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A Model for Assessing  Mineral
Resource Advantage

ABSTRACT

Kansas  has  a  variety  of  mineral  resources  adapt-
.ible for a variety of uses.   It  is  reasonable  to  speculate
that  mjneri`l  resource-related   commodities   could   be

produced  in Kansas with a definite cost advantage ovci`
the same products  produced jn  other  states.

Utilizing  an  industrial-complex  approach,   this  re-

INTRODUCTION

At one time,  Kansas  oil,  gas,  lead,  and zinc  created
significant   mineral   resource   advantages   for   Kansas,
but  other  states  have  since  surpassed  Kansas  in  the

pi.oduction  of  these  commodities.
For  the  niost  part,  Kansas  mineral  resources   are

not  greatly  different  from  those  of  surrounding  states.
It  is  entirely  reasonable  to  speculate  that  processing
of Kansas  minerals  into  new  materials  would  result  jn
a  cost  advantage  over  similar  products  produced  or
shipped into the region to satisfy demand.   Such  activ-
ity is  a  form  of regional  specialization-the  ability  or
endowments  enabling  one  region  to  produce  a  com-
modity  more  efficiently  than  another  region.   The  de-
velopment  of  a  refractory  industry  in   Missouri  is  a

prime  example  of regional specialization  due  to  factor
endowments.

The  ability  or  endowments  that  result  in  a  favor-
able  cost  differentiation  for  a  region's  commodities  is
a   comparative   advantage.    An   analytical  method  to
measure  comparative  advantage  is  the  theme  of  this
report and the main purpose  is  to  illustrate basic pro-
cedurc.   Data  have  been  gathered  from  trade  litera-
ture and textbooks.   Results  represent orders  of magni-
tude rather than precise data for various  commodities.

ACKNOWLEDGMENTS

Funds for basic research were provided by the U.S.
Bureau of Mines.

REGIONAL  ADVANTAGE

Regional  advantage  is  a  direct result of differences
in  resource   endowments   resulting  in   favorable   cost
differentials.     Comparative    regional    advantage    be-
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port  describes  and  applies  a  method  for  determining
the   extent  of  comparative   regional   advantage.    The
method is  illustrated  by  analyses  of hypothetical  lime-
stone,  gypsum,  and  petrochemical  complexes  ln  Kan-
sas.   An  input-output  framework  is  used  for  computa-
tional purposes.

comes  effective  under  certain  circumstances  such  as
regional  specialization,  the  result  of  an  ability  to  pro-
duce   a   commodity   more   efficiently  than   any   other
region.

Kansas  contains  a  variety  of minerals  that  are  also
common  to  the  neighboring  states  of Nebraska,  Iowa,
Missouri,  Oklahoma,  Colorado,  and Wyoming.   These
minerals  could  be  used  as  raw  material  for  chemical
or manufacturing complexes producing more than one
product.     Logically,    industry   selects   locations    that
maximize  returns  on  mineral-processing  investments.
A  Kansas  regional  advantage  would  result  from  any
combination   of   circumstances   enabling   the   capital
supplier to  earn  a higher return in Kansas  than would
be   realized  by   locating  in   the   regions   surrounding
Kansas.

INDUSTRIAL-COMPLEX  APPROACH

In  the  mineral  industries,  two  overriding  consid-
Orations   for   processing   are   availability   of  raw   rna-
terials  and  transportation  costs  assoc`iated  with  high-
bulk,  low-value  materials.   An  industrial-complex  ap-

proach   is   compatible  with  these  factors   and  is   the
focus  of  this  study.   An  industrial  complex  has  been
defined  as  a  set of activities  occurring at  a  given  loca-
tion  and belonging  to  a  group  of  activities  which  are
subject  to  important  production,  marketing,  or  other
interrelations  (Isard,  1960).   A  complex  can  be  located
directly at the source  of raw  materials  and  gain many
benefits from the operation of processes that are either
complementary or that produce  materials  used as  raw
materials  jn  other portions  of the  complex.

For  example,  limestone  could provide  the  basis  of
an  industrial  complex  in  Kansas.   Currently,  the  prin-
cipal  uses   of   limestone   in   Kansas   are   for  portland



cement,  road  metal,  concrete  aggregate,  and  agric`il-
tural lime; however, many products depend upon lime-
stone  as  the  basic` mineral  (Fig.  I).    It  is  reasonable  to
speculate  that products  could be produced  from  Kari-
sas  limestone resulting in a regional  cost advantage for
the  State.

In  this  study  an  input-output  framework  is  used
for   computational  purposes   and  for  analysis   of  the
complex,  the activities  and inputs of the  complex,  and
the relative advantage of its locfition in Kansas  as com-

pared  to  any  of  the  six  surrounding  states:   Missouri,
Iowa,  Nebraska,  Colorado,  Oklahoma,  and Wyoming.

ANALYSIS  OF  REGIONAL
MINERAL  ADVANTAGE

The  bi`sic  steps  jn  performing  a  regional  mineral
advantage  analysis   (in   this   case,   for   Kansas)   are   as
follows:

I.  Choose any mineral for study.
2.  Research the literature for product possibilities  and

select  products  on  the  basis  of :
a.  Market demand (annual)
b.  Growth potential over a  20-year period
c.  Technology  required

Li in,)tone                     =

Carbon
Dioxide(,a:r:::ne-I

Calcium   Oxide

(Lime)

d.  Dependence   on  other  minerals,  where  needed
within  the  State.

3.  Locate  an  industrial  complex  based on mineral de-

posits  and  potential  major  sources  of  product  de-
mand  (large  cities).

4.  Based on  product selections  (which will be outputs
for  the  complex),  derive  a  market  area  using  the
following  general  techniques:
a.  Locate plants in competing states which produce

the same or similar products.
b.  Draw  straight  lines  from the  Kansas  complex to

competing  plants.
c.   Bisect  the  straight  lines  and  connect  points  sur-

rounding  the  Kansas  complex.
d.  Derive  a rough  approximation of population  for

the  enclosed area.
e.   Multiply  the  ratio  of  market-area  population  to

national   population   by   aggregate   demand  for
each product.   This  gives  a rottgh  approximation
of  the  percent  of  total  demand  that  the  market
area  could  expect.

5.   Derive  a  production  coefficient  matrix  for  the  se-
lected products (outputs) by determining the physi-
cal  quantities  of  the  significant  inputs  (both  direct
and  indirect)  required to produce  one  unit  of  each

ppt  Calcium  Carbonate

Solid  C02

Calcium  Carbide

Calcium  Hydroxide

(Slaked   Lime)

Calcium  Phosphates
Mono  basic

D:  bas:c
Trl   basic

Calc:urn  Hypochlorote

Calciumcyanc]mide

FIGURE   I.-potential  large-P:a::Cftc`:I:-tt:rnpar%edu::0::C:Ser!L°smot|:e:ta°,::amFcaocnhtapnr:ndguc:oLnp:uuTdsTay  be  reacted  With  Setected
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output.   This  matrix  will  take  the  form  of  in  rows
(Inputs)  and  n  columns  (outputs).

6.   Derive  an  input  cost  differential  matrix  represent-
ing  the  difference  in  unit  costs  of  the   significant
inputs   between  Kansas  and  all  competing  states.
This matrix will take the form of k rows  (competing
states)  and in  columns  (inputs).

