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INTRODUCTION 

D i f f i c u l t i e s  i n  obtaining su f f i c ien t  q u a n t i t i e s  of low-sulfur fue l s  
t o  meet current  and proposed a i r -qua l i ty  emission standards of t h e  Federal En- 
vironmental Protect ion Agency f o r  steam-electric power p lants  have created  a 
s t rong impetus t o  develop processes capable of removing s u l f u r  oxides from f l u e  
gases of p lan t s  burning high-sulfur f u e l s ,  including t h e  coal  found i n  most East- 
e rn  and Midwestern coal  deposits .  Because the  technology f o r  removing t h e  sul -  
f u r  from t h e  coal  i t s e l f  by gas i f i ca t ion ,  l iquefac t ion ,  o r  solvent r e f in ing  has 
not yet  been perfec ted ,  one of t h e  most promising methods fo r  s i g n i f i c a n t l y  re-  
ducing su l fu r  oxide emissions a t  t h e  present time i s  a process of wet "scrub- 
ing" t h e  f l u e  gas. I n  t h e  scrubbing process f l u e  gases r e a c t  with chemically 
ac t ive  mater ia ls  t o  form a su l fu r  compound t h a t  can be recovered, disposed o f ,  
o r  possibly used f o r  some benef ic ia l  purpose. 

Among t h e  many processes under considerat ion,  wet scrubbers t h a t  use 
lime, limestone, and other  carbonate mater ia ls  a s  the  reac tan t  appear t o  be t h e  
most advanced and t o  offer  a p o t e n t i a l  temporary solut ion.  A recent  repor t  by 
t h e  Sulfur  Oxide Control Technology Assessment Panel (SOCTAP, 1973) assessed t h e  
fu tu re  of wet scrubbers a s  follows : 



I n  the  United S t a t e s  during the  1973-1980 period,  e l e c t r i c  u t i l i t i e s  w i l l  
probably continue the  cur ren t  p a t t e r n  i n  s e l ec t i ng  wet scrubbers systems, with 
the  majori ty  of orders  probably f o r  wet lime/limestone scrubbers producing a 
throwaway sludge. There probably w i l l  be a l imi ted  number of orders f o r  regen- 
e r a t i v e  processes using reagent l i quo r s  based on magnesium, sodium, and other  
compounds. 

Despite unresolved waste d isposal  problems, scrubber systems are  be- 
ing  i n s t a l l e d  a t  a  number of u t i l i t y  p lan t s .  Two of the  most advanced of these  
p ro jec t s  are  a t  Duquesne Light Company's F. P h i l l i p s  s t a t i o n  i n  Pi t t sburgh,  
Pennsylvania, and a t  Louisvi l le  Gas & E l e c t r i c  Company's Paddy's Run S ta t ion  i n  
Louisvi l le ,  Kentucky. Duquesne Light has i n s t a l l e d  a 400-megawatt capacity SO2 
scrubber system designed by Chemico ( ~ e s k e t h ,  1974). Louisvi l le  Gas & E l e c t r i c  
i s  using Combustion Engineering Company's lime scrubbing system r e t r o f i t t e d  t o  
i t s  Paddy's Run P lan t ,  and t h e  u t i l i t y  has indicated  t h a t  it intends t o  i n s t a l l  
nine more scrubber systems by 1980 a t  i t s  other u n i t s ,  provided t h a t  the  t e s t s  
on t h e  No. 6 u n i t  a t  t h e  Paddy's Run Plant  are  successful  ( ~ e s k e t h ,  1974). 

This repor t  ( a )  est imates t h e  approximate s i z e  and loca t ion  of poten- 
t i a l  new markets f o r  l ime,  limestone, and other carbonate mater ia ls  t h a t  could 
develop from t h e  widespread i n s t a l l a t i o n  and use of wet scrubber systems on 
s t e a m e l e c t r i c  power p lan t s ,  and ( b )  evaluates t h e  p o t e n t i a l  impact of these  in-  
s t a l l a t i o n s  on t h e  lime and limestone indus t r i e s .  

SULF'UR EMISSIONS 

According t o  t h e  U.S.  Bureau ofMines,367 mi l l ion  tons of coal  ( 1 9 7 3 ~ ~  
p. 66, TI), 436 mil l ion  b a r r e l s  of r e s idua l  o i l s ,  68 mi l l ion  b a r r e l s  of d i s t i l -  
l a t e  o i l s  (u .  S. Bur. Mines, 1973d, p. 11) , and 3.98 t r i l l i o n  cubic f e e t  of nat- 
u r a l  gas (u.s. Bur. Mines, 1973b, p. 8 )  were burned a t  u t i l i t y  p lan t s  i n  t h e  
United S t a t e s  during 1972. The na tu ra l  gas burned was e s s e n t i a l l y  sul fur- f ree  
and the re fo re  caused no a i r -pol lu t ion problems. Most of the, d i s t i l l a t e  o i l  
burned was s u f f i c i e n t l y  low i n  su l fu r  t o  meet a i r -qua l i ty  standards as  expressed 
i n  emissions per mi l l ion  Btu of heat  input .  

The amount of su l fu r  emitted from t h e  burning of coal  has been calcu- 
l a t e d  on a state-by-state bas i s  ( t a b l e  1) by using t h e  average s u l f u r  content 
of coal  burned by u t i l i t i e s  i n  each s t a t e  and by assuming t h a t  a l l  of t h e  con- 
t a ined  su l fu r  was ac tua l ly  emitted. Detai led da ta  on t h e  su l fu r  content of re- 
s idua l  f u e l  o i l  burned by u t i l i t i e s  on a state-by-state b a s i s  was not avai lable .  
For t h e  purpose of t h i s  r e p o r t ,  t h e  amounts of s u l f u r  emitted i n  each s t a t e  from 
u t i l i t y  p lan t s  us ing such f u e l s  i n  1972 has been estimated ( t a b l e  1) from U.S. 
Bureau of Mines da ta  (1973d, p. 11) on s a l e s  of r e s idua l  o i l  t o  u t i l i t i e s  i n  
each s t a t e  and from Federal Power Commission da ta  (1973a, 1973b) on s u l f u r  con- 
t e n t  of f'uels burned by e l e c t r i c  u t i l i t i e s  during t h e  l a s t  two quar ters  of 1972. 
According t o  our es t imates ,  i n  1972 t h e  burning of high-sulfur f u e l s  a t  u t i l i t y  
p lan t s  i n  t h e  United S ta tes  r esu l t ed  i n  f l u e  gases t h a t  contained approximately 
10.6 mi l l ion  tons of s u l f u r .  



