Constrai nta 01 db
Purchased

Newc
Total

Use

D i ammon iurn 
phosphate

Florida M fr 's .
storage

Bulk -0 - -0 - NA -0 -

Monoammon i um 
phosphate

Florida Production Slurry  
ammoni at ion

168,313 168,313 63,510 231,823

Monoammonium 
phosphate

Midwest Production SIurry  
ammoniat ion

-0 - -0 - NA -0 -

Monoammon i um 
phosphate

Florida M fr 's .
storage

Bulk 93,998 93,998 39,846 133,844

Rock
phosphate

Florida Production Gri ndi ng -0 - -0 - NA -0 -

Super phos­
phoric acid

Midwest Production Thermal -0 - -0 - NA -0 -

R-O-M KC0 Saskatoon Production Flotation *+8,585 19,772 NA 19,772

R-O-M KCLj Saskatoon M fr 's .
storage

Bulk -0 - -0 - NA -0 -

STD. KCLk Saskatoon Production F lota tion -0 - -0 - NA -0 -

STD. KCLk Saskatoon M fr 's .
storage

Bulk -0 - -0 - NA -0 -



Table E-4. (cont 'd . )

Product Location A c t iv ity Type
£

Constraint Old6
Purchased

Newc
Total

Use

k
STD. KCL Saskatoon Production Flotation -0 - -0 - NA -0 -

STD. KCLk Saskatoon M fr 's .
storage

Bui k -0 - -0 - NA -0 -

Gran. KCL* Saskatoon Production Flota tion 168,563 168,563 70,678 239,241

Gran. KCL1 Saskatoon M fr 's .
storage

Bulk 75,413 75,413 39,293 114,706

Coarse KCLm Saskatoon Production Flota tion - 0 - -0 - NA -0 -

Granulated 
mixed fe r t *

Central
Michigan

Production TVA continuous 100,000 4 9 , 4 3 1 NA 49,431

Granulated 
mixed f e r t .

Outstate 
Mich i gan

Production TVA continuous - 0 - - 0 - NA - 0 -

Granulated 
mixed f e r t .

Central 
Mi chi gan

M fr 's ,
storage

Bulk 75,000 37,073 NA 3 7 , 0 7 3

Bulk blended 
f e r t .

Central
Michigan

Production Horizontal w/ 
rotary drum

- 0 - - 0 - NA - 0 -

Bulk blended 
f e r t .

Outstate
Michigan

Production Hori zontal 
{ 9 0 0 0  TPY)

1 0 0 , 8 0 0 1 0 0 , 8 0 0 NA 1 0 0 , 8 0 0
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Table E-4. (cont 'd .)

Product Location Activ i ty Type Constraint3 01db
Purchased

Newc
Total

Use

Bulk blended 
f e r t .

Outstate 
Mi chi gan

Production Verti cal 
(9000 TPY)

123,168 123,168 107,432 230,600

Bulk blended 
f e r t .

Outstate
M i ch i gan

Production Horizontal 
(2500 TPY)

-0 - - 0 - NA -0 -

Bulk blended 
f e r t .

Outstate
Michigan

R e ta i1ing — 111,983 111,983 53,717 165,700

Dry
products

Michigan R e ta i1i ng . . . -0 - -0 - NA -0 -

Anhydrous
ammonia

Mi chigan R e ta i1ing — -0 - -0 - NA -0 -

Liquid
products

Michigan R e ta i1i ng - - - -0 - -0 - NA -0 -

aLimiting quantity for OLD f a c i l i t i e s  during th is  year.

bTotal capacity from previous years a f te r  adjustments for physical depreciation.

cTotal capacity of f a c i l i t i e s  purchased during th is  year. 

^Not allowed.



e E-4. (cont 'd .)

g
Ammonium polyphosphate l iq u id  (1 0 -3 ^ 0 )

^Ammonium polyphosphate liqu id  (11-37-0)

^Normal superphosphate.

^Run-of-pile t r ip le  superphosphate,
*

'Granular t r ip le  superphosphate.

^Run-of-mine potassium chloride,

1/
Standard potassium chloride.

^Granular potassium chloride, 

mCoarse potassium chloride.

