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FOREWORD 

This r epor t  is  one of a number of i s sue  papers prepared as  p a r t  of t h e  

Brookhaven National Laboratory Northeast Energy Perspectives Study. The analy- 

ses  i n  these  papers were performed s p e c i f i c a l l y  t o  a s s i s t  us i n  our f i r s t  i n t e -  

gra ted  study of t h e  energy f u t u r e  of the  northeas.tern United S ta tes .  

Topics covered by t h e  i s s u e  papers include t h e  p o t e n t i a l  supply of energy 

t o  the  Northeast from coa l ,  o i l ,  n a t u r a l  gas,  l ique f i ed  n a t u r a l  gas (LNG), nu- 

c l e a r  power, municipal waste, s o l a r  energy, and wind power, and t h e  demand f o r  

energy i n  the  Northeast from t h e  i n d u s t r i a l ,  t r anspor ta t ion ,  and r e s i d e n t i a l  

and commercial sec to r s .  In each case a range of es t imates  of energy supply 

o r  demand was constructed t o  r e f l e c t  no t  only a v a r i e t y  of poss ib le  pol icy  and 

technological  developments, hu t  a l s o  the  bas ic  unce r t a in t i e s  of a l l  such f u t u r e  

projec t ions .  The i n t e g r a t i v e  analys is  'which r e l a t e s  t h e  supply and demand pic-  

t u r e  i s  presented i n  "A Perspective on the  Energy Future of t h e  Northeast 

United S ta tes .  " 

The i s s u e  papers prepared f o r  t h e  Northeast Energy Perspectives Study and 

the  summary repor t  w i l l  be ava i l ab le  from: 

National Technical Information Service 
U. S. Department of  Commerce 
5285 Por t  Royal Road 
Spr ingf ie ld ,  VA 22161 

The i s s u e  papers and summary r e p o r t  a r e  l i s t e d  below. 

- iii - 
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ABSTRACT 

This r epor t  d iscusses  some of the  problems of and p o t e n t i a l  f o r  coal  

u t i l i z a t i o n  i n  the  Northeast region (defined a s  New England, New York, Penn- 

sy lvania ,  New Jersey ,  Delaware, Maryland, and t h e  D i s t r i c t  of  Columbia). Coal 

u t i l i z a t i o n  i n  t h e  Northeast now occurs mainly i n  Pennsylvania, where coal  i s  

used extens ively  f o r  s t e e l  manufacturing and e l e c t r i c i t y  generat ion.  Elsewhere 

i n  the  region,  coal  use i s  l imi ted  f o r  t h e  most p a r t  t o  e l e c t r i c  power genera- 

t i o n ,  and increased f u t u r e  r e l i a n c e  on coal  i s  l i k e l y  t o  be associa ted  p r i n c i -  

p a l l y  with t h i s  use. A t  p resent ,  o i l  suppl ies  most of t h e  energy used t o  gen- 

e r a t e  e l e c t r i c i t y  i n  the  Northeast. 

The f i r s t  sec t ion  reviews recent  t rends  i n  na t iona l  and regional  coal  

u t i l i z a t i o n  and p resen t s  an overview of  p o t e n t i a l  opt ions  f o r  and c o n s t r a i n t s  

on f u t u r e  coa l  use. These include mining and u t i l i z a t i o n  technology, t rans-  

por t a t ion  system capaci ty ,  and environmental regula tory  policy.  Sect ion I1 

focuses on t h e  outlook f o r  f u t u r e  coal  suppl ies  i n  the  region f o r  the  reference  

years  of 1985 and 2000 adopted throughout the  BNL Northeast Energy Perspect ives  

Study. Current na t iona l  p ro jec t ions  a r e  used t o  e s t a b l i s h  a range of poss ib le  

production l e v e l s  f o r  each of  the  2 3  U.S. Bureau of Mines coal  production d is -  

t r i c t s  i n  t h e  United S ta tes .  Scenarios of low, medium, and high supply l e v e l s  

t o  the  Northeast a r e  then derived on the  assumption t h a t  the  Northeast w i l l  re-  

ceive approximately the  same share of  each d i s t r i c t ' s  production i n  the  f u t u r e  

a s  it does present ly .  The r e s u l t i n g  supply es t imates  a r e  shown i n  t h e  tabula- 

t i o n  on the  following page. Smaller suppl ies  of a n t h r a c i t e  coal  could a l s o  be- 

come ava i l ab le  regional ly  from eas te rn  Pennsylvania and the  Narragansett Basin 

of  Massachusetts and Rhode Island.  The regional  a v a i l a b i l i t y  of low-sulfur 

coal ,  however, w i l l  depend on in te r reg iona l  economic f a c t o r s  a s  well  a s  on 

technica l  c o n s t r a i n t s  and pub l i c  policy.  The t r anspor ta t ion  system of the  

Northeast could a l s o  cons t ra in  coal  u t i l i z a t i o n ,  a s  discussed i n  Section 111. 

Section I V  considers  t h e  p o t e n t i a l  demand f o r  c o a l  by e l e c t r i c  u t i l i t i e s  

i n  the  region. I n  the  s h o r t  term, increased demand would occur p r i n i c i p a l l y  

from conversion of e x i s t i n g  gas and o i l - f i r e d  f a c i l i t i e s  t o  coal .  For 1985, 

th ree  coal  demand scenar ios  a r e  developed. These include coal  use a t  "eas i ly"  

converted p l a n t s  no t  requi r ing  s u l f u r  emission con t ro l s ;  a t  " feas ib le"  p l a n t s  



Summary of Regional Supply and Demand Scenarios for 1985 and 2000 

(Energy in 1015 ~ t u )  

1972 - 1985 . -  .2000 

Case Low Medium High - Low Medium High - 
Domestically available 
coal supply - 2.6 2.6 3.1 6.6 3.3 5.0 10.0 

Electric utility coal 
demand 1.3 1.2 2.0 2.4 2.0 3.9 9.0 - 

"Effective" supply of 
synthetic oil and 
gas 0.0 0.0 0.3 0.9 0.9 2.7 5.4 

requiring installation of flue-gas desulfurization systems; and at other plants 

which might utilize coal if current emission,regulations were relaxed. E'or each 

case, recent plant-specific studies and operating characteristics were used to 

estimate total regional conversion costs, SO? emissions, additional coal re- 
L. 

quirements, and resultant oil savings. A first-order benefit/cost analysis, 

taking into account the estimated cost of environmental damage due to SO emis- 
2 

sions, was also performed. Preliminary results suggest that a limited program 

of conversion to coal may indeed be cost-beneficial to the region, although the 

need for refinements in the methodological approach is also clearly indicated. 

Scenarios were also formulated for coal utilization in future new gener- 

ating capacity, assuminq a medium rate of overall electrical growth with dif- 

ferent fractions generated from coal. These were combined with scenarios for 

conversion of existing facilities' to arrive at the range of values for 1985 and 

2000 utility coal demand. For all scenarios aggregate coal energy demand is 

within the estimated regional supply for the corresponding (low, medium, or 

high) case. However, policies favoring high coal utilization could be con- 

strained if national coal production increased at or below an average rate of 

about 39 per year. Added industrial demand plus demand for premium Uow-suPtur) 

fuels could similarly affect the overall supply-demand picture, particularly in 

a high coal utilization case. Regional supplies by sulfur content could not be 

considered in the present study, although national supply levels were estimated. 



Section V is a discussion of the role of coal-derived synthetic fuels in 

the energy future of the Northeast. For the most part, processes producing 

low-Btu gas, high-Btu gas, and synthetic liquids from coal will contribute to 

the energy supply of the Northeast indirectly by augmenting national supplies 

of gas, oil, and electricity. Low, medium and high production scenarios for 

each of these synthetic fuels are derived from a review of current national 

estimates, prorated according to the approximate fraction of total U.S.'oil 

and gas used in the Northeast to obtain an estimate of the "effective" contri- 

bution of synthetic fuels to the region's energy supply. In 1985, synthetic 

fuels production is likely to be small; by 2000, more substantial contributions 

could be available if a national policy for rapid coal synthetics development 

were pursued. 

- x i i i  - 



I. INTRODUCTION 

A. Background 

A s  p a r t  of i t s  ongoing Regional Energy Studies Program, Brookhaven Na- 

t i o n a l  Laboratory (BNL) has undertaken t o  examine poss ib le  energy fu tu res  of 

the  Northeastern United S t a t e s  during the  remainder of t h i s  century. This e f -  

f o r t  i s  d i rec ted , toward  the  development of  information by which s t a t e  and fed- 

e r a l  governments can assess  t h e  implicat ions of a l t e r n a t i v e  energy p o l i c i e s  

f o r  t h e  region,  including the  pol icy  of "muddling through." The study meth- 

odology involves cons t ruct ing  scenar ios  t h a t  r e f l e c t  a range of poss ib le  en- 

ergy suppl ies  and demznds f o r  the  region f o r  t h e  years  1985 and 2000 and ana- 

lyzes the  opt ions  f o r  matching energy supply and demand. The present  r epor t  

considers  t h e  p o t e n t i a l  f o r  coal  u t i l i z a t i o n  i n  the  region. 

The Northeast region, f o r  purposes of t h i s  s tudy,  c o n s i s t s  of eleven 

s t a t e s  divided i n t o  four subregions: New England, New York, Pennsylvania, and 

the  Middle At lan t i c  s t a t e s  (Figure 1). A l l  a r e  l a r g e  consumers of energy, b u t  

only Pennsylvania has extensive n a t u r a l  resources,  p r i n c i p a l l y  coal.  Maryland, 

New York, and Pennsylvania a l s o  have small  reserves  of n a t u r a l  gas and petro-  

leum, b u t  these  a r e  i n s i g n i f i c a n t  compared with the  t o t a l  regional  demand. 