As none of t h e  s t a t e s '  a i r -qua l i ty  standards f o r  u t i l i t y  p lan t s  r e -  
qui re  zero discharge of s u l f u r  oxide i n  f l u e  gases ,  t h e  amount of s u l f u r  t o  be 
removed by scrubber treatment w i l l  not be equal t o  t h e  amount emitted. On t h e  
b a s i s  of t h e  most s t r ingen t  a i r -qua l i ty  regula t ions  t o  go i n t o  e f f e c t  i n  1975, 
Padgett (1972, p. 26, 28) has grouped t h e  s t a t e s  according t o  t h e  maximum sul-  
f u r  t h a t  can be burned by u t i l i t y  p l a n t s  i n  these  s t a t e s .  The s u l f u r  l i m i t s  i n  
e f fec t  i n  t h e  various ca tegor ies  ( t a b l e  1) are  as  follows : 

Category Percent s u l f u r  
I < 0.8 

II 0.8-1.6 
1-11 1.6-2.5 

I V  > 2.5 

To determine t h e  amount of su l fu r  t h a t  must be removed by scrubber treatment t o  
meet 1975 EPA standards,  t h e  following s u l f u r  l e v e l s  were used as t h e  b a s i s  f o r  
ca lcula t ion : 

Category Percent su l fu r  
I 0.8 

11 1.6 
111 2-5  

I V  3 * 0 

On t h e  bas i s  of these  assumptions, 81  percent of t h e  coal  (296 mil l ion  
tons averaging 3.0 percent s u l f u r )  and 42 percent of t h e  res idua l  o i l  (182 m i l -  
l i o n  b a r r e l s  averaging 1 .8  percent s u l f u r )  burned i n  1972 would have required 
scrubber treatment,  and 56.1 percent of t h e  t o t a l  s u l f u r  emitted (10.6 mi l l ion  
t o n s )  would have had t o  be removed t o  comply with 1975 standards.  

I n  Miss iss ippi ,  Arkansas, Louisiana, Montana, Nevada, Oregon, and Wash- 
ington, only a very l imi ted  amount of t h e  f u e l s  burned i n  1972 would have required 
scrubber treatment,  bu t  i n  Ohio, Indiana,  Kentucky, Pennsylvania, and I l l i n o i s  
most of t h e  u t i l i t y  f u e l s  burned i n  1972 would have required scrubber t r e a t -  
ment. On t h e  average, 70 percent of t h e  emitted su l fu r  i n  f l u e  gases i n  these  
s t a t e s  would have had t o  be removed t o  meet t h e  1975 EPA ai r -qual i ty  standards.  

RAW MATERIAL REQUIREMENTS 

The amount of lime ( c ~ o ) ,  limestone (CaC03) o r  carbonate mater ia ls  such 
as  marl,  s h e l l ,  o r  chalk t h a t  would be required i n  a wet scrubber system t o  clean 
up f l u e  gases would l a r g e l y  be determined by t h e  quant i ty  of su l fu r  t h a t  must be 
removed and on t h e  e f fec t ive  r e a c t i v i t y  of t h e  reagent used. Based on chemical re-  
ac t ions  involved i n  t h e  wet scrubbing systems, a t  100 percent stoichiometry 1.75 
tons  of lime (100 percent C ~ O )  a re  required t o  remove one ton of su l fu r  ( 2  tons 
of su l fu r  dioxide) from f l u e  gases. Although it i s  t h e o r e t i c a l l y  possible t o  get  
100 percent removal ef f ic iency with 100 percent s toichiometry,  such high l e v e l s  
of e f f i c i ency  a r e  not achieved i n  ac tua l  operat ion,  and therefore  a higher s t o i -  
chiometry i s  used t o  obta in  t h e  required l e v e l  of cleaning. A t  120 percent s t o i -  
chiometry t h e  requirement increases t o  2.10 tons of lime per t o n  of su l fu r  removed. 

I f  limestone (100 percent caCo3) o r  o ther  carbonate mater ia ls  are  used 
i n  place of l ime,  t h e  amount of reactant  required t o  remove one ton of sulf'ur 
from f l u e  gases increases considerably, f o r  example, a t  100 percent stoichiometry 



TABLE 1-POTENTIAL NEW MARKETS FOR LIME, LIMESTONE, 

D i s t r i c t  

and 
s t a t e  

NEW ENGLAND 
Massachusetts 26 
Connecticut  54 
Maine, New Hampshire, 

Rhode I s l a n d ,  
Vermont 

MIDDLE ATLANTIC 
New York 
New Jersey  
Pennsylvania 

EAST NORTH CENTRAL 
Ohio 
Indiana 
I l l i n o i s  
Michigan 
Wisconsin 

WEST NORTH CENTRAL 
Minnesota 

Iowa 
Missouri  
North Dakota. 

South Dakota 
Nebraska, Kansas 

SOUTH ATLANTIC 

Delaware, Maryland 
D i s t r i c t  of Columbia 
Vi rg in ia  
West V i r g i n i a  
North Carolina 
South Carolina 
Georgia 
F l o r i d a  

EAST SOUTH CENTRAL 
Kentucky 
Tennessee 
A 1  abama 
Miss i s s ipp i  

WEST SOUTH CENTRAL 
Arkansas 
Louisiana.  