Ov



Table E-J. Transit ion constraints and levels of u t i l i z a t io n  for Year 5 ( in  tons)

Product Location Acti vi ty Type
a

Constrai nt 01db
Purchased

NewC
Total

Use

Anhydrous
ammonia

Gulf Coast Production Centrifugal 1+1,1*07 1+1,1+07 10,574 51,981

Anhydrous 
ammon ia

Gulf Coast Production Pi ston -0 - -0 - NAd -0 -

Anhydrous
ammonia

Midwest Production Centrifugal 9,035 1,529 NA 1,529

Anhydrous 
ammon i a

Central
Michigan

Production Centri fugal 94,562 94,562 24,691 119,253

Anhydrous 
ammon i a

Central
Michigan

Production Pi ston -0 - -0 - NA -0 -

Anhydrous 
ammon i a

Gulf Coast M fr 's .
storage

Cyrogeni c 9,108 9,108 NA 9,108

Anhydrous 
ammoni a

Midwest M fr 's .
storage

Cyrogenic 1,529 1,529 NA 1,529

Anhydrous
ammonia

Central
Michigan

M fr 's .
storage

Cyrogenic 36,51+1 36,541 15,251 51,792

N it r ie  acid Gulf Coast Production Medium pressure -0 - -0 - NA -0 -



Table E-5. (cont 'd .)

Product Location Activ i ty Type Constrai nt3 o CL cr Purchased
Newc

Total
Use

N it r ic  acid Midwest Production Medium pressure -0 - -0 - NA -0 -

Ammon i um 
ni t ra te

Gulf Coast Production Neutra lization  
evaporation

-0 - -0 - NA -0 -

Ammon i um 
n itra te

Midwest Production Neutrali zation  
evaporation

-0 - -0 - NA -0 -

Amnion i um 
ni tra te

Gulf Coast M fr 's ,
storage

Bui k -0 - -0 - NA -0 -

Non-pressure 
N-solution

Midwest Production Blending -0 - -0 - NA -0 -

Non-pressure
N-solution

Midwest M fr 's .
storage

Tank -0 - -0 - NA -0 -

Low-pressure
N-solution

Midwest Production Blending -0 - -0 - NA -0 -

Low-pressure
N-solution

Midwest M fr 's .
storage

Tank -0 - -0 - NA -0 -

N-mfg.
solution

Gulf Coast Production Blending -0 - -0 - NA -0 -

N-mfg,
solution

Midwest Production Blending -0 - -0 - NA -0 -
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Tabic E-5, (cont 'd . )

Product Location Act i v i ty Type Constraint9
b

Old
Purchased

Newc
Total

Use

N-mfg,
solution

Gulf Coast M fr 's .
storage

Tank -0 - -0 - NA -0 -

N-mfg,
solution

Midwest M fr 's .
storage

Tank -0 - -0 - NA -0 -

Urea Guff Coast Production Gas separation -0 - -0 - NA -0 -

Urea Gulf Coast Production Ammonium carba­
mate slurry

-0 - -0 - NA -0 -

Urea Gulf Coast Production Water
absorption

-0 - -0 - NA -0 -

Urea Midwest Production Gas separation -0 - -0 - NA -0 -

Urea Gulf Coast M fr 's ,
storage

Bui k -0 - -0 - NA -0 -

Elemental
phosphorus

Florida Production E lec tr ic
furnace

-0 - -0 - NA -0 -

White phos­
phoric acid

Central
Michigan

Production Furnace
process

-0 - -0 - NA -0 -

Green Phos­
phoric acid

Florida Production Wet
process

202,212 202,212 58,275 260,487



Table E-5. (cont 'd .)

Product Location A c t iv ity Type
a

Constraint 0 ld b
Purchased

Newc
Total

Use

Green phos­
phoric acid

Midwest Production Wet
process

-0 - -0 - NA -0 -

Green phos­
phoric acid

Florida M fr 's .
storage

Rubber-lined -0 - -0 - NA -0 -

10-3^0® Midwest Production Ammoniation -0 - -0 - NA -0 -

10-3^0® Midwest M fr 's .
storage

Tank -0 - -0 - NA -0 -

y-o1i Midwest Production Ammoniation -0 - -0 - NA -0 -

U -3 7 -0 f Midwest M fr 's .
storage

Tank -0 - -0 - NA -0 -

NSP9 Florida Production Cone mixer -0 - -0 - NA -0 -

NSP9 Central
Michigan

Production Cone mixer -0 - -0 - NA -0 -

NSP9 Florida M fr 's .
storage

Bulk -o - -0 - NA -0 -

R-O-P TSPh Florida Production Cone mixer -0 - -0 - NA -0 -

R-O-P TSPh Midwest Production Cone mixer 1^,214 -0 - NA -0 -
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Table E-5. (cont 'd .)