7.  Input  the  data  from  5  and  6  into  a  computer  pro-

gram  for  the  purpose  of  performing  the  following
computation:
a.  Calculate  the  cumulative  production  coefficient

matrix.
b.   Multiply  each  row  of  the  input  cost  differential

matrix  by  the  c`umulative  produc`tion  coefficient
matrix  to  derive  k  matrices,  each  of  which  will
represent  the  output  unit  cost  differen'tials   be-
tween  Kansas  and  one  of  the  competing  states.

8.   Complete  the  analysis  using  computer  output.

Proceeding  as  outlined  above,  complexes  depend-
ent    upon    limestone,    gypsum,    and    petrochemicals
(coal-salt-natural gas) have been analyzed.   Market  de-
mand is  assumed  to be  sufficient  to  allow  operation  of
the most  efficient scale plant;  all production  data  have
been  obtained  under  this  assumption.   At  the  present
time, I.ustification for this assumption of scale is merely
subjective.

Cost   relationships   are   assumed   to   vary   ]inearly
with  output  volume.   Obviously,  linearity  is  more  ap-

plicable  to  some  factors  of  production  (such  as  raw
materials)  than  to  others  (such  as  utility  inputs),  but
within a limited range  of volume,  a linear approxima-
tion  is  not  obi.ectionable.

Transportation  cost  is  initially  assumed  to  be  uni-
form throughout the region and vary linear]y with dis-
tance  from  point  of processing.

LIMESTONE  COMPLEX

Products

Excluding  cement,  thei.e   are  two  basic  forms   of
limestone (Caco.3) products:   calcined and uncalcined.
It  is  not  meaningful  to  apply  the  industrial-complex
framework   to   uncalcined   products   such   as   crushed
stone,  dimension  stone,  and  agricultural  lime.    With
the exception of dimension stone,  these products have
low value  per  unit  weight,  thus  their market value  is
closely   tied   to   the   cost   of  transportation.    Calcined

products, on the other hand, increase in value per unit
weight with  each process  they  undergo,  and  thus  can
reach markets  at a  greater distance  from  the  place  of
manufacture.

The  complex  under  consideration  is  one  that  pro-
duces  lime  (Cao),  hydrated  lime  (Ca(OH)2),  calcium
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carbide    (CacL,),    and    calcium    cyanamide    (CacN2).
Limestone  (Caco.3)  is  used  to  product.  lime   (Cao),
which  in  turn  is  used  as  an  intermediate  in  the  re-
maiming processes  and  as  a  finished product.

Lime is widely used in water and waste treatment,
metallurgical    processes,    manufacture    of    consumer

products,   and   industrial   construction.     Overall   con-
tinued growth  of the  lime  market is  anticipated.

Calcium   cilrbide,   manufactured  by   electrical   re-
sjstance  heating  of  lime  and  coke,  is  the  intermediate
compound from which is manufactured acetylene  and
calcium   cyanamide.    Acetylene   is   used   in   welding
and  as  a  raw  material  in  plastics  manufacturing.

Calcium   cyanamide  is   used  as   a   speciality   ferti-
lizer,  herbicide,  defoliant,  and  as  a  raw  material  for
manufactul.e  of plastic.   Many  other  compounds   (Fig.
2)  can be  formed (Kastens  and  MCBumey,  1953).

Since  diversity of application  is  said to  be  the  key
to  vitality  in  a  chemical  product,  calcium  cyanamide
can be  said to  show  good vitality.   Much  will  depend
on  the  ultjmatc  economics  of  production  of  hydrogen
cyanamide  from  calcium   cyanamide.    If  this   process
can   maintain   its   economic   position,   calcium   cyana-
mide  will  feel  the  surge  of  acrylonitrile  consumption
that  is  now  beginning.

Market  Estimations

Location  of  the  limestone  complex  is  assumed  to
be   at   the   geographical   center   of   the   high-quality
(Caco.,   content   greater  than  95  percent)   1imestolie
deposits   in   the   east-central   portion   of   Kansas.    In
order to  obtain a  rough idea  of markets  for the  prod-
ucts  listed,  an area approximately 300 miles  wide  and
completely surrounding Kansas was polled for present
facilities   with   which   the   proposed   complex   would
compete.    Assuming  that  all  plants  are  equally  com-

petitive and that transportation costs are uniform  over
the  entire  region,  an  area  of  market  superiority  may
be determined by the  following procedure  (Woodard,
1967).

Let  A,  8,  and  C  be  plants  with  which  the  com-
plex, 0, must compete.  Connect 0 with each plant by
a  straight  line  and  then  bisect  each  straight  line  with
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a  perpendicular  line,  extending  the  lines  until  a  tri-
angular area  is  created  as  shown.   The  area  need  not
be  triangular.

The   crosshatc`hed  area   then  becomes   an   area
advantage  to  complex  0  simply  due  to  the
transportation.

This   procedure   was   used   to   determine   market
boundaries  for  calcium  carbide  and  lime.

EFranklin  Co.

The  c.`lculated  areas  and  related  1967  populations
are:

ATen                           Poviilat±on
Calcium   Carbjde.___      `.   73,137sq.mi.           3,016,161
Lime    ___.__________..                   .    _   42,315sq.mi               2,447,467

No market boundaries  are given for calc`ium cyana-
mide  as  it  js  not  produced  in  the  United  States.   AI-
most all calcium  cyanamide is imported from Canada,
where  low-cost  electric  power  attracts  plants  requir-
ing  large  quantities  of  electricity  to  produce  calcium
carbide.   In  order  to  have  a  market  figure  it  is  arbi-
trarily  assumed  that  approximately  one-third  of  the
total  market  could be  captured by  a  Kansas  complex.

For  exp€.dience  and  simplicity,  per  capita  produc-
tion  of  products  was  used  as  a  criterion  for  market
distribution.    Table   1   presents   the   average   markets

TABI.E  I.-Estimated  market  distribution  of
calcium  products  manufactured  jn  Kansas.

Kans.is market as

mtToe:ff¥::rfket            tto¥sa,r;::r,

i;i:;::#:gc;;;:nE:£at:c:a5:^E+„
S()urce.     Stanfor{l  Research  Institute

1.23
I.23
I.52

33.0

162,298
32,298
13,667
6,240

that  could  be  expected  for  a  Kansas  limestone  com-

plex.
The   production   and   price   history   for   the   com-

pounds  are presented in  Figures  3  and 4.

Production  Coefficients

Primary  and  intermediate  inputs  for  the  complex
had  to  be   identified,   primary  Inputs   are   limestone,
coal,   coke,   electric  power,   and  direct  labor.    Inter-
mediate  inputs  of  lime,  hydrated  lime,  and  calcium
carbide were added.

Outputs  are  lime,  hydrated  lime,  calcium  carbide,
and calcium  cyanamide.   Production of lime, hydrated
lime,   and   calcium   carbide   are   listed   separately   as
both  finished  products  and  intc`rmediates.

After  determining  location  for  the  complex,  prod-
ucts,  :`nd  size  of  markets,   the  production  coefficient
matrix  (Table  2)  was  set  up.   Values  were  calculated
from    basic   chemical   reactions   and   manufacturing
energy requirements  (Walker,  et c}J.,1937;  Faith, ef aJ.,
1957;  Chilton,  1960).