Pennsylvania is  the  t h i r d  leading producer of coal  i n  the  na t ion ,  and 

coal  provides a l a rge  p a r t  of the  s t a t e ' s  energy needs.' The loca t ion  and mag- 

n i tude  of Pennsylvania coal  reserves a r e  shown i n  Figure 2. With the  excep- 

t i o n  of Pennsylvania, however, coal  has played a dwindling r o l e  i n  t h e  North- 

e a s t  ene rgy 'p ic tu re  during recent  years. The ex ten t  t o  which t h i s  t r end  might 

be reversed is the  p r i n c i p a l  sub jec t  of t h i s  study. 

The largest p o t e n t i a l  user a f  coal i n  the  Northeast i s  the  e l e c t r i c  u t i l -  

i t y  indus t ry ,  which w i l l  be t h e  main focus i n  discussions of coal  energy demand. 

I n d u s t r i a l  demand f o r  coal  i s  t r e a t e d  i n  a sepa ra te  r epor t  i n  t h i s  s e r i e s .  Many 

of the  region 's  e l e c t r i c  u t i l i t i e s  have h i s t o r i c a l l y  had coal-burning c a p a b i l i t y  

but  have switched t o  o i l  and n a t u r a l  gas because of t h e i r  lower c o s t s  and a b i l -  

i t y  t o  meet environmental regulat ions.  The following paragraphs review these  

recent  regional  a s  wel l  a s  nat ional  t rends  i n  coal u t i l i z a t i o n  t o  provide some 

perspect ive  on t h e  problems of increas ing coa l  use i n  the  fu ture .  Major opt ions  

f o r  coa l  u t i l i z a . t i o n  i n  the  Northeast a r e  a l s o  b r i e f l y  reviewed. 
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F i g u r e  1. The N o r t h e a s t  r e g i o n .  

B. H i s t o r i c a l  Perspectives on Coal Use i n  the  Northeast 

1. Trends i n  Regional Coal U t i l i z a t i o n .  E a r l i e r  i n  t h i s  century,  coa l  

was t h e  primary source of energy i n  the  Northeast,  a s  it was throughout most 

of t h e  United S ta tes .  Af ter  World War 11 coal  beqan t o  be replaced by o i l  a d  

n a t u r a l  gas a s  a h e 1  f o r  both i n d u s t r i a l  use and e l e c t r i c  power generat ion.  

Conversion t o  o i l  and gas accelera ted  i n  the  l a t e  1960's as a r e s u l t  of both 

economic and environmental f a c t o r s  (see Figures 3 and 4 ) .  In  1961, 78% of t h e  

region 's  e l e c t r i c i t y  was qenerated from coal ;  i n  1973, only 40%, a l o s s  of h a l f  

of c o a l ' s  market share.  I f  Pennsylvania is  excluded, the  change i s  even more 

dramatic. I n  1973, 17% of t h e  e l e c t r i c i t y  i n  the  r e s t  of the  region was gen- 

e r a t e d  from coa l ,  compared with 70% i n  1961. 
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KEY: 

COUNTIES WITH RESERVES OF 
0 - 4  b i l l i on  tons 

4 - 8  b i l l i on  tons 

over 8 b i l l i on  tons 

SOURCE REFERENCE : 1-1 

Figure 2. Pennsylvania in place coal reserves 
(Jan. 1972). 

The reasons' most o f t e n  c i t e d  f o r  t h i s  l a rge  percentage dec l ine  i n  coa l  

use a r e  t h e  in t roduct ion  of increas ingly  s t r i n g e n t  a i r  p o l l u t i o n  emission regu- 

l a t i o n s  i n  t h e  l a t e  1960's and e a r l y  1970's and the  changing economics of com- 

pet ing  fuels .  Figure 5 p resen t s  t h e  h i s t o r i c a l  cos t  of f u e l s  f o r  e l e c t r i c i t y  

generat ion i n  t h e  region,  excluding Pennsylvania, where coal  i s  l e s s  expensive 

than i n  o the r  p a r t s  of the  Northeast. Around 1967 the  del ivered  p r i c e  o f  o i l  

bccame cheaper than t h a t  of coal  and remained s o  u n t i l  about 1971 o r  1972. This 

period was a l s o  t h e  time of g r e a t e s t  conversion from coa l  t o  o i l  ( see  Figure 31, 

which suggests  t h a t  u t i l i t i e s  may have been converting t o  the  lowest c o s t  f u e l  

avai lable .  



I I I I I 

- - -- 
-\ ,Cool 

\ 
\ 

- \ - 
\ 
\ ,/ 
1, * ,-- \ - \ - , 

, 
, /' . 

0 - - 
_ _  _ - _-*, 

- O O ~ i l  

G a s  N u t l ~ r - - .  - 
+--- I 1 

YEAR 

P l g u ~ r  3 .  HlsLorlcal Iuel use paccerns by 
Northeastern electric utilities. 2 r  

The 19608s, however, were also a period of growing concern over the en- 

vironment. The national Clean Air Act was passed in 1963, with major amend- 

ments in 1967 and 1970. Included in the 1970 amendments was a national man- 

date to permanently reduce sulfur dioxide emissions, a principal soirrce of 

which was the combustion of coal. Technology for the control of sulfur emis- 

sions, however, was in the very early stages of development, and supplies of 

sufficiently low sulfur coal were often unavailable. Thus, many utilities and 

industrial sources converted to cleaner fuels such as oil and n a t i ~ r a l  gas. As 

a result, the regional decline in coal utilization was further accelerated, 

and today environmental regulations continue to pose a siqnificanf barrier to 

increased coal use in the Northeast. 

2. Decline in Rail Transportation. As coal markets began to disappear, 

developments in mining and transportation further hampered the use of coal in 

the Northeast, and continue to do so despite the renewed interest in coal fol- 

lowing the 1973 Arab oil embargo. The predominant means of transporting coal 

has been by railroad, and profitable rail operations today continue to derive 
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Figure 4. Historical electricity generation by 
type of fuel for ~ortheast.293 

major revenues from transporting coal. Presently, however, railroads in the 

Northeast are in generally poor financial condition; one of the reasons for 

their decline has been this loss of coal revenue. 

Earlier in this century, the railroads had an effective monopoly on the 

transportation of freight, charging high rates for freight with no alternative 

to rail service.* The appearance of competition in the193O1s and 1940's began 

to shift this higher priced traffic away from the railroads. Trucks began to 

capture much of the short- and medium-haul market, while federally constructed 

lock and dam facilities on major waterways produced new low-cost competition in 
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Figure 5. Historical fue l  costs for  e lec t r ic i ty  
generatiuil i11 the Northeast region (excluding 
Pennsylvania) . 2  3 

t h e  long hau l ing  of bu lk  commodities such a s  coa l .  E f f e c t i v e l y  t h e  growth i n  

r a i l  t r a c k  mileage i n  t h e  Northeast  had ended by 1910. 

Other f a c t o r s  c o n t r i b u t i n g  t o  r a i l ' s  d e c l i n e  inc luded  operating and man- 

agement i n e f f i c i e n c i e s ,  adverse r egu la to ry  p o l i c i e s ,  and a gene ra l  l ack  of  in -  

novation. During t h e  p a s t  s e v e r a l  y e a r s ,  e i g h t . r a i l r o a d s  s e r v i n g  t h e  Northeast  

have dec l a red  bankruptcy. I n  cons ider ing  t h e  p o t e n t i a 1 ' f u t u r e . n f  coa l  i n  t h e  

Nor theas t  reg ion ,  t h e r e f o r e ,  t he  c u r r e n t  and  fiitiirc s t a t u s ' o f  tho  rwi l road  3yn-  
tem i s  an obviously important  cons ide ra t ion .  This is  e l abora t ed  upon i n  Set- 

t i o n  111. . 
3 .  Trends i n  Coal Product ion and p roduc t iv i ty .  U.S. c o a l  mining capa- 

c i t y  and annual product ion  r a t e s  have remained v i r t u a l l y  unchanged f o r  t h e  p a s t  

s e v e r a l  yea r s  fo l lowing  a decade of cont inua l .growth  a t  about 5% a year  between 

1961 and 1970 (F igure  6 ) .  Since 1970, t h e r e  has  been a r a t h e r  abrupt  l e v e l i n g  
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F i g u r e  6. Recent  t r e n d s  i n  U.S. c o a l  p r o d u c t i o n  
(1960 - 1973) .6  

o f f ,  which, a s  i n  t h e  case  of t r anspor ta t ion ,  has not  been due e n t i r e l y  t o  a 

decreased demand f o r  coal.  Production has remained s tagnant  desp i t e  an in- 

crease  i n  demand, which i n  1973 amounted t o  about 17 mi l l ion  tons  more than 

could be supplied. 
7 

This l eve l ing  of coa l  production i n  the  f a c e  of increas ing demand may b e  

a t t r i b u t e d  i n  p a r t  t o  r ecen t  s h i f t s  i n  t h e  economic and i n s t i t u t i o n a l  environ- 

ment of  coal  mine operat ions.  Recent labor  renegot ia t ions  have l ed  t o  a rapid  

increase  i n  mining c o s t s ,  e spec ia l ly  f o r  underground operat ions.  In  many a reas  

chronic shortages of t r a i n e d  manpower l i m i t  mining capacity. Recent decreases 

i n  labor  p roduc t iv i ty  (Figure 7 ) ,  caused i n  p a r t  by enactment of the  1969 Coal 

Mine Health and Safety Act, f u r t h e r  l imi ted  the  i n d u s t r y ' s  capaci ty  t o  remove 

coal  from the  ground. While t h e  development of new mining technology and 

s a f e t y  equipment w i l l  eventual ly reverse  t h i s  dec l ine ,  labor  c o n s t r a i n t s  can 

be expected t o  l i m i t  mining capacity i n  the  s h o r t  term. 



