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EXECUTIVE SUMMARY 

This study examines the potential for separating, upgrading 

and marketing sodium mineral co-products together with shale oil 

product ion. The co-products investigated are soda ash and ,a1 umina 
which are derived from the minerals nahcolite and dawsonite. 

Five cases, shown on Exhibit 1, were selected to reflect the 
variance in mineral and shale oil content in the identified resource. 
The thickest deposits of nahcolite and dawsonite generally coincide 
with the center of the shale oil deposits in the northern Piceance 
Creek Basin. In the rich mineral areas, the nahcolite content is 20% 
by weight and the dawsonite content is 12% by weight. At the 
pe-iphery of the deposit, the dawsonite content drops to 2% by weight 

and nahcolite is no longer present. In the five cases examined, oil 
content of the shale was varied from 20 to 30 gallons per ton. Two 
sizes of facilities were analyzed for each resource case to determine 
economies of scale between a 15,000 barrel per day demonstration unit 
and a 50,000 barrel per day full sized plant. 

Three separate pieces of analysis were conducted in this 
study: 

o Analysis of manufacturinq costs for shale oil and 

co-products. Detailed process flow diagrams and energy 
and mass balances were developed for each of the key 

mining and manufacturing steps; these formed the basis 

for engineering estimates of capital and operating costs. 
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Exhibit 1 

PRODUCT SLATES FOR THE FIVE CASES 

Raw Materi a1 

Lean Minerals .. 

Rich Shale 

I 

Rich  Miner a1 s 
Rich Shale 

. . 

. . 

Rich Miner a1 s 
Lean Shale 

Case 1 - 
Shale: .21,053 TPD 
Oil: 13,571 BPD 

Nahcolite: -- 
Almina: 75 TPD 
Soda ash: 78 TPD 

( 1  r e t o r t  module.) 

Case 3 

Shale: 25,316 TPD 
O i  1: 15,639 BPD 
Nahcol i t e :  4,050 TPD 
Alumina:' 523 TPD 
Soda ash: 991 TPD 

. . 

(1 r e t o r t  module) 

Not analyzed 

Case 2 

Shale: 84,212 TPD 
O i l :  54,254 BPD 

~iahco l'i t e  : -- 
Alumina: 300 TPD 
Soda ash: 312 TPD 

( 4  r e t o r t  modules) 

Case 4 
I 

Shale: 75,948 TPD ,. . . . 

Oil: 46,917 BPD 
2;. , 

Nahcol i t e :  12,150 TPD 
Alumina: 1,569 TPD 

Soda ash: 2.,973 TPD 

(3 r e t o r t  modules) 

Case 5 

Shale: 126,582 TPD' ' ' 

Oil : 52,132 BPD 
Nahcol i te: 20,253 TPD 
Alumina: 2,616 TPD 
Soda ash: 4,956 TPD 

(5 r e t o r t  modules) 



e P r o j e c t i o n  o f  p o t e n t i a l  wor ld  markets f o r  alumina, soda 

ash and n a h c o l i t e .  Fu ture  market demand and p r i c e s  f o r  

alumina, soda ash and n a h c o l i t e  were p r o j e c t e d  b y  major 

geographical  areas and major end uses f o r  each o f  t h e  

co-products, as w e l l  as f o r  t h e  competing sources o f  

supply. 

Determinat ion o f  economic v i a b i l i t y  and market p o t e n t i a l  

f o r  shale co-products. F i n a l l y ,  t h e  cos t  ana lys i s  was 

i n t e g r a t e d  w i t h  t h e  market s tudy  t o  determine t h e  

l oca t i ons ,  cond i t i ons ,  p r i ces ,  and magnitude of 

co-product markets. 

The economic ana lys i s  was completed assuming a 2% annual 
.', . 

increase i n  energy p r i c e s  and no upgrading ( h y d r o t r e a t i n g )  o f  t h e  
. .-. shale . o i l .  Based on c u r r e n t  market p r ices ,  raw shale o i l  i s  assumed 

t o  r e q u i r e  a manufac tur ing  cos t  o f  $25 per  b a r r e l  o r  l e s s  t o  be 

economi c. 

- .  
The major f i nd ings  f o r  t h e  i n t e g r a t e d  shale o i l  and 

co-product . p l a n t  are as f o l l o w s :  . ... 
i: 

For t h e  " r i c h  shale, r i c h  m ine ra l s "  resource, t h e  

recovery  o f  m ine ra l  co-products can make an o therwise  

uneconomic shale o i l  demonstrat ion p l a n t  o f  15,000 

b a r r e l s  per  day economical ly  f e a s i b l e .  The manufactur ing 

cos ts  f o r  shale o i l  would be uneconomic at $29.20 per 

b a r r e l  ( i n c l u d i n g  a 15% ROR) but ,  s u f f i c i e n t  a d d i t i o n a l  

revenue cou ld  be generated b y  t h e  co-products t o  make t h e  

t o t a l  f a c i l i t y  economic. The f u l l  s i z e  commercial sha le  

o i l  p l a n t  of 50,000 b a r r e l s  per  day i s  economic w i t h o u t  

co-product c r e d i t s ,  a l though these would f u r t h e r  improve 

t h e  economi cs . 



r For t he  "lean shale ,  r i ch  minerals" resource, t h e  

commercial recovery of mineral co-products can make an 

otherwise uneconomi c f u l l  -scale ,  50,000 bar re l s  per day 
plant  economic, assuming current  world o i l  prices and 
r ea l  p r ice  escala t ion of 2% per year fo r  energy. While 

t h e  shale  o i l  component of t h e  plant  does not meet t he  
15% re turn  on investment c r ~ i t e r i a ,  t h e  a t t r a c t i v e  p r o f i t  
margins of the  mineral co-products could ' make t h e  
in tegrated faci  1 i l y  an economlcal ly  v'i ab le venture. T h i  s 

i s  a most important f inding,  a s '  t he  co-production of 
alumina and soda ash appear able  t o  make lower. grade oi  1 
shale ,  of 20 gallons per ton,  economically viable.  

r In t h e  "lean minerals" areas ,  the  manufacturing cos t s  of ,, 
t he  co-products are  too high, even under marginal ., 

cost ing,  t o  be economical l y  'viable.  

The main f indings  f o r  alumina are :  

. . 

r The major markets f o r  co-product alumina include - ,  , ,  

displacing current  alumina imports, replacing outmoded 
Jo111e51 i c  p l a n t s  and providing raw material  f o r  increased 

a1,uminum production i n  t he  U.S.  and Canada. These 
markets a r e  estimated a t  6 t o  11 mill ion tons annually by 

t he  year 2000. The market pr ice  f o r  alumina by the  year 

2000 i s  estimated t o  range from $240 t o  $280 per ton ( i n  
1980 $1, based on domestic upgrading (with the  Bayer 

Process) of imported b'auxite: 

Anticipated Demand Anticipated Price 
Year - Mi 1 1 ion Tonslyear $/Ton, '1980 $ 



a Co-product alumina i s  found t o  c o s t  $257 per  t o n  i n  1990, 

i n c l u d i n g  $35 per t o n  i n  o f f g a s  costs.  Because 

e s c a l a t i n g  energy cos ts  are a l ready  inc luded,  co-product 

alumina cos ts  w i l l  n o t  increase, i n  r e a l  1980 d o l l a r s ,  

' w h i l e  compe t i t i ve  products w i l l  i nc rease i n  p r i ce ,  as 

shown above. Thus, i t  appears l i k e l y  t h a t  t h e  recove ry  

o f  alumina f rom dawsonite associated w i t h  . s h a l e  w i l l  be 

ec6nomical ly  f e a s i b l e  and t h a t  t h i s  product  can pene t ra te  

t h e  market. 

a . Inc luded i n  t h e  imputed market p r i c e  o f  compe t i t i ve  

alumina i s  $50 per  t o n  o f  Jamaican taxes.  However, even 

i f  Jamaica a l t e r s  i t s  t a x  s t ruc tu re ,  t h e  d i r e c t  o p e r a t i n g  

cos ts  o f  shale co-product alumina w i l l  be lower than t h e  

upgrading o f  b a u x i t e  t o  alumina, once t h e  p l a n t s  have 

been b u i l t .  Thus major  p r i c e  c u t s  b y  b a u x i t e  e x p o r t i n g  . 

coun t r i es  would n o t  d i sp lace  e x i s t i n g  domestic shale 

co-product alumina p l a n t s .  

a . Domestic p roduct ion  o f  alumina prov ides a secure source 

o f  an impor tan t  s t r a t e g i c  raw m a t e r i a l .  A d d i t i o n a l  

b e n e f i t s  i nc lude  an improved balance of payments, up t o  

approximate ly  1 b i l l i o n  d o l l a r s  a year,  and a backstop 

p r i c e  t o  h e l p  brake f u t u r e  increases i n  b a u x i t e  p r i c i n g  

b y  t h e  IBA c a r t e l .  

The main f i n d i n g s  f o r  soda ash are: 

0 Except i n  t h e  U.S and Af r ica , .soda ash i s  produced by  t h e  

Solvay process which i s  h i g h l y  energy i n tens i ve ,  and 

whose manufactur ing cos ts  a re  about t w i c e  those o f  shale 

co-product soda ash. I n  t h e  U.S., soda ash i s  produced 



b y  t h e  min ing  and upgrading o f  t r o n a  a t  a cos t  est imated 

t o  be compe t i t i ve  w i t h  co-product soda ash. 

Expected r e a l  increases i n  energy p r i c e s  w i l l  

i n c r e a s i n g l y  f avo r  t h e  economics of U.S. soda ash. The 

c o s t  o f  co-product soda ash- i s  found t o  be $77 per t o n  i n  

1980, i n c l u d i n g  $40 per t on  f o r  o f f g a s  cos ts .  The 

e q u i v a l e n t  landed cos t  i n  Western . Europe and Japan, o f  

about $140 per ton, i s  compe t i t i ve  w i t h  c u r r e n t  market 

p r i c e s .  The major f u t u r e  markets f o r  soda ash are  f rom 

growth 'iri West European o r  Asian demand fo r  sodium ox ide  

and t h e  replacement o f  West European and t h e  deplacement 

o f  East European Solvay based soda ash. Other major 

markets i nc lude :  product  s u b s t i t u t i o n  i f  c h l o r i n e  demand 

( w i t h  i t s  c a u s t i c  soda p roduc t i on )  remains s t a b l e  o r  

dec l ines ,  growth i n  domestic demand f o r  sodium oxide, and . 

new markets fo r  soda ash. 

e The o v e r a l l  market p o t e n t i a l  f o r  co-product soda ash and 

the .  market p r i c e  o f  compe t i t i ve  sources i s  est imated as 

shown below ( t h e  domestic. p r i c e  i s  r e l a t e d  t o  t r o n a  

m in ing  and t h e  i n t e r n a t i o n a l  p r i c e  t o  t h e . c o s t ,  o f  Solvay 

based soda ash): 

An t i c i pa ted  P r i c e  
A n t i c i p a t e d  Market, ton on, 1980 $ 

Year - M i  11 i o n  Tonslyear Domestic I n t e r n a t i o n a l  

a The a n t i c i p a t e d  market of 9 t o  12 m i l l  i o n  tons '  per year  

i n  t h e  year  2000 assumes t h a t  ' c o - ~ r o d u c t  soda ash and 

U.S. t r o n a  manufacturers share new sodium ox ide  markets 

and ' t h a t  Western Europe and Japan do n o t  e r e c t  t r a d e  

b a r r i e r s  aga ins t  U.S. produced soda ash. 



The major findings for nahcolite are: 

a Although nahcolite could be produced at yery low marginal 
manufacturing costs, transportation costs are significant 
and place severe geographic limits on the potential 

market . 

The major, anticipated market is stack gas 'scrubbing. 
However, given the current leveling of electricity 
demand, changes in government regulations, and rapid 

developments .in scrubbing technology, any market 
projections are uncertain. 

a Overall, the market for nahcolite in 1990 could be up:to 
one million tons per year. This is equivalent 'to the 
output of a single 15,000 'barrel per day demonstrati-on 

unit. It therefore appears likely that the hulk of the 
nahcolite recovered as part of shale oil mining will be 

backfilled in the mine. 

Converting the market potential from tons of minerals to 
barrels of shale oil shows that these markets would support a shale 
oil industry equal to 500,000 barrels per day in the year 2000 and 
800,000 barrels per day by 2010, with an upside potential of 1,250,000 
barrels per day by 2010, as shown below in thousands of barrels per 
day, by co-product: 

Demand for Demand for Most Likelv 
Year Co-Product A1 umina - Co-Product Soda Ash 

(MB/D) (MB/ 0) 



In summary, co-product minerals could make an important 
economic contribution t o  a  shale o i l  industry. The major market l imit  could 
be ' s e t  by alumina, since the margi'nal costs  of producing soda ash might be 

as low as $10 t o  $30'\per ton and might readi ly vie with trona mining fo r  a  
larger  share of the future growth in sodium oxide markets. 



CHAPTER I 

POTENTIAL OF SHALE CO-PRODUCTS 

I n t r o d u c t i o n  

Th is  r e p o r t  discusses the  f e a s i b i l i t y  fo r  economical ly  

e x t r a c t i n g ,  upgrading and market ing m ine ra l s  t h a t  occur w i t h  o i l  

shale. The study was conducted b y  Lewin & Associates, Inc., who 

d i r e c t e d  t h e  work and performed t h e  economic and i n t e g r a t i n g  analyses; 

Energy Development Consultants, Inc., who performed the  min ing  and 

upgrading ana lys is ;  and, E. G. Higgins,  Federal,  who performed the  

market ing study. 

The purpose o f  t h i s  s tudy  i s  t o  analyze t h e  p o t e n t i a l  f o r  

economical ly  recove r ing  and market ing  co-product1 m ine ra l s  associated 

w i t h  shale o i l  t o  determine whether t h e y  might  improve t h e  economics 

o f  shale o i l  p roduct ion .  

Recently, an i nc reas ing  amount of a t t e n t i o n  has been d i r e c t e d  

toward t h e  l a r g e  shale o i l  resource i n  Colorado. Several s tud ies  have 

been undertaken t o  analyze t h e  t e c h n i c a l  . and economic f e a s i b i  1  i t y  o f  

e x t r a c t i n g  t h i s  o i l ,  most r e c e n t l y  b y  t h e  O f f i c e  o f .  Technology 

Assessment. I n  general, these s tud ies  have concluded t h a t  t h e  

technology cou ld  be developed b u t  t h a t  t h e  economics would be marginal .  

Associated w i t h  the  o i l  shale i n  some depos i ts  i n  Colorado 

are sodium minerals ,  i n  p a r t i c u l a r  n a h c o l i t e  and dawsonite. The f i r s t  

m inera l  i s  a n a t u r a l  sodium b icarbonate  ash and t h e  second i s  a 

chemical composi t ion o f  sodium and aluminum. Thus, dawsonite can be 

upgraded t o  y i e l d  alumina, t h e  precursor  o f  aluminum, w i t h  soda ash as 

a by-product.  Since these m ine ra l s  a re  i n te rspe rsed  w i t h  oi.1 shale, 



min ing  o f  t h e  l a t t e r  would a l so  e n t a i l  m in ing  o f  t h e  former. Should 

i t  be economical ly  f e a s i b l e  t o  upgrade and market these minera ls  as 

co-products, t h e  economics o f  shale o i  1  recovery  might  be improved. . 

The Resource 

Major depos i t s  o f  o i l  shale occur i n  t h e  Green R ive r  

Formation o f  t h e  Piceance Creek Basin i n  Northwestern Colorado, 

E x h i b i t  1-1. The no r the rn  h a l f  o f  t h e  Basin a l so  conta ins  vast  

depos i t s  o f  nahcol i t e  (NaHC03) and dawsonite (NaA1 (OH)2C03), 

t h a t  are co-deposi ted w i t h  t h e  shale i n  t h e  Sa l i ne  Zone which 

u n d e r l i e s  t h e  Leached Zone. E x h i b i t  1-2 shows a  c ross-sec t ion  o f  t h e  
Piceance Basin and t h e  depos i t i on  o f  m ine ra l s  i n  t h e  Sa l i ne  Zone. 

Data on 22 cores from t h e  Sa l i ne  Zone have been repo r ted  b y  

T.N. Beard, D.B. T a i t  and J.W. Smith i n  1974 (Nahco l i t e  and Dawsonite 

Resources i n  t h e  Green R iver  Formation, Piceance Creek Basin, 

Colorado).  The l o c a t i o n  of these cores i s  shown on E x h i b i t  1-3. From 

t h i s  and o the r  data, es t ima tes  nf t.he n a h c o l i t e  and dawsonite 

resources have been developed as shown on E x h i b i t s  1-4 and 1-5, 

r e s p e c t i v e l y .  The no r the rn  area o f  t h e  Piceance Creek Basin g e n e r a l l y  

co inc ides  w i t h  t h e  occurence of t h e  two  minera ls ,  a l though t h e  

dawsonite depos i t s  extend f u r t h e r  eas t  than those o f  n a h c o l i t e .  The 

cen te r  and t h i c k e s t  depos i t s  o f  bo th  m ine ra l s  occur i n  Township 1 

South, Range 98 West. The in -p lace nahcol i t e  resource i s  est imated t o  

be about 30 b i l l i o n  tons;  t h e  dawsonite resource i s  est imated t o  

represent  6 t o  7 b i l l i o n  tons  o f  alumina. 

The core d 8 t a  incl ica,tes t h a t .  t h e  areas w i t h  t h e  l a r g e s t  

m ine ra l  content  (TlS, R98W) c o n t a i n  ore  w i t h  about 20% n a h c o l i t e  and 

12% dawsonite b y  weight.  Along t h e  edge o f  t h e  bas in  i n  t h e  areas 



Exhibit 1 - 1 

INDEX MAP, PICEANCE CREEK BASIN, COLORADO 

Source: Nahco l i te  and Dawsonite i n  Green River  Formation, Colorado; TON. 
Beard, D.B. Ta i t ,  and J.W. Smith 



Exhibit 1-2 

CROSS-SECTION OF THE PICEANCE CREEK BASIN 

Locat ion of cross section 

Source: Nahcol i te and Dawsonite i n  Green River  Formation, Colorado; T.N. 
Beard, D.B. T a i t ,  and J.W. Smith 



Exhibit 1-3 

CORES THROUGH THE SALINE ZONE 

Source: Nahcol i te and Dawsonite i n  Green River  Formation, Colorado; T.N. 
Beard, D.B. T a i t ,  and J.W. Smith 



Exhibit 1-4 

NAHCOLITE RESOURCE DISTRIBUTION 

Thickness of naheolite-bearing interval, Green 
River Formation, northern Piceance Creek basin, Colo. Nahcdite content of nahcolite-bearing inter- 

val, in avemge weight-percent. 

Nahcolite isomsewes in nahcolite-bmaring 
interval, in millions of tons per sq mi. 

Source: Nahcol i t e  and Dawsoni t e  i n  Green River Fomation, Colorado; T.N. 
Beard, D.B. Ta i t ,  and J.W. Smith 
. . .  . . .  



Exhibit 1-5 

DAWSONITE RESOURCE DISTRIBUTION 

D 

Thickness of dawsonitc-bearing interval, Dawsonite content af dawsonite-bearing. -? 
Green River Formation, Colo. interval, in weight-percent. 

~ 5 

Dawsonite isoreserves in dawsonits-bear- 
ing interval. in millions of tans per sq mi. 

Source: Nahcolite and Dawsonite in Green River Formation, Colorado; T.N. 
Beard, D.B. Tait, and J.W. Smith 



where there i s  no nahcol i te ,  the dawsonite content i s  about 2% by 

weight. The average o i l  content o f  the shale i n  t h i s  area i s  

est imated t o  range f rom 20 t o  30 ga l lons per ton. 

Study Approach 

To analyze t he  market p o t e n t i a l  of shale co-products, i t  i s  

necessary t o  determine the  economics of upgrading the minerals and t o  

est imate t he  p o t e n t i a l  market for  these products a t  a market p r i c e  

t h a t  i s  based on t h e  costs  o f  c o m p e t i t i v ~  processes. For t h i s ,  th ree  

tasks were conducted: 

Task 1. Determine manufacturing costs o f  shale o i l  and 
co- roducts.  The first. t ask  was t o  es tab l i sh  the f u l l  b costs o s a le  o i l  production under the assumption t h a t  
shale o i l  i s  the pr imary product, and then determine t h e  
marginal costs o f  separating nahco l i te  and -upgrading 
dawsonite t o  commercial grade soda ash and alumina. This 
task was performed by Energy Development Consultants, 
Inc. (EDC) and Lewin and Associates (Lewin). It i s  
summariscd i n  Chapters 2 and 3, and i s  discussed i n  
greater  d e t a i l  i n  Appendices 1 drld 2 o f  t h i s  repor t .  

labk 2. Determine the p o t e n t i a l  world market for-  
alumina, soda ash and nahcol i te .  The second, p a r a l l e l  
task was t o  determine the  market demand, competing 
sources of supply, and the  market p r i c e  f o r  the  shale 
co-products by major geographical area and major end 
use. This task was performed by  C. 6. Hiyyirts, Federal 
(EGH). It i s  summarized i n  Chapter 4 and i s  discussed i n  
greater  de ta i  l i n  Appendix 3. 