1930              1940              1950             1960              1970

Year

FIGURE 3.-U.S.  production history of  some  calcium  compounds.



primary  raw  material  or  intermediate  product  inputs
needed  to  produce  I  ton  of output product  (Table  3).

TABLE   3.-Cumulative   production   coefficient   matrix   of   ]ime-
``tone  coniplex  to  produce   I  ton   of   Cao,  Ca(OH).,,   Cac!  and

CacN9.

LdFj)     (:!5aie,;  (:il!#    `;gaii=NT?,e

1930               1940               1950              1960              1970

Year

FIGURE  4.-U.S.  price  history  of  some  calcium  compounds.

TAi}LE   2.-Basic   production   coefficients   of   limestone   complex
requirements  to  produce   I   ton   of   Cao,   Ca(OH)„   Cac2   and

CacN2.

Inpu'

Llmestone   (tons)   ______

Lime     (tons)     _________   ____I_I-:

Calcium  carbide  (tons)  ..

(Ldroe)      (::1:gale):)     i%!if:?     c%i%#NTd)e

1.88
0.76                  0.95                    _____.

______                       0.94

g:ile  `(t,::ss',   ::||-_||___I__I__  ".297             ::_I_:              8:83
E'e?t|6Co8°k`t;rhrs)______      o.I                 o.o2              3.0                 058

Labor   (man   hrs)   ____________        1.56                 0.5                    3.0                    0.516

Theoretically,  pure  limestone  (Caco;,)  is  56  per-
cent lime (Cao).   One ton  of Cao  would  require  1.78
tons   of   limestone,   but   the   production   coefficient   is
listed as  I.88.   A figure larger than the theoretical ton-
nage  appears  because  the  limestone  was  assumed  to
contain 95 percent  Caco.+.   Electric  power  and labor
requirements    are     best    estimates    from    literature
sources.

The  production  coefficient  matrix  (Table   2)   was
next  modified  to  show  the  cumulative  summation  of

Lime   [int.]°   (tons)   ____

Calcium  carbide  tint.] o
(tons)      _____

Limestone    (ton-;-) --_  ::
Coal     (tons)     ______

Coke   (tons)    ____  _

E|eit|r68opi`*erhrs,

Labor   (man  hrs)   _._.  _

0.                   0.76             0.95             0.893

0.                    0.                    0.                    0.94
i.88              1.429           I.786           I.679
0.297           0.226           0.372          0.35
0.                     0.                     0.65              0.611

0.I                0.096          3.095          3.489
1.56              1.686           4.482           4.729

a  Intermediate   ploduc.t

An   example   of   how   the   production   coefficients
were  calculated  for Table  3  is  shown  by  the  produc-
tion  of  1  short  ton  of calcium  carbide.   From  Table  2
we  found  that  1  ton  of  calcium  carbide  requires  0.95
ton  of  lime;  but,  to  produce  the  lime  we  used  lime-
stone,  coal,  clectric`  power,  and  labor.   The  in|)uts  for
the  intermediate  product  lime  must  be  accumulated
into  the production  coefficient for  calcium  carbide.

The  cumulative production coefficients  were  calcu-
lated using  the  following method:

Lime
([n,;:omd`:gtl)ate

Calc``im           C``muhtive
C(aFr,bn'.(``,e        (opera?,ue:`,tt`?i,H

produc`t)     ci`lci`im  c`L`rbide°

Limestone   (tons).    ___   (l.88)(.95)         +         0.0                     1.786

8:a,et::on=:,___   :__   _   _:.   t.t2o:a;t:35;         I         8..83                 8..852
Ele¢t]r68oP°k``Vverhrs)   ____      (o.1)  (.95)

Labor   (man   hrs)     _____   (I.56)(.95)

3.095
4.482

a  See  Table   3.   c{)lumn   4.

Calculation of Regional Advantage

Calculation  of regional  advantage  entails  compari-
son  of  the  operation  of  the   complex  at   its   assumed
location in  Kansas  with alternative  locations  in  the  six
surrounding  states.   Data  on  costs  of inputs  in  Kansas
and in  the  other states  involved in this  study  are  sum-
marized  in  Table  4.   Positive  entries  in  the  table  indi-
cate   Kansas   costs    are    lower-an    advantage.    For
example,  in  the  Missouri  column,  the  entry  of  $2.70
indicates  that  Kansas  electric  power  is  $2.70  less  per
1000 kw hrs than Missouri power.   Negative  entries  in-
dicate  Kansas  costs   are   higher.    Basic  cost   data   .irc
listed in  the  Appendix.

7



TABLE  4.--Unit   cost   differentials   of   inputs,
Kansas   and  surroundin£J  states.

Inp`,t                 UIl lt

Lime-
stone    1   t()n

Coal           I  t(in
Coke          I  ton
Electric     1000

C()'()-
I.,do         Iowa        s¥|Sri      b,Y,si..       %,h,;       i:',:,:-

Sl.23      $0.36      $0.06      $0.92      $0.13      $0.50
0.46        1.10   -0.49   -0.27        I.03   -1.53
0.66   -I.29   -0.70   -0.39       1.47   ~2.19

Labpoorwer,kn`:nhhr:s -i:i2   =8.!8      3.ig   =6:?8   -5.38      8.5%
St)urce.     Chemi`caJ   Wec*,   1968.

Results

Given  the  cost differential  data  and the  data  from
the  production  coefficient  matrix,  the  relative  advan-
tage of a Kansas complex per ton of output was  calcu-
lated by multiplying the cumulative production matrix

(Table 3) by the  cost differential matrix (Table  4).   The
resulting   information    is    summarized    in    Table    5.
Again,  positive  entries  jndic`ate  a  Kansas  cost  advan-
tage,  negative  entries  indicate  a  disadvantage.

TABLES.-Relapt:Yet:#Voafntoau%u¥a(1;asa:]S];fsu)I.roundlngstates>

(LJFoe,       ,::,:5a:e,:,    :gia%#     cy,ia#N?,e
2.411               1.798              7.741              8.248
0.148              0.39
0.44                0.453
0.297        -0.193
0.895              0.811
1.381               1.299

-3.809
8.409

-5.966
-2.211

4.07

-4.159
9.438

-6.711
-2.984

4.637

Nebraska has  a  cost advantage on  all inputs  except
limestone  (Table  4)  and  consequently  has  an  output
cost advantage on all outputs  except lime (Cao).   Mis-
souri  has  a  cost  advantage  on  only  two  inputs,   coal
and coke, and as a result has  an output cost  disadvan-
tage  on  all  products  with   respect  to   Kansas.    Simi-
larly,  Kansas  has  an  advantage  over  Colol.ado  on  all

products,  while  being  at  a  disadvantage  with  respect
to most Iowa products.

When  the  assumed  location  of the  proposed  lime-
stone  complex in  Kansas  is  considered along with  the
foregoing  cost  analysis,  it  seems  that  the  ideal  mar-
keting  area  for  the  output  of  the  complex  would  be
eastern Kansas and western  Missouri,  all  other factors
being equal.   Of course, transportation-to-market costs
may prove to be an equalizing factor in some or all of
the  above cases.