YEAR 

F i g u r e  7.  Recent  t r e n d s  i n  t h e  p r o d u c t i v i t y  of 
U . S .  coal l a b o r  (1Y6U - 1973) . R  

I n f l a t i o n  and shortages i n  the  mining equipment supply indust ry  have a l s o  

constrained recen t  production l eve l s .  Expansion i n  the  coming years  may depend 

on t h e  a b i l i t y  of  s u p p l i e r s  t o  meet demands f o r  equipment. While t . h ~ s e  demands 

w i l l  probably be met, it w i l l  be a t  a  higher p r i c e  and with longer de l ive ry  

timcs than  i n  t h e  pas.L. 

C. Future Options f o r  Coal Use . 

The supply and t r anspor ta t ion  cons t ra in t s  noted above w i l l  a f f e c t  the  r a t e  

a t  which U.S. coa l  production can respond t o  changes i n  na t iona l  and regional  

markets f o r  coa l  over the  coming years. I n  the  p a s t ,  t he  coal  indus t ry  has been 

ab le  t o  gear  up t o  meet increased demands, and the  r a i l  system has been able t o  

t r a n s p o r t  t h e  coa l  from mine to  market. This could happen again i f  the  demand 

for c o a l  i s  s u f f i c i e n t l y  s t rong  and.enduring. Indeed, both the  coal  indust ry  

and t h e  t r anspor ta t ion  indust ry  appear t o  be seeking a long-term commitment f o r  

t h e i r  product.  



The basic question in determining the potential for coal utilization in 

the Northeast, therefore, is: Can coal be economically utilized in compliance 

with environmental standards, especially those for sulfur dioxide? Technologi- 

cal options for coal utilization in the Northeast include several systems al- 

ready available, as well as new technologies likely to become commercial in the 

future. Available technologies include coal preparation, a means of reducing 

the sulfur and ash content of coal prior to combustion, and flue-gas desulfuri- 

zation (FGD), which removes sulfur dioxide following combustion. Coal prepara- 

tion increases the supply of low sulfur coal and can be used with conventional 

particulate control equipment where sulfur dioxide emission regulations permit 

use of coal with more than about 1% sulfur. FGD systems can meet more strin- 

gent emission regulations, but their implementation may not be feasible because 

of cost and/or ancillary problems such as solid waste disposal. Small coal 

gasifiers, prevalent early in this century, are another available technological 

option for industrial utilization of coal, but are often uncompetitive at cur- 

rent prices. 

Advanced technologies under development for commercialization in the 

1980's and 1990's included processes for direct and indirect utilization of 

coal. Fluidized-bed boilers and combined-cycle electric generating plants use 

coal directly and avoid the sulfur dioxide problem by converting sulfur to 

other forms more amenable to treatment. 

Indirect coal utilization refers to the conversion of coal to synthetic 

liquid and gaseous fuels, which substitute for conventional supplies of clean 

energy. In this case, the environmental problems of coal are shifted to the 

coal conversion plant, where they are thought to be more manageable. Since 

high-Btu yds and liqucfclotion plants wmild probably be located at the source 

of coal supply, the principal benefit to the Northeast from coal conversion 

would arise from the additional supplies of synthetic crude oil and gas that 

would becomc available nationally. On the other hand, low- or medium-Btu gas 

processes could be located in the region and would supply substitute boiler 

fuel for utility and/or industrial use. In all cases, the praclicdlility o f  

any of the advdr~ced techniques will depend heavily On the economic as well as 

technological feasibility of competing processes. 



The remainder of t h i s  repor t  w i l l  out l ine  some of the main issues  which 

w i l l  influence the  region's  a b i l i t y  t o  u t i l i z e  coal  over the next 2 5  years and 

suggest quant i t a t ive  bounds on po ten t ia l  regional coal use f o r  the milestone 

years 1985 and 2000. The purpose of t h i s  study i s  not t o  p red ic t  what the fu- 

t u r e  use of coal  w i l l  be. Rather, it i s  t o  present a range of p o s s i b i l i t i e s  

associated with a l t e rna t ive  nat ional  and regional coal policy. The re la t ion-  

ship of coal t o  other  regional energy sources w i l l  be discussed in  the.Perspec- 

t ives  Study summary report .  



11. SCENARIOS FOR FUTURE COAL SUPPLY 

A. Introduction 

The f i r s t  of many f a c t o r s  a f f e c t i n g  the  magnitude of f u t u r e  na t iona l  coa l  

production and supply t o  the  Northeast region i s  t h e  l i m i t a t i o n  on the  resource 

i t s e l f .  I f  no resource c o n s t r a i n t  e x i s t s  i n  the  foreseeable  f u t u r e ,  the  a b i l -  

i t y  t o  u t i l i z e  coal  w i l l  depend on mining capab i l i ty ,  t r a n s p o r t  capaci ty ,  and 

market demand. Table 1 l is ts  t h e  est imated recoverable coa l  reserves  f o r  each 

Bureau of Mines Coal D i s t r i c t  ( loca t ions  shown i n  Figure 8 ) .  Tota l  recoverable 

coal  reserves  i n  the  United S t a t e s  a r e  estimated a t  427 b i l l i o n  tons ,  which 

would l a s t  f o r  330 years  a t  1974 production r a t e s ,  assuming about 50% recovery 

of reserves  (assuming p resen t  mining technology). Even under the  h ighes t  e s t i -  

mates of  f u t u r e  coal  production, the re fo re ,  a resource cons t ra in t  wi th in  t h e  

time frame considered here (1975-2000) is unlikely.  

In a non-resource constrained market, the  amount of coa l  a c t u a l l y  sup- 

p l i e d  i s  highly  dependent on demand and p r i c e ,  and these  f a c t o r s  must be in-  

cluded i n  any assessment of p o t e n t i a l  f u t u r e  coa l  suppl ies .  S imi lar ly ,  the  

fu tu re  supply and q u a l i t y  of coa l  ava i l ab le  t o  the  Northeast region w i l l  de- 

pend on the  p r i c e  it i s  w i l l i n g  t o  pay ( including premiums f o r  lower s u l f u r  

coal  and higher t r anspor ta t ion  c o s t s )  r e l a t i v e  t o  p r i c e s  o f fe red  by o t h e r  do- 

mestic and fore ign markets. I n  t h i s  s tudy no attempt i s  made t o  e x p l i c i t l y  

charac ter ize  the  economics of f u t u r e  regional  markets f o r  coal .  Rather, sev- 

e r a l  poss ib le  scenar ios  of f u t u r e  coal  supply t o  the  Northeast a r e  presented,  

ranging from a low supply case with l i t t l e  coal  indust ry  growth t o  a high sup- 

p ly  case i n  which coa l  production and u t i l i z a t i o n  a r e  s t rongly  r e v i t a l i z e d .  

B. Current National Supply Estimates 

The t h r e e  i n t e r r e l a t e d  cons t ra in t s  i n  scenar ios  f o r  f u t u r e  U.S. coal pro- 

duction a r e  mining siirge capaci ty ,  t ransporfa t ion  a v a i l a b i l i t y ,  and market de- 

mand. I f  it i s  assumed t h a t  t r anspor ta t ion  capacity and market demand e x i s t  

f o r  a l l  coa l  t h a t  can be produced, the  l imi t ing  f a c t o r  i n  increas ing production 

is the  surge capacity of t h e  coal  indust ry ,  defined a s  the  maximum a t t a i n a b l e  

increase  i n  mining production from one year  t o  the  next .  Most es t imates  f o r  



Table  1 

D i s t r i c t  

1 

2 

3 

4 

5 

6 

7 

8 

3 

10  

11 

12  

1 3  

1 4  

15 

1 6  

1 7  ' 

1 8  

19  

20: 

21 

T o t a l  

U.S. BITUMINOUS COAL ESERVES BY U.S. BUREAU 
0 

OF MINES DISTRICT AS OF JANUARY 1, 1974> 

( thousands  o f  t o n s )  

S t r i p p a b l e  Recoverable  By 
Reserves  Underground Mining T o t a l  

9,501,050 

16,119,260 

15,502,810 

cl .U77,3 50 

118,200 

3 ,002,610 

4,619,030 

32,152,850 

12,623,910 

65,664,720 

10,622,570 

2,884,860 

3 ,200,570 

956,600 

15,~054,200 

2,230,240 

13,185,060 

4,168,550 

51,227,800 

4,042,460 

16,431,UUO 

107.736, Q60 

13,tjU1,420 



F i g u r e  8. Coa l  f i e l d s  of t h e  Uni ted  S t a t e s  by 
Bureau of Mines p r o d u c t i o n  d i s t r i c t s .  

the domestic coal industry suggest a present surge capacity of %8% of total 

production. 
10 

The estimates of national coal production in 1985 and 2000 used in this 

report to derive future regional scenarios for the Northeast are briefly de- 

scribed below. Further details can be found in the appropriate references. 