Task 3. Estimate the  economic v i a b i l i t y  and market 
p o t e n t i a l  fo r  shale co-products. The f i n a l  task  was t o  
i n t eg ra te  the  cost  ana lyc is  w i t h  the  market study t o  
determine under what condi t ions,  a t  what pr ices,  and t o  
what ex tent  the  shale o i l  der ived co-products -- alumina, 
soda ash and nahco l i te  -- could  penetrate domestic and 
export  markets. I n  addi t ion,  t h i s  task determined the  
economic impact of co-product recovery on the recovery o f  
the  pr imary.product ,  shale o i l .  This task was performed 
by  Lewin and EGH, and i s  discussed i n  Chapters I and I V .  



Fundamental Studv A s s u m ~ t i o n s  

The economics o f  sha le  co-products  depend g r e a t l y  on t h e  

d i s t r i b u t i o n  and r i c h n e s s  of  sha le  o i l  and co-product  ,m inera ls  as w e l l  

as t h e  s c a l e  of  ope ra t i on .  To r e f l e c t  these  cond ' i t i ons ,  f i v e  

i l l u s t r a t i v e  cases, as de f ined  below, were c r e a t e d  and analyzed i n  

d e t a i  1  : 

P l a n t  S ize  

S i n g l e u n i t  F u l l  S c a l e p l a n t  

Lean M ine ra l s ,  R i ch  Shale 

- 0% N a h c o l i t e  
"1.: - 2% Dawsonite 

- 30 Ga l lon  'per t o n  sha le  

*. 

R i ch  M ine ra l s ,  R i ch  Shale 

- 20% N a h c o l i t e  
s- 

- 12% Dawsonite 
. P 
-st%' . 

-+: 
- 30 Ga l l on  pe r  t o n  sha le  

R i ch  Minera ls ,  Lean Shale 

- 20% N a h c o l i t e  

- 12% Dawsonite 

- 20 Ga l l on  per  t o n  sha le  

Case 1 

Case 3 

Case 2 

Case 4 

- - Case 5  

The S i n g l e  U n i t  i s  a  p i l o t  p l a n t  o f  about 15,000 b a r r e l s  per  

day, w h i l e  t h e  F u l l  Sca le  P l a n t  i s  a  commercial u n i t  o f  about 50,000 

b a r r e l s  per  day. Besides address ing  t h e  l a r g e r  marke t i ng  volumes 



produced b y  t h e  F u l l  Scale P lan t ,  t h e  a n a l y s i s  o f  two p l a n t  s i z e s  

i d e n t i f i e s  any economies o f  scale.  

Case 3 can be considered t h e  Base Case s ince  i t  i s  a  p i l o t  

p l a n t  i n  t h e  r i c h  minera ls ,  r i c h  sha le  p o r t i o n  o f  t h e  Basin and 

t h e r e f o r e  r e f l e c t s  t h e  most probable i n i t i a l  development p r o j e c t .  

Product  S l a t e  

R e t o r t s  f o r  shale o i l  p rocess ing  are designed f o r  a charge o f  

'LU.UUU tons  at' n r e  pe r  day and cannot e a s i l y  be scaled t o  o t h e r  

s i zes .  I n  a d d i t i o n ,  f o r  t e c h n i c a l  reasons, t h e  r e t o r t s  must operate 

a t  a  minimum of 95% of f u l l  capac i t y .  Since t h e  r e t o r t  determines t h e  

produc t ion ,  t h e  ac tua l  tonnage mined and thus  o i l  produced i n  t h e  f i v e  

cases v a r i e d  from t h e  nominal 15,000 and 50,000 b a r r e l s  per  day as 

shown on E x h i b i t  1-6, depending on t h e  minera l  con ten t  o f  t h e  mined 

shale.  

The product  s l a t e s  f o r  each o f  t he  f i v e  cases i s  a l so  shown 

on E x h i b i t  1-6. Cases 1 and 2, r e p r e s e n t i n g  t h e  " lean  m ine ra l s "  case, 

have a  low dawsonite con ten t  and no nahco l i t e ,  and consequent ly t h e  

p roduc t i on  o f  alumina and soda ash i s  smal l .  I n  C a w  4, t h e  F i l l1  

Scale P lan t ,  " r i c h  m ine ra l s "  case, t h e  soda ash produced toge the r  w i t h  

alumina i s  1,000,000 t o n s  per  year,  e q u i v a l e n t  t o  a  wor ld -sca le  soda 

ash p l a n t .  The alumina produc t ion  i n  Case 4 corresponds t o  an annual 

p roduc t i on  o f  570,000 tons  o f  alumina, which would be about 6% o f  

t o t a l  1980 U.S. consumption. I n  Case 5, where t h e  o i l  con ten t  o f  t h e  

sha le  i s  lower ( a t  20 g a l l o n s  p c r  t o n ) ,  f i v e  r e t o r t s  are r e q u i r e d  t o  

produce about 50,000 b a r r e l s  o t  o i l  per day. The r e s u l t i n g  annual 

p roduc t i on  o f  1.8 m i l l i o n  tons  of soda ash would be a  major a d d i t i o n  

t o  wo r ld  capac i t y .  The alumina produc t ion  o f  n e a r l y  1 m i l l i o n  tons  

per  year  would be about 10% of U.S. consumption. 



Exhibit 1-6 

PRODUCT SLATES FOR THE FIVE CASES 

Raw Mater ia l  

Lean Minerals 

Rich Shale 

Rich Minerals 

Rich Shale 

Rich Minerals 

Lean Shale 

i 

Case 1 

Shale: 21,053 TPD 

O i l :  13,571 BPD 

Nahcol i t e :  -- 
Alumina: 75 TPD 

Soda ash: 78 TPD 

( 1  r e t o r t  module) 

Case 3 

Shale: 25,316 TPD 
O i  1: 15,639 BPD 

Nahcol i te: 4,050 TPD 

,Alumina: 523 TPD 

Soda ash: 991 TPD 

(1 r e t o r t  module) 

Not analyzed 

Case 2 

Shale: 84,212 TPD 

O i  1 : 54,284 BPD 

~ a h c o l ' i  t e :  -- 
Alumina: 300 TPD 

Soda ash: 312 TPD 

(4 r e t o r t  modules) 

Case 4 

Shale: 75,948 TPD 
O i  1: 46,917 BPD 

Nahcol i te: 12,150 TPD 

Alumina: 1,569 TPD 

Soda ash: 2,973 TPD 

(3 r e t o r t  modules) 

Case 5 

Shale: 126,582 TPD 

O i  1 : 52,132 BPD 

Nahcol i te: 20,253 TPD 

Alumina: 2,616 TPD 

Soda ash: 4,956'TPD 

(5 r e t o r t  modules) 
L 



Market  P o t e n t i a l  

The a n a l y s i s  shows t h a t  w h i l e  t h e  c o s t s  o f  sha le  o i l  a re  

c o m p e t i t i v e  i n  Cases 1 and 2, t h e  c o s t s  o f  a lumina and soda ash a re  

n o t  because o f  t h e  low m ine ra l  con ten t  o f  t h e  mined shale.  Case 5 has 

t h e  sha le  w i t h  l owes t  o i l  con te r i t  and thus,  i n  genera l ,  t h e  sha le  o i l  

economics a r e  t h e  wo rs t  o f  t h e  f i v e  cases, b u t  n o t  s i g n i f i c a n t l y  so 

because o f  t h e  c r e d i t s  a v a i l a b l e  f r o m  t h e  m i n e r a l  co-products  which 

a re  mined i n  l a r g e  q u a n t i t i e s .  However, these  l a r g e  volumes would 

a l s o  s i g n i f i c a n t l y  reduce t h e  s i z e  o f  an o i l  sha le  i n d u s t r y  suppor ted 

by  m i n e r a l  co -p roduc t i on .  

The f o l l o w i n g  d i s c u s s i o n  focuses on Case 3 s i nce  t h i s  can be , 

cons idered  t h e  Base Case, and t h e  assumed resou rce  c h a r a c t e r i z e s  a  

l a r g e  p o r t i o n  o f  t h e  resource .  

The economic a n a l y s i s  shows t h a t  t h e  c o s t  o f  a lumina and soda 

ash can be broken down as f o l l o w s :  
, .  

Alumina, $/Ton Soda Ash, $/Ton 

D i r e c t  Ope ra t i ng  Costs 

Offgas Costs  
Other 

Tot  a1 

The r e t o r t  produces low BTU o f f g a s .  Al though t h i s  gas m a y  

n o t  have an a l t e r n a t i v e  use, i t  was assumed t h a t  t h i s  o f f g a s  would be 

used i n  t h e  manufacture of a lumina and soda ash a t  a  c o s t  o f  $5 pe r  

m i l l i o n  BTU. 

These a lumina and soda ash c o s t s  r e f l e c t  a  2% per  year  

e s c a l a t i o n  i n  enerqy c o s t s  and would remain cons tan t  i n  r e a l  terms 

over  t h e  l i f e  over  t h e  sha le  o i l  p l a n t .  These c o s t s  a re  a l s o  FOB 

works and t h u s  do n o t  i n c l u d e  t r a n s p o r t a t i o n .  



1. Alumina Markets 

D e l i v e r e d  alumina c o s t s  a re  h i g h l y  dependent on 

t r a n s p o r t a t i o n  c o s t s  and t h e  m a j o r i t y  o f  a lumina and aluminum p l a n t s  

are l o c a t e d  near  water  t o  use t h i s  cheaper t r a n s p o r t a t i o n  mode. A  

sha le  o i  1  co-product  f a c i l i t y  would need t o  use r a i l ,  f r e i g h t  and 

would, moreover, have t o  b u i l d  a  r a i l r o a d  spur t o  t h e  p l a n t .  

T r a n s p o r t a t i o n  c o s t s  a re  t h e r e f o r e  d i f f i c u l t  t o  determine, 
i!, 

p a r t i c u l a r l y  s i nce  r a i  l r o a d  r a t e s  are be ing  d e c o n t r o l  l ed .  Because o f  

i t s  geographic l o c a t i o n ,  a  sha le  o i l  p l a n t  m igh t  have c o m p e t i t i v e  

t r a n s p o r t a t i o n  economics w i t h  t h e  movement o f  a lumina f r om t h e  G u l f  

Coast t o  t h e  Northwest smel ters ,  b u t  t h i s  s tudy  assumes t h a t  s h a l e  
,. . 
, . co-product  a1 umina has no t r a n s p o r t a t  i o n  advantages o r  d isadvantages 

r e l a t i v e  t o  o t h e r  sources o f  alumina. 

The market analyses conc lude t h a t  i n  1990 t h e  p o t e n t i a l  

co-product  a lumina market i n  t h e  U.S. and Canada i s  3 t o  5 m i l l i o n  

tons  pe r  year ,  w i t h  a lumina f rom c o m p e t i t i v e  processes p r i c e d  a t  $230 

t o  $270 per  t on .  These c o s t s  i n c l u d e  about $50 per  t o n  Jamaican t a x e s  

and t h e y  e s c a l a t e  w i t h  energy cos ts ,  so t h a t  b y '  t h e  year  2000 t h e  

c o s t s  range f r om $240 t o  $280 per  t on .  The market  f o r  co-product  

a l u ~ n i n a  and t h e  c o s t  o f  competitive p r o d u c t i o n  i s  summarized below: 

M i  1  1  i o n  Tons/Year $/Ton. 1980 $ 

Co-product a lumina t h u s  appears s u f f i c i e n t l y  economic t o  

cap tu re  t h e  t o t a l  p o t e n t i a l  market ( p a r t i c u l a r l y  i f  o f f g a s  c a s t s  a re  



reduced) with a  15% Return on Investment and t o  a s s i s t  the shale o i l  

economics by "purchasing" offgas from the r e t o r t .  The shale o i l  

capacity tha t  these alumina markets would support are: 

Year - 
1990 

MRPD 

230 - 400 

Moreover, t h e  direct  operating costs s f  c~-pr~or luc l ;  a1 ljmlns 
are lower than those of competing processes. Even i f  Jamaica amended 
i t s  tax s t ruc ture  and U.S.  t a r i f f s  were not reimposed, any exis t ing 

co-product f a c i l i t i e s  might s t i l l  be economic. 

2. Soda Ash Markets 

Transport a t  inn rns t  s are more importsnt for  soda as11 ~lldrkets 
t h a n  for dlurrlir~a, since they cons t i tu te  a larger percentage of t o t a l  ' 

. . 

costs .  Current 1.y. r a i  1 transport a t  ion charges from the GI-eel1 R i v ~ r  " 

Basin t o  the U.S. Gulf Cnast or West Coast. are about $42 per ton. 

Ocean freight  t o  Western Europe or Asia would add another $20 per ton 
t o  transportation costs .  Assuming transportation costs increase 1% 

per year, the landed costs  of co-product soda ash are projected tan he! 

Do1 1ar.s per Ton 

Soda Ash ,  CIF 



The market p o t e n t i a l  f o r  co-product  soda ash and 

i n t e r n a t i o n a l  c o s t s  o f  compet ing processes a re  es t ima ted  as f o l l o w s :  

Year - M i  11 i o n  Tonslyear  Market P r i ce ,  $/Ton 

The low range o f  t h i s  p o t e n t i a l  market assumes t h a t  

co-product  soda ash w i  11 d i s p l a c e  e x i s t i n g  West European Solvay p l a n t s  

b y  2010 and cap tu re  50% o f  West European and Asian growth markets .  

., . The h i g h  s i d e  assumes a d d i t i o n a l l y  t h a t  some sa les  t o  Western Europe 

o f  East European Solvay ash w i l l  be d isp laced ,  t h a t  some U.S. growth 

markets  w i l l  be covered b y  co-product  soda ash, t h a t  soda ash w i l l  

r e p l a c e  some c a u s t i c  soda, and t h a t  new markets  w i l l  develop. 

The 1990 d e l i v e r e d  c o s t s  o f  co-product  soda ash a re  below t h e  

'., , range o f  t h e  es t ima ted  c o m p e t i t i v e  market p r i c e .  Thus, i t  appears 
t h a t  t h e  f u l l  market p o t e n t i a l  o f  4 t o  5  m i l l i o n  tons'  c o u l d  be 

achieved. However, even h a l f  o f  t h i s  market would be l a r g e r  than  t h e  

c a p a c i t y  t h a t  cou ld  be expected t o  be i n s t a l l e d  b y  1990, s i nce  each 

50,000 b a r r e l  per  day sha le  o i l  p l a n t  produces 1 m i l l i o n  t o n s  o f  soda 

ash annua l l y  i n  t h e  r i c h  m ine ra l s ,  r i c h  sha le  cases. 

About 60% o f  t h e  c o s t s  f o r  Solvay soda ash c o n s i s t  o f  energy 

cos t s .  Thus, t h e  i n h e r e n t  cos t  s t r u c t u r e  i s  such t h a t  Solvay ash w i l l  

become i n c r e a s i n g l y  more c o s t l y  w h i l e  co-product  soda ash w i l l  o n l y  

e s c a l a t e  w i t h  t r a n s p o r t a t i o n  cos t s  -- assuming no p r o t e c t i v e  t a r i f f s  

a re  imposed. 



The '  p o t e n t i a l  soda ash markets correspond t o  t h e  f o l l o w i n g  

sha le  o i  1  p roduc t i on :  

Soda Ash 
Year Product ion ,  MM Tonslyear - 

Shale O i l  Product ion,  
MBPD 

3. I n t e r r e l a t i o n  o f  Alumina and Soda Ash Markets 

t o  Shale O i l  P roduc t ion .  
-- - 

Although alumina . and soda ash wor ld  markets may be 

independent o f  each o the r ,  t h e  p roduc t i on  o f  soda ash i s  dependent on 

alumina produc t ion  which, i n  t u rn ,  depends on o i l  p roduc t ion .  

The major  market l i m i t  appears t o  be f o r  alumina, s i nce  t h e  

marg ina l  cos ts  o f  producing soda ash cou ld  be as low as $10 t o  $30 per 

t o n  and c o u l d  r e a d i l y  v i e  f o r  a  l a r g e r  share o f  t h e  growth i n  t h e  

sodium ox ide  market.  Conver t ing the  market po ten t i . a l  f rom tons  o f  

m ine ra l s  t o  b a r r e l s  o f  shale o i l  shows t h a t  these markets would 

r e a d i l y  suppor t  an i n d u s t r y  equal t o  500,000 b a r r e l s  per day shale o i l  

c a p a c i t y  i n  t he  .year 2000, and 800,000 b a r r e l s  per day b y  2010, w i t h  

an upside p o t e n t i a l  o f  1,250,000 b a r r e l s  per day by 2010, as shown 

below by produc t :  

Range o f  Market Demand Range o f  Market Demand Most L i k e l y  
Year f o r  Co-Product Alumina f o r  Co-Product Soda Ash Capac i ty  

-.-. - 

* Imp l i es  t h a t  soda ash would need t o  cap ture  more than a  50% market 
share o f  growth i n  sodium ox ide  demand, w i t h  t r o n a  c a p t u r i n g  t h e  
remainder.  



A major i n t a n g i b l e  i n  .assessing t h e  market p o t e n t i a l  o f  

alumina and soda ash i s  t h a t  t h e  shale o i l  co-products would be 

produced and made ava i  l a b l e  o u t s i d e  t r a d i t i o n a l  channels.  Th is  cou ld  

r e q u i r e  shale o i l  producers t o  develop i n n o v a t i v e  marke t ing  schemes o r  

t o  cooperate w i t h  e x i s t i n g  manufacturers, domest ic o r  f o re ign ,  t o  use 

e x i s t i n g  marke t ing  channels.  



CHAPTER I 1  

MINING, SEPARATION AND UPGRADING - 

I n t r o d u c t i o n  

To determine co-product  ava i  1  ab i  1  i t y  and economics, t h e  

f o l l o w i n g  analyses were c.onducted f o r  each o f  t h e  f i v e  cases: 

0 P r e l  i m i n a r y  enq inee r i ng  des ign  o f  m i n e r a l  co -p roduc t  
f a c i l i t i e s ,  

0 F u l l  c o s t - e n g i n e e r i n g  and economic a n a l y s i s  o f  t h e  sha le  
o i l  p l a n t ,  and; 

0 Marg ina l  ( c a p i t a l  and o p e r a t i n e )  c o s t  a n a l y s i s  f o r  
co -p roduc t  f a c i l i t i e s .  

To complete  t h i s  s tudy,  i t  was f i r s t  necessary  t o  deve lop  a  

d e t a i l e d  concep tua l  a n a l y s i s  o f  t h e  processes b y  which t h e  m i n e r a l s  

would be separated o r  upqraded. Cne above-sur f  ace comrnerci a1 ven tu re  

has been proposed f o r  m i n e r a l  r e c o v e r y  i n  comb ina t ion  w i t h  p rocess ing  

o f  s h a l e  f n r  o i l  p roduc t i on ,  b u t  inadequate d e t a i l s  were a v a i l a b l e  t o  

c o n s t r u c t  t h e  r e q u i r e d  process, c a l c u l a t e  mass and energy  f l ow  

diagrams, and determine c a p i t a l  and o p e r a t i n g  c o s t s .  

Process Flow 

A f t e r  m in ing ,  t h e  m a t e r i a l  i s  assumed t o  be t r a n s p o r t e d  t o  

t h e  s u r f a c e  f o r  p r i m a r y  c r u s h i n g .  Next, t h e  n a h c o l i t e  i s  separa ted  

th rough  , f u r t h e r  c r u s h i n g  and p h o t o s o r t i n g  and t h e  n o n - n a h c o l i t i c  s h a l e  



charged t o  t h e  r e t o r t .  Th i s  process f l o w  i s  shown d iagrammat ica l l y  on 

E x h i b i t  2-1, where t h e  mass f l o w  f o r  Case 3 i s  a lso  i nd i ca ted .  

The f o l l o w i n g  assumptions were made f o r  t he  mine design: 

e Co-product Determined Factors  : 

-- S ing le  l e v e l ,  room and p i l l a r  mine i n  t h e  Sa l i ne  
Zone. Based on e x i s t i n g  p lans f o r  shale mines and t h e  
exper ience o f  t he  design team, t h i s  minir ig method would 
be t h e  most appropr ia te  a t  t he  depth of about 2,000 feet  
under t h e  surface, t h e  depth o f  t h e  Sa l ine  Zone i n  t h e  
areas o f  t he  chosen cases. 

and 
t h i  

A uniform, f l a t - l y i n g  bed o f  o i l  shale w i t h  dawsonite 
in ter-bedded n a h c o l i t e  nodules and a  mineable 

ckness o f  60 f e e t .  Since t h e  purpose o f  t he  s tudy  was 
t o  eva lua te  t h e  p o t e n t i a l  o f  co-products, no s e l e c t i v e  
min ing  o f  extended n a h c o l i t e  lenses was assumed. The 
th ickness  o f  60 f e e t  was chosen, 'based on core da ta  and 
conserva t ive  est imates of  t h e  t e c h n i c a l l y  f e a s i b l e  mine 
s i ze .  

a Conventional Min ing  Fac tors :  

- - The mine i s  developed i n  panels approximate ly  6,000 
f e e t  long and 1,100 f e e t  wide. 

- - P i l l a r s  are a  minimum o f  120 f e e t  l a t e r a l l y  and 
m in ing  i s  l i m i t e d  t o  an o v e r a l l  e x t r a c t i o n  o f  15 
percent .  This  p i l l a r  s i z e  i s  based on e x t r a p o l a t i o n  o f  
p rev ious  exper.,ier~ce, t a k i n g  i n t o  account t h e  presumed 
c ~ m p e t e n c y  o f  the format  ion .  