GYPSUM  COMPLEX

Products

The  mineral  gypsum  (Cas04.2H20)  is  deposited
abundantly  in  a  number  of states.   Plaster  of  paris  is

perhaps the most common name for processed gypsum.

8

Gypsum  products  can  be  classified  into  four  basic
c{ategories:   (I)  uncalcined  products;   and  those  prod-
ucts  requiring raw  gypsum  to  be  calcined  or  .`boi]ed"
before  final  preparation  can  be  accomplished,  (2)  in-
dustrial   plasters,   (3)   building   plasters,   and   (4)   pro-
fabricated products.

Two   of   the   most   significant   uses   of   uncaleined

gypsum  are  as  a  soil  additive  in  agriculture  and  as  a
set  retarder  in  production  of  portland  cement.   Agri-
culturil[  gypsum,  commonly  known  as  land  plaster,  is
applied to sulfate-deficient  soil  and is  used  as  a  condi-
tioner for highly  alkaline  soils.   Uncalcined  gypsum  (3
to  6  percent  by  weight)  is  added  to  portland  cement
during  the  clinker  grinding  process  to  retard  the  set-
ting (hardening)  rate.

Uncalcined  gypsum products  are  characteristically
low  in  per-unit  value,  hence  transportation  cost  nor-
mally limits  the marketing of these products.

Industrial  plasters  find  extensive  use  in  construc-
tion  products,   molds,   model   building,   and   medical
applications.

Historical  U.S.  production figures  and price  history
for gypsum products are presented in  Figures 5 and 6
(source:   Standard Research Institute).

1930               1940                T950                1960                1?70

Year

FIGURE  5.-U.S.  production  history  of  gypsum  products.
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FlcuRE  6.-U.S.  price  history  (if  gypsum  products.

Gypsum  production  has  been  and  will  continue  to
be highly dependent upon trends in population growth
and  housing demand.   According to  estimt`tes  (Bureau
of   Mines,   1965),   domestic   consumption   of   gypsum

products  will   exceed  20  million  tons  by   1975,   com-
pt`red   to   £`   1965   consumption   of   approximately    1`5
million  tons.

The hypothetical  gypsum  complex  proposed in this
study  is   located   in   Saline   County.    The   compli.x   is
considei.ed  to bi`  c`apabl. of pi.oducing all  of the  prod-
ucts   included   in   the   gypsum   input-output   matrix

(Table 6, p.  10).
An €`rea of market  superiority  for this  complex  was

derived by the procedure dc'scribcd previously.  In this
case,  only  one  market  area  was  derived  for  all  prod-
ucts since most modern  gypsum processing  plants  pro-
duce  a  full  variety  of  products.

Market  Estimations

Figure  7  depicts  the  market  area  of  a  proposed

gypsum  c.()mpl(`x  geographically  ]oci`tcd  in  the  centci.
of  Kansas.   It  includes  the  entire  State  of  Kansas  and

portions  of  Missouri  and  Nebraska.   Note  there  are  no
gypsum mines in Missouri and Nebri`skz`,  but there  are
two  operating  in  Kansas  within  the  proposed  region.

The   market   i`rea   inc`ludes   approximtely   119,000
square   miles   and   a   population   of   nearly   4   million

people.   As  in the prec.eding section,  a market  estimate
l>ascd  on  the  ratio  of  the  in.irket-area  population  to
national  population  would  give  a  rough  idea  of  the
i`ggreg!`te demi`nd for the output of the proposed com-

plex.   On  this basis,  the  market  estimates  below  repre-
sent  2  perc`ent  of  the  t`ggrcgate  U.S.   consumption  of

gypsum  products  in  1968.

Land   plaster   _ __                __   24,200short tons/year
Portland cemi.nt rctarder 72,400 short tons/year
Building  plasters                _  26,200 short tons/year
Lath       _                                    __  _   21,000short tons/year

(or,  19,900,000 square feet/year)
Wallboard                  ____  _______   170,000 short tons/year

(or,162,500,000 square feet/year)

Production  Coefficients

Gypsum  products  considered  in  this  analysis  were

gypsum   wallboard   .`nd  lath,   base-coat,   sanded,   dnd
pre-mixed   perlite   building   pl.isters,   and   uncalcined
products  including portland  cement  retarder  and  lancl
plaster  (agricultural   gypsum).    These   products   were
sclccted  on  the  basis  of  their  proportion  of  the  total
vi`lue  of   gypsum  products   produced  in   the   United
States  in  1968.   Industrial  products  were  not  included
bcc`ause   of   their   rclatively   low   proportional   value.
Production   coefficients   for   each   of   these   products
were derived on the assumption that raw  gypsum  had
been  mined and was  available  for  processing.

Production  of  portland  cement  retarder  is   essen-
ti!`lly   a   one-stage   process   in   which   raw   gypsum   is

ground to  the desired size  and screened out  for  sale to
cement  producers.    Agricultural   gypsum  is  produced
in   £`   two-sti`gi±   process   which   inc`ludcs   grinding   and
milling  raw  gypsum  to  the  desired  size  for  application
to  the  soil.    Significaiit  inputs   to   each  process   `vere
considered  to  be  gypsum,  electric  power,  and  labor.

Calcined  gypsum  is  t`n  intermediate  product  and
for this  reason its  produc.tion \vt`s  trcfltcd as  a  separate

process.   Calciiiation  is  i  thrcc-stage  process  in  which
the  raw  gypsum  is  ground,  milled,  and  then  "boiled`'
to  produce  hemihydrate   (first-settle  pl.`ster).    On  the
assumption  that  it  \vas  "boiled"  in  a  gas-fired  kettle,
significant  inputs  to this proc`ess  were c`onsidered to  be

9
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FIGURE  7.-Location  of  gypsum  complex  in  Kansas.   Market  area  enclosed  by  heavy  dark  lines.

gypsum,  electric  power,  natural  gas,  and  labor.   Gal-
cined  gypsum  is  required  in  the  production  of  build-
ing plasters,  wa]lboard,  and lath.

Building plasters are produced by milling calcined

gypsum and then mixing it with various ingredients to
give the plaster the  desired characteristics.   Significant
inputs  to  this   process   are  calcined  gypsum,   electric

power,  and labor.
Gypsum  wallboard  production   is   a  highly   auto-

mated process  requiring calcined gypsum  as  the  main
input.   The  calcined  gypsum  is  first  mixed with water
and  other  ingredients  to  form  a   slurry.    The  board
machine  sandwiches  gypsum  slurry  between  two  lay-
ers  of  chip-board  or  paper,  compressing  it  to  the  de-
sired thickness.  The formed board is then sent through
a steam tunnel dryer to remove  excess water from the

gypsum  core.   The  output  of  the  dryer  is  the  finished
product.   Assuming that  steam  for the  dryer  was  gen-
erated  by  a  gas-fired  boiler,  significant  inputs  to  this
process  were  considered to  be  c`alcined  gypsum,  elec-
tric power,  natural  gas,  and  labor.   Production  coeffi-
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cients  for  wallboard  were  derived  on  the  basis  of  a
;i-inch  board  thickness.