1. Project Independence Estimates. One of the most comprehensive ef- 

forts to date estimating future national coal production is the Federal Energy - - 
I I 

Administration's Project Independence Blueprint --- Coal Task Force Report, which 

estimates coal production by Bureau of Mines Coal District and type of mining 

through the year 1990. 

The two scenarios developed in the PI report are the "Business-as-usual" 

(BAU) .and "Accelerated" (ACC) coal sup,ply scenarios. The BAU scenario as- 

sumed no significant immediate expansion in production capability because of 

the long lead times required for mine development and equipment deliveries. 



For t h e  longer term, it was assumed t h a t  c a p i t a l  would be a v a i l a b l e  f o r  new 

mines a l ready planned o r  under development and t h a t  t h e  development and in-  

s t a l l a t i o n  of  stack-gas scrubbers would be accelera ted  t o  permit  the  use of 

higher s u l f u r  coals .  The a v a i l a b i l i t y  of adequate manpower and t ranspor ta-  

t i o n  was a l s o  assumed. From a pol icy  po in t  of view, the  BAU scenar io  assumed 

t h a t  no major l e g i s l a t i o n  would d i s r u p t  r ecen t  upward t r ends  i n  su r face  mine 

production and t h a t  surface-mined coa l  would r e p r e s e n t ' a  l a r g e r  proport ion of 

f u t u r e  coa l  production. Some r e d i s t r i b u t i o n  of coal  according t o  the  s t r i n -  

gency of  a i r  q u a l i t y  emission standards was a l s o  assumed. A s tudy by the  Mitre 

Corporation f o r  t h e  Department of  t h e  I n t e r i o r g  analyzes t h e  a c t u a l  c o n s t r a i n t s  

t o  be  overcome i n  meeting the  BAU and ACC scenar io  project.i.nns, 

The ACC supply seenar lo  assumed some re laxa t ion  of  h i s t o r i c a l  cons t ra in t s  

on t h e  production,and use of coal ,  including re laxa t ion  of a i r  q u a l i t y  regu- 

l a t i o n s ,  grant ing  of variances,  l eas ing  of pub l i c  lands a s  needed, and no s e r i -  

ous l i m i t a t i o n s  on su r face  mining. The ACC scenar io  a l s o  assumed no s i g n f i c a n t  

c a p i t a l ,  manpower, equipment, o r  t r anspor ta t ion  l i m i t a t i o n s ,  and accelera ted  

research  and development on advanced technologies u t i l i z i n g  coal .  I n  both PI  

scenar ios ,  t h e  Task Force r e l i e d - h e a v i l y  upon judgment and knowledge of the  in-  

dus t ry  t o  a r r i v e  a t  t h e i r  projec t ions .  I n  determining f u t u r e  expansion within 

a given region,  a major f a c t o r  was t h e  d e s i r a b i l i t y  of the  coa l  of t h a t  region 

i n  terms of i t s  s u l f u r  content .  Production es t imates  were then made based on 

dep le t ion  of e x i s t i n g  underground and su r face  mines, a s  we l l  a s  on development 

of  new mines. 

Since production scenar ios  i n  t h e  P ro jec t  Independence study only extended 

t o  t h e  year  1990, ex t rapo la t ions  of  the  P I  es t imates  were performed t o  der ive  

scenar ios  for t h e  yea r  2000. The f i r s t  was a l i n e a r  ex t rapo la t ion  of t h e  1985- 

1990 dnnual gYowth. r a t e s  of 3% i n  t h e  BAU scenar io  and 5.3% i n  t h e  ACC scenario.  

This assumes a constant  r a t e  of ,growth f o r  t h e  coa l  indus t ry  between 1985 and 

2000 f o r  both scenar ios .  For t h e  BAU case t h i s  i s  bel ieved t o  bc reasonable, 

s i n c e  t h e  surge c a p a r i t ~ r  o f  tho  aoal i ndr.~stry ib: l i k e l y  to' increase ' u l l d e ~ .  mod- 

e r a t e l y  favorable condit ions.  

For the  ACC case ,  however, a l i n e a r  ex t rapo la t ion  probably y i e l d s  an un- 

reasonable upper bound, s i n c e  it implies t h a t  t h e  coal indust ry  must cuotclin a 

high r a t e  of growth f o r  25 yea r s ,  from 1975 t o  2000. Also, t h e  coa l  production 

l e v e l  achieved would amount t.n near ly  two-thirds of the  to.Lal U.S. energy demand 



f o r e c a s t  f o r  2000, which would imply an unfeasibly l a r g e  s h i f t  t o  coal .  Thus, 

a second ex t rapo la t ion  was developed which assumed only a 3% r a t e  of growth 

between 1985 and 2000 f o r  t h e  ACC scenario.  This 3% growth r a t e  i s  considered 

t o  be e a s i l y  sus ta inab le  over a prolonged period. 

2. National Petroleum Council Estimates. I n  1971 the  National Petroleum 

Council (NPC) undertook a s tudy .o f  t h e  energy outlook f o r  t h e  United S t a t e s  up 

t o  the  year  1985. Results  of the  study included a Coal Task Group r e p o r t  t h a t  

presented a de ta i l ed .  outlook f o r  f u t u r e  coa l  a v a i l a b i l i t y .  l2 Since the  NPC 

study was completed before  the  1973-74 Arab o i l  embargo (with i t s  subsequent 

o i l  p r i c e  increases  and c a l l s  f o r  energy s e l f - s u f f i c i e n c y ) ,  t h e i r  es t imates  a r e  

genera l ly  more conservative than those of P ro jec t  Independence. 

The NPC based t h e i r  f u t u r e  n a t i o n a l  coa l  production es t imates  on t h r e e  

cons tant  growth r a t e s  f o r  t h e  coa l  indust ry ,  3%, 3.5%, and 5%, corresponding t o  

what NPC bel ieved were r e a l i s t i c  p o s s i b i l i t i e s  f o r  t h e  coa l  indus t ry  a t  t h e  time 

of t h e i r  study. These.growth r a t e s  a l s o  approximated h i s t o r i c a l  growth r a t e s  i n  

the  c o a l i n d u s t r y .  The NPC 1985 supply es t imates  were thus  obtained by com- 

pounding a c t u a l  1972 production r a t e s  a t  each of the  t h r e e  annual growth r a t e s  

assumed. 

I n  t h e  p resen t  r epor t ,  it was 'assumed t h a t  these  same growth r a t e s  would 

apply a f t e r  1985: This methodAlogy may r e s u l t  i n  r e l a t i v e l y  conservative e s t i -  

mates, a t  l e a s t  f o r  t h e  3% and- 3.5% cases ,  because of poss ib ly  favorable changes 

i n  technology and pub l i c  p o l i c y . r e s u l t i n g  from the  1973 embargo and subsequent 

na t iona l  s t imulus toward energy se l f -suff ic iency.  

3. Energy Research and Development Administration Scenarios. A s  p a r t  of 

i ts  long-range energy planning funct ion  f o r  the  Energy Research and Development 

Administration (ERDA), BNL has est imated coal  production i n  1985 and 2000 f o r  

s i x  d i f f e r e n t  scenarios.13 These es t imates  were obtained by optimizing BNL1 s 

na t iona l  energy model t o  s a t i s f y  a l l  end-use demands a t  minimum c o s t ,  sub jec t  

t o  c o n s t r a i n t s  on energy resource supply and technological  c a p a b i l i t i e s .  

4. National Academy of Engineering Estimate. A study done by the  National 

Academy of Engineering (NAE) i n  1974 presented what was bel ieved t o  be a r e a l i s -  

t i c  p o s s i b i l i t y  f o r  coal  production i n  1985. l4 The NAE es t imate  was based on an 

assumed c a p a b i l i t y  of t h e  coa l  indust ry  t o  expand annual mine production by about 

660 mi l l ion  tons/year over t h e  next  t en  years .  This represented a surge capaci ty  



of 10% over 1974 production,  y ie ld ing  a production r a t e  of 1.26 b i l l i o n  tons/ 

year  f o r  1985, subdivided a s  shown i n  Table 2. 

Table  2 

NATIONAL ACADEMY OF ENGINEERING 

COAL PRODUCTION ESTIMATES 
14 

Coal Supply 1985 Pruduc t iun  
Region Source (lo6 Tons/Year) 

E a s t e r n  .Underground mining 480 

E a s t e r n  S u r f a c e  mining 

Western S u r t a c e  mining 

'1'0 t a l  

5. Ford Foundation Scenarios. The Ford Foundation considered th ree  ma- 

j o r  scenar ios  based on t h e  h i s t o r i c a l  growth r a t e ,  a " technica l  f i x "  case 

(which assumed increased end-use e f f i c i e n c i e s ) ,  and a case of zero energy 

growth. l5 Several  a l t e r n a t i v e s  were considered i n  each scenar io .  For compar- 

i son  with o the r  e s t ima tes ,  the  p resen t  study looks a t  t h e  lowest coal supply 

under t h e  t echn ica l  f i x  scenar io ,  the  medium coa l  supply i n  the  t echn ica l  f i x  

scenar io ,  and t h e  h ighes t  coal  production i n  t h e  h i s t o r i c a l  growth scenario.  