- - Gassy mine c ~ n d i t i o n s  a re  assumed; thus, a seven 
pane l -en t r y  design w i t h  f i v e  main e n t r i e s  i s  emplo,~ed, 
w i t h  pe rm lss lb le  min ing  equipment t o r  use i n  gassy 
environments. Studies have i n d i c a t e d  t h a t  p lann ing  f o r  
gassy mine cond i t i ons  apprec iab ly  increases c a p i t a l  and 
ope ra t i ng  cos ts  f o r  min ing  opera t ions .  However, t h i s  
a d d i t i o n a l  cos t  i s  n e g l i g i b l e  when compared t o  t h e  to t .a l  
p l a n t  f a c i l i t y  cos ts .  Fur ther ,  pos t -opera t ing  design 
changes o r  r e t r o f i t t i n g  a  mine t o  gassy cond i t i ons  when 
such c o n d i t i o n s  are n o t  a n t i c i p a t e d  i n i t i a l l y ,  i s  a  major 
p r o j e c t  cos t .  
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PROCESS FLOW DIAGRAM: CASE 3 
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-- Access t o  the  mine i s  through p a r a l l e l  i n c l i n e s  o f  
about 12,000 f e e t  i n  combined length .  A d e t a i l e d  
a n a l y s i s  o f  s h a f t  versus i n c l i n e  access was performed and 
t h e  i n c l i n e  chosen because i t  was t e c h n i c a l l y  and 
e c ~ n o m i c a l l y  supe r io r  f o r  t he  l a r g e  tonnage output  of t he  
mines . 
-- Hydrau l i c  b a c k f i l l i n g  i s  assumed. This  may c reate  a  
d i sposa l  problem s ince t h e  f i n e s t  p a r t i c l e s  must be 
removed on t h e  sur face so t h a t  t he  f i l l  can s t a b i l i z e .  
Th is  cou ld  be accomplished through l a r g e  sur face s e t t l i n g  
ponds which may have adverse environmental impact. An 
a1 t e r n a t i v e  i s  t o  use pneumatic b a c k f i  11 ing, b u t  w i t h  t h e  
l a r g e  tonnages invo lved t h e  f e a s i b i l i t y  o f  such an 
operat ion appears h i g h l y  quest ionable.  

A f t e r  min ing  t h e  shale i s  crushed on the  sur face and the  

nahcol i t e  i s  separated. The - design o f  t he  nahco l i t e  separa t ion  u n i t  

i s  based on a  p r e v i o u s l y  pub l ished design, adapted t o  t h i s  s i t u a t i o n .  

Two products w i l l  be produced f o r  s tack gas o r  baghouse scrubbing; t h e  

f i r s t  i s  -1/8" m a t e r i a l  and t h e  second i s  +1/8" m a t e r i a l .  

The r e t o r t  design i s  based on pub l ished da ta  f o r  

commercial-scale c i r c u l a r  g r a t e  r e t o r t s .  This  r e t o r t  can process 

20,000 tons per day and produces s h a l e ' o l l ,  offgas and spent shale,  

A f t e r  r e t o r t i n g ,  t h e  dawsonite i n  t h e  spent shale i s  upgraded 

t o  alumina and soda ash i n  t h e  Alumina Soda Ash Recovery 

(ALSAR) u n i t .  The process design o f  these f a c i 1  i t i e s  i s  shown 

concep tua l l y  on E x h i b i t  2-2 and i s  discussed below. Also shown on 

E x h i b i t  2-2 are the  mass f l ows  f o r  Case 3. 

The r e t o r t e d  shale i s  crushed t o  150 mesh t o  prov ide  
s u f f i c i e n t  contac t  sur face area f o r  leaching.  

The nex t  s tep  i s  "co ld"  leach ing  (25oC) o f  r e t o r t e d  
shale w i t h  c a u s t i c  concent ra t ions  o f  NaOH l e s s  than o r  
equ.a1 t o  20 g / l ,  and Na2C03 l e s s  than o r  equal t o  
150 g / l  f o r  c o n t r o l  o f  s i l i c a  d i s s o l u t i o n .  

a Then, s o l u b i l i z e d  alumina i s  recovered from leach l i q u o r  
by  "ho t "  p r e c i p i t a t i o n  (650C) us ing  recyc led  t r i h y d r a t e  
seeding ( 5 : l  r a t i o ) .  
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e Cel l -g rade  alumina i s  produced ( l e s s  than o r  equal  t o  
0.03% weight o f  SiO2) f rom t h e  p r e c i p i t a t e d  Al(OH)3 
a f t e r  washing, f i l t r a t i o n ,  and c a l c i n a t i o n .  

The process i s  s e l f - s u f f i c i e n t  i n  c a u s t i c  (NaOH), and t h e  
pH o f  t h e  ove r f l ow  f rom p r e c i p i t a t i o n  i s  c o n t r o l l e d  by  
Na2C03 c r y s t a l l i z a t i o n  and a  c a u s t i c  purge i n  t h e  
r e t o r t e d  shale  l each ing  r e c y c l e  s tep .  Caust ic  
concen t ra t ions  are c a r e f u l l y  r egu la ted  f o r  c o n t r o l  of 
s i l i c a  s o l u b i  1  i t y .  

e F i n a l l y ,  soda ash (dense) i s  produced by evaporat ion of 
t he  ove r f l ow  1carl.h liql.ror and dehydrat inn n f  t h e  
rnoiroliydrate product .  

The r e t o r t e d  shale must be f i n e l y  crushed p r i o r  t o  leaCh171tj, 

s ince  s o l u b i l i z a t i o n  o f  t h e  aluminum va lues i s  s t r o n g l y  dependent on 

sur face-area con tac t .  

A p o t e n t i  a1 cost -sav ings o f  the  assumed product  i on  process 

r e l a t i v e  t o  o the r  proposed designs i s  t he  o b v i a t i o n  o f  a  d e - s i l i c a t i o n  

c i r c u i t  i n  t h e  ALSAR u n i t .  Also, no l i n e - s i n t e r  process ing i s  

r e q u i r e d  f o r  s i l i c a  c o n t r o l  and 'leach water clean-up. 

Energy Bal ance 

I n  a d d i t i o n  t o  mass balance c a l c u l a t i o n s ,  energy balances f o r  

t he  shale o i l  and m ine ra l  co-product f a c i l i t i e s  were determined. The 

purpose o f  t h i s  p a r t  o f  t h e  s tudy  was t o  eva lua te  t h e  p o t e n t i a l  o f  

us i ng  t he  low BTU o f f g a s  f rom the  r e t o r t  as a  co-product f o r  a lumina 

c a l c i n a t i o n  and soda ash c r y s t a l l i z a t i o n .  I n  t h e  ALSAR process, a  

s u b s t a n t i a l  quar111ly u f  prucess hed l  i r ~  l h e  fur.111 uT t ~ i y t l  d ~ ~ d  

low-pressure steam i s  r equ i r ed .  Based on ana log ies  with. t h e  alumlnuin 
and t r o n a  i n d u s t r i e s ,  these processes r e q u i r e :  

Process Step Enerqy Requirements 

Alumina P r e c i p i t a t i o n  6.7 MMBtu/ton 
Soda Ash C r y s t a l l i z a t i o n  7.2 MMBtu/ton 



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

t h a t  14.5 x  l o 9  BTU per  day o f  90 BTU pe r  c u b i c  f o o t  o f  gas i s  

produced b y  a  s i n g l e  20,000 BPD r e t o r t  module. 

The p l a n t  i n  Case 3  i s  e s t i m a t e d  t o  consume 13.8 x  10 
9 

BTUlday as f o l l o w s :  

Energy Consumption 

ALSAR F a c i l i t y  . 1 0 9 B ~ l J l d a ~  

Nahcol i t e  Recovery U n i t  ( Pho toso r t  K i  l n )  1.3 

Na2C03 C r y s t a l  1  i zer  6.2 

A1 (OH3) K i l n  ( F l u i d i z e d - B e d  C a l c i n e r )  3 .2  

Na2C03 K i l n  0 .7  

Process Dr i ves 1 .O 

M isc .  P l a n t  

T o t a l  

T h i s  i n d i c a t e s  t h a t  t t i e  r e t o r t  o f f g a s  w i l l  be s u f f i c i e n t  t o  

meet t h e  process  ene rgy  requ i remen ts  o f  t h e  upcj rading f a c i l i t i e s .  I n  

a d d i t i o n ,  t h e  p l a n t  w i l l  r e q u i r e  t h e  use o f  d i e s e l  i n  t h e  m i n i n g  

o p e r a t i o n s  and e l e c t r i c i t y  wh ich  must be purchased.  The energy  

requ i remen ts  f o r  t h e  f i v e  cases are  shown on E x h i b i t  2-3.  

C o s t i n g  

The ma jo r  p l a n t  s e c t i o n s  o f  t h e  s h a l e  o i l  and m i n e r a l  

co -p roduc ts  f a c i l i t y  a r e  l i s t e d  i n  E x h i b i t  2-4. For  each o f  t h e  f i v e  

. cases analyzed,  t h e  i n d i v i d u a l  p l a n t  s e c t i o n s  l i s t e d  i n  E x h i b i t  2-4 

were c h a r a c t e r i z e d  b y :  ( 1 )  p r o c e s s - f  low, mass and ene rgy  ba lances  ( a s  

d i scussed  above), and; ( 2 )  equipment c a p a c i t y .  and performance,  1  abor, 

and m a t e r i a l  q u a n t i t y  c a l c u l a t i o n s .  
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Exhibit 2-3 

Energy Requirements for the Shale Oil and Co-Product Facilities 

Enerqy Requirements 

Shale Oil 
- diese i  MMGPY 

Case 1 Case 2 Case 3 Case 4 Case 5 

- electricity, MW 20.2 73.1 24.3 69.0 113.0 

A 1  umina 
9 - offgas, 10 BTU/day 0.5 2.0 3.2 9.6 16.0 

- electricity, MW 12.2 50.1 16.4 47.0 78.1 

-.. 
Soda Ash 

9 - o f f g a s ,  10 BTUlday 2.6 3.2 6.9 20.8 34.7 



E x h i b i t  2-4 

Major P l a n t  Sect ions o f  a 

Comnerci a1 Shale O i  l /M ine ra l  Co-Products Fac i  1 i t y  

P lan t  Sect ion Funct ion/Output 

q n e  (Room and P i l l a r )  
Pr imary Crushing 
Conveying 

Nahco l i t e  Recovery U n i t  
Shale Stockpi  l e  
Secondary Crushing 
Nahcol i t e  Recovery (Screening 

and Pho tosor t ing )  

R e t o r t  and O i l  Recovery 
R e t o r t  and O i l  Recovery 
Gas Recovery 
Syncrude Handl i ng and D i s t r i b u t i o n  

ROM Shale 
-8" Shale 

Storage 
-3" Shale 
Nahco l i t e  Products 

( BaghouseISt ac k 
Scrubber Mater i a1 ) 

Raw Shale O i l  
Low BTU Gas 
Storage - Loading 

A L S A ~  P lan t  Sect i on  

~ e t o r t e d  Shale Crushing -150 Mesh 
Crushed Shale Leaching Soluable  E x t r a c t i o n  
A1 uminum T r i  hydra te  p r e c i p i t a t i o n  A1 (OH13 
Alumina Ca l c i na t i on  Alumina (A1203) 
Soda Ash C r y s t a l l i z a t i o n  Na2C03 . H20 
Soda Ash Dehydrat ion Na2CO3 (Dense) 
Product Hand1 i n g  & ~ i s t r i b u t i o n '  Storage - Loading 

Process H20 Treatment 

Water Treatment 
We1 ls1Mine Dewatering 

Underground Hydrau l i c  Shale Dfsposal  
S l u r r v  Pum~ ina  U n i t  

General P l an t  F a c i l i t i e s  
U t i l i t i e s  
Adm in i s t r a t i on  B u i l d i n g s  
Warehouses, e tc .  

Process Water Cleanup 
Water Supply 

S l u r r y  T ranspor ta t ion  
S tab i  1 i z a t  ion/Recovery 

General Support 
and Serv ices 

-r~lu~ina and Soda Ash Recovery 



E x h i b i t  2-5 summarizes t h e  c a p i t a l  and o p e r a t i n g  c o s t  

components f o r  a l l  f a c i l i t i e s  i n  Case 3. 

Based on t h e  m a t e r i a l  ba1 ances and equipment c a p a c i t y  

c a l c u l a t i o n s ,  t h e  equipment f o r '  each p l a n t  s e c t i o n  was determined. 

These equipment i n v e n t o r i e s  enabled c o s t  e s t i m a t e s  t o  be prepared f r o m  

d e t a i l e d  c a p a c i t y - c o s t  r e l a t i o n s h i p s  a v a i l a b l e  i n  t h e  l i t e r a t u r e .  

These d a t a  sources are d e r i v e d  f r o m  h i s t o r i c a l  p l a n t  o p e r a t i o n s  

~ x t e n d i n g  over  many ' t.hnusand5 n f  p lant ,  f a c i  1 i t . i ~ ~ .  F u r t , h ~ r ,  il l a r g e  

number of  vendor quotes  were secured f o r  t h e  ma jo r  p ieces  of  equipment 

and checked a g a i n s t  independent d a t a  sources f o r  accuracy.  

Case 3 was s e l e c t e d  as t h e  fundamental e n g i n e e r i n g  des ian  

case f rom which t h e  p l a n t  c o s t s  and power requ i rements  o f  t h e  

rema in ing  f o u r  cases were sca led .  I n  t h i s  step,  t h e  major  p l a n t  

s e c t i o n s  i n  E x h i b i t  2-4 were f u r t h e r  f a c t o r e d  i n t o  an i n v e n t o r y  o f  

major  equ i  pment components. The equipment s i ze ,  c a p a c i t y ,  and 

performance r a t i o s  were c a l c u l a t e d ,  and u s i n q  t h e  c a p a c i t y - c o s t  

r e l a t i o n s h i p s  d iscussed above, t h e  i n s t a l l e d - p l a n t  equipment c a p i t a l  

and m a t e r i  a1 o p e r a t i n g  c o s t s  were determined. l o t a  l o p e r a t i n g  c o s t s  

f o r  t h e  p l a n t  s e c t i o n s  were determined b y  t h e  power and process f u e l  

requ i rements  and t h e  development o f  o p e r a t i n g  and maintenance l a b o r  

schedules.  

A l l  c a p i t a l  and o p e r a t i n g  c o s t  d a t a  were no rma l i zed  t o  a  

FY 1980 l e v e l  u s i n g  t h e  Marshal 1  and Stevens Chemical P l a n t  Equipment 

I n d e x .  This I n d e x  e n a b l e s  i ? l S K O V l C a l  c o s t  d a t a  t o  be updated t o  

c u r r e n t  cos ts ,  and was e x t e n s i v e l y  cross-checked u s i n g  vendor quotes 

f o r  major  equipment purchases.  

Labor c o s t s  (wages) were c a l c u l a t e d  f rom d a t a  p u b l i s h e d  by 

t h e  U.S. Bureau o f  Labor S t a t i s t i c s  and r e f l e c t  t h e  a n t i c i p a t e d  growth 

o f  these c o s t s  under a  r e a l i s t i c  scenar io  o f  sha le  o i l  development i n  

t h e  Western U n i t e d  S t a t e s .  
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E x h i b i t  2-5 

F a c i l i t y  

M in ing IPr imary  
Crushing 

Nahco l i t e  Recovery 
U n i t  

R e t o r t / O i l  and Gas 
Hand1 i n g  

Process and P lan t  
. Hz0 F a c i l i t i e s  

S l u r r y  Disposal  
General P lan t  

. F a c i l i t i e s  
To ta l  

Cap i t a l  

Cost 

CASE 3 Unburdened Costs 

( D o l l a r s  i n  M i l l i o n s )  

Operat inq Costs 

M a t e r i a l  Labor Power Process Gas - - Diese l  
(MW) ( l o 9  BTUlday) ( l o 9  g a l l y r )  

ALSAR P lan t  
Re to r ted  Shale 
Crushing & Leaching 26.3 2.0 4.5 13.5 - - - - 

" Al(OH)3 P r e c i p i t a t i o n  
, ,  and Washing 4.5 0.2 0.8 1.2 - - - - 

A1 (OH)3 Ca l c i na t i on  16.1 1 .O 2.4 1.7 3.2 - - 
Na CO3 C r y s t a l l i z a t i o n  
an 3 FI l t r a t i o n  12.3 1.1 1.9 1.7 6.2 - - 
Na2CO3 Dehydrat ion  3.9 0.7 - - - 0.7 - 0.8 - 0.7 - - 

T o t a l  63.1 5 - 0  30.3  18.9 10 .1  0  

1/ .Does no t  i nc l ude  r e c y c l e  gas t o  r e t o r t .  



E x t r a p o l a t i o n  o f  t h e  c a l c u l a t e d  Case 3  c o s t i n g  da ta  t o  t h e  

remain ing cases i s  achieved by  an exponent ia l  s c a l i n g  method. Th i s  

procedure accounts f o r  major economies o f  sca le  and non - l i nea r  e f f e c t s  

i n  t h e  c o s t  s c a l i n g  ana l ys i s .  A weighted average s c a l i n g  exponent i s  

de r i ved  f o r  each p l a n t  sec t i on  b y  o b t a i n i n g  a  standard s c a l i n g  

exponent f rom t h e  l i t e r a t u r e  f o r  t h e  p r i n c i p a l  p ieces o f  equipment i n  

each sec t ion ,  and weight -averag ing these exponents aga ins t  t h e  t o t a l  

sec t i on  c a p i t a l  cos t .  Thus, an o v e r a l l  s c a l i n g  exponent f o r  each 

p l a n t  s e c t i o n  l i s t e d  on E x h i b i t  2-5 was de r i ved  .and used i n  t h e  

c a p i t a l  cos t  a n a l y s i s  f o r  t h e  remain ing f ou r  cases. 

The ma te r i  a1 ope ra t i ng  cos t  component was s im i  1  ar l y  

ex t r apo la ted  f rom t h e  Case 3 .data us ing  a  separa te ly  de r i ved  sequence 

o f  eng ineer ing  s c a l i n g  exponents. Operat ing and maintenance l abo r  

schedules were def ined f o r  t h e  remain ing cases and t h e  ope ra t i ng  cos t  

components f o r  each p l a n t  sec t i on  determined, as shown on E x h i b i t  2-5. 

Summarv o f  Manufactur ing Costs 

l 'he t a b l e  be low summarizes t he  unburdened cos t s  t h a t  would be 

i ncu r red  f o r  t h e  sha le  o i l  p lant , .  t h e  alumina and t h e  soda ash 

f a c i l i t i e s .  

C a p i t a l  Costs, $MM Operat ing Costs 

M a t e r i a l  & Labor, BMM Elec., MW - 
Shale o i l  192,2 
Alumina 46.9 
S u d d  As11 16.2 

1/ I n  add i t i on ,  1.3 x  106 g a l l y e a r  o f  d i e s e l  f u e l  i s  used i n  t h e  - 
min ing  opera t ions .  



S e v e n t y - f i v e  p e r c e n t  o f  t h e  t o t a l  c a p i t a l  o u t l a y  i s  due t o  

t h e  sha le  o i l  p l a n t ,  m a i n l y  t h e  N a h c o l i t e  Recovery U n i t  and t h e  

R e t o r t .  Seven ty - f i ve  pe rcen t  o f  t h e  o p e r a t i n g  c o s t s  and 55% o f  t h e  

e l e c t r i c  power c o s t s  a re  a l s o  a t t r i b u t a b l e  t o  t h e  o i l  p l a n t .  The 

alumina p l a n t  c o s t s  about 20% o f  t o t a l  c a p i t a l  and t h e .  two ma jo r  

c a p i t a l  i tems a re  t h e  R e t o r t e d  Shale Crush ing and Leach ing and Alumina 

C a l c i n a t i o n .  S i m i l a r l y ,  o p e r a t i n q  c o s t s  a r e  about  20% and e l e c t r i c  

power requ i remen ts  a re  about 40% of  t h e  t o t a l .  F i n a l l y ,  soda ash 

f a c i l i t i e s  o n l y  c o s t  about 5% o f  t h e  t o t a l  c ' a p i t a l  investment  and 

t h e i r  o p e r a t i n g  c o s t s  and e l e c t r i c  power requ i remen ts  a re  about 5% of 

t h e  t o t a l  as w e l l .  



CHAPTER I 1 1  

ECONOMIC ANALYSI s 
Summar v 

Th is  chapter descr ibes ,and summarizes the  major f i n d i n g s  o f  

t h e  economic ana l ys i s  f o r  sha le  co-products.  