Oklahoma 
Texas 

MOUNTAIN 
Arizona 
Colorado 
Utah 
Montana 
Nevada 
New Mexico 
Wyoming 

PAC IF IC 
Oregon 
Washington 
C a l i f o r n i a  

F o s s i l  f u e l s  burned i n  1972 and amounts 

of s u l f u r  emitted 

ALASKA AND OTHERS 386 2.702 30,327 - - 2.702 - 
TOTAL 367,026 9,623,179 435,348 987,348 10,610,527 5,958,203 

* 5.84 b a r r e l s  = 1 t o n  of r e s i d u a l  f u e l  o i l .  
t Category I - l e s s  t h a n  0.8 percen t  s u l f u r ;  11 - 0.8-1.6 percen t  s u l f u r ;  111 1.6-2.5 percen t  s u l f u r ;  and 

IV - over 2.5 percen t  s u l f u r  ( ~ a d g e t t ,  1972). 

- - 

Air -qua l i ty  regu la t ions  and amount of 
s u l f u r  t o  be removed 

8 Estimated.  Sources:  U.S. Bureau of Mines, 197%; U.S. Bureau of Mines, 19738; Federa l  Power Commission, 1973a. 

COAL 

T o t a l  coa l  
burned 

( 1000 tons ) 

OIL 1975 Ai r -qua l i ty  
regu la t ions  f o r  

e x i s t i n g  p lan t s*  . 
Tota l  
s u l f u r  

emitted 
( t o n s )  

Amount of 
s u l f u r  

emitted 
( t o n s  ) 

Tota l  o i l  
burned 
( 1000 
bb l  ) 

Coal- 
f i r e d  

Amount of s u l f u r  
t o  be removed t o  

meet 1975 a i r -  
q u a l i t y  standards* 

( tons  

Amount of 
s u l f u r  

emitted 
( t o n s )  

Oi l -  
f i r e d  



AND OTHER CARBONATE MATERIALS BY DISTRICT AND STATE 

NEW ENGLAND 
Massachusetts 
Connecticut 
Maine, New Hampshire, 

Rhode I s land ,  
Vermont 

MIDDLE ATLANTIC 
New York 
New Jersey  
Pennsylvania 

D i s t r i c t  

and 
s t a t e  

Q u a n t i t y  of l ime and l imestone o r  o ther  carbonate mate r ia l s  
required t o  d e s u l f u r i z e  f l u e  gases, ,  1972 

EAST NORTH CENTRAL 
Ohio 
.Indiana 
I l l i n o i s  
Michigan 
Wisconsin 

WEST NORTH CENTRAL 
Minnesota 
Iowa 
Missouri  
North Dakota, 

South Dakota 
Nebraska, Kansas 

Limestone or  carbonate m a t e r i a l s  

SOUTH ATLANTIC 
Delaware. Maryland 
D i s t r i c t  of Columbia 
Vi rg in ia  
West Vi rg in ia  
North Carolina 
South Carolina 
Georgia 
F l o r i d a  

1.0 
S toichiometry 

3 . 1 t o n / t o n o f S  

Lime 

EAST SOUTH CENTRAL 
Kentucky 
Tennessee 
Alabama 
Miss i s s ipp i  

1.0 
Stoichiometry 

1 . 7 5 t o n / t o n o f S  

WEST SOUTH CENTRAL 
Arkansas 
Louisiana,  

Oklahoma 

Texas 

1.2 
Stoichiometry 

3 . 7 5 t o n / t o n o f S  
& 

1.2 
Stoichiometry 

2 . 1 0 t o n / t o n o f S  

MOUNTAIN 
Arizona 
Colorado 
Utah 
Montana 
Nevada 
New Mexico 
Wyoming 

1.5 
Stoichiometry 

4 . 7 t o n / t o n o f S  

PACIFIC 
Oregon 
Washington 
C a l i f o r n i a  

- - - - ALASKA AND OTHERS 

18,648,495 22,342,449 27,953,542 10,426,845 12,512,182 TOTAL 



Stoichiometr ic  
levels 

15O0/0 1 

carbonate 
materials 

10 Lime 
Ol0 (CaO) ' > 

Percent of sulfur in flue gases to be removed to meet 1975 ai r  quality standards 
* 
5.84 barrels of residual oil = I ton 

Fig.  1 - Amount of limestone or  other  carbonate mater ials  or lime required t o  desulfur ize 
e l e c t r i c  u t i l i t y  p lan t  f u e l  a t  various s toichiometr ic  l eve l s .  

3-13 tons  of limestone i s  needed t o  remove l t o n  of su l fu r .  The weight required 
increases t o  3.75 tons of limestone, i f  higher stoiohiometry of 120 percent i s  
needed t o  achieve t h e  des i red  l e v e l  of cleaning.  I n  most cases it has been found 
t h a t  a s toichiometric l e v e l  a s  high as  150 percent ,  o r  4.70 tons of limestone, 
was needed t o  meet t h e  des i red  l e v e l  of e f f i c i ency .  

The r e l a t i o n  between t h e  percentage of s u l f u r  t o  be removed from f l u e  
gases,  t h e  stoichiometry used, and t h e  amount of l ime,  limestone, and other  car- 
bonate mater ia ls  required a re  shown i n  f igure  1. From these  nomographs, t h e  
amount of l ime,  limestone, o r  any other  carbonate mater ia ls  required  a t  various 
l e v e l s  of stoichiometry t o  desul fur ize  1 ton of f u e l  containing X amount of sul -  
f u r  above t h e  l e v e l  allowed can be approximated. For example, i f  a u t i l i t y  p lan t  
i s  burning a f u e l  containing 4 percent su l fu r  and i f  a i r -qua l i ty  standards allow 
emissions t h e  equivalent of only 1 percent s u l f u r ,  three-fourths of t h e  s u l f u r  
emitted i n  t h e  f l u e  gases w i l l  have t o  be removed. The amount of l ime,  limestone, 
o r  o ther  carbonate mater ia ls  t h e  p lant  would requ i re  ( f i g .  1) would be 0.14 tons 
of limestone o r  o ther  carbonate mater ia l  ( a t  150 percent stoichiometry) or 0.065 
tons  of lime ( a t  120 percent stoichiometry) per  t o n  of f u e l  burned. 