6. Synthet ic  Fuels  Commercialization Program Scenarios. Another r ecen t  

set of  es t imates  of f e a s i b l e  f u t u r e  na t iona l  coal  supply has emerged from the  

na t iona l  energy modeling e t t o r t  conducted by Stanford Research I n s t i t u t e  ( S M )  

a s  p a r t  of t h e  f e d e r a l  Synthet ic  Fuels Commercialization Program (SFCP). l6 The 

main purpose of t h i s  p r o j e c t  was t o  study t h e  a v a i l a b i l i t y  and p r i c e  of various 

energy t o m s  a s  they a f t e c t  t h e  f u t u r e  supply of s y n t h e t i c  fue l s .  Although a 

wide v a r i e t y  of  a l t e r n a t i v e  scenar ios  were considered, we have again chosen 

t h r e e  coal  supply cases  represent ing  low, medium, and high l e v e l s  predic ted  by 

t h e  SRI model: ( a )  hiqh c o s t  of producinq coa l ,  (b)  hiqh domestic o i l  and qas 

a v a i l a b i l i t y  wi th  high import p r i c e s ,  and (c )  low c o s t  of coal  production. 

C. Scenarios f o r  U.S. Supply i n  1985 and 2000 

Table 3 p r e s e n t s  a comparison of t h e  U.S. coal  supply es t imates  discussed 

above, using 1973 a s  the  base year .  For the  NPC and P I  es t imates ,  intermediate 



year projections were available and are shown in Figure 9. Note the large vari- 

ance between the lowest case (NPC 3% growth1 and the highest @I-ACC). 

Table 3 

COMPARISON OF NATIONAL COAL SUPPLY ESTIMATES 
6 (10 tons/yr) 

Coal Supply Case 

NPC 3% growth 

NPC 3..5% growth 

NPC 5.0% growth 

PI-BAU (linear extrapolation after 1990) 

PI-ACC (linear extrapolation after 1990) 

PI-ACC (3% growth after 1985) 

ERDA 0 - No new initiatives in end use 
ERDA I - Improved end-use efficl.e.ncies 
ERDA I1 - Coal and shale synthetics 
ERDA I11 - Intensive electrification 
ERDA IV - Limited nuclear power 
ERDA V - Combination of all technologies 
NAE - Expected product 
FORD Foundation - Historical growth, high nuclear 
FORD - Technical fix, base case 
FORD - Technical fix, high nuclear 
SRI - High coal cost 
SRI - High oil and gas availability 
SRI - Low coal cost 

Figure 9 and Table 3 suggest consideration of the NPC 3% as a low growth 

case, the PI-BAU as a medium growth case, and the PI-ACC with 3% growth after 

1985 as a high case. The two PI blueprint scenarios break down the production 

estimates up to 1985 by individual producing districts (see Figure 8), whereas 

all other projections report only national aggregate figures. Selection of a 

high production case for the year 2000 was based on a modification of the PI-ACC 



E R D A  I - Improved End Use Ef f ic iencies ' -  

E R D A  II - Coal  and Shale  Synthet ics  

E R D A  IIC - Intensive E l e c t r i f i c a t i o n  

S R I  H i g h  Coal  Cost  

* S R I  Low C o a l  Cost 

scenario. The PI-ACC case assumed immediate and sustained acceleration of.pro- 

duction which, if linearly extrapolated to 2000, would yield 4.2 billion tons 

of coal per year with an energy equivalent of 1. 105 quads Btu's). ERDA 

has estimated total U.S. energy demand in 2000 to be between 120 and 165 

quads. 13 Thus, a linear extrapolatinn nf PI-ACC coal production would aocount 

for between 65% and 85% of total U.S. energy demand, considered unrealistic 



even f o r  a high production scenario.  For t h i s  reason, the  PI-ACC case with a 

3% growth r a t e  a f t e r  1985 was'chosen a s  t h e  high supply case. This. s t i l l  as- 

sumes s i g n i f i c a n t  i n t e n s i f i c a t i o n  of coal  production i n  t h e  near  f u t u r e ,  bu t  a 

slower r a t e  of  growth l a t e r  on, s i m i l a r  t o  r ecen t  h i s t o r i c a l  rates..  A cons tant  

3% growth r a t e  from 1972 provided t h e  low supply scenar ios  f o r  1985 and 2000. 

A more thorough development of t h e  supply p ro jec t ion  methodology i s  presented 

i n  Appendix A. 

1. Future Coal Exports. To determine coal  a v a i l a b i l i t y  t o  the  Northeast 

region,  an es t imate  i s  needed of t h e  magnitude of  f u t u r e  coal  exports .  I f  it 

is  assumed t h a t  f u t u r e  exports  w i l l  be l i m i t e d  p r i n c i p a l l y  t o  coking coa l ,  then,  

according t o  NPC,12 1985 coal  expor ts  w i l l  reach 120 mi l l ion  tons  and year  2000 

exports  w i l l  be  175 mi l l ion  tons.  I n  ~ p p e n d i x  A, t hese  expor t  l e v e l s  a r e  ap- 

portioned t o  coa l  supply d i s t r i c t s  i n  t h e  same r a t i o  a s  t h e  1974 d i s t r i b u t i o n  

of coking coa l  exports .  

2. Sul fur  Content of Future Coal Supplies. Su l fu r  content  determines t o  

a g r e a t  e x t e n t  where coal  can be  burned, how much environmental con t ro l  (e.g.,  

coal  p repara t ion  o r  stack-gas scrubbing) w i l l  be necessary, and what the  poten- 

t i a l  o f  coa l  a s  a s u b s t i t u t e  f o r  c leaner  f u e l s  w i l l  be. Related t o  t h i s  i s  t h e  

energy content  o r  Btu value of  coal .  A low s u l f u r  western coal ,  f o r  example, 

conta ins  l e s s  energy pe r  pound than e a s t e r n  coa l s  wi th  higher s u l f u r  l eve l s .  

Thus, g r e a t e r  tonnages a r e  required t o  produce the  same amount of use fu l  energy. 

Furthermore, s u l f u r  content  pe r  mi l l ion  Btu of h e a t  inpu t  o f t e n  determines 

whether coa l  can be u t i l i z e d  i n  compliance with s u l f u r  dioxide emission regula- 

t ions .  Here, an e a s t e r n  coa l  would genera l ly  be super io r  t o  a western coal  of  

equivalent  s u l f u r  content .  

A rough es t imate  of t h e  a v a i l a b i l i t y  of coa l  i n  var ious  s u l f u r  content  

ca tegor ies  f o r  1985 was obtained by d iv id ing t o t a l  1985 production es t imates  

i n t o  ca tegor ies  i n  the  same proport ion a s  a c t u a l  d i s t r i c t  production levels i n  

1970, the  most r ecen t  year  f o r  which complete information was ava i l ab le .  
17 

Since 

no es t imates  e x i s t e d  of individual  d i s t r i c t  production i n  t h e  low supply (NPc 

5%) case ,  it was assumed t h a t  a l l  d i s t r i c t s  would have t h e  same r e l a t i v e  growth 

r a t e s  a s  i n  t h e  BAU (medium supply) scenario.  The c o n s t r a i n t  s e t  was t h a t  t h e  

t o t a l  n a t i o n a l  production i n  each year  was 3% g r e a t e r  than i n  t h e  previous year .  

Table 4 p resen t s  the  es t imates  derived i n  t h i s  fashion. For any given production 



Table 4 

PROJECTED 1985 COAL PIIODUCTICbi 
3 

(10 TCKS) IN I~~ZRIOUS SULFUR C~INTEPIT CXTEGOFUZS~ 

6 
To ta l  (10 tons )  Region of Origin 

Northern Applachia 

LOW supply 
Medium supply 
~ i g ' h  supply 

Southern Appalachia 

Low supply 
Medium supply 
High supply 

Midwest 

Low supply 
Medium supply 
High supply 

0 6,440 1,600 5,260 29,410 
0 7,420 1,850 6,130 34,480 
0 14 ,  COO 3,490 11,360 63,160 

Near West 

Low supply 
Medium supply 
High supply 

Far Wsst 

Low supply 
Medium supply 
High supply 

To ta l  U.S. 

Low supply 
Medium supply 
High supply 

a 
Based on da t a  f r o n  A2pzndix A. 



l e v e l ,  these  f igures  a r e  l i k e l y  t o  be conservative i n  the  lower s u l f u r  ranges, 

s ince  the  1970 base year  does no t  r e f l e c t  the  subsequent demand f o r  low s u l f u r  

coal.  However, t h e  range of production l e v e l s  repor ted  may give some c lue  a s  

t o  f u t u r e  production i n  s u l f u r  content  ca tegor ies .  

To es t imate  energy ava i l ab le  from f u t u r e  production a s  a funct ion  of su l -  

f u r  content ,  hea t  ( ~ t u )  values f o r  f u t u r e  production were ca lcu la ted  from t h e  

mean energy content  of coal  reserves i n  each of  the  supply regions  considered. 

These mean hea t  values (Table 5) were mul t ip l i ed  by t h e  tonnage es t imates  i n  

Table 4 t o  determine t h e  approximate Btu values of f u t u r e  coa l  production f o r  

each of  t h e  t h r e e  scenarios.  The r e s u l t i n g  energy values a r e  presented by sup- 

p ly  region and s u l f u r  content  category i n  Table 6. 