Lath production,  although  similar  to  that  of  wall-
board   produc`tion,   requires   more   gypsum   per   1000
square  feet,  so  lath  production  was  treated  as  a  sep-
arate  process.    The  production  coefficients   were   de-
rived for  a  lath  thic`kness  of one-half  inch.

Production  requirements  for  gypsum  produc`ts  are
summarized in Table 6.

Fe?]Bu|:em6;=`Baf3'rciptr:guocrt`:So6`°seqffiu:jreent£See:fof8%Pjsnu:#£:'tneE]:,`\

Inp`,t ETA:S3:;   I:e[ii¥oan:):  Bi:1:Its:;:n;8 Wsf::obfo:§rd b(a.6:o:o)    i!i`p:;n:td

Calcined

::eb§°§!o;8}il:`;;:e;I:;)i;o5i;o3i;:5i;;5:;;:-:i:4
Gas

(1000   cu.   ft.)   0.               0.               0.              2.45         2.45           1.17



In  Table  7  are  given  cost  differences  of  gypsum
complex   inputs   between   Kansas   and   the   other   six
states.    Positive   c`ntries   repi.esent   a   Kansas   cost   ad-
vantage;  negative  entries,  a  Kansas  cost  disadvantage.

TAtiLE  7.-Unit  L.ost   differentials  t)I  inputs,   Kansas  and
suri.ounding  states.

rad()         Iowa           %j,Sr-,        brNa:ia         gokia:         `rnv,yn°g-
Co'o-

:iyeic]:t;:i;nil.S-0 15     $o 6o -n()ne mined_ S_o go s_o 2o

kw  hrs)   __        1.80     -I.10      $2.70S-1.20     -I.70         0.90
Labor  (man

hrs)         .__..    -0.14     -0.11         0.13     -0.79         0.33         0.56
Ga%j.L°£9.?      .       o.oo6      o.i3         o.o7         o.05     -0.03     -0.05

Results

After   calculating   the   cumulative   production   co-
efficient  matrix  and  multiplying  this  by  the  cost  dif-
ferential matrix,  the  cost cliff erence  per unit of output
was  derived (Table  8).   Missouri  and Nebraska  are  not
represented because they do not mine gypsum.

TAR::``:;i;S.ua]:Toar¥d::]Co°;ta?]8E|:,::erfap::dun#yt;fm°t:tg?ut)

.,+aasi8r            r€:amra::          Bpui:|St'enr`'            bvy:l]d-              Lath

Colorado     S-0.112     S-0.166     S-0.316     S-0.108     S-0.112
Iowa               -0.049       -0.022           0.088           0.559           0.562
0klalioma     -0.837       -0.786       -I.705       -I.562       -I.596
Wyoming          0.134            0.107            1.037        -0.315        -0.319

Analysis  of  Table  7   reveals   that   a   Kansas-based

gypsum  complex  of  the  type  proposed  would  have  a
significant  input  cost  advantage  over  a  similar  com-

plex  based  in  Iowa  and  a  significant  disadvantage  as
compared  to  an  Oklahoma-based  complex.    By  ana-
lyzing Tables 7 and 8 it  can be  seen that these results
are  due  mainly  to  the  difference  jn  gypsum  cost  be-
tween Kansas and the respective states.

Tables  7  and 8  indicate  that  the  proposed  Kansas
complex  would  be  more  competitive   with  a  similar
complex located in Iowa,  all other factors being equal
and disregarding the Chicago  marketing area.   This  is
an ideal situation for the market area being considered
(Fig.  7)  which  includes  portions  of  Missouri  and  Ne-
braska  that  contain  some  of  the  more  densely  popu-
lated  urban  communities  of  these  states.   The  market
potential  of the  Kansas-based  gypsum  complex  seems
to  be  good  with  respect  to  building  products  in  the
northeastern Kansas-Missouri boundary region.

An  Oklahoma-based  complex  would  have  a  com-
petitive  edge  over  the  Kansas-based  complex.    How-
ever,  it  is  felt  that  this  edge  is  not  significant  in  an
aggregate   sense  because   of  the  market   area   under
consideration.   When  distance  to  market  and  the  ac-

companying   transportation   costs   are   considered,   an
Oklahoma-based complex would present the  strongest
competition in  the  southeastern portion of the  market
area.   This  portion  includes  only  two  major  popula-
tion  centers,  namely,  Joplin  and  Springfield,  Missouri.
From  the  standpoint  of  aggregate  market  potential,
this  would  not  seem  to  significantly  weaken  the  Kan-
sas-based  complex.

These  results  will  uiidoubtedly  be  tempered  one
way or another when  transportation  costs,  state  taxes,
and full operational costs  are  considered.

PETROCHEMICAL  COMPLEX
There  are  three  Kansas  mineral  resources  which

could become  important  raw  materials  in  today's  fast
growing,   versatile   petrochemical   industry:     bitumi-
nous  coal,  salt  (NacL),  and  natural  gas.

Although  there   are  other   states   that  have  more
abundant  supplies   of  one  or  the  other  of  these  re-
sources,  Kansas  is  one  of the  relatively  few  states  that
has  all  three.   In  view  of  this  fact  and  in  view  of  the
spectacular growth of the petrochemical industry over
the  past  dec`ade,  it was  decided to  focus  a  part  of  this
study  on  the  output  potentials  for  these  I.esources  on

petrochemicals.    A   hypothetical   petrochemical   com-
plex  was  constructed  for  utilizing  coal,  salt,  and  nat-
ural  gas  and  their  chemical  derivatives.   The  complex
is  t`ssumed  to  bc  located  where  the  gathering  cost  of
the raw  materials  is  minimum.

Due to the relatively large number of output activi-
ties,  no  attempt  has  been  made  to  define  markets  in
terms  of quantity  demanded.   Instead,  manufacturing
activities  whic`h  should  be  sources  of  demand  for  po-
tcntial  products   have   been  identified.    These   manu-
facturing   activities,   using   petrochemicals   as   inputs,
would be capable of producing a large variety of con-
sumer products.

Selection of Output Activities

The  method  of  selecting  output  activities  for  the
hypothetical  petrochemical  complex  was  a  three-step
elimination process.   First,  an extensive review of vari-
ous  chemical  products  which  could  be  derived  from
the   three   resources   yielded   a   sizable   list   of   basic
chemical possibilities.

Secondly,  the  list  of  basic  chemicals  was  searched
for  combinations  which  would  yield  further  product
possibilities.   In this way, many of the basic chemicals
were  eliminated  from  further  consideration;  that  is,
those chemicals which could not be readily  combined
with others  on the list were dropped.

Finally,  product  and  market  potential  of  the  vari-
ous  chemical  possibilities  determined  by  the  second

11



Coal

Gasoline

Diesel   Oil

Methane  Gas

Char

EX PLANATI ON

C h lorobenze ne

Ethylene

Dichloride

S od i u in
Hydroxlde

Pentaer`/thritol Bisphenol   A

Hydrogen
Chloride

FlcuRE  8.-Summary  of  petrochemical  complex  activities.

step  were  studied.    Those  chemicals  that  seemed  to
have  most  flexibility  with  respect  to  consumer  prod-
ucts  as  well  as  those  that  seemed  to  have  highest  po-
tential  demand  were  retained;  all  others  were  elim-
inated.