The r e s u l t s  show t h a t  i n  Case 3, which i s  a  15,639 b a r r e l  per 

day demonstrat ion p l a n t  a t  a  r i c h  m ine ra l s  s i t e ,  t h e  c o s t  o f  raw shale  

o i l  i s  $26 per b a r r e l ,  t he  cos t  of alumina i s  $257 per ton,  and t h e  

cos t  o f  soda ash i s  $77 per t o n  a t  a  15% r a t e  o f  r e t u r n .  Th is  

compares w i t h  est imated cu r ren t  market values of $25 per b a r r e l  f o r  

raw shale o i l  (before h y d r o t r e a t i n g ) ,  and $220 t o  $260 and $90 per t o n  

domes t i ca l l y  f o r  alumina and soda ash, r e s p e c t i v e l y .  Overa l l ,  w i t h  

t he  recovery  o f  t h e  co-product minera ls ,  t he  i n t e g r a t e d  u n i t  i s  

m a r g i n a l l y  economic a t  cu r ren t  wor ld  o i l  p r i ces .  As t he  s i z e  o f  the. 

p l a n t  i s  increased t o  f u l l  commercial sca le ,  t h e  sha le  o i l  p l a n t  

becomes economic on i t s  own and t h e  p roduc t ion  o f  t h e  m inera l  

co-products f u r t h e r  improve these economics. These market va lues a re  

approximate because t h e  shale o i l  would need t o  be upgraded, a  f r e e  

market value f o r  alumina does n o t  c u r r e n t l y  e x i s t ,  and bo th  t h e  

'a lumina and soda ash cou ld  i n c u r  l a r g e  t r a n s p o r t a t i o n  cos ts  i n  

d e l i v e r y  t o  markets. Impor tan t l y ,  i nc luded  i n  these economic r e s u l t s  

i s  an esca la t i on  o f  2% per year i n  energy cos ts  f o r  t h e  alumina and 

soda ash. Thus, t h e  de r i ved  cos t s  f o r  alumina and soda ash would n o t  

esca la te  wh i l e  t h e  p r i c e s  o f  competing products  would, making 

co-product alumina and soda ash i n c r e a s i n g l y  more economic. 



I n t r o d u c t i o n  

The bas i s  f o r  t h e  economic ana l ys i s  i s  t h e  process f l o w  

diagrams and ope ra t i ng  and c a p i t a l  cos t s  developed b y  Energy 

Development Consul tants  (EDC). 

The economic ana l ys i s  assumes t h a t  t he  cos ts  o f  t he  p l a n t  

u n i t s  are a l l o c a t e d  t o  e i t h e r  t h e  p roduc t i on  o f  o i l ,  alumina, o r  soda 

ash. The r a t i o n a l e  used i n  t h i s  a l l o c a t i o n  i s  t o  assume t h a t  t h e  

p l a n t  i n i t i a l l y  i s  cons t ruc ted  f o r  t h e  p roduc t ion  o f  sha le  o i l .  Then, 

a d d i t i o n a l  f a c i l i t i e s  are added f o r  t h e  alumina p roduc t ion .  " F i n a l l y ,  

t h e  f a c i l i t i e s  needed t o  produce soda ash a re  added. Th.is r a t i o n a l e  

leads t o  p l a n t  u n i t s  be ing a l l o c a t e d  i n  t h e  f o l l o w i n g  manner: 

Shale O i l  P l a n t  Alumina P lan t  Soda Ash P l a n t  

Mine Shale Crushing C r y s t a l l i z a t i o n  
Pr imary Crushing Leaching Det~ydr-dl  iufl 
Nahco l i t e  Recovery U n i t  P r e c i p i t a t i o n  
Re to r t  C a l c i n a t i o n  
Water Process ing Product Hand 1 i n g  
S l u r r y  Disposal  
General P l an t  F a c i l i t i e s  

The n a h c o l i t e  recovery  un i t .  i s  a t t r i b u t e d  t o  t h e  shale o i l  p l a n t  s ince 

t h e  n a h c o l i t e  must be separated o u t  p r i o r  t o  r e t o r t i n g  t o  avo id  f u s i n g  

o f  t h e  charge. 

Th is  a l l o c a t i o n  o f  cdp-il;dl drld ope ra t i ng  cos.ts has been 

chosen even though some u n i t s  are necessary f o r  t h e  p roduc t ion  of bo th  

co-products,  f o r  example l each ing  and shale  c rush ing  i s  e s s e n t i a l  t o  

alumina and soda ash p roduc t ion .  However, i f  i t  i s  assumed t h a t  t h e  

alumina i s  a  p r imary  co-product, then t h e  u n i t s  are necessary f o r  

a lumina p roduc t ion ,  and t h e  chosen a l l o c a t i o n  would be t h e  c o r r e c t  one. 



Est imates o f  Cap i t a l  and Operat ing Costs 

The c a p i t a l  and ope ra t i ng  cos t s  developed by  EDC are  t h e  base 

cos ts  t o  purchase components, cons t ruc t  t h e  i n d i v i d u a l  f a c i l i t i e s  f o r  

each u n i t  and operate  them. A sumnary o f  these cos ts  i s  prov ided on 

E x h i b i t  2-5. Beyond these base purchase cos t s  a re  ' the  expenses 

i ncu r red  i n  i n t e r connec t i ng  t he  u n i t s  and t h e  overhead o f  ope ra t i ng  

and ma in ta i n i ng  t h e  p l a n t .  To r e f . l e c t  t h e  "as i n s t a l l e d "  costs ,  t h e  

f o l l o w i n g  c a p i t a l  and ope ra t i ng  burdens were used, based on pub l i shed  

data:  

Cap i t a l  Burdens. A t o t a l  c a p i t a l  burden o f  27.1% o f  t h e  cos t  

developed b y  EDC was assumed. 

Operat i n q  Burdens. Two ope ra t i ng  burdens were assumed; 20% 

o f  t he  base c a p i t a l  cos ts  f o r  maintenance; and 50% of l abo r  

cos ts  f o r  i n d i r e c t  cos ts .  For t h e  mine, o n l y  t h e  l a t t e r  

burden i s  app l i cab le ,  and i t  i s  equal  t o  20d per t o n  mined 

f o r  t h e  i n d i r e c t  costs  on labor .  

The burdened operat ing,  l abo r  and m a t e r i a l  costs,  shown on 

E x h i b i t  3-1, were developed f rom the  d e t a i l s  f o r  t h e  i n d i v i d u a l  p l a n t  

u n i t s  t h a t  EDC prov ided f o r  Case 3. These c o s t s  were sca led t o  t h e  

four o the r  cases us ing  ope ra t i ng  sca le  f a c t o r s  developed by EDC. 

Economic Assumptions 

The f o l l o w i n g  ma jo r  economic assumptions were used i n  t h e  

ana lys is :  

Roya l t i e s  and . Severance Taxes. Roya l t i e s  o f  12.5d per  t o n  

mined and severance taxes o f  4% o f  t h e  s e l l i n g  p r i c e  were 

assumed f o r  t h e  o i l .  No severance t a x  was assumed f o r  t h e  

co-products. 



E x h i b i t  3-1 

~ a c  i'l i t y  C a p i t a l  
Cost 

M i n i n g I P r  i a v v  
Crush ing 38.0 

N a h c o l i t e  Recovery 
U n i t  42.3 

R e t o r t I O i  1 and Gas 
Hand1 i n g  143.3 

Process and P l a n t  
Hz0 F a c i l i t i e s  5 .O 

S l u r r y  D i  sposal  2.1 
General P l a n t  

F a c i l i t i e s  13.1  
T o t a l  -243.8 

ALSAR P l a n t  
R e t o r t e d  Shale 
Crush ing & Leaching 33.4 
A1 (OH)3 P r e c i p i t a t i o n  
and Washing 5 . 7  
A1 (0H)3 Calc ln .ar lo r i  20.4 
Na2C03 C r y s t a l l i z a t i o n  

and F i l t r a t i o n  15.6 
Na2C03 Dehydrat ion 4.9 

T o t a l  80 .O 

CASE 3 Burdened Costs 

( D o l l a r s  i n  M i l l i o n s )  

Operat ing Costs 
M a t e r i a l  Labor Power Process Gas - - Diese l  

(MW) (109 BTUlday) (109 g a l l y r )  

11 Does n o t  i n c l u d e  r e c y c l e  gas t o  r e t o r t .  - 



Esca la t i on  Factors .  A l l  cos t s  were taken as f i r s t  quar te r ,  

1980 costs,  except f o r  energy costs .  These were assumed t o  

esca la te  2% a  year i n  r e a l  terms. 

G&A. GPtA was assumed t o  be 15% o f  t he  ope ra t i ng  cos t s  no t  - 
dependent upon energy, i.e., l abo r  and m a t e r i a l s .  Dur ing t h e  

f i r s t  years when t he  p l a n t  was be ing  const ructed,  G&A was 

assumed t o  be 10% o f  t h e  annual investment.  

Cons t ruc t ion  Schedule. The c o n s t r u c t i o n  schedule f o r  t h e  

sha le  o i l  p l a n t  was assumed t o  be s i x  years  and t h e  

investment was assumed t o  be i ncu r red  un i fo rm ly ,  except f o r  

t h e  f i r s t  and l a s t  years.The soda ash and alumina p l a n t s  were 

assumed t o  be e s s e n t i a l l y  cons t ruc ted  i n  h a l f  t he  t ime o f  t he  

sha le  o i l  p l a n t ,  bu t  t o  be completed at. t h e  same t ime.  

Deple t ion.  A dep le t i on  al lowance o f  15% f o r  t h e  shale o i l  

and 14% f o r  t h e  m ine ra l s  was assumed. 

Front-End Costs. Based on da ta  f o r  planned p ro j ec t s ,  

f ron t -end  cos t s  o f  $115 m i l l i o n  were assumed f o r  p l a n t  design 

and pre-deve1opmen.t. Th is  same amount was assumed f o r  each 

case, independent o f  p l a n t  s i ze .  

Investment Tax C red i t s .  Investment t ax  c r e d i t s  o f  10% were 

assumed i n  t h e  year o f  c a p i t a l  expendi ture.  

Taxes. A Federal  t a x  r a t e  o f  46% 'and a  s t a t e  t a x  r a t e  o f  3% 

were assumed. Tax ' c r e d i t s  were assumed t o  be used i n  t h e  

year incur red .  Th is  assumes t h a t  t h e  company b u i l d i n g  a  

sha le  o i l  p l a n t  has o the r  income t o  which t h e  t a x  c r e d i t s  can 

be appl ied.  



Working C a p i t a l .  Working c a p i t a l  d u r i n g  t h e  c o n s t r u c t i o n  

p e r i o d  i s  assumed t o  be 10% o f  t he  cu r ren t  and subsequent 

y e a r ' s  investment.  Dur ing t h e  ope ra t i ng  l i f e  o f  t h e  p l an t ,  

work ing c a p i t a l  was assumed t o  be s i x t y  days o f  t h e  ope ra t i ng  

c o s t s  p l u s  G&A. 

Enerqy Cn5tr,. Energy c0st.s of $1 per g a l l o n  f o r  d i e s e l  f u e l  

(1980 p r i c e s )  were assumed. E l e c t r i c  power was assumed t o  

cos t  5 t  per kllowarr-hour, and offgas was assumed t o  have a  

va lue o f  $5 per  m i l l i o n  Otu. 

Economic Resu l t s  

The r e s u l t s  o f  t h e  economic analyses f o r  sha le  o i l ,  alumina, 

and soda ash a re  shown i n  E x h i b i t  3-2 f o r  a  15% d iscoun t  r a t e .  

Two major assumptions d i s t i n q u i s h  t h i s  s tudy f rom t h e  

r e c e n t l y  pub1 i shed O f f  i c e  o f  Technology Assessment r e p o r t .  The shale 

o i l  i s  assumed t o  be raw, w i t hou t  h y d r o t r e a t i n g  o r  o ther  upgrading. 

Assuming a  c u r r e n t  crude o i l  cos t  o f  $35 per b a r r e l  and a  d iscoun t  o f  

about $10 per b a r r e l  f o r  upgrading, sha le  o i l  i n  t h i s  s tudy must cos t  

l e s s  than $25 per b a r r e l  t o  be compet i t i ve .  I n  add i t i on ,  energy 

costs ,  and t he re fo re  t h e  p r i c e  of sha le  o i l ,  were assumed t o  increase 

2% per year  i n  r c a l  tcrms. Th is  has J. major e f f e c t  on economics, as 

w i l l  be discussed. 

Upgrading t he  s ~ d a  ash and a lum ina  w i l l  r e q u i r e  l a r g e  amounts 

o f  energy i n  t h e  fo rm o f  heat which would have t o  be purchased. 

However, t h e  r e t o r t  produces s u f f i c i e n t  volumes o f  low BTU gas t o  meet 

these requi rements  and i t  was t h e r e f o r e  assumed t h a t  i t  would be 

purchased a t  t h e  cos t  o f  a l t e r n a t e  energy, assumed t o  be t h e  cu r ren t  

d e c o n t r o l l e d  p r i c e  o f  energy, o r  $5 per m i l l i o n  BTU. The s a l e  o f  

o f f g a s  improves t h e  economics o f  sha le  o i l  p roduc t ion  by  $0.40 t o  



E x h i b i t  3-2 

Shale Co-Product Study 

Economic R e s u l t s  

( $ / B b l .  o r  $/Ton) 

R ich Shale, 
Lean M i n e r a l s  

Case 1 - 2 - 
Shale O i l  ( w i t h  $5 pe r  MMBTU C r e d i t )  

E s c a l a t i n g  P r i c e  
+2% per year 26.1 19.8 

E s c a l a t i n g  P r i c e  
W/O o f f g a s  c r e d i t s  27.1 20.2 

Constant P r i c e  33.5 25.4 

Alumina 

w i t h  o f fgas  c o s t s  1028 . 887 

w/o o f fgas  c o s t s  990 849 

Soda Ash 

R ich  Shale, Lean Shale. 
R i c h  ~ i n e r a l s  R ich  ~ i n e r a l  s 

3 4 5 

w i t h  o f f g a s  c o s t s  339 116 

w/o o f f g a s  c o s t s  151 5 8 



I I 1-8 
- 

$1.00 per b a r r e l  i n  cases 1 and 2 ( t h e  " low minera ls "  cases ) and 

$2.90 t o  $4.40 per b a r r e l  i n .  cases 3, 4  and 5 ( t h e  "h igh  minera ls "  

cases).  

Thus, t h e  "sa le "  o f  low BTU gas t o  t he  co-product f a c i l i t i e s  

can improve t h e  economics o f  sha le  o i l  s i g n i f i c a n t l y .  

R ich  Shale, Lean Minera ls  Cases 

c 1 

Cases 1 and 2 are t he  r i c h  shale, lean minera ls  cases. f h e  

sha le  o i l  economics look  m a r g i n a l l y  a t t r a c t i v e  f o r  Case 1 and q u i t e  

a t t r a c t i v e  f o r  Case 2, t h e  50,000 b a r r e l  per day p l a n t .  One reason 

f o r  t h i s  i s  t h a t  no n a h c o l i t e  recovery  u n i t  i s  requ i red ,  which i s  a  

major cos t  i t em  i n  t h e  o ther  cases. However, t h e  main purpose o f  t h i s  

s tudy  was t o  determine t h e  minera l  co-product economics and these a re  

u n a t t r a c t i v e .  Al though no market p r i c e  f o r  alumina c u r r e n t l y  e x i s t s ,  

a  1980 market p r i c e  o f  about $230 t o  $270 per t o n  has been est imated, 

FOB. However, t h e  c o s t  o t  co-product alumina i s  more than $800 per 

t on .  Soda ash i s  a  by-product o f  alumina manufactur ing and wolrld no t  

be produced un less alumina recovery  i t s e l f  were ecnnnmic. The 

recovery  o f  co-product m inera ls  i n  depos i t s  w i t h  l ean  m'inerals con ten t  

exemp l i f i ed  by Cases 1 and 2, are thus  uneconomic. 

R ich Shale. R ich M ine ra l s  Cases 

Cases 3 and 4 are t he  r i c h  shale. r i c h  m ine ra l s  cases and 

t h e y  c o n s t i t u t e  t h e  Base Cases, 

Assuming a 2% per year e s c a l a t i o n  i n  energy cos t s  -and  t h e  

s a l e  of o f fgas,  case 3, t h e  s i ng le .  u n i t  p l a n t ,  appears m a r g i n a l l y  

economic a t  $26.30 per  b a r r e l  o f  shale o i l ,  w h i l e  case 4, t h e  f u l l  

s i z e  commercial p l a n t ,  appears t o  have f avo rab le  economics a t  $19.50 

per bar re l ' .  Without t h e  2% per year e s c a l a t i o n  i n  r e a l  p r i ces ,  t h e  

r e q u i r e d  market t h r e s h o l d  p r i c e  increases t o  $33.60 and $25.00 per  

b a r r e l  i n  cases 3 and 4, r e s p e c t i v e l y .  



The co-product alumina and soda ash recovery  cos t s  a re  

competive a t  cu r ren t  market p r i c e s  o r  p r i c e s  est imated f o r  1990 and 

l a t e r  years, as shown below: 

1990 Est imated Market Pr i ce .  $/Ton (1980 $1 

Co-Products Compet i t ive  Processes 

Case 3 Case 4 

Alumina 257 229 230-270 

11 The est imated i n t e r n a t i o n a l  p r i c e  a f t e r  deduct ing $68 per t o n  t o  
equa l i ze  t r a n s p o r t a t i o n  cos ts .  

..,- E x h i b i t s  3-3 and 3-4 show the  economics f o r  t he  alumina and 
soda ash p l a n t  i n  Case 3. These E x h i b i t s  show t h e  major cos t s  t h a t  

-. . would be i ncu r red  and equat ions f o r  t h e  a f t e r - t a x  annual revenue. By 
separa t ing  t he  cos t  and revenue cash f l o w  i n  t h i s  manner and 

d i scoun t i ng  them separate ly ,  t he  alumina and soda ash p r i c e s  can be 

found d i r e c t l y  w i t hou t  i t e r a t i o n .  

A comparison between t h e  co-product cos ts  f o r  cases 3  and 4 

i n  t h e  t a b l e  above shows t h e  p o t e n t i a l  f o r  economies o f  sca le .  

Alumina p r i c e s  decrease $29 per ton  wh i l e  soda ash p r i c e s  o n l y  

decrease $3 per ton .  The reason f o r  t h i s  i s  d e t a i l e d  on t h e  f o l l o w i n q  

t ab le ;  d i r e c t  ope ra t i ng  cos ts  and o f fgas  cos.ts a re .p ropo r t i ona1  t o  t h e  
. . 

tonnage produced, w h i l e  economies of  sca le  would be r e f l e c t e d  i n  

c a p i t a l  charges, o the r  cos ts  and. taxes. These "o ther "  cos t s  

c o n s t i t u t e  $91 per t on  of alumina, bu t  o n l y  $15 per t on  f o r  soda ash, 

as summarized helow: 

Do 1  1  ar s  per Ton 
Aluminum Soda As% 

D i r e c t  Operat ing Cost 131 
Offgas (Energy) Costs 35 
Other 9  1 - 

Tota l  257 



CASE 3 

Aaurnina Plant  Economics 
[ N i l  1 inn% o f  Do l la rs )  

Year. 

Annual Production. 
106 tons 

Operat ing Cost 
Power (16.4 MM) 
G& A 
Oepreci a t  i o n  
Net Cost Before 

Tax E f f e c t s  
Federal Tax 
State Tax 
Net Cost A f t e r  

Tax E f f e c t s  

Investment (3.0) i3.0) (3.0) (17.9) (17.9) (14.7) -- -- -- -- - - - - -- - - 

~ e p r e c i  a t  i o n  0.3 0.6 0-8 2.5 4 . 1  '5.1 5.0 4.2 3.4 3.0 1.3 1.1 1.1 1.1 
Working Cap i ta l  3.2 
Cash Requirements DTj Tik.51 e6) m) 

Annual Revenue = [Produc.t ioi  . Alumina Pr i ce  - Depletiorr-Offgas Cost] ( 1  - Federal Tax) ( l - S t a t e  Tax) Deplet ion 
= Product ion . Alunina P r i - e  . 0.590 - Offgas Ccst 0.524 

The alumina f a c i l i t i e s  use 3.2 . l o S  6TU:day o f  o'fgas. 



EXHIBIT 3-4 

CASE 3 

Soda Ash P lan t  Ecnnomics 
( M i l l i o n s  o f  O o l l a r s )  

Year 

Annual Product ion,  
106 tons 

Operat ing Cost 
Power (2.5 MU) 
G & A  
Deprec ia t ion  
Net Cost Before 

Tax E f f e c t s  
Federa l  Tax 
S ta te  Tax 
Net Cost A f t e r  

Tax E f f e c t s  

- - -- -- - - - - - - Investment (1.0) (1 .0 )  (1.0) (6.2) (6 .2)  (5.1) - -  - - 
-.. 

Ceprec i a t  i on 0.1 , 0.2 0.3 0 I 9  i . 4  1.8 1.6 1.5 1.3 1.2 0.7 0.4 0.4 0.4 
Nork ing C a p i t a l  
Cash Requirements ) ) -H %) ~) %) T6;T) e) 
Annual Revenue = [Product ion - Soda Ash P r i c e  - Dep le t ion  - Offgas C r e d i t ]  ( 1  - Federal Tax) ( 1  - S ta te  Tax) + Dep le t ion  

= Product ion . Soda Ash P r i c e  . 0.590 - Offgas Cost . 0.524 

The soda ash f a c i l i t i e s  use 6.9 - 109 BTJlday o f  o f fgas .  



The preceeding t a b l e  a l so  shows t h e  l a r g e  cos ts  f o r  energy: 

$35 per t o n  f o r  alumina and $40 per ton  f o r  soda ash. Because t h e  low 

BTU o f f g a s  f rom t h e  sha le  o i l  p l a n t  may n o t  have a  market otherwise, 

m ine ra l  co-products can c o n t r i b u t e  t o  t h e  economies of t h e  shale o i l  

p l a n t  i f  t h e  m ine ra l s  can be s o l d  a t  cos ts  t h a t  i n c l u d e  a  value f o r  

t h e  o f f g a s .  Vary ing t h e  t r a n s f e r  p r i c e  o f  o f fgas  can prov ide  

cons iderab le  f l e x i b i l i t y  i n  t h e  p r i c i n g  o f  t he  co-products o r  can be 

used t o  improve t h e  economics o f  t he  shale o i l  -- assuming t h a t  no 

a l t e r n a t i v e  use o f  t h e  o f f g a s  would be a v a i l a b l e ,  as f o r  example, 

o n - s i t e  qenera t ion  o f  e 1 e c t r i c i t . y .  