For most of t h e  systems now under considerat ion,  d e f i n i t e  specif ica-  
t i o n s  f o r  reactant  mater ia l  a r e  not avai lable .  A t  t h e  p lan t s  where t h e  Babcock 
and Wilcox limestone scrubbing system i s  being t e s t e d ,  it i s  repor ted  t h a t  a 
f i n e l y  ground limestone ( <  325 mesh), which i s  high i n  calcium carbonate ( >  95 
percent CaC03) and low i n  magnesium carbonate ( <  1 percent MgC03), i s  being used. 
Low magnesium carbonate content minimizes t h e  formation of soluble  magnesium 
s u l f a t e  and p o t e n t i a l  water po l lu t ion  problems associa ted  with i t s  runoff from 
disposal  s i t e s   i if ford, 1972, p. 247). I n  t h e  Chemico lime scrubber system, 



t h e  use of commercial-grade slaked lime preferably  containing over 95 percent 
CaO i s  recommended (J. F. Kane, Chemico, personal communication, 1974). For t h e  
Chemico lime system, which has been i n s t a l l e d  a t  t h e  Duquesne Light Company's 
F. P h i l l i p s  p l a n t s ,  a  spec ia l  type of l ime,  Thiosorbic Lime, prepared by t h e  
Dravo Corporation i s  being t e s t e d  f o r  scrubbing purposes ( D .  C .  Slack,  Dravo 
Corp., personal communication, 1974). Detailed information about t h i s  spec ia l  
lime has not yet  been announced. The Combustion Engineering Company's scrubber 
system, which has been i n s t a l l e d  a t  t h e  Paddy's Run S ta t ion  of Louisvi l le  Gas 
and E l e c t r i c  Company, u t i l i z e s  waste lime generated i n  t h e  manufacture of car- 
bide (campbell and I re land ,  1972, p. 83) .  

A s  t h e  amount of reactant  needed va r ies  with t h e  stoichiometric l e v e l  
required i n  a given scrubber system, t h e  chemical and physical  p roper t i e s  of 
l imes,  limestones, and other  carbonate rocks and t h e i r  e f f e c t s  on t h e  react iv-  
i t y  i n  scrubber systems a r e  being studied a t  severa l  i n s t i t u t i o n s .  It has been 
found t h a t  f o r  a  few p a r t i c u l a r  l imestones,  t h e  r e a c t i v i t y  increases with de- 
creasing p a r t i c l e  s i z e .  Therefore, t o  achieve a high l e v e l  of r e a c t i v i t y ,  a  
limestone should be ground t o  a p a r t i c l e  s i z e  of < 325 mesh. The minor d i f f e r -  
ences i n  chemical composition of r e l a t i v e l y  pure limestones have not been found 
t o  a f f e c t  s t rongly  a l imestone's  r e a c t i v i t y  i n  a system. However, it has been 
observed t h a t  i n  t h e  limestones t e s t e d  mineral impuri t ies  such as  dolomite, 
c l ays ,  f e ldspar ,  and quartz e s s e n t i a l l y  remained chemically i n e r t  during t h e  
scrubbing process and did  not contr ibute  t o  t h e  SO2 removal r eac t ion  ( ~ r e h m e l  
and Harvey, i n  p r e s s ) .  

In  carbonate mate r i a l s ,  physical  f e a t u r e s ,  including g ra in  s i z e  (crys-  
t a l l i t e  s i z e ) ,  pore volume, pore s i z e ,  surface area ,  and sodium oxide t r a c e  con- 
t e n t  have been found t o  c o r r e l a t e  with t h e  mate r i a l s '  r a t e  of d i s so lu t ion .  On 
t h e  bas i s  of these  f indings , Harvey, F ros t ,  and Thomas (1973 ; 1974) have sug- 
ges t  ed t h a t  lake  marl ,  chalk,  s h e l l s  , and carbonate-rich waste sludge could a l -  
so be used f o r  flue-gas desu l fu r iza t ion .  Advantages of using these  other car- 
bonate mater ia ls  ins tead of limestone are  t h e i r  ease of production and much lower 
grinding cos ts .  L i t t l e  information has been published about d i f ferences  i n  re-  
a c t i v i t y  of various types of lime i n  scrubber systems, but  it i s  genera l ly  known 
t h a t  d i f f e r e n t  types of quicklime have d i f f e r e n t  r e a c t i v i t i e s  . 

POTENTIAL N E W  DEMAND 

The quanti ty of l ime,  limestone, o r  other carbonate mate r i a l  required 
f o r  flue-gas desul fur iza t ion f o r  a  p a r t i c u l a r  p lan t  would, as  discussed e a r l i e r ,  
l a r g e l y  depend on t h e  amount and t h e  su l fu r  content of t h e  f u e l  burned, t h e  type 
of scrubber system u t i l i z e d ,  and, most important of a l l ,  t h e  l e v e l  of s u l f u r  ox- 
ides  emissions permitted i n  a given a i r -qua l i ty  region under 1975 EPA standards.  
By assuming 100 percent stoichiometry and using per t inent  1975 a i r -qua l i ty  emis- 
s ion standards,  we est imate t h a t  i f  a l l  u t i l i t i e s  t h a t  burned high-sulfur f u e l s  
i n  1972 had been equipped with lime scrubbers, a t  l e a s t  10.4 mi l l ion  tons  of 
lime would have been required t o  remove 6.0 mi l l ion  tons  of s u l f u r  t o  br ing t h e  
p lan t s  i n t o  compliance with t h e  1975 standards. Even with these  conservative 
es t imates ,  t h e  market f o r  lime used f o r  scrubbing purposes would have been equal 
t o  t h e  combined current  s a l e s  of t h e  th ree  l a r g e s t  markets f o r  lime-the s t e e l  
indust ry ,  t h e  chemical indust ry  ( f o r  a l k a l i s ) ,  and water p u r i f i c a t i o n .  
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I n  m i l l i o n s  o f  t o n s  

Fig. 2 - Potential market for lime, limestone, or other carbonate materials for scrubbing purposes, 
at 1.0 stoichiometry for lime and 1.5 stoichiometry for limestone and other carbonate materials. 