Product Location Acti vi ty Type
. a 

Constraint 01db
Purchased

Newc
Total

Use

R-O-P TSPh Florida M fr 's .
storage

Bulk -0 - -0 - NA -0 -

Granular
TSP'

Florida Production Rotary drum 
granulator

-0 - -o - NA -0 -

Granular
TSP1

Florida M fr 's .
storage

Bulk -0 - -0 - NA -0 -

0 1 ammon i um 
phosphate

Flori da Production Slurry  
ammoniati on

-0 - -0 - NA -0 -

Diammonium 
phosphate

Mi dwest Production Slurry  
ammoniati on

-0 - -0 - NA -0 -

D i ammon i um 
phosphate

Central 
M i ch i gan

Production Slurry  
ammoniation

-0 - -0 - NA -0 -

Diammoni um 
phosphate

Florida M fr 's .
storage

Bulk -0 - -0 - NA -0 -

Monoammon i um 
phosphate

Florida Production Slurry  
ammoniation

192,716 192,716 77,779 270,h95

Monoammonium
phosphate

Midwest Production Slurry  
ammoniation

-0 - -0 - NA -0 -



Table E-5. (cont 'd .)

u

Product Location A c t iv ity Type Constraint6 01 db
Purchased

Newc
Total

Use

Monoammoni um 
phosphate

Florida M fr 's .
storage

Bulk 107,323 107,323 1*3,825 15 1JW

Rock
phosphate

Florida Production Gri ndi ng -0 - -0 - NA -0 -

Super phos­
phoric acid

Midwest Production Thermal -0 - -0 - NA -0 -

•

R-O-M KCLJ Saskatoon Production Flotation 2 k , 2 9 2 -0 - NA -0 -

R-O-M KCLJ Saskatoon M fr 's .
storage

Bui k -0 - -0 - NA -0 -

STD. KCLk Saskatoon Production Flotation -0 - -0 - NA -0 -

STD. KCLk 

Gran. KCL*

Saskatoon M fr 's .
storage

Bulk -0 - -0 - NA -0 -

Saskatoon Production Flotation 191,267 191,267 67,739 259,006

Gran. KCL1 Saskatoon M fr 's .
storage

Bulk 86,318 86,318 1*3,217 129,535

Coarse KCLm Saskatoon Production Flotation -0 - -0 - NA -0 -
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Table E-5. (cont 'd ,)

Product Location Activ i ty Type
a

Constraint 01db
Purchased

Newc
Total

Use

Granulated 
mixed f e r t .

Central
Michigan

Production TVA continuous 50,000 -0 - NA -0 -

Granulated 
mixed f e r t .

Outstate
Michigan

Production TVA continuous <*Q— -0 - NA -0 -

Granulated 
mixed f e r t .

Central
Michigan

M fr 's ,
storage

Bui k 37,500 -0 - NA -0 -

Bulk blended 
fe r t .

Central
Michigan

Production Horizontal w/ 
rotary drum

-0 - •Q* NA -0 -

Bulk blended 
f e r t .

Outstate
Michigan

Production Horizontal 
(9000 TPY)

50,1+00 50,400 NA 50,400

Bulk blended 
fe r t .

Outstate 
Mi chi gan

Production V ertica l  
(9000 TPY)

205,681 205,681 118,162 323,843

Bulk blended 
f e r t .

Outstate 
M1ch i gan

Production Horizontal 
(2500 TPY)

-0 - -0 - NA -0 -

Bulk blended 
f e r t .

Outstate
Michigan

Reta i 1i ng — 128,041 128,041 59,081 187,122

Dry
products

Michigan R e ta i1ing — -0 - -0 - NA -0 -



Table E-5. (cont 'd .)

Product Location A ctiv i ty Type Constraint3 Otd^
Purcbased

New0
Total

Used

Anhydrous 
ammon i a

Mi chi gan R eta i1i ng . . . 10110■ NA -0 -

Liquid
products

Mi chi gan R eta i1i ng . . . -0 -  -0 - NA -0 -

^ L im iting  quantity  fo r  OLD f a c i l i t i e s  during th is  year*

^Total capacity from previous years a f te r  adjustments for physical depreciation. 

°Total capacity of f a c i l i t i e s  purchased during th is year.

^Not allowed.

eAmmonium polyphosphate liquid  (1 0 -3 V 0 ) .

^Ammonium polyphosphate liqu id  (11-37*0),

^Normal superphosphate.

^Run-of-pile t r ip le  superphosphate.

'Granular t r ip le  superphosphate.

-*Run-of-mine potassium chloride.
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Table E-5. (cont'd .)

^Standard potassium chloride. 