Lean Shale, ~ i ~ h  M ine ra l s  Case 

Case 5 analyzes a  f u l l  scale commercial s i z e  f a c i l i t y  f o r  an 

area w i t h  lean sha le  and r i c h  minera ls  content .  The shale o i l  

economics i n  t h i s  case are s u b s t a n t i a l l y  i n f e r i o r  t o  case 4 ,  bu t  

comparable t o  case 3. With t h e  sa le  of t h e  o f fgas ,  a  th resho ld  p r i c e  

o f  $28.30 i s  requ i red .  Th is  p r i c e  i s  a  l i t t l e  h igher  than the  assumed 

th resho ld  market p r i c e  f o r  raw shale o i l .  

Because o f  t h e  l a rge  volumes o f  raw shale mined, t he  minera l  

co-product economics r e f l e c t  economies o f  sca le  and are  t h e  most 

f avo rab le  o f  t h e  f i v e  cases. The manufactur ing cos t  of alumina drops 

t o  $205 per  ton  and t h e  cos t  of soda ash t o  $ 7 1  per ton, w e l l  below 

c u r r e n t  market p r i c e s .  The major f i n d i n g  i s ,  t he re fo re ,  t h a t  t h e  

IrlLegraLed p l a n t  produclng shale a l l ,  alumlna, and Soda ash i s  

economic and t h a t  t h e  co-products can make lower grade o i l  shale i n  

t h e  Northern Piceance Basin economic, which would otherwise be 

uneconomic. 



CHAPTER I V  

THE MARKET POTENTIAL FOR SHALE CO-PRODUCTS 

Summary 

Basic r e s t r a i n t s  o f  p lans f o r  widespread recovery  of 

co-product m inera ls  f rom shale o i l  have been t h e  concerns t h a t  t h e  

process ing costs  w i l l  be t o o  h i gh  and t h a t  t he  r e s u l t i n g  p roduc t ion  o f  

soda ash and alumina would overwhelm e x i s t i n g  markets. A f u r t h e r  

comp l i ca t ion  has been t h e  c a l c u l a t i o n  o f  economic f e a s i b i l i t y  i n  a 

mu l t i -p roduc t ,  j o i n t  cos t  s e t t i n g .  Th is  s tudy however f i n d s  t h a t  t h e  

economics of shale co-product ion,  p a r t i c u l a r l y  when major p a r t s  o f  t h e  

manufactur ing process can be j o i n t l y  u t i l i z e d ,  p rov ide  major 

o p p o r t u n i t i e s  t o  share and s h i f t  cos ts  among t he  end-products, as 

market p r i c e s  a l low.  

The f ou r  end-products -- shale  o i l ,  alumina, soda ash and 

n a h c o l i t e  -- produced by  t h e  shale o i l  co-product p l a n t  share many o f  

t he  same f a c i l i t i e s ,  p a r t i c u l a r l y .  i n  m in ing  t he  ore.  I n  add i t i on ,  

t h e y  can take  major advantage o f  o therwise waste energy, such as t h e  

excess process heat and low BTU of fgas produced. Thus t h e  amount o f  

j o i n t  p roduc t ion  f a c i l i t i e s  i s  s u b s t a n t i a l .  Should t h e  bas i c  sha le  

o i l  f a c i l i t y  be econom'ic producing t h e  p r imary  product,  t h e  m inera l  

co-products would need o n l y  t o  bear much sma l le r  incrementa l  cos t s  t o  

be p r i c e  compet i t i ve .  

The under l y i n g  c o n d i t i o n  f o r  economical l y  f e a s i b l e  recovery  

o f  alumina, soda ash, and n a h c o l i t e  f rom spent o i l  sha le  i s  t h a t  t h e  

marg ina l  costs  of p roduc t ion  w i l l  be s i g n i f i c a n t l y  l e s s  than t h e  

compe t i t i ve  market va lues f o r  these products .  A  commercial f a c i l i t y  



f o r  recovery  o f  soda ash and alumina f rom r e t o r t e d  shale  thus  r e q u i r e s  

t h e  f o l l o w i n g  c o n d i t i o n s :  

The product  q u a l i t y  w i l l  be compat ib le w i t h  t h e  
p rospec t i ve  end uses and t h e  supp ly  w i l l  be r e l i a b l e .  

0 The products  can be manufactured and d e l i v e r e d  t o  markets 
a t  compe t i t i ve  p r i ces .  

0 There w i  11 be adequate markets t o  absor-b t he  pr,oduit-ior~ 
w i t h o u t  s i q n i f i c a n t  e f fec t  on t h e  product  p r i c e .  

A market s tudy  o f  m ine ra l s  i s  e s p e c i a l l y  dependcnt upon t h e  

assumptions used i n  t h e  ana l ys i s .  Market c o n s t r a i n t s  and preferences 

a re  i n h e r e n t l y  s u b j e c t i v e  and a  f unc t i on  o f  the  a n a l y s t ' s  d e f i n i t i o n  

o f  what c o n s t i t u t e s  t h e  market. I n  t h e  case o f  sha le  co-products, t h e  

two most impor tan t  assumptions used are t h a t  t h e  markets are 

i n t e r n a t i o n a l  and t h a t  t h e  products  w i t h  t h e  most f avo rab le  economics 

w i l l  u l t i m a t e l y  pene t ra te  t h e  market. The f u l l  set  o f  assumptions 

used i n  t h e  s tudy  are shown on E x h i b i t  4-1. 

The demand f o r  a lumlna,  soda asti and n a h c o l i t e  d i t t e r s  

subs td i 1 t5a l l y .  Alulll irld has  e s s e n t i a l l y  o n l y  one end use as a r a w  

m a t e r i a l  f o r  p r imary  aluminum manufactur ing b y  e l e c t r o l y t i c  

r educ t i on .  Soda ash, w h i l e  h e a v i l y  dependent upon g lass as a  major 

market, has a  wide range o f  o ther  a p p l i c a t i o n s  and can be a  d i r e c t  

s u b s t i t u t e  f o r  c a u s t i c  soda (sodium hydrox ide)  i n  many end uses, o r  

can be i n d i r e c t l y  substituted by simplc c a u s t i c i z a t i o n  w i t h  c ~ l e i u m  

hydrox ide.  Fu tu re  n a h c o l i t e  markets.  are d i r e c t l y  r e l a t e d  t o  a i r  

c o n t r o l  technology choices y e t  t o  be made by u t i l i t i e s .  

The major compet i to rs  o f  o i l  sha le  based alumina a re  t h e  

processors o f  impor ted b a u x i t e  ( p r i n c i p a l  1  y  f rom Jamaica) and impor ts  

o f  alumina ( p r i n c i p a l l y  f rom A u s t r a l i a ) .  Current  t a x  l e v i e s  imposed 

by these e x p o r t i n g  coun t r i es  g r e a t l y  i n f l u e n c e  t h e  cos t s  o f  t h e  

competing products .  O i l .  sha le  based soda ash i s  faced w i t h  an 



IV-3 

E x h i b i t  4 -1  

Key Assumptions Used i n  A n a l y s i s  

of Co-Product Market  Po ten t  i a1 

Nine key  assumptions formed t h e  base f o r  t h e  a n a l y s i s  o f  t h e  

market  p o t e n t i a l  f o r  t h e  sha le  co -p roduc ts  of alumina, soda ash and 

nahco l  i t e :  

1. The o u t l o o k  f o r  p r i m a r y  .markets  f o r  o i l  sha le  based 
co-products  w i l l  be l a r g e l y  determined b y  t h e  f u n c t i o n  
and c o s t  e f f e c t i v e n e s s  of t h e  secondary p roduc ts  i n  end 
use a p p l i c a t i o n s .  

2. Commodity s e l l i n g  p r i c e s  w i l l  l a r g e l y  t r a c k  t h e  
manu fac tu r ing  economics o f  t h e  dominant  process.  

3. Alumina and soda ash are  i n t e r n a t i o n a l  t r a d e  p roduc ts  and 
no s e r i o u s  t r a d e  b a r r i e r s  w i l l  be a r t i f i c i a l  l y  
c o n s t r u c t e d .  

4. Env i ronmenta l  c o n s t r a i n t s  i n  t h e  f u t u r e  w i l l  n o t  d i f f e r  
s i g n i f i c a n t l y  f rom those  o f  1980. 

5 .  Energy c o s t s  w i l l  r i s e  a t  2% pe r  year ,  i n  1980 c o n s t a n t  
' d o l l a r s .  

6 .  E x i s t i n g  i n v o l u n t a r y  s u p p l i e s  o f  p roduc ts  w i l l  move 
p r e f e r e n t i a l l y  t o  market .  

7 .  Cap t i ve  markets  w i l l  be p r e f e r e n t i a l l y  served ' b y  c a p t i v e  
p roduc inq  f a c i l i t i e s .  

8. I n t e r - p r o d u c t  s u b s t i t u t i o n  w i l l  o n l y  t a k e  p l a c e  where 
p r i c e  d i f f e r e n t i a l s ,  on an e q u i v a l e n t  b a s i s ,  a r e  seen b y  
buyers  t o  be fundamental ,  r a t h e r  t h a n  t r a n s i e n t .  

9. O i l  sha le  based p roduc ts  w i l l  be  s u b s t i t u t i o n a l  i n  
q u a l i t y  and performance w i t h  c u r r e n t l y  a v a i l a b l e  
commercial m a t e r i a l s .  



analogous c o m p e t i t i v e  product,  c a u s t i c  soda, whose supp ly  i s  a  

dependent v a r i a b l e .  o f  t h e  demand f o r  c h l o r i n e .  Since c h l o r i n e  markets 

a re  q u i t e  d i s s i m i l a r  f rom those o f  c a u s t i c  soda and a re  growing a t  a  

lower r a t e ,  s i zeab le  imbalances i n  t h e  demand and supply  o f  c h l o r i n e  

based c a u s t i c  cou ld  occur i n  t h e  f u t u r e .  Because c h l o r i n e  demand has 

n o t  increased s u b s t a n t i a l  l y  r e c e n t l y  and cou ld  decrease i n  t h e  f u tu re ,  

s h o r t f a l l s  i n  t h e  supp ly  n f  c h l o r i n e  hased c a u s t i c  cou ld  r e s u l t  i n  a  

r i s i n g  demand f o r  soda ash based sources, The major cnmpet i tn r  t.n 

n a h c o l i t e  i s  n o t  another chemical product,  b u t  r a t h e r  competing a i r  

c o n t r o l  techno log ies  t h a t  w i  11 he a v a i l a b l e  t o  coa l  bu rn i ng  u t i  1  i t i e s .  

Because t h e  raw m a t e r i a l  source i s  "land locked and i n  a  new 

supp ly  area, t r a n s p o r t a t i o n  cos t s  t o  markets p l a y  an i n f l u e n t i a l  r o l e  

i n  t h e  economics o f  o i l  sha le  m ine ra l s  recovery.. For alumina, t h e  

t r a n s p o r t a t i o n  cos ts  cou ld  p rov ide  some market advantage t o  t h e  large,  

low-energy cos t  aluminum sme l te rs  of t h e  Northwest. For soda ash, 

t r a n s p o r t a t i o n  would add about 75% t o  p roduc t ion  cos ts  f o r  overseas 

markets.  T ranspo r t a t i on  would be t h e  major c o s t  i t em  f o r  n a h c o l i t e .  

F i n a l l y ,  t h c  market , p o t e n t i a l  f o r  t h e  o i l  sha le  m inera l  

de r i va t i ve ' s  -- alumina, soda ash and n a h c o l i t e  -- i s  ve r y  much 

dependent upon governments. 

The U . S .  Government nccdr, t n  determine t h e  n a t i o n a l  
s e c u r i t y  value of  hav ing a  s u b s t a n t i a l  domestic source of  
d l u r ~ ~ i r ~ d  and alumlnum, v i t a l  detense and t r a n s p o r t a t i o n  
commodit ies. I n  add i t i on ,  i f  t h e  U.S. i s  t o  have any 
i n f l u e n c c  over f u t u r e  t a x  and p r i c i n g  dec is ions  o f  t h e  
I n t e r n a t i o n a l  Baux i te  Assoc ia t ion  ( IBA) ,  a c a r t e l  o f  
b a u x i t e  produc ing na t ions ,  and thus  ma in ta i n  a  
compe t i t i ve  domestic aluminum i ndus t r y ,  i t  w i l l  need a  
substant  i a1 domestic source o f  a1 umina. 

Fore ign governments, p a r t i c u l a r l y  those o f  Western 
Europe, w i l l  need t o  p rov ide  access t o  U.S. expor ts  o f  
soda ash and c h l o r i n a t e d  products .  I n  add i t i on ,  t h e y  
w i l l  need t o  reexamine t h e i r  b i l a t e r a l  t r ade  p o l i c i e s  
w i t h  COMECON c o u n t r i e s  t h a t  may l o c k  them i n t o  f u t u r e  
h i g h  cos t  sources o f  soda ash. 



Assuming t h e  a c t i o n s  taken  b y  domest ic  and f o r e i g n  

governments a re  f a v o r a b l e ,  t h e  market  economics o f  o i l  sha le  based 

a lumina and soda ash appear a t t r a c t i v e .  However, t h e  market  f o r  

n a h c o l i t e  i s  l e s s  c e r t a i n ,  and i s  l i m i t e d  by f r e i g h t  c o s t s  and 

dependent on t h e  s e l e c t i o n  b y  u t i l i t i e s  o f  c o n t r o l  techno, log ies  where 

d r y  sc rubb ing  agents a re  p r e f e r a b l e .  

1. Markets  f o r  Alumina (A1& 

Co-product a lumina i s  a  h i g h  p o t e n t i a l  p roduc t  because o f  i t s  

i n h e r e n t  domest ic  advantages -- s e c u r i t y  o f  supp ly ,  f reedom from 

Or* o f f s h o r e  t a x  p o l i c i e s  o f  s u p p l i e r  n a t i o n s ,  and p o s s i b l y  l ower  

t r a n s p o r t a t i o n  cos ts .  

One o f  t h e  most s i g n i f i c a n t  advantages a  domest ic  a lumina 

.. source would have i s  t h a t  t h e  c o s t  would be decoupled from f o r e i g n  t a x  

fo rmu lae .  Since these  a re  e x p o n e n t i a l  i n  t h e i r  c o s t  e f f e c t s ,  b e i n g  

t i e d  t o  i nc reases  i n  t h e  f i n i s h e d  aluminum p r i c e  r a t h e r  than  b a u x i t e  

m i n i n g  cos ts ,  use o f  f o r e i g n  alumina guarantees a  "p iggyback"  i n c r e a s e  

on raw m a t e r i a l  c o s t s  even though r e a l  c o s t s  may n o t  r i s e  a t  t h a t  

' r a t e .  The development o f  a lumina f rom o i l  sha le  dawson i te  i s  

v i r t u a l l y  t h e  o n l y  way t h e  U.S. can h o l d  p r i m a r y  aluminum c o s t s  w i t h i n  

c o m p e t i t i v e  bounds, and a f fo rds  a r e a l  advantage i n  w o r l d  markets  

where o t h e r  producers  must use IBA m a t e r i a l .  

Because o f  s e c u r i t y  of  supp ly  and c o m p e t i t i v e  p r o d u c t i o n  

c o s t s ,  i,t i s  l i k e l y  t h a t  t h e  b u l k  o f  g rowth '  i n  t h e  domest ic  a lumina 

market  can be met from domest ic  based co-product  a lumina.  I n  

a d d i t i o n ,  because t h e  e x i s t i n g  domest ic  p l a n t s  a r e  20 t o  60 y e a r s  o l d ,  

t h i s  source o f  a lumina can r e a d i l y  r e p l a c e  f r o m  20% t o  40% o f  c u r r e n t  

domest ic  c a p a c i t y ,  as e x i s t i n g  p l a n t s  a r e  r e t i r e d .  Less c e r t a i n  

f u t u r e  markets  a re  t h e  replacement o f  c u r r e n t  a lumina i m p o r t s  f r o m  



A u s t r a l i a  and t h e  development of markets t i e d  t o  new Western Canadian 

aluminum sme l t i ng  capac i t y .  The compe t i t i ve  f u t u r e  market p r i c e  o f  

alumina has been determined from c u r r e n t  cos t s  (and taxes)  r e q u i r e d  t o  

produce alumina f rom impor ted baux i te ,  esca la ted  f o r  r e a l  increases i n  

energy cos t s .  

Based on these assumptions, t h e  market ou t look  f o r  

domes t i ca l l y  produced alumina f rom dawsonite i s  p ro j ec ted  a t  6 t o  11 

m i  l l ion t o n s  per year by t h e  year 70130, e q ~ r i v a l ~ n t ,  tn t he  o~r tp~. l t  of a 

450,000 t o  850,000 b a r r e l s  per day shale  o i l  e n t e r p r i s e .  The p r i c e  o f  

alumina i s  expected t o  esca la te  by t h e  year 2000 t o  a  range o f  $240 t o  

$280 per t o n  ( i n  1980 d o l l a r s ) ,  compared t o  t h e  $257 per ton  cos t  of  
co-product a1 umina. Fu r t he r  d e t a i  1 on t h e  p o t e n t i  a1 market demand and 

p r i c e  i s  p rov ided  below: 

Year - 

P o t e n t i  a1 Market Demand P o t e n t i a l  Market P r i c e  

M i l  1  i o n  Equ iva len t  MB/D 
Tons/Year Shalc O i l  Capac i ty  ($/Ton; 1900 8 )  

2. Markets f o r  Soda Ash (Na2C02) 

The potential nf  cn-prnrl~.rct soda ash w i l l  be e f unc t i on  o r  

access t o  t h e  West European and Asian markets.  The West Europe.an . 

market a v a i l a b i l i t y ,  i n  t u rn ,  i s  a  f u n i t i o n  if future Solvay process 

cos ts ,  p r o t e c t i o n i s t  e f f o r t s  b y  produc ing na t ions ,  and East European 

marke t ing  p o l i c i e s  and p roduc t ion  c a p a b i l i t y .  A second element i n  t h e  

ou t l ook  f o r  soda ash demand. i s  what t h e  r e l a t i v e  balances between . 

c a u s t i c  soda supply  and demand w i l l  be, which w i l l  l a r g e l y  depend on 

c h l o r i n e  demand f o r  VCM. 



On balance,  t h e  f u t u r e  market  o u t l o o k  f o r  n a t u r a l  and 

co-product  soda ash appears b e t t e r  t han  t h e  o v e r a l l  market  f o r  sodium 

o x i d e .  T h i s  f a v o r a b l e  i n t e r p r e t a t i o n  i s  based upon t h e  f o l l o w i n g  

assumpt i ons  : 

Solvay  p r o c e s s . c o s t s  w i l l  become t o o  h i g h  t o  compete w i t h  
n a t u r a l l y  produced soda ash; 

0 U.S. p r o d u c t i o n  w i l l  have access t o  t h e  European and 
Japanese markets;  and, 

0 C h l o r i n e  demand w i l l  remain  s t a b l e ,  r e q u i r i n g  soda ash t o  
meet t h e  b u l k  o f  f u t u r e  demand g rowth  f o r  sodium ox ide .  

The major  q u e s t i o n s  which cannot  be answered a t  t h i s  t i m e  a r e  
I _. how r e l i a b l e  a  s u p p l i e r  COMECON p roducers  w i l l  be  t o  Western Europe, 

and how p r o t e c t i v e  Western Europe w i l l  be o f  domest ic  producers  o f  

soda ash and c h l o r i n a t e d  p roduc ts .  I f  COMECON c o u n t r i e s  a r e  unab le  t o  

-- meet demand a t  c o m p e t i t i v e  p r i c e s ,  t h e r e  may be s i g n i f i c a n t  

o p p o r t u n i t i e s  f o r  new. soda ash e x p o r t s  t o  Europe (espec i  a1 l y  low  c o s t  
-. 

e x p o r t s ) ,  i f  t h e r e  are  no major  b l o c k s  t o  e n t r y .  

The lower  e s t i m a t e s  o f  f u t u r e  market  demand assume t h a t  

n a t u r a l  soda ash w i l l  be ab le  t o  d i s p l a c e  European and u l t i m a t e l y  

Japanese So lvay  Process based soda ash p r o d u c t i o n .  I n  a d d i t i o n ,  t h e  

demand e s t i m a t e s  assume t h a t  o i l  s h a l e  based soda ash w i l l  share, 

e s s e n t i a l  l y  e q u a l l y  w i t h  t r o n a  min ing,  t h e  domest ic  demand g rowth  f o r  

sodium o x i d e  m i n e r a l s .  A more s p e c u l a t i v e  f u t u r e  soda ash market  

i n v o l v e s  t h e  s u b s t i t u t i o n  o f  soda ash f o r  c a u s t i c  soda, assuming t h e  

w o r l d  demand f o r  c h l o r i n e  and c h l o r i n a t e d  p roduc ts  remains l e v e l  o r  

d e c l i n e s .  ' The e s t i m a t e s  o f  f u t u r e  p r i c e s  a r e  based on t h e  m a r g i n a l  

raw m a t e r i a l ,  f u e l  and o p e r a t i n g  c o s t s  o f  t h e  So lvay  process,  

e s c a l a t e d  b y  r e a l  i n c r e a s e s  i n  t h e  c o s t  o f  energy.  