On t h e  other hand, if a l l  u t i l i t y  p lan t s  t h a t  burned high-sulfur fue l s  
i n  1972 had been equipped with limestone scrubbers (wi th  high-calcium limestone 
o r  o ther  carbonate mater ia ls  a s  t h e  r e a c t a n t )  , t h e  reac tan t  requirements would 
have been 18.7 mi l l ion  tons (equivalent  t o  about 10 percent of t h e  t o t a l  high- 
calcium limestone and carbonate materials* produced i n  t h e  United S t a t e s  i n  1972). 
Since a higher stoichiometric l e v e l  w i l l  be required i n  ac tua l  operat ions t o  
b r ing  many plants  i n t o  compliance with 1975 standards, t h e  amount of s u l f u r  t o  
be removed would be l a r g e r  than t h e  amount assumed i n  these  ca lcu la t ions .  Hence, 
it i s  possible t h a t  t h e  demand f o r  these  reac tan t s  would be considerably higher 
than our est imates.  

The estimated p o t e n t i a l  demand i n  1972 f o r  l ime,  limestone, o r  o ther  
carbonate mater ia ls  f o r  scrubber purposes, on a s t a t e  by s t a t e  b a s i s ,  i s  shown 
i n  t a b l e  1 and f igure  2. The s t a t e s  where t h e  main p o t e n t i a l  demand f o r  these  
reac tan t s  would have concentrated ( f i g .  2 )  a re  as  follows: 

Market demand 
(percent  ) 

Ohio 
Indiana 
Kentucky 
Pennsylvania 

I l l i n o i s  
MJchigan 
Alabama 
Tennessee 

Other s t a t e s  
( l e s s  than 4% 
per s t a t e )  22.8 

TOTAL MARKET............. 100.0 

Because f o s s i l  f u e l  requirements f o r  e l e c t r i c  power generation have 
been projected ( ~ i m e s o n ,  1972, p. 345) t o  grow t o  425 mi l l ion  tons  of coal  and 
565 mil l ion  b a r r e l s  of o i l  by 1975 and t o  500 mil l ion  tons  of coa l  and 640 
mi l l ion  b a r r e l s  of o i l  by 1980, t h e  amount of su l fu r  emitted from t h e  burning 
of these  f u e l s  i s  a l s o  expected t o  increase.  On the  b a s i s  of t h e  1972 r a t i o  
of f u e l  burned t o  sul fur  emit ted,  we estimated t h a t  t h e  amount of su l fu r  emit- 
t e d  from t h e  burning of these  fue l s  could amount t o  10.8 mi l l ion  tons i n  1975 
and 12.7 mi l l ion  tons  i n  1980. A s  mentioned e a r l i e r ,  only 63 percent  of t h e  
t o t a l  s u l f u r  emitted i n  power p lant  f l u e  gases during 1972 would have required 
removal t o  meet 1975 EPA a i r -qua l i ty  regula t ions ,  I n  1980, i f  t h e  same pro- 
por t ion  of s u l f u r  must be removed, t h e  amount of s u l f u r  requir ing el imination 
w i l l  range between 7 and 8 mil l ion  tons .  

* Includes calcareous marls and s h e l l s .  



An increase  i n  t h e  market demand f o r  l ime,  limestone, and other car- 
bonate mater ia ls  t h a t  w i l l  ac tua l ly  develop between now and 1980 w i l l  l a r g e l y  
be determined by ( a )  t h e  number of wet scrubbers i n s t a l l e d ,  ( b )  t h e  type of re-  
ac tant  ma te r i a l  se lec ted  f o r  use i n  t h e  i n s t a l l e d  systems, and ( c )  t h e  amount 
of low-sulfur coal  and low-sulfur o i l  ava i l ab le  f o r  u t i l i t y  use t o  replace o r  
blend with high-sulfur fue l s .  

I n  t h e  SOCTAP repor t  (1973, p. 77-85) , a forecas t  of t h e  amount of 
e l e c t r i c  generating capacity t h a t  w i l l  be o u t f i t t e d  with s u l f u r  oxides (sc,) 
control  equipment during each of t h e  years between 1975 and 1980 was estima- 
t ed .  According t o  t h e  panel ' s  more r e a l i s t i c  ("one year delay scenario") fore-  
c a s t  ( f i g .  3 ) ,  t h e  e l e c t r i c  generating capacity so o u t f i t t e d  i n  1975 would be 
10,000 megawatts and would increase t o  161,000 megawatts i n  1980. I n  order t o  
est imate t h e  p o t e n t i a l  demand f o r  l ime,  limestone, o r  o ther  carbonate mater ia ls  
t h a t  could develop i f  t h i s  forecas t  proves t r u e ,  we have converted t h i s  e s t i -  
mated capacity i n t o  coal  equivalents  ( 250,000 tons  = 100,000 megawatts ) and 
have made t h e  following assumptions: 

( a )  t h a t  a l l  of t h e  s u l f u r  oxides control  equipment 
i n s t a l l e d  a t  u t i l i t y  p lan t s  w i l l  be of t h e  wet 
scrubber type using l ime,  limestone, o r  o ther  
carbonate mater ia ls  as  t h e  reactant  ; 

( b )  t h a t  t h e  average s u l f u r  content of t h e  f u e l s  
burned w i l l  be 2.7 percent;  

( c )  t h a t  a t  l e a s t  63 percent of t h e  t o t a l  emitted 
s u l f u r  w i l l  have t o  be removed t o  meet t h e  
EPA 1975 a i r -qua l i ty  regula t ions .  