^Granular potassium chloride. 

mCoarse potassium chloride.
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Table E-6. Transition constraints and levels of u t i l i z a t io n  for Year 6 ( in  tons)

Product Location A c t iv ity Type Constraint3 01db
Purchased

Newc
Total

Use

Anhydrous
ammonia

Gulf Coast Production Centri fugal 31,701 31,701 11,172 42,873

Anhydrous
ammonia

Gulf Coast Production Pi ston -0 - -0 - NA -0 -

Anhydrous 
ammon i a

Midwest Production Centrifugal -0 - -0 - NA “0-

Anhydrous 
ammon!a

Central
Michigan

Production Centrifugal 104,149 104,149 25,741 129,890

Anhydrous
ammonia

Central
Michigan

Production Pi ston -0 - -0 - NA -0 -

Anhydrous
ammonia

Gulf Coast M fr 's .
storage

Cyrogeni c -0 - -0 - NA -0 -

Anhydrous
ammonia

Midwest M fr 's .
storage

Cyrogenic -0 - -0 - NA -0 -

Anhydrous
ammonia

Central
M i ch i gan

M fr 's .
storage

Cyrogenic ^5,623 45,623 16,806 62,429

N i t r ic  acid Gulf Coast Production Medium pressure -0 - -0 - NA -0 -



Table E-6. (cont 'd .)

Product Location Acti vi ty Type . a Constraint 01db
Purchased

Newc
Total

Use

N it r ic  acid Midwest Production Medium pressure -0 - -0 - NA -0 -

Ammon i um 
n itra te

Gulf Coast Production Neutrali zation  
evaporation

-0 - -0 - NA -0 -

Ammonium 
ni tra te

Midwest Production Neutra lization  
evaporation

-0 - -0 - NA -0 -

Ammon i um 
ni tra te

Gulf Coast M fr 's .
storage

Bulk -0 - -0 - NA -0 -

Non-pressure
N-solution

Midwest Production Blending -0 - -0 - NA -0 -

Non-pressure 
N-solution

Midwest M fr 's .
storage

Tank -0 - -0 - NA -0 -

Low-pressure
N-solution

Midwest Production Blendi ng -0 - -0 - NA -0 -

Low-pressure
N-solution

Midwest M fr 's .
storage

Tank -0 - -0 - NA -0 -

N-mfg.
solution

Gulf Coast Production Blending -0 - -0 - NA -0 -
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Table E-6, (cont 'd .)

Product Location A c t iv ity Type Constraint3 01db
Purchased

Newc
Total

Use

N-mfg,
solution

Midwest Production Blending -0 - -0 - NA -0 -

N-mfg,
solution

Gulf Coast M fr 's .
storage

Tank -0 - -0 - NA -0 -

N-mfg,
solution

Midwest M fr 's .
storage

Tank -0 - -0 - NA -0 -

Urea Gulf Coast Production Gas separation -0 - -0 - NA -0 -

Urea Gulf Coast Production Ammonium carba­
mate slurry

-0 - -0 - NA -0 -

Urea Gulf Coast Production Water
absorption

-0 - -0 - NA -0 -

Urea Midwest Production Gas separation -0 - -0 - NA -0 -

Urea Gulf Coast M fr 's ,
storage

Bulk -0 - -0 - NA -0 -

Elemental
phosphorus

Florida Production E le c tr ic
furnace

-0 - -o - NA -0 -



Table E-6. (con t 'd .)

Product Location A c t iv ity  Type Constraint3 Old^
Purchased Total

New Use

White phos­
phoric acid

Green phos- 
phoric acid

Green phos­
phoric acid

Green phos­
phoric acid

10-34-0'

10-34-0*

e

11-37-0'

11-37-0

NSP9 

NSP9

f

Central
Michigan

Florida

Midwest

Midwest

Midwest

Midwest

Central
Mi chi gan

Production

Florida Production

Midwest Production

M fr's .
storage

M fr 's .
storage

Production

M fr 's .
storage

Furnace
process

Wet
process

Wet
process

Rubber-1i ned

Production Ammoniat ion

Tank

Ammoniation 

Tank

Florida Production Cone mixer

Production Cone mixer

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

- 0- NA

- 0-

- 0-

- 0-

- 0-

- 0-

-o -

- 0-

- 0-

NA

- 0-

NA

NA

NA

NA

NA

NA

- 0-

200,097 200,097 60,390 260,487

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-

- 0-
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Table E-6. (cont 'd .)