T a b l e  5 

MEAN HEAT VALUE O F  COAL 
11 

BY SUPPLY REGION 

C o a l  S u p p l y  R e g i o n  

N o r t h e r n  A p p a l a c h i a  
( D i s t r i c t s  1 to  6) 

S o u t h e r n  A p p a l a c h i a  
( D i s t r i c t s  7 ,  8, 1 3 )  

M i d w e s t  
( D i s t r i c t s  9 ,  10,  1 1 )  

N e a r  W e s t  
( D i s t r i c t s  1 2 ,  1 4 ,  15) 

F& W e s t  
( D i s t r i c t s  16 t o  2 3 )  

E s t i m a t e d  M e a n  B t u / l b  
( A s  R e c e i v e d )  

For the  yea r  2000, no attempt was made t o  e s t ima te  production by s u l f u r  

content  category because of t h e  many uncer t a in t i e s  involved i n  f u t u r e  technology 

f o r  mining and end use. Estimates of t h e  SRI model, however, i n d i c a t e  compar- 

able q u a n t i t i e s  of  "high s u l f u r "  (eastern.) and "low s u l f u r "  (western) coal  i n  

use by 2000 f o r  a "medium case" scenario.  
16  



Table 6 

mRGY CONTENT Btu) o f  1985 
ESTIMATED COAL XODUCTION IN VARIOUS S ~ U R  CONTENT CAFEGORIES~ 

Region of  Cr ig in  % S: To ta l  

No. Appalachia 
Low Supply 
Medium Supply 
High Supply 

So. Appalachia 
Low Supply 
Mediun Supply 
High Supply 

Midwest 
Low Su2p3y 
Mediun Scpply 
High Ss lp~  l y  

Near We5 
Low Sc2ply 
Medim. S ~ p p l y  
High C l lp~ ly  

Far West 
Low Supply 
Medium Supply 
High Supply 

To ta l  U.S. 
LOW Supply . 

Medium S w p l y  
High Supply 

a. 
Based on Tables 4 and 5 



D. Northeast Regional Coal Supply 

I n  developing a perspect ive  on t h e  f u t u r e  supply of coa l  ava i l ab le  t o  t h e  

Northeast,  it i s  assumed t h a t  t h e  Northeast w i l l  r ece ive  the  same sha re  of na- 

t i o n a l  d i s t r i c t  production i n  t h e  f u t u r e  a s  it does a t  p resen t  (1974). When 

coupled with the  e a r l i e r  na t iona l  scenar ios  of  d i s t r i c t - b y - d i s t r i c t  production 

l e v e l s ,  a range of values f o r  t h e  Northeast i s  obtained. This does no t  imply a 

cons tant  percentage of t o t a l  na t iona l  production,  s i n c e  each d i s t r i c t ' s  supply 

i s  d i f f e r e n t .  In t h e  high supply case,  f o r  example, n a t i o n a l  production in-  

creases  predominantly i n  western d i s t r i c t s ,  which supply very l i t t l e  coal  t o  

the  Northeast. Hence, t h e  r eg ion ' s  f r a c t i o n  o f . t o t a 1  U.S. supply would be l e s s  

than a t  present .  I n  genera l ,  a l l  high supply es t imates  a r e  bel ieved t o  over- 

s t a t e  the  d i r e c t  coa l  supply s i n c e  they assume s u b s t a n t i a l  development of  t h e  

coal  conversion industry.  

The t r u e  f u t u r e  coal  supply w i l l  be determined by t echn ica l  c o n s t r a i n t s ,  

pub l i c  p o l i c i e s ,  and market fo rces ,  which a t  p resen t  a r e  such t h a t  u t i l i t i e s  i n  

the  Northeast genera l ly  pay t h e  h ighes t  p r i c e s  i n  the  country f o r  f u e l  (Table 

7 ) .  Presumably t h e  region could capture a l a r g e r  market sha re  of f u t u r e  eas t -  

e rn  low s u l f u r  coa l  production o r  coal-derived energy i f  it were w i l l i n g  t o  pay 

a premium f o r  these  fue l s .  This could be a p l a u s i b l e  s i t u a t i o n  i n  view of e x i s t -  

ing high o i l  and gas p r i c e s ,  r e l i a n c e  on fore ign sources ,  and cur ren t  f e d e r a l  

pol icy  regarding conversion from o i l  t o  coal .  

1. Scenarios f o r  1985. The e x i s t i n g  regional  f r a c t i o n  of t o t a l  na t iona l  

production d i s t r i b u t e d  t o  t h e  Northeast was derived from 1974 da ta  published by 

the  U.S. Bureau of Mines. l9 1974 coal  flows from USBM production d i s t r i c t s  (Fig- 

ure 8)  t o  individual  s t a t e s  f o r  consumption were used t o  e s t a b l i s h  the  f r a c t i o n  

of each d i s t r i c t ' s  production shipped t o  a given s t a t e .  These f r a c t i o n s  were 

then appl ied  t o  the  th ree  scenar ios  f o r  each d i s t r i c t ' s  1985 production l e v e l s .  

State-by-state supply es t imates  were then aggregated. A d e t a i l e d  desc r ip t ion  

of t h e  da ta  and methodology used t o  der ive  the  regional  coal  supply appears i n  

Appendix B. 

No attempt was made i n  t h i s  r e p o r t  t o  cha rac te r i ze  the  s u l f u r  content  of  

f u t u r e  coal  suppl ies  a v a i l a b l e  t o  the  reqion. The n a t i o n a l  d i s t r i b u t i o n  da ta  

shown i n  Tables 4 and 6 i n d i c a t e  s i z a b l e  reserves  and p o t e n t i a l  production l e v e l s  

of low s u l f u r  coal ,  s o  t h a t  s i g n i f i c a n t  departures from t h e  e x i s t i n g  d i s t r i b u t i o n  



Table  7 
6 

AVERAGE 1974 PRICE ( $ / l o  BTU). OF FUELS 

PURCHASED BY ELECTRIC UTILITIES 
18 

Region 

New England 

Middle A t l a n t i c  

E a s t  North Cer.tra1 

West North C e n t r a l  

South A t l a n t i c  

E a s t  South C e n t r a l  

West South C e n t r a l  

Mountain 

P a c i f i c  

Coa 1 - 
1.14 

0.86 

0. 70 

0.45 

0.97 

0.59 

0.17 

0. 2 6  

0.37 

O i l  - 
1.97 

2.06 

1 - 7 3  

1.79 

1.78 

1.80 

1.88 

1 - 8 5  

2.01 

Gas - 
1.29 

0.68 

0.77 

0.42 

0.59 

0.60 

0.43 

0.52 

0.59 

p a t t e r n s  a r e  f e a s i b l e .  Such depar tures  w i l l  depend p r i n c i p a l l y  on whether o r  

not  t h e  Northeast region w i l l  be w i l l i n g  t o  pay a premium f o r  low s u l f u r  coa l  

i n  t h e  l i g h t  of  o the r  regions '  demands and the  p r i c e  of  a l t e r n a t i v e  f u e l s .  A t  

t h e  same time, technology f o r  burning high s u l f u r  coa l  should a l s o  become more 

widely ava i l ab le  by 1985, which w i l l  permit  higher s u l f u r  coals  t o  be u t i l i z e d  

i n  t h e  Northeast.  Poss ib le  demand f o r  coa l s  of d i f f e r e n t  s u l f u r  l e v e l s  i s  d is -  

cussed i n  Section IV. 

Three scenar ios  of 1985 coa l  supply f o r  t h e  Northeast region a r e  summa- 

r i z e d  i n  Figures 10 and 11 i n  terms of coa l  tonnage and energy content .  A com- 

par ison of  these  f i g u r e s  with u t i l i t y  coa l  demand es t imates  (Section IV) make , 

it c l e a r  t h a t ,  from an energy resource p o i n t  o f  view, ava i l ab le  regional  coa l  

suppl ies  should be s u f f i c i e n t  t o  meet t h e  maximum demands of t h e  Northeast i n  

1985. However, important t r anspor ta t ion  and u t i l i t y  c o n s t r a i n t s  must a l s o  be 

considered. These a r e  discussed i n  Sections I11 and IV. 

2. Scenarios f o r  2000. The approach taken i n  der iv ing regional  supply 

scenar ios  f o r  the  year  2000 was s i m i l a r  t o  t h a t  f o r  1985. Here, however, e s t i -  

mated USBM D i s t r i c t  production l e v e l s  f o r  1985 and 1990 were ext rapola ted  by 

using the  same growth r a t e  assumed f o r  t o t a l  na t iona l  production,  and est imated 

expor ts  from each d i s t r i c t  were then subt rac ted .  Again, l Y ' / 4  d i s t r i b u t i o n  da ta  
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Figure  10. 1 9 8 5  and 2000 coa l  s u p p l y  s cena r io s  
f o r  t h e  Nor theas t  reg ion .  

- New England 

from district of production to state of consumption were used to prorate future 

tn New York 

district production to states of the Northeast. From this, coal supply was 

again aggregated for the region (see Appendix B). To convert future tonnage 

into energy values, the heat values of Table 5 were applied to 2000 production. 

The resulting regional supply kept in mind that the high supply case is con- 

sidered overly optimislic in ,terms nf direct coal supply to the region. A corn- 

parison of the regional coal supply estimates in Figure 10 with estimates of 

demand in Section IV again shows that available coal supplies will probably ex- 

ceed demand, except in the case of a nuclear moratorium and large-scale coal 

intensification by the region's electric utilities. Actual future coal supplies 

to the .region will depend heavily on market and policy factors, and the supply 

scenarios given here are intended only to establish a range of possibilities. 



Figure  11. 1985 and 2000 c o a l  energy s cena r io s  
f o r  t h e  Northeast  reg ion .  

3.  Othel_Potent.i a1. Coal Supplies.  I n  19'74, s e v e r a l  e l e c t r i c  u t i l i t i e s  

i n  the  Northeast purchased coal  from Western Europe. A s  a p o t e n t i a l  long-term' 

souroc of eneiyy, however, coa l  imports axe nnY considcred a Ieasible option,  

given t h e  v a s t  domestic ~ C s o i ~ r r n s  and t h e  foieseeal3le lncrease  j.n the needs of 

currerit  fore ign s u p p l i e r s ,  e spec ia l ly  i n  Europe. 