Figure  8  summarizes  the  production  activities  and
the  products  which  comprise  the  petrochemical  com-

plex.   Table  9  summarizes  the  major uses  of  the  seven
petrochemical  products   selec`ted   as   output   activities
for the  complex.

a
rJ
CJ

Basi c
Mineral
Resource

By-Products

Intermediate
Products

Final

Petrochemical
Products

Production  Coefficients

Only  those  inputs  which  wel.e  directly  significant
to production of individual  products were  considered.
Because  of  the  relatively   large  number  of  activities
comprising  the  hypothetical  petrochemical   complex,
it  was  necessary  to  segment  the  production  process
into five separate production matrices.

The  first  production  matrix  thus   c.alculated   con-
cerns   the  intermediate   products   derived  from   basic
salt (Tables 10 and 11).   These intermediates-chlorine

TABLE  9.-Major  uses  of  petrochemical  products  proposed  to  be  manufactured  from  Kansas  coal,  salt,  and  natural  gas.

Product        Polyethylene                   Vjllyl chloride              Pentaerythritol         Phenol                               ForTna]dehyde                   Styrelle                              Bisphenol-A

Film and sheet

lnjumnoc,t#g

Blow  molding
Uses          Paper  coating

Wire  coating

pipceo:a:1t

Vinyl  flooring

Vinyl  sheet

Adhesives
Wire  coating
Film

Records

Sulface
coatings

Adhesives

FLooring

Lubricants
Explosi\res

po|g]eatshtf:s

Phenolic  resins      Phenolic  resins         Pol5i:;y:,pc:e             Ept)xy  reslns

Caprolactom           Urea  resins                 Polyester  resins     Polycarbonate
resins

Pestjc.ides                  Melamine  resins        ABs  resins
Alky]phenols           Ethylene  glycol        Latexes
Medjcinals               Polyacetal

resins
Adi|)ic  acid
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TABLE  lo.-Basic  production  coefficients  for  sodium  hydroxide,
chlorine,  and  hydrochloric  acid  from   salt   (to  be  u``ed  a`s  inter-

mediate  products ) .

S(`di`Im  hydroxide            Chlorine   |Cl:1
|N:loII]   767o         (ton$4l?on,,%ftpNji)OH

(1    t('n)

!ik,[rTca:;]w`elr6(lt838) k-`-, -rir-s)            9..854                         9.Z46
Labor    (man   hrs)    ___________________                       9.0                                                 9.0

Note:     Chl()ring    and    sodium   hydroxide    ale    produced    simultaneously    jn
the   san`e   electr(ilytJc   process.

TABLE  ll.-Production  coefficients  to  produce  I  ton  of  hydro-
chlorii`  acid.

]]yfHroccf,§b,oC83c,d

Chlorine   [Cl!]    (tons)   _  ____

Hydrogen   [Hg]   (tons)   _   .  -
Electric  power  (1000  kw  rirs)
Labor   (man   lirs)   ____________

0.309
0.011
o.oo2
3.2

(Cl±),  caustic soda (sodium hydroxide,  NaoII),  and  hy-
drochloric   acid   (hydrogen   chloride,   Hcl)-are   re-
quired in the production of other intermediates, which
are,  in turn,  required  in  the  production  of  final  prod-
ucts.   The   inputs   for  this   activities  matrix  are:    salt,
electric power,  and labor.   The  production  coefficients
reflect the amount of input required per ton of output,
unless  otherwise  specified.   In  this  case,  the  input  re-

quirements   are  those  of  the  electrolytic  process  for
chlorine-caustic  production  (Shreve,  1967).   The  basic
industrial  input-output  relationship  between  salt  and
chlorine  (Shreve,  1967)  is  as  follows:

Fractional
Yields                                                     output

Salt  1.6 tons           76%  NaoH  2000 lbs.          0.533
HLisoi  o.I  tons                      C121750  lbs.          0.467

Power 2.5 M  kw hrs                 3750 lbs.
Labor 18 man hrs

In  order  to  eventually  generate  a  cost  for  the  NaoH
and the  C12  the  amount  of  salt  and  power was  calcu-
lated on the basis  of the proportion of NaoH  and C12
produced.    Manpower  was  divided  equally.   The  re-
sults  of this  manipulation  are  given  in  Table  10.   Cal-
culations  were  z`s  follows:   Value  for  N&OH,  76%=1.6
tons  (salt input)  X  (fractional output of 0.533)  =  0.854
tons  of  salt  input  required  for  I  ton  of  NaoH.  76%
output.   Chlorine  value  was  arrived  at  by  the  same
method.   On  a  I-ton basis  of salt  input,  the  fractioml

parts are equal to the output.
The  second  coefficient  matrix  calculated  was  that

for   coal   and   its    intermediate    product   derivatives
(Tables  12  imd  13).   In  this  case,  coal,  electric  power,
and  labor  were  input  to  produce  light  oil,  coke,  and

13

F,;a]iL(Etolt3c-u?ea5i|sopi::.::te:8a:fi:e:op:r:il,:it:ss||:oEasErdodounctf,off:F-

(L)t%hat„9£')           (%#se)        (loos::„

____       0.251                 0.175                2.982

:[C:C'::(ltc;:PS;:Vehrrs()1000  kw  hrs)     0 023____         o.386                          :_:.__::.

TA13LE   13 -Productlon  c::ffibcei:2:;e:equlled  to  Produce   I  ton

Input                                                                                         Benzene

____       475.0

Big:lttri:ilp(og£:Iron(s|)oo-6--ivi--ri-I-a)--:-:--:---:----o.I
Labor  (man   hrs) 0.5

coal  gas.   The  light  oil  was  then  input,  together  with
electric  power  and  labor,  to  produce  benzene,  which
is  the  only  coal  intermediate  relevant  to  the  petro-
chemical  complex.   The  coal  gas  can be  used  as  a  fuel
or sold to the public for consumption.   The  coke,  along
with  more  coal,  can  be  used  to  produce  liquid  fue]s
such  as  gasoline  and  diesel  oil.    The  production  co-
efficients  for  this  latter  process  are  not  given  but  the
technical  litemture  contains  such  information  (Hy(Jro-
cctrbon  Processfng,    Sept.  1969).

The  third  production  matrix  that  was   computed
pertained    to    natural    gas-derived    intermediates-
ethane  and  methanol   (Table   14).    These  natural   gas

products are,  by  far,  the most important to  the poten-
tial outputs  of the petrochemical  complex.   Five of the
scvcn  petrochemical  outputs  (Fig.  8)  are  basically  de-
rived  from  natural  giis  intermediates.   Ethane  is  used
to  produce  ethylene  which  is  then  used  to  produce

polyethylene,   styrene,   and  vinyl   chloride.    Methanol
is  used  to  produce  formaldehyde  which  is  then  used
to  produce  pentaerythritol.

TABLE    14.-Basic   production   coefficients   for   products    from
natural  gas   (to  be  used  as   inteimediate  products).

Ethane                       Meth.`nol
(I  million  c`i.  ft,)                    (1  ton)

Fie:c:t::;n?a:iv`L=r;()'i8BocEwftlrs,

The  fourth  production  matrix,  Table  15,  gives  the
requirements  for a second order of intermediate prod-
uc`ts  which  also  are   used  in  manufacturing  the  final
compounds.