Product Location A c t iv ity Type
a

Constraint 01db
Purchased

Newc
Total

Use

NSP9 Florida M fr 's .
storage

Bulk -0 - -0 - NA -0 -

R-O-P TSPh Florida Production Cone mixer -0 - -0 - NA -0 -
U

R-O-P TSP Midwest Production Cone mixer -0 - -0 - NA -0 -

R-O-P TSPh Florida M fr 's .
storage

Bulk -0 - -0 - NA -0 -

Granular
TSP*

Florida Production Rotary drum 
granulator

-0 - -0 - NA -o-

Granular
TSP'

Florida M fr ’ s,
storage

Bulk -0 - -0 - NA -0 -

Diammonium 
phosphate

Florida Production Slurry  
ammoniat i on

-0 - -0 - NA -o-

Diammonium 
phosphate

Midwest Production Slurry  
ammoniation

-0 - -0 - NA -0 -

D i ammon i um 
phosphate

Central
Michigan

Production Slurry  
ammoniat ton

-0 - -0 - NA -0 -

D i ammon i um 
phosphate

Florida M fr 's .
storage

Bulk -0 - -0 - NA -0 -



Table E-6. (cont'd .)

Product Locati on A c t iv ity Type Constrai nta 01 db
Purchased

Newc
Total

Use

Monoammonium 
phosphate

Florida Production Slurry  
ammoniation

223,610 223,610 46,885 270,495

Monoammon i um 
phosphate

Midwest Production Slurry  
ammoniation

-0 - -0 - NA -0 -

Monoammon t um 
phosphate

Florida M fr 's .
storage

Bulk 120,244 120,244 30,904 151,148

Rock
phosphate

Florida Production Grinding -0 - -0 - NA -0 -

Super phos­
phoric acid

Midwest Production Thermal -0 - -0 - NA -0 -

R-O-M KCLJ* Saskatoon Production Flotation -0 - -0 - NA -0 -
*

R-O-M KCLJ Saskatoon M fr’ s.
storage

Bulk -0 - -0 - NA -0 -

STD. KCLk Saskatoon Production Flotation -0 - -0 - NA -0 -

STD, KCtk Saskatoon M fr 's .
storage

Bulk -0 - -0 - NA -0 -

Gran. KCL1 Saskatoon Production Flotation 204,259 204,259 54,747 259,006
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Table E-6. (con t 'd .)

Product Location Act!vi ty Type
a

Constrai nt 01db
Purchased

Newc
Total

Use

Gran. KCL1 Saskatoon M fr 's .
storage

Bulk 96,825 96,825 32,710 129,535

Coarse KCLm Saskatoon Production Flotation -0 - -0 - HA -0 -

Granulated 
mixed f e r t .

Central 
M i ch igan

Production TVA continuous -0 - -0 - NA -0 -

Granulated 
mixed fe r t .

Outstate
Michigan

Production TVA continuous -0 - -0 - NA -0 -

Granulated 
mixed f e r t .

Central
Mi chigan

M fr 's .
storage

Bulk -0 - -0 - NA -0 -

8u1k blended 
f e r t .

Central
Michigan

Production Horizontal w/ 
rotary drum

-0 - - 0 - NA -0 -

Bulk blended 
f e r t .

Outstate 
Mi chi gan

Production Horizontal 
(9000 TPY)

-0 - -0 - NA -0 -

Bulk blended 
f e r t .

Outstate
Michigan

Production V ertica l  
(9000 TPY)

287,109 2 8 7 , 1 0 9 87,131+ 37^,243

Bulk blended 
f e r t .

Outstate
Michigan

Production Horizontal 
(2500 TPY)

-0 - -0 - NA -0 -
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Table E-6. (cont'd .)

Product Location A c t iv ity Type aConstraint 01db
Purchased

Newc
Total

Use

Bulk blended 
f e r t .

Outstate
Michigan

R e ta i1ing — 143,555 143,555 43,567 187,122

Dry
products

Mi chigan R eta i1i ng — -0 - -0 - NA -0 -

Anhydrous
ammonia

Michigan Reta i I i  ng — -0 - -0 - NA -0 -

Liquid
products

Michigan R e ta i1i ng — -0 - -0 - NA -0 -

aLimiting quantity fo r OLD f a c i l i t i e s  during th is  year.

^Total capacity from previous years a f te r  adjustments for physical depreciation. 

CTotal capacity of f a c i l i t i e s  purchased during th is  year. 

dNot allowed.

eAnronium polyphosphate liqu id  (1 0 -3 4 -0 ).

^Ammonium polyphosphate liq u id  (1 1 -3 7 -0 ).

9Normal superphosphate.

281



Table E-6. (cont 'd .)