Based on these assumptions, t h e  market ou t l ook  f o r  soda ash 

produced . as a  by-product f rom dawsonite i s  p ro j ec ted  a t  9  t o  12 

m i l l i o n  t ons  per  year  b y  t h e  year 2000, equ i va l en t  t o  t h e  ou tpu t  o f  a  

400,000 t o  500,000 b a r r e l s  per day shale  o i l  enterpr i 'se .  The market 

p r i c e  i s  expected t o  esca la te  b y  t h e  yea r  2000 t o  a  range o f  $60 t o  

$100 per t on  domes t i ca l l y  (governed by  t r o n a  min ing  cos t s )  and $170 t o  

$230 per t o n  i n  Western Europe o r  Japan ( i n  1980 do1 l a r s ) .  Fu r t he r  

d e t a i l  i s  p rov ided  below: 

P o t e n t i a l  Demand Po ten t i  a1 P r i c e  

M l l l l a n  Equ iva len t  MB/D ($/ Ion;  lY8U $ )  
Tons/Year Shale O i  1  Capaci t -y Domestic I n t e r n a t i o n a l  - 

The f u t u r e  markets f o r  n a h c o l i t e  w i l l  be a f f e c t e d  p r l m a r j l y  

b y  t h e  cho ice  o f  scrubbing technology t o  be made i n  t h i s  decade b y  t h e  

u t i l i t y  i n d u s t r y .  Tfn add i t i on ,  f r e i g h t  cos ts  are c r i t i c a l  t o  t h e  

economic v i a b i l i t y  o f  n a h c o l i t e .  Since n a h c o l i t e .  i s  o n l y  28% Na20, 

i t  i s  necessary t o  haul  about two t imes  t h e  weight o f  m a t e r i a l  per t o n  

of Na20 a s  w i t h  soda ash. 

I f  t h e  spent n a h c o l i t e  cou ld  be r e s o l d  t o  pu lp  m i l l s ,  t h e r e  

would be c r e d i t s  a v a i l a b l e  aga ins t  raw chemical cos ts .  These markets 

a re  l a r g e l y  i n  t h e  South and Southeast U.S., so f r e i g h t  charges would 

l i k e l y  be h igh .  However, t h e  t r e n d  i s  toward r e d u c t i o n  of chemical 

demands, t oge the r  w i t h  us ing  soda ash o r  caus t i c  f o r  Na20 makeup. 



It would appear t h e  market  f o r  n a h c o l i t e  can be as much as 

one m i l l i o n  t o n s  pe r  year b y  1990 ( e q u i v a l e n t  t o  t h e  o u t p u t '  o f  a 

15,000 b a r r e l s  pe r  day u n i t  i n  a n a h c o l i t e  r i c h  a rea ) .  Moreover, t h e  

market  w i l l  need t o  be i n  areas c l o s e  t o  t h e  source so t h a t  f r e i g h t  

charges are  min imal  and t a r g e t e d  t o  u t i l i t i e s  h a v i n g  c o n t r o l  

t e c h n o l o g i e s  where d r y  sc rubb ing  i s  . a p p l i c a b l e .  The p r o j e c t e d  f u t u r e  

market  p r i c e  w i l l  be based l a r g e l y  on t h e  f r e i g h t  c o s t s  p l u s  t h e  

i nc remen ta l  c o s t s  o f  conve ' r t i ng  t h e  mined m a t e r i a l  t o  meet u t i l i t y  

s p e c i f i c a t i o n s .  

The Market P o t e n t i a l  f o r  Alumina 

1. I n t r o d u c t i o n  

Alumina, o r  aluminum ox ide  (A1203), i s  t h e  p r i m a r y  raw 

m a t e r i a l  t h a t  reduce's t o  aluminum, a  1  i g h t w e i g h t  me ta l  hav ing  

f a v o r a b l e  we ight  t o  s t r e n g t h  p r o p e r t i e s .  I n  t h e  process,  
-. . 

app rox ima te l y  two t o n s  o f  a lumina,  p l u s  c o n s i d e r a b l e  e l e c t r i c  power, 

and i n d i r e c t  use of  a l k a l i  a re  used t o  produce one t o n  o f  c e l l  grade, 

commercial aluminum. 

Alumina i s  c u r r e n t l y  produced almost  e x c l u s i v e l y  from 

b a u x i t e ,  a  m i n e r a l  t h a t  c o n t a i n s  f r o m  50 t o  60 pe rcen t  a lumina p l u s  

s i l i c a ,  m o i s t u r e  and o t h e r  meta l  o x i d e s .  Because t h e  U n i t e d  S ta tes  

has o n l y  a  l i m i t e d  amount o f  b a u x i t e ,  which i s  low grade, i t  i m p o r t s  

c e l l  grade alumina and b a u x i t e  f r o m  Jamaica and i n c r e a s i n g l y  f rom 

A u s t r a l  i a ,  Boke (New Guinea), B r a z i  1, and Guyana. Together t h e s e  

impor t s  account f o r  about  95% o f  domest ic  a lumina consumption. 

D i r e c t  m a n u f a c t u r i n g  c o s t s  f o r  domest ic  a lumina appear t o  be 

i n  t h e  range of 6170-8200 pe r  s h o r t  t o n  a t  t h i s  t ime .  However, t h e  

p r i c e  o f  impor ted  b a u x i t e  . is  about $50 p e r  s h o r t  t o n  h i g h e r  due t o  t h e  

e f f e c t  of a  t a x  l e v y  on b a u x l t e  b y  t h e  I n t e r n a t i o n a l  B a u x i t e  

A s s o c i a t i o n  ( IBA) .  



, T h e  .U.S. alumina p roduc t ion  i s  l oca ted  i n  t h e  South and 

Southwest, c lose  t o  energy sources, raw m a t e r i a l s  and low cos t  

( sh i p l ba rge )  t r a n s p o r t a t i o n .  However, t h i s  has placed the, alumina 

p l a n t s  a t  a  cons iderab le  d is tance  from the  bu l k  o f  the lower-cost 

p r i m a r y .  aluminum smel ter  capac i t y ,  l oca ted  i n  t h e  Northwest. Because 

o f  r a p i d l y  r i s i n g  energy costs,  t he  aluminum produc t ion  cos ts  i n  t h e  

Southwest. and t h e  T V A  area are i nc reas ing  f a s t e r  than i n  t h e  Northwest 

where the  g rea t  p o r t i o n  of t he  e l e c t r i c a l  power i s  f rom h y d r o e l e c t r i c  

sourccs.  E x h i b i t  4-2 shows t h c  l o c a t i o n  o f  t hc  cu r ren t  U.S. alumif la 

p l a n t s   an^ t h e  p r imary  aluminum s i t e s .  

Because f r e i g h t  i s  such an impor tan t  component o f  aluminum 

economics, alumina sources loca ted  c l ose r  t o  t he  Northwest smelters,  

cou ld  have a  s i g n i f i c a n t  economic advantage, on t h e  o rder  o f  $10 t o  

$20' per t on  over e x i s t i n g  domestic alumina p l an t s .  

Beyond be ing  an impor tant  i n d u s t r i a l  commodity, aluminum i s  

w i d e l y  used i n  a i r p l anes  and motor ized ,veh ic les ,  thus be ing  an 

essen t ia l -  n a t i o n a l  s e c u r i t y  commodity. Dur ing  World War 11, 

cons iderab le  i n v e s t i g a t i o n  was aimed a t  e'xamining t he  p o t e n t i  a1 o f  

non -baux i t i c  sources of  alumina, p a r t i c u l a r l y  a l u n i t e  and k a o l i n  c l ay ,  

i n  case Jamaican o r  South American baux i t e  supp l ies  were i n t e r r u p t e d .  

Since t h a t  t ime  t h e  U.S. has become even more dependent on imported 

sources f o r  alumina r e l y i n g  nn i m p n r t . ~  f n r  9!i%nnf i t s  5 1 i p p I i ~ ~  n f  

alumina o r  i t s  raw m a t e r i a l ,  baux i te .  

I n  1978, t he  U.S.  imported or  produced f rom imported baux i t e  

approx imate ly  10 m i l l i o n  sho r t  tons  o f  alumina, a t  a  r a t e  o f  

p roduc t ion  t h a t  has been growing a t  approx imate ly  2 percent per year.  

Wi th  t he  increased emphasis on reduced weight i n  automobi les and 

con ta iners ,  t h i s  r a t e  of growth nay we1 l acce le ra te .  Even a t  a  2% 

growth r a t e ,  however, alumina demand w i l l  exceed 14 m i l l i o n  tons by  

t he  end of  t h i s  century ,  w i t h  impor ts  hav ing t o  account f o r  n e a r l y  a l l  

o f  t h e  increase.  
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It i s  es t imated  t h a t  t h e  no r t he rn  s e c t i o n  o f  t h e  Piceance 

Bas in  con ta i ns  6 t o  7 b i l l i o n  tons o f  alumina equ i va l en t  as dawsonite, 

a  p o t e n t i a l  source o f  alumina t h a t  i s  i n t e rm ing led  w i t h  t h e  kerogen 

and o ther  m ine ra l s  recoverab le  as p a r t  o f  t h e  m in i ng  f o r  shale o i l .  

The p r imary  i ssues  a re :  

Can t h i s  be accompl ished economical ly,  p a r t i c u l a r l y  i n  
C O - ~ r ~ d u c t  (or j o i n t  prad~ict . )  f a c i  1  i t i e < ?  1. 

Are t h e r c  adequate markets t o  absorb these new supp l ies?  

The s tudy  o f  t h e  market p o t e n t i a l  f o r  alumina foc.used on 

these  issues b y  examining t h e  f o l l o w i n g  quest ions:  

What i s  t h e  p ro j ec ted  market demand f o r  alumina? 

0 What a re  the  c u r r e n t  and p o t e n t i a l l y  competing sources o f  
supp ly  and how w i l l  these change? 

it 

What w i l l  be t he  market va lue f o r  alumina and how w i l l  
t h i s  be determined i n  t h e  f u t u r e ?  

r Are t h e w  any i n s t i t u t i o n a l  o r  o the r  b a r r i e r s  t h a t  w i l l  
l i m i t  e n t r y  t o  t h e  market? 

2. Market Demand f o r  Alumina and Aluminum 

Pr imary Aluminum Markets -- Domestic. -% -- I consumption o f  

a lumina i s  almost e n t i r e l y  a  f u n c t i o n  of t h e  demand f o r  p r imary  

aluminum. Th is  p r ima ry  metal  has fou r  major end use markets:  

cons t ruc t l o r i  

t r a n s p o r t a t  i on  

e l e c t r i c a l  

0 con ta i ne rs  



Smal ler  amounts o f  aluminum, each r e p r e s e n t i n g  l e s s  than  10% 

o f  demand, are used f o r  appl iances,  equipment and market ing.  

The h i s t o r y  o f  domestic consumption b y  these major  end use 

markets f rom 1969 t o  1977 i s  sumnarized below i n  thousands o f  s h o r t  

tons:  

Domestic Aluminum Demand 

(Thousands o f  Shor t  Tons) 

% Annual Growth 

End Use Markets 1969 - 19 7 7  - i n  Tonnaqe 

.,. 
Cons t ruc t ion  990 1,340 3.9 

T r a n s p o r t a t i o n  830 950 1.7 

E l e c t r i c a l  

Conta iners  

Other 1,190 1,320 . - 1.4 

Tot a1 4,110 5,370 3.4 

Source: M inera l  Commodity P r o f i l e ,  Bureau of Mines 

Cons t ruc t ion  a p p l i c a t i o n s  are  p r i m a r i l y  i n  t h e  fo rm o f  

e x t r u s i o n s  used i n  window frames, panels and o t h e r  b u i l d i n g  components. 

T r a n s p o r t a t i o n  markets c o n s i s t  o f  automobi le engines and 

p a r t s ,  and are  s p e c i a l l y  a f fec ted b y  t h e  d e s i r e  of auto makers t o  

reduce v e h i c l e  weight  and improve f u e l  e f f i c i e n c y ,  p a r t i c u l a r l y  i n  

heavy-duty v e h i c l e s  such as t r u c k s  and buses. 

Whi le  e l e c t r i c a l  markets a r e  s i zeab le ,  t h e r e  a re  few new 

a p p l i c a t i o n s  a v a i l a b l e  f o r  l ong  hau l  t ransmiss ion  l i n e s ,  t h @  pr imary  



e l e c t r i c a l  use o f  aluminum. The domestic home w i r i n g  market has been 

e s s e n t i a l l y  e l i m i n a t e d  as a  growth a p p l i c a t i o n  because o f  p o t e n t i a l  

s a f e t y  problems. 
I 

Container irsage o f  aluminum, e s p e c i a l l y  f o r  beer which i s  

shipped cons iderab le  d is tances,  represen ts  a  l a r g e  and growing 

market.  The major compet i to rs  t o  aluminum i n  t h e  i n d i v i d u a l  se r v i ng  

s i z e  beer and s o f t  d r i n k  markets a re  g lass  b o t t l e s ,  PET r e s i n  

con ta i ne rs  and s t e e l  cans. However, because o f  a  combinat ion o f  

changing technnlngy a n  ~ r n n n m i c ~ ,  i t  appears t h a t  t h e  f u t u r e  

con ta iner  markets a re  l i k e l y  t o  be l a r g e l y  aluminum and g lass.  

The appl iances, equipment and niachinery and o ther  end a use 
1 

markets represen t  r e l a t i v e  smal l  and slow growth markets.  

New Markets f o r  Aluminum and Alumina. Chemical uses o f  

alumina are p r i m a r i l y  aluminum f l u x e s  ( c r y o l i t e )  r e a u i r e d  f o r  

p roduc t ion  n f  a l~rmin~rm.  Th iq  acc~l. lnt i?d f o r  about 5Q% o f  a l l  alumina 

no t  d i r e c t l y  used as c e l l  feed f o r  aluminum. 

Aluminum t r i h y d r a t e ,  t h e  i n . i t i a 1  alumina p l a n t  process 

ou tpu t ,  has a  growing market as a  f i r e p r o o f i n g  agent f o r  t e x t i l e s ,  bu t  

i t  i s  s t i l l  an i n s i g n i f i c a n t  demand i n  comparison t o  p r imary  aluminum. 

Qne of t h e  potentially major new 1 1 5 ~ 4  f n r  a l~rmina rn?y r e ~ 1 . 1 1 t  

f rom devel opment o f  FRM (F ibe r  Rein forced Metal  ) based upon imbedding 

Alpha Aluminurn Oxide i n  a  metal  m a t r i x  such as ma'qnesium o r  aluminum. 

The p o t e n t i a l  e x i s t s  f o r  such 'composites because o f  t h e i r  h i g h  

s t i f f n e s s  and s t r e n g t h  t o  weight r a t i o s  t o  d i s p l a c e  bo th  s t e e l  and FRP 

(F ibe r  Rein forced P l a s t i c s )  f rom auto body components. 



P r o j e c t i o n  o f  F u t u r e  Market  Demand. The p r o j e c t i o n  i s  t h a t  

domest ic  aluminum p r o d u c t i o n  w i l l  i nc rease  a t  a  r a t e  o f  2% pe r  year ,  

below h i s t o r i c  demand growth  r a t e s .  The p r i m a r y  impediment w i l l  be 

l a c k  o f  s u f f i c i e n t ,  low-cost  sources o f  h y d r o e l e c t r i c  energy  f o r  new 

aluminum sme l te rs .  The d i f f e r e n c e  between demand and domest ic  s u p p l y  

w i l l  need t o  be met f rom impor t s  o f  aluminum, p o t e n t i a l l y  f rom new 

f a c i l i t i e s  b e i n g  p lanned f o r  Western Canada, a  f u t u r e  h y d r o e l e c t r i c  

area.  It seems l i k e l y  t h a t  sha le  o i l  ( dawson i te )  based alumina can 

c a p t u r e  t h i s  market  growth  as w e l l  as d i s p l a c e  a  p o r t i o n  o f  t h e  

c u r r e n t ,  outmoded domest ic  p l a n t s  l i n k e d  t o  impor ted,  h i g h  c o s t  

b a u x i t e .  

The p r o j e c t e d  f u t u r e  demand f o r  a lumina co -p roduc t ion  i s  
;L 

based on t h e  market  p r o j e c t i o n s  shown below: 

r Domestic aluniinuni s ~ ~ e l t i n g  c a p a c i t y  w i l l  grow a t  2% per- 
yea r ,  p r i m a r i l y  i n  t h e  Northwest ;  co-product  a lumina w i l l  
be ab le  t o  c a p t u r e  al,l o f  t h i s  growth;  g i ven  a  c u r r e n t  
base of 10  m i l l i o r i  t o n s  per  yea r ,  2 m i l  l i o n  t o n s  o f  
a d d i t i o n a l  a lumina w i l l  be r e q u i r e d  e v e r y  t e n  yea rs .  

0 The c u r r e n t  domest ic  a lumina p r o d u c t i o n  c a p a c i t y  f o r  
p r o c e s s i n g  impor tea  and domest ic  b a u x i t e  t o  a lumina i s  
over  40 y e a r s  o l d  and w i l l  need t o  be f u l l y  r e p l a c e d  o r  
s u b s t a n t i a l l y  remodeled i n  t h e  n e x t  30 years ;  sha le  
co-product  a lumina w i l l  e v e n t u a l l y  be a b l e  t o  r e p l a c e  up 
t o  40% o f  t h i s  c a p a c i t y ;  g i ven  t h e  c u r r e n t  base o f  6.6 
m i l l i o n  t o n s  pet- year ,  3 m i l l i o n  t o l l s  o f  . cu t - ren t  
p r o d u c t i o n  may be rep1  aced b y  sha le  co-product  a lumina b y  
t h e  year  2010. 

Impor t s  o f  alumina. i n  1978 were 4.5 m i l l i o n  tons ,  
p r i m a r i l y  f r o m  A u s t r a l i a ;  i f  sha le  co -p roduc t  a lumina 
c o u l d  u l t i m a t e l y  c a p t u r e  20% of  t h i s  .market  as f o r e i g n  
a lumina p r o d u c t i o n  f a c i l i t i e s  become obso le te ,  t h i s  c o u l d  
p r o v i d e  a  demand f o r  1 m i l l i o n  tons  per  year  o f  sha le  
co-product  a lumina b y  t h e  year  2000. 



0 U.S. alumina expor ts  c u r r e n t l y  a re  1 m i l l i o n  tons  per 
year;  . g i v e n  t h a t  wor ld  aluminum produc t ion  has been 
growing a t  over 5% per year t h e r e  i s  a  r a p i d l y  growing 
i n t e r n a t i o n a l  market f o r  alumina; i n  add i t i on ,  U.S. 
consumption o f  aluminum, growing a t  4.2% per year w i l l  
con t inue  t o  o u t s t r i p  domestic aluminum produc t ion  
capac i t y ,  growing a t  2%, ( s i nce  1970 t h e  U.S. has become 
a  ne t  impor te r  o f  aluminum o f  over 0.5 m i l l i o n  tons i n  
1979).  Since a  cons iderab le  p o r t i o n  o f  new wor ld  
alun~inum sme l t ing  capac i t y  i s  be ing  planned f o r  Canada, 
i t  seems l i k e l y  t h a t  t h e  U.S. shale co-product alumina 
cou ld  r e a d i l y  compete f o r  t h i s  growth market of up t o  2 
n l i  l l ' i 0 1 1  t01'13 0.1.' ddd I t i u ~ . i d l  d l u n ~  i r ~ a  e v e r y  Len yea rs .  