A much more promising option f o r  t h e  Northeast i c  regioi idl ly a v a i l a b l e  

a n t h r a c i t e  coal .  This high q u a l i t y ,  low sii.lfur coal  i,a Iuund i n  n o r l l ~ e a s t e r n  

~ e n n s y l v a n i a  and t h e  Narragansett Basin of M a s s a c h u s ~ t t ~  and Rhode Isldrid. 'L'he 

loca t ion  of t h e  Pennsylvania a n t h r a c i t e  resources is  shown i n  Figure 2. I t  i s  

est imated t h a t  ~ e n n s ~ l v a n i a  has 16 b i l l i o n  tons  of recoverable a n t h r a s i t c  re- 
I 

,qpi-ves. N ~ r x - a y d ~ ~ s e t t  Basin reserves  a r e  c u r r e n t l y  estimated a t  'L 400 mi l l ion  

tons.20 A t  p resen t  t h e r e  is  no mining indust ry  i n  the  Narragansett a rea ,  and 

t h e  long lead time requi red  t o  a t t r a c t  c a p i t a l  and open new mines m a k e s ' i t  



doubtful that any significant production could occur before 1985. Estimates of 
, 

possible future production levels contain many uncertainties, although programs 

to refine them are in progress. Conceivably, the Narragansett Basin could rep- 

resent a valuable source of indigenous coal energy in New England toward the end 

of the century. 

The potential of Pennsylvania anthracite to augment the energy supplies. 

of the Northeast region is probably most significant in the short run. At one 

time the Pennsylvania anthracite industry rivaled the bituminous coal industry 

in production capability. Lately its role has declined, principally because of 

the loss of markets accompanying the general decline in coal. Should new mar- 

kets develop as a result of the energy crisis, anthracite could again play an 

important role in the region. The Pennsylvania Governor's Energy Council is tak- 

ing an active inferest in revitalizing the industry. 

The only available estimates of future anthracite production and use are 

those in a recent study by Berger Associates. 21 Here, a survey of potential 

users of anthracite (principally electric utilities) resulted in the develop- 

ment of a future supply curve, shown in Figure 12. The initial reaction to 

these estimates suggests that they are very conservative. 22 Approximate supply 

in 1985 would be 14 million tons, or < 2% of the estimated bituminous supply, 

even for the low 3% growth case. Thus, although anthracite production could at 

least double, it is not likely to again become a major source of energy in the 

region. 
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111. TRANSPORTATION CONSIDERATIONS 

A. Introduction 

A critical constraint to increasing the supply of coal to the Northeast 

may be the capacity of the coal transportation network. The economics of coal 

transportation will depend on the amount of coal shipped, distances traveled, 

and the availability of waterways and rail lines in the region. For short dis- 

tances, trucking is also economical, although in the Northeast it is important 

principally in the coal producing regions of Pennsylvania. Possible alternative 

means of coal transport include coal slurry pipelines, coal synthetics pipe- 

lines, and long-range transmission of coal-generated electricity over extra- 

high-voltage (EHV) transmission lines. These options are discussed later in 

this section. 

For the short term, the Northeast will have to rely on the existing trans- 

portation network. It is estimated-that at one time as much as 52 million tons 

of coal moved to markets in New England and the Middle Atlantic States; present 

markets require only 15 to 20 million tons.23 Table 8 presents the 1974 break- 

down by mode of coal distribution in the region. Rail is by far the predominant 

mode, responsible for 45% of the total distribution in the Northeast. The de- 

cline of coal markets in the region has hit the railroad industry hard, con- 

tributing to financial insolvency of several lines as well as physical deteri- 

oration of the roadbeds and trackage. For example, in 1974, 23% of national 

coal production distributed by rail was carried by bankrupt railroad companies, 

almost all of them serving the Northeast region. 24 Thus, in their present con- 

dition, the railroads must be considered a potential constraint in the revitali- 

zation of cool in the Northeast. 

B. Potential of the Northeast Rail System To Meet New Coal Demands 

The Regional Rail Reorganization Act of 1973 established the United States 

Railway Association (USRA). This agency was designed to plan and finance the 

restructuring of the rail system, and the consolidated Rail Corporation (Con- 

Rail), which was to operate at least part of the restructured system. The Act 

provided for the abandonment of uneconomical service and subsidies for bankrupt 

companies until the restructured system became operative. A series of studies 



Table 8 

COAL DISTRIBUTION I N  1974 

BY MODE OF TRANSPORT 
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Coal Shipments 
(103 tons)  

% of 
Total Region 

New England 
Rai l  . , a 
River & ExARiver 

' Tidewater & Great Lakes 
Truck 

ioo .  o SddLuLdl 

IJew York 
Rai l  
River & Ex-River 
T i  d p w a t p r  G G r ~ a t  Lakes 
,rruclc 

sub to ta l  

Pennsylvania 
H a i l  
River & Ex-River 
Tidewater & Great Lakes 
  ruck^ 

Subtotal  

Middle At lan t i c  S ta tes  
Rai l  
River & Ex-aver  
~ i d e w a t e r  & Great Lakes 
TL'UA 

Subtotal  

Tota l  Northeast region 
Rai 1 
River & Ex-River 
Tidewater & Great Lakes 
Truck 

Total  

aKlver & ex-river includes a l l  shipments using a r i v e r  barge some- 
where bctween mine nnd cnnxilrnwt:, 

_bpennsYlvania truck f igure  includes a small amount of coal  shipped 
by tramway, conveyor b e l t ,  and p r i v a t e  r a i l road .  



mandated by the  U.S. Department of Transportat ion,  the  I n t e r s t a t e  Commerce Com- 

mission, and the  USRA culminated i n  a f i n a l  system p lan  i ssued by the  USRA and 

submitted t o  Congress i n  August 1975. 
4 

USRA's f i n a l  system plan  recommended t h a t  t h r e e  r a i l r o a d  companies be re-  

sponsible f o r  a l l  operat ions i n  the  Northeast. The Chesapeake and Ohio (Chessie) 

system would take  over some of the  bankrupt l i n e s  of the  Penn Central .  The Nor- 

fo lk  and Western Railroad would expand i n t o  Pennsylvania and o the r  Northeastern 

markets. ConRail would take  over most of the  bankrupt l i n e s  of t h e  Penn Cen- 

t r a l ,  t h e  Lehigh Valley, Centra l  Railroad of New Jersey ,  and the  Pennsylvania- 

Reading Seashore Lines, p lus  smaller  por t ions  of the  Reading and Ann Arbor. 
25 

The bas ic  ob jec t ive  of the  USRA plan was t o  promote e f f i c i ency  while r e t a i n i n g  

competitive se rv ice  where demand was s u f f i c i e n t .  

Recognizing t h a t  the  r a i l  system i s  v i t a l  t o  any na t iona l  energy program 

aimed a t  increased coa l  production and use,  the  USRA recommended t h a t  a l l  r a i l  

l i n e s  providing access t o  coal  f i e l d s  and not  now i n  use should be re t a ined  i n  

a "land bank" t o  ensure t h a t  coal  resources not  now i n  production could be t rans-  

ported by r a i l  should they become economically recoverable. 25 Funding would be 

provided through subs id ies  under t h e  k g i o n a l  Ra i l  Reorganization Act, o r  through 

an e x i s t i n g  Federal  agency. However,, t h e  p lan  does not  include r e t e n t i o n  of 

r a i l  s e r v i c e  t o  former (and p o t e n t i a l  f u t u r e )  consumers of coal .  

The n a t i o n ' s  l a r g e s t  coal-carrying r a i l r o a d ,  the  Chessie system, i s  ex- 

panding i t s  capacity.  Orders have been placed f o r  16,000 new 100-ton-capacity 

hopper c a r s  and 100 d i e s e l  e l e c t r i c  locomotives a t  a t o t a l  c o s t  of $444 mi l l ion .  
2 3 

By 1978 the  Chessie system expects t o  be o r ig ina t ing  shipments of 110 mi l l ion  

tons ,  21% more than i t s  1974 l e v e l  of 91 mi l l ion  tons. 
23 

Improved r a i l  system e f f i c i ency  implies increased coal-carrying capab i l i ty .  

By improving the  physica l  condit ion of t h e  t r a c k  average speeds can be increased 

t o  allow b e t t e r  u t i l i z a t i o n  of ava i l ab le  r o l l i n g  stock. Improvements i n  sched- 

u l ing ,  s igna l ing ,  and switching capab i l i ty  would a l s o  increase  ef f ic iency.  For 

example, only about 14% of the  l i f e  of an average f r e i g h t  c a r  i s  spent  on l i n e  

The r e s t  i s  spent  i n  switching yards o r  a t  warehouses and i n d u i t r i a l  

p l a n t  sidings. The complex regula tory  s t r u c t u r e  f o r  r a i l r o a d s  may a l s o  contr ib-  

u tes  t o  such i n e f f i c i e n c i e s  and mer i t s  s u b s t a n t i a l  f u r t h e r  a t t en t ion .  



One promising method of increasing the coal transport capacity of the 

rail system for major users is to use unit trains which run directly from the 

mine to the end-use consumer and carry only coal. They have an average capacity 

of % 6000 tons, require only a four-man crew to operate, and circumvent the need 

for time-consuming and costly switching operations. 26 However, their operation 

requires that the consumer has rapid unloading and storage facilities and meets 

annual volume requirements. 