^Run-of-pile t r ip le  superphosphate.

'Granular t r ip le  superphosphate.

■^Run-of-mine potassium chloride, 

k
Standard potassium chloride, 

^Granular potassium chloride. 

mCoarse potassium chloride.

to
00
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APPENDIX F

The T r a n s i t i o n  Y ears



Table F - l .  Product use summary for the tran s ition  years' (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

N it r ic  acid 5,147 3,432 1,716 -0 - - 0 -

Ammonium n i tra te 6,729 4,486 2,243 - 0 - -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 t r ip le  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 f e r t i l i z e r s 148,308 98,887 49,431 -0 - -0 -

Bulk blended f e r t i l i z e r s 245,699 288,543 331,400 374,243 374,243



Table F -h  (cont'd .)

Product Year 2 Year 3 Year It Year 5 Year 6

N supplied H i , 932 H I  ,932 H i , 932 H I , 932 H I , 932

P2 O5 supplied H O , 650 H O ,6 5 0 H O ,650 HO , 6 5 0 HO ,650

K̂ Q supplied 155,H i 1 5 5 , H i 155,H I 155,AH 155,H I

^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

Originating
location Act i v !ty Type

Terminating
location Year 2 Year 3 Year 4 Year 5 Year 6

Gulf Coast Production Centri fugal^ — (new) 10,522 10,044 11,050 10,574 11,172

Gulf Coast Producti on Cent ri fugal 64,246 57,655 49,580 41,407 31,701

Midwest Production Centri fugal — 11,315 8.053 4,791 1,529 -0 -

Central 
Mi chigan

Product ion Centri fu g a l* — (new) 86,244 19,101 21,012 24,691 25,741

Central
Michigan

Product ion Centri fugal ^  4* -0 - 77,620 86,186 94,562 104,149

Gulf Coast Mf r 's .  
storage

Cyrogenic ------------ 36,431 27,324 18,216 9,108 -0 -

Midwest M fr 's .  
storage

Cy rogen i c ----- 6,118 4,588 3,059 1,529 -0 -

Centra]
Michigan

M fr1 s. 
storage

Cyrogenic^ ----- (new) 19,972 12,603 13,865 15,251 16,806

Central
Michigan

M fr's .
storage

Cyrogenic - - - -0 - 17,975 27,320 36,541 45,623

Gulf Coast Transportation Barge Flori da nnrnHurp rc*
38,337

i
40,375 42,414 42,873 42,873



Table F-2. (cont1d . )

Originating
location Activi ty Type

Terminating 
locat ion Year 2 Year 3 Year 4 Year 5 Year 6

Mi dwest Product
transfer

On-site Midwest 
producers

5,197 3,465 1,732 -0 - - 0 -

Centra] 
Mich igan

Product
transfer

On-site Michigan  ̂
producers

1,738 869 -0 - -0 - - 0 -

Central
Michigan

Transportation Truck Farms 84,506 95,852 107,198 119,253 129,890

Farms Applicat ion — — 127,055 127,764 128,473 129,890 129,890

Gulf Coast Transportation Rail Mi chigan 
terminal

36,431 27,324 18,216 9,108 -0 -

Mi dwest Transportat ion Rail Michigan
terminal

6,118 4,588 3,059 1,529 -0 -

Michigan 
termi nal

T ransportat i on Truck Farms 42,549 31,912 21,275 10,637 - 0 -

^These f a c i l i t i e s  represent new investment.

2
Diammonium and monoammonium phosphate producers.

^ N itr ic  acid, ammonium n i t ra te ,  nitrogen manufacturing solutions, and diammonium and monoammonium 
phosphate producers.

4
Diammonium phosphate and granular mixed f e r t i l i z e r  producers.
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Table F-3. N i t r ic  acid product flow

Originating  
locat ion A c t iv ity Type

Terminat ing 
locat ion Year 2 Year 3 Year 4 Year 5 Year 6

Midwest Production Medi urn 
pressure

— 5 .H 7 3,432 1,716 -0 - -o-

Midwest Product
transfer

On-si te Midwest . 
producers

5,147 3,1*32 1,716 -0 - -0 -

^Ammonium n i t ra te  producers.

Table F-4. Ammonium n i t ra te  product flow

Ori ginating  
location A c t iv ity Type

Terminating 
1 oca t i on Year 2 Year 3 Year 4 Year 5 Year 6

Mi dwest P roduct i on Neutra lization  
evaporation

— 6,729 It,486 2,243 -0 - -0 -

Mi dwest Product
transfer

On-site Midwest  ̂
producers

6,729 4,486 2,243 -0 - -0 -

Nitrogen manufacturing solutions producers.