The resu.1t.s o f  these a n a l y t i c  assumptions on the  s i z e  of t he  

f u t u r e  sha le  co -p roduc t 'a lumina  market are summarized below: 

P ro j ec ted  Markets f o r  Shale Co-Product Alumina 

( M i  11 ions o f '  Short  Tons per Year) 

Growtn i n  Rep1 acemehe 
Donest ic o f  A1 umi na D i  sp l  acement 
A1 uminum P l  ant / Impor ted of  Imported New 

Year Demand - Bauxi te  Alumina Exports To ta l  

1990 2  ' 1 - 0-2 3-5 
2000 4  2  0- 1 0-4 6-11 
2010 6  3 0 -1  0-6 9-16 

The f i r s t  t w o  markets, t he  growth i n  domestic aluminum 

produc t ion  and t h e  replacement o f  out-moded alumina p l a n t s  l i n k e d  t o  

imported baux i te ,  appear., t o  , b e  l i k e l y  events.  However, t h e  

displacement o f  impor ts  o f  alumina and t h e  cap tu re  o f  new expor ts  

r e q u i r e  more extens- ive i n t e r n a t i o n a l  t r a d e  agreements and thus are 

shown as a range i n  terms ~f t h e i r  p r o j e c t e d  f u t u r e  markets, 



3. Suoo lv  o f  Alumina and Aluminum 

Aluminum p r o d u c t i o n  i s  dominated b y  a r e l a t i v e l y  sma l l  number 

o f  i n d u s t r i a l i z e d  n a t i o n s  such as Canada, w i t h  l a r g e  consuming 

i n d u s t r i e s  such as a i r c r a f t  o r  low c o s t  energy .  When U.S.S.R. 

r e p o r t e d  aluminum p r o d u c t  i o n  i s  excluded,  f i l e  n a t i o n s  account  f o r  54% 

o f  t h e  w o r l d  c e l l  grade a lumina demand, as shown below: 

Ranked Ma jo r  P r i m a r y  Aluminum Produc ing  Na t i ons  

(Thousands o f  M e t r i c  Tons) 

% Annual 
% % P r o d u c t i o n  

N a t i o n  Region 1970 Wor ld 1978 World - -- Chanae 

U.S. - 
U.S.S.R. 
Japan 
Canada 
W .  Germany 
Norway 
Other 

T o t a l  

N. Amer'ica 3,608 37.4 4,358 30.0 2.4 
E. Europe 1,100 11.4 3,248 15.1  8 .O 
Asi  a 733 7.6 1,058 7.3 4.7 
N .  America 973 10.1 1,049 7.2 0.9 
W .  Europe 309 3.2 740 5 . 1  10.6 
W .  Europe 50 3 5 .5  657 4.5 2..7 . - 2.393 24.8 4.470 30.8 8 . 1  

Source:  w o r l d  Bureau o f  Meta l  S t a t i s t i c s ;  M i n e r a l s  Yearbook, 
Bureau o f  Mines 

Wor ld a lumina product ion , ,  however, i s  n o t  d i s t r i b u t e d  i n  t h e  

same manner. Alumina p l a n t s  are  t y p i c a l l y  l o c a t e d  on wa te r  o r  

p rox ima te  t o  b a u x i t e  mines t o  reduce t h e  f r e i g h t  cos ts ,  s i n c e  2.6 t o n s  

o f  b a u x i t e  a r e  used on average, per  t o n  o f  a lumina.  The e f f e c t  i s  t o  

l o c a t e  s n e l t e r s  i n  user  c o u n t r i e s  and a lumina p l a n t s  i n  b a u x i t e  

p roduc ing  r e g i o n s .  When t h e  b a u x i t e  s u p p l y i n g  n a t i o n s  such as Jamaica 



and Guyana embarked upon a  p o l  i c y  o f  a c q u i r i n g  more o f  t h e  va lue  added 

income f o r  b a u x i t e  b y  means o f  t a x a t i o n ,  a lumina p r o d u c t i o n  c a p a c i t y  

began t o  change s i g n i f i c a n t l y ,  as shown below: 

i3anked Major  P r imary  Alumit la Produc ing Na t ions  

(Thousands o f  M e t r i c  Tons) 

;$ Anrlua'! 
P r o d u c t i o n  

Nat .  i o n  1970 % 1978 X - Change 

A u s t r a l i a  2,1.39 
U n i t e d  S t a t e s  6,486 
I1 .S.S.R.  1 , " 1 5  
Jamaica 1 , - .GO 
Japan 1 ,2g5 
West Germany 758 
Other  6,528 

T o t a l  21 i7n 

Source:  Me ta l s  B u i l e t i n ,  M i n e r a l s  Yearbook, Bureau of Mines 

A u s t r a l i a  became t h e  do~n inan t  s u p p l i e r  u f  t h e  f r e e  w o r l d  

b a u x i t e  and p r i m a r y  a lumina needs, b u t  i t  i s  g r a d u a l l y  s h i f t i n g  i t s  

emphasis toward upgrad ing  t o  m e t a l .  A t  t h e  same t ime,  t h e  U n i t e d  

S t a t e s  a c t u a l l y  exper ienced  a  r e d u c t i o n  i n  a lumina p r o d u c t i o n .  

A u s t r a l i a  f u r n i s h e d  75% n f  a l l .  I1.S. all.cmina i m p o r t s  i n  1979, so t h e  

U.S. i s  v u l n e r a b l e  t o  i n t e r r u p t i o n s  o f  a b a s i c  r a w  m a t e r i a l  r e q u i r e d  

f o r  aluminum p r o d u c t i o n .  

World a l u n ~ i n a  t r a d e  i s  l a r g e l y  i n t e r n a l  between i n d i v i d u a l  

p r i m a r y  aluminum p roducers  o r  c o n s o r t i a .  Because a lumina i s  n o t  t r u l y  

an open market  commodity, f o r e i g n  t r a d e  does n o t  e x i s t  i n  t h e  



- 
commercial sense. A t a b l e  showing an e s t i m a t e  o f  U.S.. i m p o r t s  o f  

a lumina between 1970 and 1979 i s  shown below: 

U.S. Trade i n  Alumina 1970-1979 

(Thousands o f  Shor t  Tons) 

I t e m  1970 1979 % Annual Change 

Impor t s  2555 4520 8.5 

Expor t s  1024 967 
! - 

Net Impor t s  1531 3553 

Source: M i n e r a l  I n d u s t r y  Survey, M i n e r a l s  Yearbook; Bureau o f  Mines 

Imported alumina and i t s  predecessor ore,  b a u x i t e ,  f u r n i s h  

t h e  g r e a t  preponderance o f  U.S. s u p p l i e s  f o r  manufac ture  o f  p r i m a r y  

aluminum. The p r i n c i p a l  reason f o r  t h i s  i s  t h a t  domest ic  o r e s  have a  

h i g h -  s i l i c a  con ten t  which ,, is c o s t l y  t o  remove b y  t h e  l i m e - s i n t e r  

process.  The h i s t o r y  of  U.S. a lumina and b a u x i t e  sources i s  seen i n  

t h e  n e x t  t a b l e :  

U.S. Supp ly  o f  Alumina and B a u x i t e  by  Source 

(Thousands o f  Shor t  Tons) 

Supp ly  1970 1978 % Annual Change 

B a u x i t e  f o r  Domest i c  1,924 1,597 (7 .0 )  
Alumina - Net Impor t s  14,488. 13,383 ( 1  .o) 

T o t a l  Supp ly  16,412 14,980 (1 .1 )  

Alumina Domestic Prod ' n  7,148 6,568 (1.1) 
Net I m p o r t s  1,531 3,404 10.5 

T o t a l  Supp ly  8,679 9,972 2.0 

Source: M i n e r a l  I n d u s t r y  Survey, M i n e r a l s  Yearbook; Bureau o f  Mines. 



4. Market Value f o r  Alumina 

Because o f  f o r e i g n  t a x  l e v i e s  and geographical  l y  w ide l y  

d i f f e r e n t  energy costs ,  t h e  f u t u r e  market va lue f o r  alumina w i l l  be  

bo th  a  f u n c t i o n  of aluminum p r i c e s  and changes i n  t h e  manufactured 

c o s t  o f  alumina. 

a. Manufactured Cost o f  Alumina f rom Bauxi te .  The p r imary  means 

f o r  conve r t i ng  b a u x i t e  t o  alumina i s  through t h e  Bayer Prockss, a  

process t h a t  i nvo l ves  phys ica l  g r i nd i ng ,  pressure d i ges t i on ,  chemical 

p r e c i p i t a t i o n ,  and f i n a l l y  c a l c i n a t i o n .  Whi le l a b o r  i s  t h e  l a r g e s t  

s i n g l e  component o f  d i r e c t  costs , '  t h e  raw m a t e r i a l  ( baux i t e )  and 

energy c o s t s  account f o r  l a r g e  shares, as shown below: 

D i r e c t  Cost I tem 

Labor 
0 Raw M a t e r i a l s  

( B ~ u x  i l ~ )  
0 Efierqy 
a Other 

% of To ta l  
D i r e c t  Costs 

The 1980 manufactured cos t  o f  alumina can be est imated 

through eng ineer ing  c o s t i n g  b y  d e f i n i n g  t h e  i n p u t s  and u n i t  costs ,  as 

shown on t h e  f o l l o w i n g  page. Th is  c a l c u l a t i o n  assumes t h a t  t h e  cos t  

o f  cncrgy nccdcd i n  t h c  manufacture o f  alumins. w i l l  be equal t o  t h e  

cu r ren t  wo r l d  p r i c e  o f  crude o i l  o r  $5 per m i l l i o n  BTU. 



Imputed Domestic A1 umina D i r e c t  Product i o n  Costs 

($/Ton) 

Est imated 

U n i t  1980 CostITon 

Cost I tem U n i t s  Requirements Costs o f  A1 umi n  a  

B a u x i t e  Shor t  Tons 2.4 $14.80 $35.52 

Limestone Short  Tons 0.74 $4.00 0.30 

Soda Ash 
Equ iva len t  Shor t  Tons 0.75 $107 .OO 

S ta rch  Shor t  Tons 0.01 $180 .OO 1.10 

E l e c t r i c i t y  kWHr 7 1 $0.05 3.55 

Steam Shor t  Tons 1.35 $10 -00 13 .SO 

. N a t u r a l  Gas Mc f 4.9 $5 .OO 24.50 

Water Thous. Gal. 4.7 $0.50 2.35 

Labor Man-hours 5.6 $10 .OO 56 .OO 

T o t a l  - D i r e c t  Costs Only $144.85 

Source: Cost Est imate of Bayer Process f o r  Producing Alumina, Peters ,  
Johnson & K i r b y ,  Bureau o f  Mines 

Added t o  these cos ts  would be a  charge of 10% t o  25% f o r  

f i x e d  and i n d i r e c t  c o s t s  i n c l u d i n g  d e p r e c i a t i o n ,  p l u s  a  charge o f  15% 

t o  20% f o r  i n t e r e s t ,  taxes and a n t i c i p a t e d  p r o f i t .  

For impor ted b a u x i t e ,  t h e  l a b o r  c o s t s  are  g e n e r a l l y  lower b u t  

t h e  t r a n s p o r t a t i o n  and t a x  l e v i e s  ( i n  Jamaica) would be c o n s i d e r a b l y  
. . 

h i g h e r .  

Taking these i n t o  account, t h e  es t ima ted  manufactured c o s t  o f  

b a u x i t e  i s  approx imate ly  $200 per  t o n .  For comparison, a  p r o j e c t e d  

alumina p l a n t  i n  B in tan,  Indonesia,  r e p o r t e d  est imated c o s t s  o f  



$225 /met r i c  t o n  FOB, w h i l e  Japan r e p o r t e d  an a b i l i t y  t o  purchase a t  

$180 per t o n  n o t  i n c l u d i n g  f r e i g h t  charges.  Market p r i c e s  i n  t h e  U.S. 

o f  c o m p e t i t i v e  m a t e r i a l  would i n c l u d e  a  $50 t o  $60 pe r  t o n  IBA t a x  

l e v y  t h a t  would r e v i s e  t h e  t o t a l  t o  $220 - $260 pe r  t o n .  These c o s t s  

a r e  summarized below: 

Cost I tems E f f e c t  on Market  P r i c e  

($/Ton; 1980 $ )  

0 D i r e c t  P r o d u c t i o n  Costs $145 

G P1 A (15%) $ 20 

Deprec i  a t  i o n  (0%-10%) $0-$15 

I n t e r e s t ,  Taxes & P r o f i t  (5%-15%) $5-820 

S u b t o t a l  $170-$200 

0 Jamaican Tax Levy on B a u x i t e  

T o t a l  $??O - $260 

b. Value o f  Alumina Based on Aluminum P r i c e s .  Alumina 

r e p r e s e n t s  12.3% t o  12.9% o f  t h e  p r i m a r y  me ta l  p r i c e ,  as determined 

f r o m  s t u d i e s  i n  1970 and 1977 by t h e  Bureau n f  Mine$. T f  t . h i s  

r e l a t i o n s h i p  were t o  h o l d  f n r  1980, t . h ~  i m p ~ ~ t . e d  va11.1~ o f  a lumina,  

g i v e n  a  c u r r e n t  spot  p r i c e  of $0.76 per  pound ( i n g o t ) ,  o r  $1,520 per  

s h o r t  t on ,  would be approx ima te l y  $187 t o  $196 pe r  s h o r t  t o n .  T h i s  

f i a u r e  i s  c o n s i s t e n t  w i t h  t h e  above manuf a c t u r i r i p  c o s t  c a l c u l a t i o n  and 

w i t h  o t h e r  r e p o r t e d  va lues t o r  long t e r m  a lumina o f f e r i n g s  t o  Japanese 

smel t e r s .  

The f u t u r e  p r i c e  f o r  a lumina w i  11 r e f l e c t  i n f l a t i o n ,  r e a l  

c o s t  i nc reases  i n  energy, c o s t  i nc reases  due t o  aluminum s c a r c i t y  



and i nc reases  i n  t a r i f f s  and t a x e s .  Assuming o n l y  a  2% r e a l  i n c r e a s e  

i n  energy  cos ts ,  t h e  imputed market  v a l u e  o f  a lumina i n  t h e  f u t u r e  i s  

as f o l l o w s  ( i n  1980 d o l l a r s  per  t o n ) :  

These va lues  f o r  a lumina a re  n o t  n e c e s s a r i l y  r e p r e s e n t a t i v e  

o f  what would be used by an i n t e g r a t e d  producer  o f  p r i m a r y  me ta l ,  

s i n c e  t h e y  would have some d i s c r e t i o n  i n  how t h e y  a l l o c a t e  c o s t s  t o  . 

t h e  d i f f e r e n t  p r o d u c t i o n  s tages.  I t  has a  g r e a t  dea l  o f  s i g n i f i c a n c e ,  

however, t o  n o n - i n t e g r a t e d  sme l te rs ,  o r  t o  ones w i t h  more s m e l t e r  

c a p a c i t y  t han  c a p t i v e  a lumina s u p p l i e s  who must purchase t h e i r  a lumina.  



The Market  P o t e n t i a l  f o r  Soda Ash 

1. I n t r o d u c t i o n  

Soda ash i s  one o f  two b a s i c  sodium o x i d e  sources, t h e  o t h e r  

b e i n g  sodium h y d r o x i d e  ( c a u s t i c  soda) .  Soda ash i s  t h e  carbonate  f o r m  

o f  sodium ox ide ,  w h i l e  c a u s t i c  soda i s  t h e  hyd rox ide .  Soda ash i s  a  

d r y ,  g r a n u l a r  p r o d u c t  o f  about 60 l b l c f  d e n s i t y  and a v a i l a b l e  

n a t u r a l l y  f rom t r o n a  mines o r  manufactured u s i n q  t h e  So lvay  proces,s. 

C a u s t i c  soda i s  produced as an i n v o l u n t a r y  co-product  o f  c h l o r i n e  i n  

t h e  r a t i o  o f  1.1 t o n s l t o n  o f  C12. 

C a u s t i c  soda and soda ash share some markets,  b u t  c a u s t i c  

cannot  r e p l a c e  soda ash i n  i t s  major  market ,  q l a s s .  Soda ash can 

r e p 1  ace c a u s t i c  i n  s e v e r a l  o f  - i t s  end uses, e s p e c i a l l y  t h e  Bayer 

Process f o r  a lumina manufac ture  and k r a f t  p u l p  p r o d u c t i o n .  

U S .  soda ash end uses a re  p r i m a r i l y  f o r  g l a s s  (50x1, 

i n o r g a n i c  chemica ls  ( 25%), water  t r e a t m e n t  and o t h e r  m i  s c e l  1  aneous 

uses.  New p o t e n t i a l  uses i n c l u d e  1  in ie-s inter .  r e c o v e r y  o f  alumina, 

sodium t h i o s u l f i t e  p r o d u c t i o n  f o r  thermomechanical p u l p . b l e a c h i n g ,  and 

r e c o v e r y  o f  heavy m e t a l s  f r o m  e f f l u e n t s .  

Domestic p r o d u c t i o n  o f  soda ash and c a u s t i c  soda was 

a p p r o x i m a t e l y  10 mi 11 i o n  t o n s  each i n  1978. Wor ld p r o d u c t i o n  o f  soda 

ash and c a u s t i c  soda was a p p r o x i m a t e l y  30 m i l l i o n  t o n s  each i n  1978. 

Any s i g n i f i c a n t  d rop  i n  i n v o l u n t a r y  c a u s t i c  s u p p l i e s  w i t h  r e s p e c t  t o  

l lell~dr~cl as  a curlbequerlctt u f  d i s r u p t  i ons  i n  markets  for c h ' l o r l n a t e d  

d e r i v a t i v e s  would p r o v i d e  s u b s t a n t i a l  p o t e n t i a l  f o r  new soda ash 

markets .  

Domestic soda ash i s  c u r r e n t l y  p rov ided  f rom t r o n a  mines, a  

n a t u r a l  source o f  soda ash. I t  i s  u n l i k e l y  t h a t  s h a l e  o i l  based soda 



ash w i l l  be ab le  t o  d i s p l a c e  any o f  t h i s  p r o d u c t i o n .  Moreover, i t  i s  

l i k e l y  t h a t  t r o n a  and dawsoni te based soda ash w i l l  share f u t u r e  

growth  i n  market  demand. U.S. soda ash and g l a s s  p l a n t s  a r e  shown on 

E x h i b i t  4-3.  

The major  o p p o r t u n i t y  f o r  g rowth  i n  soda ash demand appears 

t o  be t h e  i n t e r n a t i o n a l  market .  Eas te rn  Europe e x p o r t s  l a r g e  

q u a n t i t i e s  o f  soda ash t o  Western Europe, a l b e i t  a t  g r e a t l y  d i scoun ted  

p r i c e s .  Should East European p r o d u c t i o n  be b locked,  become uneconomic 

o r  be u n a v a i l a b l e  because o f  p r o d u c t i o n  d i s r u p t i o n s ,  i t  i s  p o s s i b l e  

t h a t  much o f  t h a t  market  c o u l d  become a v a i l a b l e  t o  U.S. p r o d u c t i o n .  

I n  a d d i t i o n ,  European and Japanese soda ash i s  produced b y  t h e  So lvay  

Process,  t h e  most c o s t l y  w o r l d  source accoun t ing  f o r  app rox ima te l y  60% 

of w o r l d  c a p a c i t y .  Trona and o i l  sha le  based soda ash a re  lower  c o s t  
-. 

a1 t e r n a t e  sources and c o u l d  f a v o r a b l y  compete i n  West European and 

Asi  an markets  absent any market  b a r r i e r s  . 

2. Market Demand ' f o r  Soda Ash 

The major  domest ic  uses o f  soda ash a re  f o r  g lass ,  chemica ls  

and a  v a r i e t y  o f  o t h e r  s m a l l e r  uses. The g l a s s  market  b y  i t s e l f  

r e p r e s e n t s  over  o n e - h a l f  o f  soda ash decand. T y p i c a l l y ,  each pound o f  

q l a s s  r e q u i r e s  about 0.25 pounds o f  soda ash, reduced t o  sodium o x i d e  

(Na20). Because o f  t h e  low we igh t  t o  volume r a t i o  o f  g l a s s  

c o n t a i n e r s ,  f r e i g h t  c o s t s  a r e  a c r i t i c a l  c o n s i d e r a t i o n ,  and g l a s s  

p l a n t s  are  l o c a t e d  c l o s e  t o  markets and raw m a t e r i a l s .  

Market Demand f o r  Glass.  Domestic p r o d u c t i o n  of g l a s s  has 

grown a t  an annual r a t e  o f  2.9% f o r  t h e  p a s t  10 years .  Assuminq t h e  

v a r i o u s  g l a s s  t ypes  have t h e  average Na20 s p e c i f i e d ,  n e a r l y  5  

m i l l i o n  t o n s  o f  soda ash was consumed f o r  g l a s s  m a n u f a c t u r i n g  i n  1979, 

as shown i n  t h e  f o l l o w i n p  t a b l e .  



U.S. SODA ASH AND GLASS PLANTS 

Q Glass Plan ts  



Imputed Soda Ash Consumpt i o n  

i n  Glass b y  Type, 1979 

P r o d u c t i o n  Soda Ash ~ q u i v a l e n t  
Glass Product  % Sodium Content  (M Tons) (M Tons) 

Con ta ine rs  15.0 23,415 3,470 

F l a t  Glass 15 .O 3,430 890 

F i b e r  

Source: Cons id ine :  Glass Manufac ture  

Con ta ine rs  c o n s t i t u t e  t h e  l a r g e s t  s i n g l e  market  f o r  g l a s s  and 

i n d i r e c t l y  f o r  soda ash. The g l a s s  c o n t a i n e r  market  i n  1970 and 1979, 

expressed as t h e  we igh t  o f  g l a s s  r e q u i r e d  f o r  d i f f e r e n t  p roducts ,  i s  

as f o l l o w s :  

Domestic Glass Con ta ine r  Shipments b y  

Product  Type and End Use (M Tons) 

Type % Annual 
Cont a i n e r  End Use 1970 1979 Change - 
Narrowneck Sub-Tot a1 8,865 10,645 2 .1  

Food, Hea l th ,  
Cherni c a l  and T o i l e t r y  2,165 2,000 (0.9 

Beer and 
Beverage, Re tu rnab le  1,055 . 590 (4 .9)  

Beer and 
Beverage, Non-Returnable 4,325 6,035 (4 .4 )  

L i q u o r  and Wine 1,320 2,020 4.9 

Widemouth S u b t o t a l  2,285 2,770 2.2 - 
T o t a l  11,515 13,415 2.1 

Source: Cur ren t  I n d u s t r i a l  Reports,  Bureau o f  Census 



Glass has a c t u a l l y  increased i t s  share o f  beverage c o n t a i n e r  

markets between 1970 and 1979, and i t  would appear t h a t  much o f  t h e  

d isp lacement  o f  g l a s s  b y  p l a s t i c s  has a l r e a d y  occurred.  Fu tu re  growth 

i s  l i k e l y  t o  be a t  a  one t o  two percent  per year r a t e ,  o r  about equal  

t o  r e a l  GNP. Other markets f o r  g lass,  p a r t i c u l a r l y  f o r  f l a t  g l a s s  and 

f i b e r  g lass ,  have grown much more r a p i d l y  t o  over 10% per year s ince  

19'70, and are l i k e l y  t o  con t inue  t h i s  growth, s u b j e c t  t o  a v a i 1 a b i l i t . y  

o f  c o n s t r u c t i o n  funds.  