The p o t e n t i a l  growth i n  t h e  market f o r  l ime,  limestone, or  o ther  car- 
bonate mater ia ls  t h a t  could develop between 1975 and 1980, i f  these  assumptions 
prove c o r r e c t ,  i s  shown i n  f igure  3. According t o  f igure  3 ,  i f  a l l  scrubbers 
i n s t a l l e d  by 1980 use limestone or  o ther  carbonate mater ia ls  as  t h e  r e a c t a n t ,  
t h e  demand f o r  these  mater ia ls  could amount t o  32.1 mi l l ion  tons .  I f ,  ins tead,  
wet scrubbers using lime a re  i n s t a l l e d  exclus ively ,  then t h e  p o t e n t i a l  demand 
f o r  lime by 1980 could amount t o  14 .4  mi l l ion  tons .  

I n  view of t h e  energy c r i s i s ,  t h e  r e l a t i v e l y  slow progress i n  demon- 
s t r a t i n g  successful  systems, t h e  waste d isposal  problems, t h e  l a r g e  c a p i t a l  re-  
quirements, and t h e  time l a g  involved i n  t h e  manufacture and i n s t a l l a t i o n  of 
scrubber systems, it i s  very l i k e l y  t h a t  t h e  growth i n  p o t e n t i a l  market indica-  
t e d  i n  f igure  3 f o r  t h e  period 1975-1980 may develop somewhat more slowly than 
t h e  f igures  show. 

POTENTIAL IMPACT ON INDUSTRY 

Widespread i n s t a l l a t i o n  of wet scrubbing systems a t  u t i l i t y  p lan t s  
would have a d e f i n i t e  impact on t h e  lime and limestone indus t r i e s .  One way 
t o  evaluate t h i s  impact i s  t o  assume t h a t  t h e  p o t e n t i a l  demand f o r  lime, lime- 



Stoichiometric 

Limestone 
or 

carbonate 
materials 
(100 Oh CaC03) 

Lime 
(CaO) 

1975 1976 1977 1978 1979 1980 

Cumulative capaci ty  10,000 24,000 48,000 80,000 117,000 161,000 
(megawatts ) of 

I power p lan ts  
equipped with SO2 

removal systems* 

Coal equivalent  2 5 60 12 O 200 2 93 4 02 

I* (mi l l i on  tons ) 
Su l fu r  emitted* 675 1,620 3,240 5,400 7,911 10,854 

I ( thousand tons ) 
Sul fur  t o  be removed* 425 1,026 2,041 3,402 4,893 69838 

( thousand tons ) 
, percentage of t o t a l  6 25 7 5 

capaci ty  of power 
p lan ts  equipped 
with SO2 removal 
sys  tems* 

* Source: Sulfur Oxide Control Technology Assessment Panel (SOCTAP) 
Report, 1973. 

t Assuming an average sulfur content of 2.7% in all fuels burned. 
$ Assuming that 63% of sulfur emitted must be removed in order to bring 
plants into compliance with 1975 air-quality standards. 

Fig. 3 - Estimated 
growth i n  market 
f o r  l ime, lime- 
s tone ,  and o ther  
carbonate mate r ia l s  
f o r  f lue-gas  scrub- 
bing purposes be- 
tween 1975 and 1980, 
based on the  SOCTAP 

fo r eca s t  of i n s t a l -  
l a t i o n  of s u l f u r  ox- 
ides  removal systems. 



s tone ,  and other  carbonate mater ia ls  f o r  scrubbing purposes w i l l  not be consid- 
erably  higher i n  1980 than t h e  demand shown i n  t h e  est imates f o r  1972 ( t a b l e  1). 

I f  a l l  u t i l i t i e s  were t o  i n s t a l l  limestone scrubbers using high-cal- 
cium limestone o r  o ther  carbonate mate r i a l s ,  t h e  increase  i n  demand f o r  such 
mater ia ls  (depending on t h e  stoichiometric l e v e l  achieved) would be between 18.7 
and 28.0 mi l l ion  tons ,  o r  about 10 t o  15 percent above t h e  1972 l e v e l  of output 
of  these  mater ia ls .  To meet t h i s  increase  i n  demand would requ i re  t h e  opening 
of t h e  equivalent of 50 new high-calcium limestone quarr ies  and/or o ther  carbon- 
a t e  mater ia ls  opera t ions ,  each with an average capacity of 500,000 tons per year.  
The development of high-calcium limestone quarr ies  and other  carbonate mater ia ls  
operat ions would be determined l a r g e l y  by t h e  a v a i l a b i l i t y  of resources.  

The loca t ion  of e l e c t r i c  power p lan t s  vis-a-vis counties i n  which lime- 
stone and/or dolomite has been produced i n  recent  years i s  shown i n  f igure  4. 

* Power plants having installed 
capacity of 200 Mw or more 

Active or recently act ive 
l imestone and/or dolomite-producing counties 

Fig. 4 - Location of power plants in relation to limestone and/or dolomite-producing counties. 



Fig.  5 - Location of samples of chalk,  chalky l ines tone ,  and lake  marls t e s t ed  as  poten- 
tial sources of scrubbing mater ia l .  ( ~ o d i f  ied from Harvey, F ro s t ,  and Thomas, 1973. ) 

Although most e l e c t r i c  power p lan t s  a r e  located  near avai lable  limestone re-  
sources, some p lan t s  would depend on reactant  mater ia ls  from more d i s t a n t  sources. 
I n  those areas  where high-calcium limestone deposi ts  a re  not ava i l ab le ,  it may 
be poss ib le  t o  use other carbonate mater ia ls  (fig. 5 ) .  Where both high-calcium 
limestone and other carbonate mater ia ls  a r e  ava i l ab le ,  t h e  marls ,  chalks,  and 
chalky limestones may be t h e  more economical t o  use because they cos t  l e s s  t o  
grind.  I n  l o c a l i t i e s  such as  New England, where limestone o r  o ther  carbonate 
rocks a r e  unavailable i n  s u f f i c i e n t  q u a n t i t i e s  , carbonate waste sludge from 
paper m i l l s  and other  types of i n d u s t r i a l  p l a n t s  could be used as  t h e  reac tan t  
i n  scrubbing systems. I n  s p i t e  of a l l  these  opt ions ,  some power p lan t s  may 
need t o  br ing i n  reactant  mater ia ls  from d i s t a n t  sources and pay t h e  r e s u l t i n g  



high t r anspor ta t ion  cos ts .  I n  these  cases ,  it may prove more economical t o  use 
a regenerat ive (noncarbonate) su l fu r  oxide removal system when they have been 
proved f e a s i b l e .  