Table F-5- Nitrogen manufacturing solutions product flow

Originating  
locat ion Act i vi ty Type

Terminating
location Year 2 Year 3 Year 4 Year 5 Year 6

hi dwest Product i on Blending — 9,640 6,427 3,213 -0 - -0 -

M i dwes t Transportation Rai 1 Michigan  ̂
producers

3  M o 6,427 3,213 -o - -0 -

^Granular mixed f e r t i l i z e r  producers.

Table F-6. Elemental phosphorous product flow

Originating
location A c t iv ity Type

Terminating
location Year 2 Year 3 Year 4 Year 5 Year 6

Florida Product ion E lec tr ic
furnace

— 1,591 795 -0 - -0 - -o -

Flori da Transportat ion Rai 1 Michigan j 
producers

1,591 795 -0 - -0 - -0 -

* White phosphoric acid producers.
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Table F-7. White phosphoric acid product flew

Originating
location A c tiv ity Type

Terminat ing 
location Year 2 Year 3 Year A Year 5 Year 6

Central 
M i ch i gan

Product ion Furnace
process

— 6 , 7 « 3,373 -0 - -o - -0 -

Central 
M i chIgan

Product On-s i te Michigan j 
produce rs

6,7^6 3,373 -0 - -0 - -0 -

^Diammonium phosphate producers.
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Table F-8, Green phosphoric acid product flow

Originating
location Act!vi ty Type

Termi nating 
locat ion Year 2 Year 3 Year 4 Year 5 Year 6

Florida Production Wet j 
process

—  (new) 111,918 50,948 56,044 58,275 60,390

Flori da Production Wet
process

— 130,685 198,740 200,730 202,212 200,097

Flori da Product
transfer

On-si te Florida  
producers

240,133 248,225 255,952 260,487 260,487

Flori da T ransportation 

1

Barge Midwest
producers

2,471 1,463 8 2 2 -0 - -0 -

^These f a c i l i t i e s  represent new investment.

2
Diammonium and monoammonium phosphate producers.
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Table F-9* R un-of-p ile  t r ip le  superphosphate product flow

Originating
location Activ i ty Type

Terminating
location Year 2 Year 3 Year 1+ Year 5 Year 6

Florida Production Cone mixer
1

*>9,851 33,522 16,617 -0 - -0 -

Midwest Production Cone mixer — 3,836 2,271 1,277 -0 - -0 -

Florida Transportation Rail Michigan j 
producers

*>9,851 33,522 16,617 -0 - -0 -

Midwest Transportation Rail Michigan j 
producers

3,836 2,271 1,277 -0 - -0 -

^Granular mixed f e r t i l i z e r  producers.



Table F-1Q. Diammonium phosphate products flow

Originating
location A c t iv ity Type

Terminating
location Year 2 Year 3 Year k Year 5 Year 6

Florida Production Slurry
ammoniation

— 51,666 38,7^9 25,833 -0 - -0 -

Central 
M i ch igan

Production Slurry
ammoniation

— 7,920 3,960 -0 - -0 - -0 -

Florida Transportation Rail Michigan j 
producers

23,729 15,820 7,909 -0 - -0 -

Farms AppIicat ion — - - - 35,856 26,889 17.92U -0 - -0 -

Central
Michigan

Transportation Truck Farms 7,920 3,960 -0 - -0 - -0 -

Florida Transportation Rai 1 Michigan
terminal

27,937 22,929 17,921* -0 - -0 -

Michigan
terminal

Transportation Truck Farms 27,937 22,929 17,921+ -0 - -0 -

^Granular mixed and dry blended f e r t i l i z e r  producers.
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Table F - l l .  Monoammonium phosphate product flow

Originating
location Acti vi ty Type

Terminating
location Year 2 Year 3 Year 4 Year 5 Year 6

Florida Production Slurry j 
ammoniation

—  (new) 103,980 57,732 63,510 77,779 46,885

Florida Production Slurry
ammoniation

— 66,341 143,338 168,313 192,716 223,610

Florida M fr 's .
storage

Bulk1 —-  (new) 39,286 36,218 39,846 43,825 30,904

Florida M fr 's .
storage

Bulk — 59,946 80,317 93,998 107,323 120,244

Florida Transportation Rail Qutstate  ̂
processors

132,309 155,380 178,459 201,530 201,530

Farms Appli cation — . . . 38,012 45,690 53,365 68,965 68,965

Florida Transportation Rai 1 Michigan
terminal

3 8 , 0 1 2 *6,690 53,365 68,965 68,965

Michigan
terminal

Transportation Truck Farms 38,102 45,690 53,365 68,965 68,965

^These f a c i l i t i e s  represent new investment.