The  final  step  in  determining  the  physical  require-
ments  of  the  petrochemical  complex  was  to  compute
the   production    coefficients    for   the   final   products.
These  are  prcscnted  jn  Table  16.



TABLE   15.-Basic  production   coefficients   for   second   order   of
intermediate  products.

dieEht|::'de        feh:8,¥:
(I  ton)                (I  ton)

;i;§otiei::e:p#:I;iEijn};gcoftk)w hrs)        : :15

_________..____            0.8

The  six  intermediate  products   derived  from   the
raw  minerals  are  used  as  basic`  inputs  to  these  final

product    activities,    along   with    utilities    and    labor.
These  intermediates  are  used  as  direct  inputs  to  the
final output activities and as indirect inputs by way of
three  more  second-level  intermediate  activities.   The
second-level  intermediate  activities  produce  ethylene,
chlorobenzene,   and   ethylene   dichloride,   which   are
used  directly  in  final  output  activities.   The  raw  min-
erals  are  not  used  directly  in  final  output  activities.

Five  out  of  nine  petrochemical  produc`ts   depend
upon  two  or  more  intermediate  products.    Three   of
theser-styrene,  phenol,  and bisphenol-Andepend up-
on benzene which is produced from  coal.   Four petro-
chemicals~pentaerythritol,    vinyl    chloride,    phenol,
and  bisphenol-A-depend  upon  the  chemical  deriva-
tives  of salt:   chlorine,  sodium  hydroxide,  and  hydro-

gen   chloride.    Finally,   three   of  five   interdependent
products-styrene,  vinyl  chloride,  and  pentaerythritol
-require  the  derivatives  of  natural  gas,  ethane,  and
methanol.   Formaldehyde  and  polyethylene  are  inde-

pendent in that they require only methanol and ethane
respectively.

Determination of Regional Production
Cost Dif[erentfals

Here,  as  in  the  previous  sections,  the  purpose  of
analysis was  to  derive production cost differentials for

the  products   of  the  Kansas-based   complex  with  re-
spect  to  similarly  produced  products  in  six  neighbor-
ing states.   That ls,  given the fact that we can produce

petrochemical  products  in  Kansas,  what  are  the  cost
advantages   and   disadvantages   that   such   products
would have over identical products  being produced in
Colorado,  Iowa,   Missouri,   Nebraska,  Oklahoma,  and
Wyoming?    The   implicit   assumption   that   must   be
made,  of course,  is that the production  coefficients  for
the relevant products are constant over the seven-state
region.

Cost differences of the basic inputs-salt, coal, nat-
ural  gas,  electric  power,  and  labor-were   obtained.
Differences  for  the  minerals  were  derived  from  pub-
lished data  on  the value  of mineral  production  in  the
separate states  (Bureau  of Mines,  1967).   Using Kansas
mineral  value  as  a  basis,  cost  differentials  were   de-
rived for salt,  coal,  and natural  gas.

Although the  cost differenc`es for labor  and electric
power  had  previously  been  calculated,  it  was  neces-
sary  to  derive  another  set  of  differences  for  the  elec-
trical  input  because  the  electrical  power  rates  appli-
cable  to  the  limestone-  and  gypsum-complex  analyses
do  not   apply  in   the   c`ase   of   salt-derived  products.
Chlorine,   caustic   soda,   and   hydrogen   chloride   are
produced  from   salt  by  the   Downs   cell   electrolytic
proc`ess   which   consumes   large   amounts   of   electric
power.   For  this  reason,  a  different  rate  schedule  for
calculating  cost  differences  was  used.   In  most  cases,
results  were  significantly  different  from  costs  derived
previously.

Table  17  summarizes  cost difl`erences  for  the  basic
inputs  discussed  above.    As   before,   negative  figures
represent   cost   disadvantages   for   the   Kansas-based
complex.

Cost  differences  presented  in  Table  17  were  used
to  compute  another  set  of  cost  differences  associated
with the intermediate product derivatives of salt,  coal,
and natural  gas.  Table  18  summarizes  the  cost  differ-

TADI.E  16.-Basic  production  coefficients  for  1  ton  of  final  products.

Inpu,s
Bjs-

pheno|_A      pheno|      FOES:de-    etE:i:;e      styrene        cry:iiyde     P:EtLnteoT-   a,cEhEke   bcehn]£eron:     Ethyiene

Formaldehyde   (tons) .... __                     I.0

Ethyl  dichloride  (tons)
Chlorobenzene   (tons)   ______` ............. _

Ethylene   (tons)    .... _______________._..` ......

Chlorine    [Cl:]    (tons)   _______._ ........... _

Sodium  hydroxide  [NaoH]   (tons)
Hydrochloric  acid  [Hcl]  (tons)  ._..
Benzene     (tons)     ..... __________._ ........ _______

Methanol   (tons)
Ethane   (million   cu.   ft.)    ___________._ .....

Electric  power  (1000  kw  hrs)  ___._.  .
Labor   (man   hrs)   ...___________...

1.25                    ____.-

3.17                     _____

..____           -I.0

___._-                _I.0                          _____

0.315           __._--           -1.0

0.8               0.875          .

0.95.---.-

0.031
0.05            0.22
1.0                 4.1



TABLE   17.-Unit  cost  differentials  of  inputs,  Kansas  and  surrounding  states.

Coloredn                           Iowa                          Misso`m                     i`Tebrask,`                    Oklahoma                     Wyoming

Salt   (I  ton)
Coal   (1   ton)
Natural  gas   (I  million  cu.  ft.)   __  ._

Labor   (man  hrs)   .... __

Electric  power  (1000-k-:v---h-i;-)--: ----
Electric  pouJerb   (1000  kw  hrs)   ._.

$   5.40
-0.90
65.00

-0.11
5.20

-0.90

$   5.20                      $   5.40
_0.49                  -0.27
30.00                       24.00

0.13                    -0.79
-1.00                        1.00

2.70                          I.00

$   4.60                     $   6.60
1.03                    -I.53
5.00                         10.00
0.33                           0.56
0.40                          2.00

_ I.70                       0.90

a  Large   industrial   power   rates   used   in   prt)duction   of   chlorine,   sodium   hydrt>xjde,   nnd  hydrogen  chloride  by  electrolys]s  t>f  salt  brine.

TA13LE   l8.-Cost  differentials  of  intermediate  products   ( S/ton ).

Coloradn                             Iowa                            Missi}uri                      Nebraska                     Ok].ihon`z`                      \Vyom]ng

Sodium  hydroxide  _____

Hydrogen  chloride   ._.
Benzene
Methanol

Ethane  dichloride

$   5.69                      $   1.99
6.68                         2.42
I.32                          0.26

56.67                 -70.20
-0.14                        3.56

0.20                           0.60
2.67                       27.60

$  8.21                  S-I.91
9.20                    -1.17
2.96                   -3.12

-45.54             -166.41
I.49                          0.87
0.20                         0.94

18.45                           6.00

$  4.41                    S||.02
4.64                          11.87

2.42                          5.20
187.88                  -57.41

0.44                          0.92
0.21                           0.42
6.39                        14.50

TABLE  19.|o§t  differentials  of  final  products  (S/ton).