Market  Demand f o r  Soda Ash Chemicals. C h e m i c a l  markets f o r  

soda ash are o n l y  h a l f  t h a t  o f  g l a s s  and a l s o  c h a r a c t e r i z e d  b y  a  

s i g n i f i c a n t  amount o f  fo rward  i n t e g r a t i o n .  I n  terms o f  volume o f  

p roduc t ion ,  t h e  l a r g e s t  p roduc t  group i s  phosphates, f o l l o w e d  b y  ;. 

s i l i c a t e s ,  b i ca rbona te  of soda and chromates. I n  a d d i t i o n  t h e r e  are  a  

l a r g e .  number o f  minor  p roduc ts  such as b i s u l f i t e s  and o t h e r  s a l t s ,  

which i n  aggregate amount t o  about 10% o f  t h e  i n o r g a n i c  sodium ox ide  

mar.kets.  

, , 
D 

The p r o d u c t i o n  h i s t o r y  o f  t h e  major  chemical end uses of soda 

ash f o r  t h e  years  1 Y I U  and lYI8 w@re as f o l l o w s :  

p r o d u c t i o n  f o r  Major Sodi um Oxide Chemicals 

f o r  1970-197R ( M  Tnns) 

Chemical 1970 - 1978 - % Annual Change. 

T r  i sod i urn 5 3 64 2.1 
Metaphosphate 4 5 41 (0.1) 
Pyrophosphate 7  8  7  3 (169) 
Tr ipo lyphosphate 1,208 752 

Sodium S i  1  i c a t e  889 776 
Sodium Bicarbonate B icarbonate 143 N.R. 

I:::{ - 
Sodi um Chromate 154 168 1 .O 

Source: Current  ~ n d u s t r i a l  Reports. Bureau of Census 

The l a r g e s t  s i n g l e  use o f  phosphates i s  as a  component i n  

soap o r  de te rgen t  mixes, f o r  i n d u s t r i a l  and home use. 



P r o j e c t i o n  o f  Fu tu re  Market Demand. The f u t u r e  market 

p r o j e c t i o n  i s  t h a t  domestic soda ash (and sodium ox ide)  markets w i l l  

grow a t  about 2 percent  per year w h i l e  i n t e r n a t i o n a l  markets w i l l  grow 

a t  4 percent per year .  The t h ree  g rea tes t  u n c e r t a i n t i e s  i n  assessing 

t h e  demand f o r  sha le  o i l  co-product soda ash are:  

a The r a t e  o f  growth i n  domestic t r o n a  min ing  i n  response 
t o  perce ived demand. 

a The ex ten t  o f  access t o  wor ld  soda ash and 'sodium ox ide  
markets by, U.S. expor ts .  

a The f u t u r e  demand f o r  c h l o r i n e  (and c h l o r i n a t e d  p roduc ts )  
..' . whose manufacture produces i n v o l u n t a r y  c a u s t i c  soda. 

. - I n  l i g h t  o f  these u n c e r t a i n t i e s ,  t he  assessment f o r  

co-products assumes t h a t  t h e  p r imary  market w i l l  be t h e  growth i n  West 

European and Asian (Japanese and A u s t r a l i a n )  sodium ox ide markets, and 

t he  eventua l  d isplacement o f  Solvay Process soda ash i n  market 

economies. Should Solvay Process p l a n t s  i n  t h e  COMECON coun t r i es  a1 so 

be d isp laced,  t he  p o t e n t i a l  market f o r  U.S. soda ash cou ld  be 

s u b s t a n t i a l l y  g rea te r .  More specu la t i ve  markets i nvo l ve  cap tu re  o f  a  

p o r t i o n  o f  t he  domestic growth market f o r  sodium oxide, and t h e  

s u b s t i t u t i o n  o f  soda ash f o r  c a u s t i c  soda as c h l o r i n e  demand 

f l u c t u a t e s  o r  dec l i nes .  Fu r t he r  d e t a i l s  on each o f .  these f u t u r e  

markets i s  prov ided below: 

a West European and Asian soda ash demand i s  proj.ected t o  
grow a t  2% per year and c a u s t i c  soda demand a t  4% per 
year .  Shale co-product soda ash w i l l  be ab le  t o  capture 
one-ha l f  o f  t h e  soda ash market growth i n  these two 
areas, and one-ha l f  o f  t h e  c a u s t i c  soda demand growth. 
Given a  c u r r e n t  base o f  9 m i l l i o n  tons  per  year  o f  soda 
ash and 8 m i  11 i on  tons per year o f  c a u s t i c  soda i n  these 
markets (and t h a t  1.3 tons  o f  soda ash i s  r e q u i r e d  f o r  
every  t on  o f  c a u s t i c  soda), 3 m i l l i o n  tons o f  a d d i t i o n a l  
soda ash w i l l  be r e q u i r e d  every  t e n  years.  

a The cu r ren t  Solvay Process capac i t y  i n  Western Europe and 
As ia  i s  about 10 m i l l i o n  tons  per year.  Because o f  h i g h  
energy costs,  shale co-product alumina and n a t u r a l  soda 



ash ( f r om  t r o n a  m in i ng )  w i l l  be ab le  t o  d i sp l ace  ' t h i s  
c a p a c i t y  as these p l a n t s  are phased ou t  by  t h e  year 
2010. Shale co-product soda ash w i l l  be ab le  t o  cap tu re  
one-ha l f  o f  t h i s  market o r  5 m i l l i o n  tons  per year by  
2010. 

Domestic soda ash and c a u s t i c  soda p roduc t ion  has grown 
a t  about 1 percent  per year; g i ven  a sodium ox ide  pool  o f  
12 m i l l i o n  tons per year, 1.2 m i l l i o n  tons o f  a d d i t i o n a l  
sodium ox ide  w i l l  be r e q u i r e d  every  t e n  years, which i s  
equ i va l en t  t o  2 million tons o f  soda ash. However, 
because t r o n a  min ing  would v iew  t h i s  as a  pr ime growth 
,tarye.I;, u l . 1 1 ~  a nrax~imum u f  une- t t i . i rd  u f  tti i s  new market I s  
assumed a v a i l a b l e  f o r  sha le  co-product soda ash. 

a Should wor ld  chlOt1ne demand dec l ine,  i n  l i g h t  o f  a  
s l ow ing  demand f o r  PVC and lead  ant i -knock compounds, t h e  
p roduc t ion  o f  . i n vo lun ta r y  c a u s t i c  soda w i l l  dec l ine .  
Whi le  t h i s  i s  a h i g h l y  specu la t i ve  out,come, i t  i s  
poss ib l e  t h a t  as much as a  10% dec l i ne  i n  c h l o r i n e  demand 
and c a u s t i c  soda p roduc t ion  cou ld  occur i n  t h e  U.S., 
Japan and Western Europe; g iven a c a u s t i c  soda base o f  
18  m i l l i o n  tons  per year,  and t h e  need t o  s u b s t i t u t e  soda 
ash f o r  c a u s t i c  a t  a  1.3 t o  1 r a t i o ,  t h i s  represen ts  a  2  
m i l l i o n  tons  per year  market, l i k e l y  shared e q u a l l y  b y  
co-product soda ash and t.rnna min ing.  

a F i n a l l y ,  numerous new uses f o r  soda ash are be ing  pursued 
-- f o r  i n s u l a t i o n  ma te r i a l s ,  recovery  o f  ye l l ow  cake f rom 
uranium or  and . f o r  r ecove ry  o f  t a i l i n g s  i n  a l u r n i ~ ~ a  
p roduc t ion ;  these new uses, wh i l e  specula t ive,  cou ld  
p rov i de  a market f o r  co-product soda ash o f  1 m i l l i o n  . 
tons  per year by  t he  year 2000. 

The r e s u l t s  o f  these a n a l y t i c  assumptions on t h e  s i z e  o f  t h e  
f u t u r e  sha le  co-product soda ash markct  arc  ~umrnar i ted be low:  

P ro j ec ted  Markets.for Shale Co-Product Soda Ash 

( M i l l i o n s  o f  Short  Tons per Year) 

Growth i n  Replacement o f  
.W. Europe European Rep1 acement 
and Asian and Asian Domestic o f  Caust ic  New 

Year Markets - Solvay Process Growth Soda Markets To ta l  



3. Supp ly  o f  Soda Ash 

Soda ash i s  commerc ia l l y  produced b y  t h e  So lvay  Process, b y  

m i n i n g  o f  t r o n a  and b y  r e c o v e r y  f rom l a k e  b r i n e s .  World p r o d u c t i o n  o f  

soda ash i s  p r i m a r i l y  f rom t h e  So lvay  Process, w h i l e  n a t u r a l  soda ash 

f rom t r o n a  has cap tu red  e i g h t y  pe rcen t  o f  t h e  market  i n  N o r t h  

America. Reported c a p a c i t y  f o r  soda ash b y  major  p roduc ing  r e g i o n s  i s  

shown i n  t h e  t a b l e  below: 

Reported World Soda Ash P r o d u c t i o n  Capac i t y  
b y  Process and Se lec ted  Region - (M Tons) 

Reg i on 
N o r t h  America 

Sub-Total  

Process 
So 1  vay 
Trona 
Lake B r i n e s  

South America So 1  vay 650 
Western Europe So 1  vay 8,670 
Eas te rn  ~ u r o ~ d l  Sol  vay 11,600 
A f r i c a  Lake B r i n e s  370 
~ s i  21 Sol vay 4,710 

T o t a l ,  a l l  processes 36,600 

T o t a l  So lvay  ' 27,530 75.2 
T o t a l  Trona 7,200 19.7 
T o t a l  Lake B r i n e  1,870 5 .1  

36,600 1oO.o 

11 I n c l u d e s  USSR 

21 I n c l u d e s  Japan, Taiwan, South Korea, I n d i a ,  Pak is tan ,  Peoples - 
~ e p u b l i c  o f  China 

Source: East IWest  Trade i n  Chemicals, OECC 1980; M ine ra l  Commodity 
P r o f i l e s ,  Bureau o f  Mines; Rank o f  Tokyo. 

The g r e a t e s t  g ross  a d d i t i o n  t o  soda ash p r o d u c t i o n  c a p a c i t y  

has been made i n  t h e  U.S., where new t r o n a  m i n i n g  p l a n t s  have n o t  o n l y  

cap tu red  t h e  growth  i n  demand b u t  have a l s o  r e p l a c e d  a l l  b u t  one o f  

t h e  p r e v i o u s l y  o p e r a t i n g  So lvay  Process P l a n t s .  



Repor ted c a p a c i t i e s  f o r  s e l e c t e d  p roduc ing  n a t i o n s  a r e  as 

f o l l o w s  i n  1973 and 1979: 

Reported Soda Ash P r o d u c t i o n  Capac i t y  
f o r  Se lec ted  Produc ing Na t ions  Ranked b y  Economy 

(M Tons) 

N a t i o n  

U r ~ l l e d  S l a l e s  
France 
West Germany 
Japan 
U n i t e d  Kingdom 
Other  Market  

Economy Z Annual 
1973 Type 1979 - Change 

Market  8,300 9,660 2.5 
Market  1,800 2,000 1.8 
Market  1,750 2,000 2.3 
Market  1,600 1,500 (1.1) 
Market  1,500 1,800 3.1 
Market  4,780 6,590 - 5 .1  

71.1h-Tot a 1  Market Market 19,730 23,490 3 . 0  

USSR Managed .4,520 6,000 4 .8  
Peoples Repub l i c  o f  China Man aged 1,500 1,500 - 
Romania Managed 1,500 1,500 - 
Po 1  and Managed 850 900 0.9 
B u l g a r i a  Managed 350 1,700 30.5 
Other  Man aged Managed 1,380 1,510 - 1.4 

Suh-Tot d l  Managed lU,l00 13,110 4 .4  
T o t a l  29,830 36,600 3.5 

Source: M i n e r a l s  Commodity P r o f i l e s ,  Bureau o f  Mines 



Soda ash p r o d u c t i o n  has i n c r e a s e d  a t  an annual r a t e  o f  3.4 

p e r c e n t  between 1970 and 1978 as s e t  f o r t h  i n  t h e  t a b l e  below: 

% Annual 

Region 1970 1978 - Change 

Nor th  America 7,770 9,250 2.0 

South America 180 370 9.4 

Western Europe 6,500 7,160 1.2 

Eas te rn  Europe 6,500 10,33 5.9 

A f r i c a  165 210 3.1 

A s i a  2,980 4,000 - 3.4 

T o t a l  24,095 31,320 3.4 

Source: U n i t e d  N a t i o n s  S t a t i s t i c a l  Yearbook;Bureau o f  Mines M i n e r a l  
Commodity P r o f i l e s  

Eas te rn  Europe expe r ienced  t h e  g r e a t e s t  i n c r e a s e  i n  

p r o d u c t i o n  w i t h  much o f  t h i s  p r o d u c t i o n  e x p o r t e d  t o  Western Europe, 

w i t h  adverse e f f e c t  upon p r i c i n g .  Cu r ren t  West European p r i c e s  f o r  

soda ash are  $124 pe r  t o n ,  c l o s e  t o  t h e  d i r e c t  o p e r a t i n g  c o s t s  f o r  t h e  

So lvay  Process.  

Most o f  Eas te rn  Europe 's  p l a n t s  have been b u i l t  w i t h i n  t h e  . 
p a s t  s i x '  years ,  whereas West European and Japanese p l a n t s  l a r g e l y  

p r e d a t e  Wor ld War I as p a r t  o f  t h e  o r i g i n a l  So l vay  Process Synd ica te .  

A l t hough  t h e  p l a n t s  d i f f e r  g r e a . t l y  j n  age, t h e i r  p rocess  economics a r e  

e s s e n t i a l l y  t h e  same. 



4. Market  Value o f  Soda Ash 

a. Manufactured Costs P r i c i n q .  For soda ash, t h e  assumption i s  

t h a t  t h e  commodity s e l l i n g  p r i c e  w i l l  be based on manu fac tu r ing  and 

b a s i c  m a t e r i a l s  c o s t s .  However, f o r  e x p o r t s  o f  soda ash, these 

p r o d u c t i o n  c o s t  based p r i c e s  w i l l  need t o  be a d j u s t e d  f o r  any 

p r o t e c t i v e  t a r i f f s  imposed b y  i m p o r t i n q  n a t i o n s .  

I n t e r n a t i n n a l  l y ,  t . h ~  manlr far . t .~~r ing ~ 0 5 t  s f o r  soda ash a r e  

based on So lvay Process economics, a v e r y  energy i n t e n s i v e  process, as 

shown below: 

D i r e c t  Cost I t em 

Fue l  and Power 
0 Labor and Maintenance 
0 Raw M a t e r i a l s  and Other 

% s f  T o t a l  D i r e c t  Costs 

The d i r e c t  manufactur ing c o s t s  f o r  soda ash produced b y  t h e  So lvay 

process a r e  e s t i m a t e d  as f o l l o w s  b y  major  c o s t  i t ems  f o r  a 350,000 

t o n s  per year  p l a n t ,  assuming an energy c o s t  o f  $5 per  mi 11 i o n  BTU, 

which i e q u i v a l e n t  t o  t h e  c u r r e n t  market  p r i c e  o f  ahout $30 p c r  

b a r r e l  o f  crude o i l :  

Es t imated Solvay Process D i r e c t  Manu fac tu r ing  Costs 

($/Ton) 

Requirements/ 
CusL I tem U n i t s  Year 

Labor . Man Hours 135,000 
Fue 1 MC F 7.17 x 106 
Power Kwh 22.8 x 106 
Pmmon i a Tons .1,100 
B r i n e  Tons 5G0,000 
Limestone Tons 444,500 
Maintenance D o l l a r s  2,900,000 
Other Do1 1 a r s  143,000 

T o t a l  

Requirements/ 
Year 

Est  imated 
Costs/Ton 

U n i t  Costs o f  Soda Ash 

Source: Chemical Process I n d u s t r i e s ,  Shreve; I n d u s t r y  



To t h i s  would be added i n d i r e c t  costs ,  such as taxes, 

adm in i s t r a t i on ,  c a p i t a l  cos ts  and deprec ia t ion ,  i n t e r e s t  and p r o f i t s .  

The above da ta  shows t h a t  t he  d i r e c t  manufactur ing cos ts  o f  

soda ash us ing  t he  Solvay Process are about $125 per ton .  When o the r  

i n d i r e c t  and c a p i t a l  charges are added, these cos t s  w i l l  be $150 per 

ton .  

'!, 

The t a b l e  below shows t h a t  . the cos t  o f  Solvay based soda ash 

i n  1990 (expressed i n  1980 $ ) ,  i s  es t imated t o  range f rom $150 t o  $210 

per ton .  

w 

T.he cos t  of produc ing soda ash f r o n  t rona,  however, would be 

lower s ince t h i s  process i s  l ess  energy i n t e n s i v e  and t h e  m in i ng  cos t s  

would be comparable wi* th those o f  shale o i l  min ing.  The t a b l e  below 

shows t h a t  t r o n a  based soda ash i s  est imated t o  range f rom $50 t o  $90 
.'. 

per ton.  The min ing  and upgrading cos t s  f rom t r o n a  are based on t h e  
. . economics o f  t h e  m in ing  and upgrading o f  co-product. soda ash. Current 
,* 

p r i c e s  f o r  soda ash i n  t he  U.S. are $86 per ton.  

Cost I tems 1990 Market P r i c e  

Trona Sol vay 
8 D i r e c t  Product ion Costs* 40 - 60 l T i - 5 0  

G&A (15-20%) 5-15 20-30 
e Depreci a t  i o n  (0-10%) 0-5 0-15 
0 I n t e r e s t ,  Taxes & P r o f i t  (5-15%) 5-10 5-15 

Sub to ta l  m!m l?n=mJ 
"Assumes min ing  cos ts  o f  $5 t o  $10 per t on  and upgrading cos t s  o f  $35 
t o  $50 per t o n  i n  1990, expressed i n  $ 1980. 



Because o f  these a l ready  h i g h  and r a p i d l y  r i s i n g  energy 

cos ts ,  t h e  Solvay Process no longer competes i n  t h e  U.S. w i t h  t r o n a  

based p roduc t i on  f rom t h e  Green River ,  Wyoming mines. European and 

Asian Solvay p l a n t s  are e s s e n t i a l l y  i n  t h e  same pos tu re  as U.S. 

f a c i l i t i e s  were t e n  years  ago, so t h a t  market s u b s t i t u t i o n  o f  lower 

cos t  soda ash sources i s  l i k e l y .  

U. 5 .  t r o n a  b a s e d  nroduct i o n  c a p a c i t y  i s  h ~ i n g  in r reazed  

r a p i d l y ,  and has t h e  p o t e n t i a l  t o  inc rease  s t i l l  f u r t h e r  w i t h  o n l y  

incrementa l  expend i tu res .  Vigorous e f f o r t s  are be ing  made by  severa l  

p o t e n t i a l  producers t o  commerc ia l ly  develop s o l u t i o n  m in ing  as a  means 

t o  reduce m in i ng  cos t s  and manpower needs. However, even w i t h  c u r r e n t  

ope ra t i ng  p r a c t i c e s ,  soda ash f rom t r o n a  m in i ng  i s  s u b s t a n t i a l l y  l e s s  

than t h e  cos ts  o f  t h e  Solvay Process. The l i m i t i n g  case f o r  t r o n a  i s  

b o i l e r  capac i t y .  V i r t u a l l y  a l l  new Wyoming f a c i l i t i e s  a re  now coa l  

f i r e d  so t h a t  energy costs ,  u n l i k e  Solvay Process p lan ts ,  are modest 

and l l k e l y  t o  remain so. 

b.  Market'  Value P r i c i n y .  Current. ql.tnt.st.ions o f  prSces f o r  soda, 

ash, ~0il , iu111 uxidt!  drld c a u s t i c  soda a r e  5howrl below, i n  % per ton* :  

L i q h t  Soda Ash Sodium Oxide C a ~ ~ s t i c  
Geographical  Area Sod a  
r Uni ted  S ta tes  
e Western Europe 124 
e Japan '222 

* 81'1 p t - i ces  a r e  FOB wur-ks (e.g., exclude f r e l g h t  c o s t s ) .  



c. Est imate o f  Fu tu re  P r i ces .  I n  t h e  U.S., f u t u r e  market p r i c e s  

f o r  soda ash w i l l  be governed by t h e  economics o f  t r o n a  min ing.  As a  

r e s u l t ,  t h e  market p r i c e  i s  expected t o  o n l y  inc rease  s l i g h t l y  over 

i n f l a t i o n ,  p r i m a r i l y  due t o  r e a l  p r i c e  increases i n  t h e  cos t  of energy,. 

The f u t u r e  p r i c e s  i n  t h e  expor t  market, wh i l e  more d i f f i c u l t  

t o  est imate,  are l i k e l y  t o  be much h igher .  The cu r ren t  p l a n t  gate 

p r i c e  f o r  soda ash i s  $124 per t o n  i n  Western Europe and $222 per t o n  

i n  Japan. The market p r i c e  i n  Western Europe i s  depressed because of 

l a rge  COMECOM expor ts  o f  soda ash t o  Western Europe. However, COMECOM 

soda ash p roduc t ion  i s  based on t h e  Solvay Process, and as these 

c o u n t r i e s  beg in  t o  f u l l y  account f o r  f u l l  energy costs,  t h e  Western 

Europe p r i c e s  cou ld  begin  t o  approach those o f  Japan. 