2
Dry blended f e r t i l i z e r  producers.



Table F-12. Run-of-mine potassium chloride product flow

Originating
location A c t iv ity Type

Terminating
location Year 2 Year 3 Year 4 Year 5 Year 6

Saskatoon Production F lota tion — 59,323 39,551 19,772 -0 - -0 -

Saskatoon Transportation Rail Michigan j 
producers

59,323 39,551 19,772 -0 - -0 -

^Granular mixed f e r t i l i z e r  producers.



Table F—13- Granular potassium chloride product flow

Originating
location A c t iv ity Type

Terminating
location Year 2 Year 3 Year 4 Year 5 Year 6

Saskatoon Production
1

Flotation —  (new) 69,632 64,246 70,678 67,739 S k , 7 k 7

Saskatoon Production Flota tion — - 110,072 145,223 168,563 191,267 20k , 253

Saskatoon M fr 's ,
storage

Bulk1 —  (new) 2,489 35,717 39,293 <*3,217 32,710

Saskatoon M fr 's .
storage

Bulk — 82,554 64,155 75,413 86,318 96,825

Saskatoon Transportation Rail Michigan
terminal

66,314 76,307 8 6 , 3 0 0 86,293 86,293

Saskatoon Transportation Rail Outstate 2 
processors

113,390 133,163 152,941 172,713 172,713

Michigan
terminal

Transportation Truck Farms 66,314 76,307 8 6 , 3 0 0 86,293 86,293

Farms Appli cation — — 66,314 76,307 86,300 86,293 86,293

'These f a c i l i t i e s  represent new investments.

^Ory blended f e r t i l i z e r  producers.
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Table F-Hf. Coarse potassium chloride product flow

Originating
location A c t iv ity Type

Terminating
location Year 2 Year 3 Year k Year 5 Year i

Saskatoon Production Flota tion - - - 20,000 10,000 -0 - -0 - -0 -

Farms Appli cation — 20,000 10,000 -0 - -0 - -0 -

Saskatoon Transportation Ra i 1 M i ch igan 20,000 10,000 -0 - -0 - -o -
terminal

Michigan Transportation Truck Farms 20,000 10,000 - 0 -  - 0 -  - 0 -
terminal



Table F-15. Bulk granulated mixed f e r t i l i z e r  product flow

Ori gi nating 
location Activ i ty Type

Terminating
location Year 2 Year 3 Year 4 Year 5 Year 6

Central
Michigan

Production 7VA 
cont i nuous

— 148,308 98,877 49,431 -0 - -0 -

Central 
M i ch igan

M fr 's .
storage

Bulk — 111,231 7l+, 158 37,073 -0 - -0 -

Central
Michigan

Transportation Truck Farms 11+8,308 98,877 49,431 - 0 - -0 -

Farms Appli cation mmm — 11+8,308 98,877 49,431 -0 - -0 -
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Table F-16. Bulk blended f e r t i l i z e r s  product flow

Origi nati ng 
location A c t iv ity Type

Terni n a t!ng
location Year 2 Year 3 Year k Year 5 Year 6

Outstate
Michigan

Production Horizontal 
(9000 TPY)

. . . 201,600 151,200 100,800 5 0 , 1+00 -0 -

Outstate
Michigan

Production V ertica l , 
(9000 TPY)

—  (new) M i,099 97,65lf 107,1+32 118,162 87,131*

Outstate
Michigan

Production V ertica l  
(9000 TPY)

— -0 - 39,689 123,168 205,681 287,109

Outstate
processors

Transportation Truck S ate ]1ite  
outle ts

1 2 2 , 8 5 0 1M*, 271 165,700 187,122 187,122

Outstate
processors

Transportation Appli cators Farms 1 2 2 , 8 5 0 1 Mi, 271 165,700 187,122 187,122

S a te l1i te  
outle ts

Product i 
hand!ing

- - - —  (new) 22,050 1+8,826 53,717 59,081 1*3,567

S ate l1i te  
outle ts

Product 
handling

— — 100,800 95,M+5 111,983 128,01+1 11*3,555

S a te l1ite  
outle ts

Transportation Appli cators Farms 122,850 1 Mf, 271 165,700 187,122 187,122

Farms Application — — 2*15,699 288,51*3 3 3 1 , 1*00 37M1+3 37i*,2i+3

^These f a c i l i t i e s  represent new investment.