Polyethylene
Formaldehyde

Bisphenol-A
Styrene
Vinyl   chloride
Pentaerythritol

S-5.92                $  90.94
0.04                             1.98

83.31                  -77.40
77.98                 -71.85
47.97                 -32.34

4.46                       45.74
7.32                           9.28

$   40.76                   $   27.36                   $      9.49                   $   19.15
0.70                          0.08                          0.40                         0.85

-30.81              -204.56             -236.31                -35.72
-28.15              -193.36                  221.94                 -30.95
-28.60                    136.68                    165.91                  -42.54

30.45                          9.56                        10.73                       24.30
11.84                     -I.27                          6.34                       15.64

entials  for  all  seven  intermediate  products.   This  sec-
ond set of cost  differentials was  then used  to  compute
the   final   product   cost   differentials,   summarized   in
Table  19.   Prices  shown  are,  for  the  most  part,   1968
figures.

Economic Implications

If only  cost differentials  listed  in  Table  19  are  con-
sidered,  it  can be  concluded  that  Kansas  is  in  a  good
competitive position  with respect to polyethylene,  for-
maldehyde,   vinyl   chloride,   and  pentaerythritol   pro-
duction.    The   other  three  produc`ts-phenol,  bisphe-
nol-A,  and styrene-do not seem  to  offer much poteli-
tial for profitable production in Kansas.

A natural question to ask at this point is:   What are
the  determining  factors  of  these  results?   This  would
be a difficult question to answer for any one particular
cost differential; but, for a particular product or group
of products,  it  is  fairly  easy  to  answer.   In  particular,
consider  the  latter  three  I)roducts  mentioned  above.

Figure  8  shows  that  phenol  and  styrene  both  re-
quire  benzene  in  the  production  process  through  the
intermediate product, chlorobenzene,  and in the  latter
case   benzene   enters   directly   into   the   process.    Re-
ferring to Table  17,  it  can be  seen that benzene has  a
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highly  negative  cost  differential  associated  with  it,  as
does   chlorobenzene.    The   negative   cost   differentials
for these products can be explained by considering the
relatively large amounts  of these iiitermediates needed
in  the  production  of  styrene  and  phenol.    Since  bis-

phenol-A  is  a  direct  product  of  phenol,  the  sign  of
these   cost   differentials   is   also   explained.    But   what
about the intermediate cost differentials?

Since  chlorobenzene  is  a  product  of  benzene  and
chlorine,  we need only  consider the  signs  and relative
magnitudes   of   the   latter  cost   dif[crentials.    In  most
cases,  the  chlorine  differentials  are  positive  and  small
relative to those of benzene.   It can be concluded that
the benzene differentials  are the determining factor in
the case of chlorobenzene.

Finally,  benzene  itself  is  produced  from  light
which  is  derived  from  coal.    In  Table  13,  it  can
seen that it takes  475  gallons  of light  oil  to  produce
ton of benzene.   Furthermore,  it takes  about a quarter
of  a  ton of  coal  to  get  I  gallon  of light  oil  (Table  12).
It is  clear that this production process  requires  a  con-
siderable  amount of coal to  get  1  ton  of benzene  out-

put.    Considering   cost   differentials    associated   with
coal,  although  seemingly  not  critical   at  first  glance,
these differenc`es  are indeed the major determinant of



the   fini`l   produc`t   cost   differentials   for   phenol,   bis-

phcnol-A,  i`nd  styrcne.
Analysis  of  this  type  could  be  c.t`rried  out  as  well

for  tho.sc  products  having  ftlvorable  cost  cliff ercntials.
The results of sueh  amlysis would show that favorablc`
differentials  cissoc.iated  with  natural  gils  are  the  m{ijor
determinants  for the favorz`ble differentials  of the final

products.
It  seems  that  within  the  seven-state  region,  {`  Kan-

sas-bt`scd petrochemical  complex would be more  coni-

petitive  with  respect  to products  dei.ived from  natural
gas  !`nd  salt  than  those  derived  from  coal.   However,
if  production  methods  for  c.oal  could  be  improved  so
as  to  decrease  the  minc`hei`d  vii]ue  of  coal,   the  c`om-

petitive  nature  of coal-derived petrochemic.`ls  in  Kan-
sas  would be  considerably  enhanced.

As  a  final  comment,  it  should  be  noted  that  the
cost  differentials   thus   derived  do   not   in  themselves

guai-!intee  a  competitive   position   foi.   a   Kansas-basecl
petrochemical  complex.   There  are  many  other  ques-
tions   still   unanswered.    For   example.     Does   Kansas
have  a  sufficient  supply of basic inputs  to  enable  such
a   complex   to   be   operated   &t   profitable   production
levels?    What  effect  would  transportation   costs   have
on  the  market  potential  of  the  produc`ts?   These  are
very  important  questions  and  must  be  ilnswered  bc-
fore  any  conclusive  statenients  can  be  made.   But,  in
spite   of   these   unanswered   questions,   this   analysis
sheds considerable light on the feasibility of producing

petrochemicals  in Kansas.

SUMMARY

A procedure has been demonstrated for comparing
costs  of  products  madc`  in  Kansas  from  Kansas  min-
erals  with  c`osts  of  identic€il  products  made  in  states
surrounding  K€`nsas,   in  order  to  determine  potential
mineral resource advantage.

Basic  c`ost  data  utilized in  this  study  arc from  pub-
lishc`d   literature   and   do   not   reflec`t   actual   current
costs.    For  more  precise  studies   refined   .`nd   specific`
data  would  be  required.   Other  costs  factors  may  be
introduced   into   the   matrix.    For   accurate   analysis,
actual   transportation   costs   should   bc.   included.    An
improved   method   of   estimating   consumption    and
marketing of final products  is  also needed.
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APPENDIX
BASIC  COST DATA

Labor  costs  were  obtained  from  trade  literature
(Chem€c`oZ  Week,  October  5,1968)  ancl  are  as  follows:

state                                                      Aye"`fJeuE`:\ir;y68?mlng`

C()I()rado

Missouri
Nebraska
Oklahoma
Wyoming

Fuel   and   power   costs   were   obtained   from   the
same  source.

chcmtc`.ie|r;nn86ustry    ]#`da`,`:;::``}!
I>tt:7£:`,.#:;s              t¢,t'rfuscf,

\Vellhead
"\t,()n.1'

8(.ts,Ri[cqfis

Tr|]acu%lt:,:`r]8e

p((;`yE:vl.itre,S

Colorado
Iowa
Kansas
Mlssouri
Nebraska
oklalioma
Wyoming

Prices of raw materials were  generated from  actual
canvass   of   limestone   and   salt   producers   .and   from
value  figures  for  coal  and  gypsum  as  reported  by  the
U.S.  Bureau  of  Mines  (1965).

Prises  per  ton,  bulk,  cartoud,  at  1)oint  of  €ise.

Cmshed
]iT'\es'')ne

(1965)

Rock
s.`lt

(1965)

R.\w

il8%u6T

Colorado
I()wa
Kansas
Mi.+souri
Net)raska
Oklahoina
Wyo,ning

$12.90                  $3.60
12.90                     4.35

7.50                    3.75