Although t h e  tonnages of high-calcium limestone and other  carbonate 
mater ia ls  required t o  meet t h i s  p o t e n t i a l  market demand a re  qu i t e  l a r g e ,  t h e i r  
impact on t h e  over-al l  stone indust ry  i s  l i k e l y  t o  be r e l a t i v e l y  small ,  because 
it already i s  operat ing a t  t h e  l e v e l  of 800 t o  900 mi l l ion  tons per year.  As a 
r e s u l t ,  t h e  scrubber market would add only 3 t o  4 percent t o  t h e  t o t a l  demand. 

I f ,  on t h e  o ther  hand, because of economic and operat ing advantages 
( ~ u r c h a r d ,  1972, p. 91-128; Slack,  1973) it i s  decided t o  choose lime as  t h e  
reactant  i n  a l l  t h e  wet scrubbers t h a t  are  i n s t a l l e d ,  t h e  impact on t h e  lime 
indust ry  could be very s i g n i f i c a n t ,  To meet t h i s  new demand f o r  lime-a mini- 
mum of 10.4 mi l l ion  tons-the lime capacity i n  t h e  United S t a t e s  would need t o  
be s i g n i f i c a n t l y  increased,  This increase i n  capacity could require  t h e  con- 
s t r u c t i o n  of t h e  equivalent of 50 new lime p lan t s ,  each with an average capac- 
i t y  of 200,000 tons  per year. To produce raw mater ia l  (20 t o  30 mi l l ion  tons 
of high-calcium limestone o r  o ther  carbonate mate r i a l s )  needed f o r  these  p lan t s ,  
t h e  equivalent of 50 quar r i e s ,  each with an average capacity of 500,000 tons a 
year ,  would have t o  be developed. I n  o ther  words, t h e  p o t e n t i a l  increase i n  
demand f o r  limestone o r  o ther  carbonate mater ia l  would remain approximately 
t h e  same even i f  lime scrubbers a re  chosen ins tead  of limestone scrubbers. 

The loca t ion  of e x i s t i n g  lime p lan t s  i n  r e l a t i o n  t o  l a r g e  u t i l i t y  
p lan t s  with an i n s t a l l e d  capacity of 200 megawatts o r  more i s  shown i n  f ig -  
u re  6. I n  a number of cases t h e  capac i t i e s  a t  t h e  e x i s t i n g  lime p lan t s  ( f i g .  
6 )  might be expanded t o  meet nearby u t i l i t y  p lant  needs. However, t o  serve 
t h e  demand a t  numerous u t i l i t y  p lan t s  t h a t  a r e  located  a t  some distance from 
e x i s t i n g  lime p l a n t s ,  it may be feas ib le  t o  construct  new lime f a c i l i t i e s  t o  
meet new markets i n  those de f ic ien t  areas.  Several problems could influence 
how quickly t h e  lime industry could respond t o  an upsurge i n  demand f o r  lime 
f o r  use i n  flue-gas scrubber systems. Currently,  t h e  indust ry  i s  thought t o  
be operat ing near capaci ty ,  and, the re fo re ,  construction of new p lan t s  would 
be necessary t o  meet t h e  increased demand. The h i s t o r y  of low r e t u r n  on in-  
vestment may make it d i f f i c u l t  t o  a t t r a c t  new c a p i t a l  t o  t h e  industry.  More- 
over, t h e  lime indust ry  i s  energy-intensive. The current  f u e l  shortages and 
r i s i n g  f u e l  p r i ces  may put a spec ia l  burden on any attempt by t h e  indust ry  t o  
increase i t s  capacity rapidly .  Even i f  we assume t h a t  only 25 percent of t h i s  
p o t e n t i a l  market f o r  lime scrubbers a c t u a l l y  develops within t h e  next 7 years ,  
t h e  United S ta tes '  demand f o r  lime i n  1980 would be increased by approximately 
1 2  t o  18 percent over t h e  demand t h a t  ex i s t ed  i n  1972. This could make f lue-  
gas scrubbing t h e  second l a r g e s t  s i n g l e  market f o r  lime i n  1980, exceeded only 
by t h e  amount of lime used i n  bas ic  oxygen s t e e l  furnaces. 

P o t e n t i a l  impact of flue-gas scrubber i n s t a l l a t i o n s  on t h e  lime and 
limestone indust ry  i n  various s t a t e s  i s  shown i n  t a b l e  2,  It i s  evident t h a t  
i n  seqera l  s t a t e s  t h e  widespread i n s t a l l a t i o n  of wet scrubbers,  using l ime,  
limestone, o r  o ther  carbonate mate r i a l s ,  w i l l  considerably increase  t h e  ex i s t -  
ing  demand f o r  these  mate r i a l s ,  and, as a r e s u l t ,  some u t i l i t i e s  i n  these  
s t a t e s  may have d i f f i c u l t i e s  i n  securing s u f f i c i e n t  raw mater ia ls  f o r  proposed 
scrubber systems. 



TABLE 2-POTENTIAL IMPACT OF SCRUBBER INSTALLATIONS ON LIME/LIMESTONE INDUSTRY, BY STATES 

High-calc ium 
1 imes t one and Po ten t i a l  scrubber 

Lime so ld  Po t e n t  i a l  o ther  carbonate limestone and o ther  
o r  used scrubber mater ia l s  used carbonate mater ia l s  
i n  1974t lime market* Increase o r  so ld  i n  1972% market* Increase 

Sta te*  ( sho r t  tons ) ( sho r t  tons ) (46 ( sho r t  tons ) ( shor t  tons ) (46) 

Ohio 
Indiana 
Kentucky 
Penns ylvania 
I l l i n o i s  

Michigan 
Alabama 
Tennessee 
Wisconsin 
West Virginia 
New York 

Missouri 208,275 321,490 154.3 16,989,000 
Delaware and ~ a r y l a n d #  436,880 198,532 45.4 2,941,000 
Minnesota 139,293 15 0,668 108.2 1,439,000 
North Carolina 125,922 120,722 95 9 W 
New Hampshire and Vermont W 99,062 N.A.  W 

Massachusetts 
Virg i n i a  
Nebraska and Kansas 

28.1 
N . A .  
N . A .  

Other s t a t e s  6,442,914 183,873 2.85 26,970,000 493 , 779 1.83 

United S t a t e s  t o t a l  20,33 1,935 10,426,845 51.3 184,322,000 27,953,542 15.2 

* Includes s t a t e s  where over 30,000 tons of s u l f u r  may have t o  be t r ea t ed  by wet scrubbers t o  meet required 
emission standards . 

t Source: U.S. Bureau of Mines, 1973a. 
f Based on 1.0 stoichiometry f o r  lime (CaO) and 1.5 stoichiometry f o r  limestone (CaC03). 
$ Estimated from U.S. Bureau of Mines Data ( H .  J. Drake, personal  communication, 1974). Includes use of s tone  

f o r  such purposes a s  cement manufacture, lime manufacture, f lux s tone ,  chemicals, or  g l a s s .  
# Includes D i s t r i c t  of Columbia. 
W - Data withheld t o  avoid d isc los ing  individual  company information; included with o ther  s t a t e s !  t o t a l .  
N .A .  - Data not ava i lab le .  



Fig .  6 - Location of high-calcium lime p l an t s  i n  r e l a t i o n  t o  power p lan ts .  (Sources: K. A .  

Gutchick, Natl .  Lime Assoc., personal communication, 1974; M .  W. Kellogg Company, 1972. ) 

CONCLUSIONS 

(1) The widespread i n s t a l l a t i o n  of wet scrubber systems on steam- 
e l e c t r i c  power p lan t s  would c r e a t e  a  l a r g e  market f o r  l ime,  l imestone,  and 
other  carbonate mater ia ls .  

( 2 )  Over 75 percent of t h i s  p o t e n t i a l  demand, i f  it i s  assumed t h a t  
t h e  q u a l i t y  of f u e l  burned a t  t h e  e l e c t r i c  u t i l i t y  p lan t s  does not considerably 
change by 1980, would be concentrated i n  t h e  following e ight  s t a t e s :  Ohio (15.8 
p e r c e n t ) ,  Indiana (14.0 pe rcen t ) ,  Kentucky (9 .5  p e r c e n t ) ,  Pennsylvania (9.4 per- 
c e n t ) ,  I l l i n o i s  (8.6 pe rcen t ) ,  Michigan (8 .5  p e r c e n t ) ,  Alabama (6.8 percen t ) ,  
and Tennessee (4 .6  percent) .  



( 3 )  I f ,  a s  t h e  SOCTAP repor t  p r e d i c t s ,  161,000 megawatts of e l e c t r i -  
c a l  capacity can be equipped with flue-gas scrubber systems by 1980, and i f  a l l  
u t i l i t i e s  s e l e c t  wet scrubbers using limestone o r  carbonate mater ia ls  a s  t h e  
reac tan t ,  then t h e  new demand f o r  these  raw mater ia ls  could amount t o  32.1 m i l -  
l i o n  tons.  I f  a l l  of t h e  u t i l i t i e s  t h a t  i n s t a l l  scrubber systems by 1980 s e l e c t  
lime wet scrubbers, 1 4 . 4  mi l l ion  tons  of lime would be needed. 

( 4 )  The impact of wet scrubber i n s t a l l a t i o n s  on t h e  lime and limestone 
industry would be subs tan t i a l .  It i s  estimated t h a t  even a t  1972 l e v e l s  t h e  in-  
s t a l l a t i o n  of limestone scrubbers could have required up t o  28.0 mi l l ion  tons of 
high-calc i u m  limestone or  other carbonate mat erials-equivalent t o  about 1 5  per- 
cent of t h e  t o t a l  high-calcium limestone and other  carbonate mater ia ls  produced 
i n  t h e  United S t a t e s  i n  1972. I f ,  on t h e  o ther  hand, lime scrubbers were in- 
s t a l l e d ,  t h e  p o t e n t i a l  demand would have amounted t o  a t  l e a s t l 0 . 4  mi l l ion tons  of 
lime-51.3 percent more than t h e  amount produced i n  t h e  United S ta tes  during 1972. 

( 5 )  It i s  more l i k e l y  t h a t  both lime and limestone scrubbers w i l l  be 
i n s t a l l e d .  The widespread use of lime scrubbers would not s i g n i f i c a n t l y  change 
t h e  quant i ty  of limestone and other carbonate mater ia ls  required because 2 tons 
of limestone o r  o ther  carbonate mater ia ls  would be required t o  produce l t o n  of 
lime. However, t h e  widespread use of limestone scrubbers would reduce t h e  de- 
mand f o r  lime. 

( 6 )  The development of lime scrubber i n s t a l l a t i o n s  t o  any s i g n i f i c a n t  
s i z e  would require  addi t ional  lime capacity because t h e r e  i s  l i t t l e  current  ex- 
cess  capacity i n  t h e  lime industry.  Expansion of ex i s t ing  p l a n t s  and/or con- 
s t r u c t i o n  of new p lan t s  may be af fec ted  by a number of problems, including low 
r e t u r n  on invested c a p i t a l ,  r i s i n g  f u e l  p r i c e s ,  time l a g s  involved i n  t h e  con- 
s t r u c t i o n  of new capacity (which may be as  long as  2 t o  3 y e a r s ) ,  and l o c a l  
shortages of high-calcium limestone or  o ther  carbonate mater ia l  deposi ts  t h a t  
can be recovered economically. I n  l i g h t  of these  problems, some u t i l i t y  com- 
panies may have d i f f i c u l t i e s  i n  securing su f f i c ien t  raw mater ia ls  f o r  proposed 
scrubber systems. 
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