Although unit trains are not currently in widespread use in the Northeast, 

their potential is readily illustrated. Assume a coal production source in 

southwestern Pennsylvania and a coal demand center on the New Jersey coast some 

350 miles away. At an average train speed of 40 miles per hour, a round trip 

between mine and plant would take approximately one day, allowing an average of 

three hours for loading or unloading. At 6000 tons per trip, one train would 

supply enough coal to fuel an 800-MW electric power plant. 

Another attribute of the unit train concept is that it does not depend on 

the financial viability of operating railroads. Unit trains are often purchased 

and operated by the utility company, which reimburses the railroad for use of 

the right-of-way. This approach has proved attractive in the Midwest, and the 

idea is gaining attention in the Northeast. For example, the Potomac Electric 

Power Company, serving Maryland and the District of Columbia, recently purchased 

two 80-car unit trains to deliver coal to their Chalk Point and Morgantown sta- 

tions at a cost of $4.2 million. Both trains together will haul 1.2 million 
2 3 

tons per year. 

In summary, the overriding need of the regional rail system, if it is not 

to become a bottleneck, is the rehabilitation of tracks and roadbeds to allow 

for future expansion. Hopper car and rolling stock shortages may be a short- 

term problem but are not expected to be a major constraint on increased use of 

coal. The Regional Rail Reorganization Act of 1973 provides $2 billion in fi- 

nancial assistance for rail rehabilitation. If coal'utilization in the region 

does increase, additional revenues to railroads may help to ease their financial 

plight. However, government as well as private investment in the regional rail 

system is vital in the short term if an energy policy committed to the use of 

more coal is to be adopted. 



C. Waterway Transportation 

Water transportation by barge is the third largest mode of coal transport 

in the region, carrying 22% of coal shipments (Table 8). It is also the cheap- 

est when both the mine and the end-use plant are located on or near a navigable 

body of water. The Ohio and Monongehela Rivers are now the main waterways used 

for coal transportation in the Northeast. At one time, however, coal was trans- 

ported to several New York, New England, and Atlantic Coast utilities by ship- 

ping the coal by rail to major ports such as Baltimore and Hampton Roads, then 

transferring it to barges for shipment via intracoastal waterways. 

Increased use of barges will be largely confined to plants located on 

waterways and having appropriate unloading facilities. The limited capacity of 

the waterway lock and darn systems could act as a constraint on any increase in 

coal barge traffic, which the Mitre Corporation has estimated will increase 55% 

nationwide by 1985 under a base-line demand scenario. Thus, substantial fed- 

eral investments in waterway facilities, as well as private investment in tugs 

and barges, may be necessary to meet new demands. Federal efforts to upgrade 

waterways have already been initiated. 

D. OtherFormsof CoalTransportation 

1. Coal Slurry Pipelines. Coal slurry pipelines have been touted as an 

economical means of transporting large volumes of coal over long distances. Fig- 

ure 13 presents a comparison of the economics of coal slurry pipelines with those 

of unit trains and extra-high-voltage AC transmission for a distance of 1000 

miles. At this distance, a slurry pipeline is most economical for throughput 

volumes in excess of 8 million tons/year. However, the Northeast's coal comes 

lclrr~~ly from the northern and southern Appalachian regions, where most coal min- 

ing operations are small and dispersed and virtually no mines'have enough capac- 

ity to economically support a pipeline. Since a similar situation exists at the 

cnd-use locatj.ons, establishment of a pipeline would require pooling of several 

producers and users, with pipe branchings at both production and utilization 

centers. The economics u1 such a situation are less  favorable. 

Tmportant institutional barriers must also be considered. For example, 

coal slurry pipelines in the Northeast would require rights-of-way through 

densely populated areas, which would mean issuance of.the right of eminent 
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Figure 13. Coal transportation costs (for 1,000 
mile transportation distance). 23 

0.4  

domain t o  pipeline eampanles.  his is no t  l i k e l y  t o  be  p o l i t i c a l l y  f e a s i b l e  i n  

the  Northeast. The use of  e x i s t i n g  r a i l r o a d  rights-of-way would requ i re  permis- 

s ion  by r a i l  companies t o  allow a low c o s t  competitor t o  use i t s  f a c i l i t i e s .  

Thus, t h e  conclusion here  i s  t h a t  coal  s l u r r y  p i p e l i n e s  a r e  no t  l i k e l y  t o  be 

builL i n  the  region i n  the  foreseeable  fu tu re .  

2. High-Voltage. E l e c t r i c a l  Transmission. Long-distance ac  high-voltagc 

transmission is  already being used t o  t r anspor t  coal-dcrived eneryy t o  the  North- 

e a s t .  For exampl.e, seve ra l  1 argc mine-mouth power- pldrlts in western Pennsylvania 

have provided e l e c t r i c i t y  f o r  use i n  New York s i n c e  about 1969. However, los ses  

and i n s t a b i l i t i e s  associa ted  with the  transmission of e l e c t r i c i t y  over long d is -  

tances add t o  i t s  cos t .  Figure 13  shows, f o r  example, t h a t  l%HV L~ansmission i s  

not  competitive with u n i t  t r a i n s  a t  a d is tance  of  1000 miles. Long-range dc 

-. 
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high-voltage transmission is designed t o  reduce transmission losses ,  bu t  t h e  

technology f o r  ac t o  dc conversion a t  high vol tages  is  not  ava i l ab le  a t  pres- 

ent .  Such an option may be f e a s i b l e  f o r  t h e  longer-term fu tu re .  

Nontechnological b a r r i e r s  t o  long-range e l e c t r i c a l  t ransmission include 

j u r i s d i c t i o n a l  and right-of-way considera t ions ,  a s  we l l  a s  e x t e r n a l i t i e s  such 

as  a i r  and water po l lu t ion  and unsightly t ransmission l ines .  Those who bene- 

f i t  from remote mine-mouth generat ion a r e  no t  t h e  ones who have t o  bear  t h e  

c o s t  of these  e x t e r n a l i t i e s ,  and a t  p resen t  no equ i t ab le  method f o r  t r a n s f e r  

payments has been devised. Clear ly ,  pub l i c  sentiment w i l l  p l ay  an important 

r o l e  ;in deciding whether l a r g e  mine-mouth power p l a n t s  l i k e  those i n  Pennsyl- 

vania w i l l  be b u i l t  t o  se rve  the  needs of o t h e r  s t a t e s .  

To summarize, coal  s l u r r y  p ipe l ines  and long-distance e l e c t r i c a l  t r ans -  

mission have inheren t  problems, both technological  and i n s t i t u t i o n a l ,  which 

w i l l  probably prevent  t h e i r  widespread use i n  the  Northeast. 





IV. COAL UTILIZATION BY ELECTRIC UTILITIES 

A. Introduction 

In the near (1985) and longer-term (2000) future, the amount of coal that 

can be used to generate electricity in the Northeast will be affected by (1) the 

availability of coal supply and transport (already discussed); (2) environmental 

restrictions and technology; ( 3 )  the cost of alternative fuels; and (4) "insti- 

tutional inertia." 

This section will focus on environmental restrictions and control technology 

for using coal for electric power generation, which will in large part determine 

the cost of using coal versus alternative fuels. A comparative analysis of the 

costs of coal- and oil-fired generating capacity for future steam-electric power 

plants is given in Appendix E. 

As used here, "institutional inertia" denotes the general reluctance of 

utilities to convert to coal, often because of the greater convenience and famil- 

iarity associated with the status quo. In addition, the risk and uncertainty in- 

volved in switching fuels in a changing economic and regulatory climate, coupled 

with disagreement on whether environmental control technology is sufficiently 

"available," militate against conversion to coal. On the other hand, political 

considerations regarding foreign leverage over American oil supplies weigh heav- 

ily in favor of domestic coal, even if it is uneconomical at current world en- 

ergy prices. Many oil-consuming uti1ities.j-n the Northeast are thus faced with 

a choice between maintaining the status quo, with the possibility of loss of 

supply, or risking a financial penalty for conversion to coal. In general, in- 

stitutional inertia favors the former.decision, although for some existing fa- 

cilities no real option exists because of physical and technical constraints. 

Legislation has been proposed to require all - new fossil-fired generating plants 

to burn coal after 1977 (U.S. Senate Bill S. 1777). However, until a more fa- 

vorable regulatory, technological, and economic climate exists for oil-to-coal 

conversion, institutional inertia will remain an important constraint on in- 

creased coal utilization. 

B. Environmental Restrictions and Control Technology 

1. Regional Regulatory Policy. Increasingly stringent environmental reg- 

ulations have contributed to the decline of coal use in the Northeast. The 



Clean A i r  Act Amendments of 1370 requ i re  each s t a t e  t o  submit a  S t a t e  Implemen- 

t a t i o n  Plan (SIP) t o  a t t a i n  na t iona l  primary and secondary ambient a i r  q u a l i t y  

s tandards  (Table 9 ) .  The p r i n c i p a l  a i r  p o l l u t a n t s  associa ted  with the  'burning 

of coa l  a r e  p a r t i c u l a t e  mat ter ,  s u l f u r  oxides., and n i t rogen oxides. 33 Since t h e  

technology f o r  con t ro l  of p a r t i c u l a t e s  is  f a i r l y  wel l  advanced, p a r t i c u l a t e s  a r e  

not  genera l ly  considered t o  be a  c o n s t r a i n t  on f u t u r e  coa l  use by e l e c t r i c  u t i l -  

i t i e s .  Their con t ro l  does, however, a f f e c t  the  c o s t  of e l e c t r i c a l  generat ion.  

S imi la r ly ,  n i t rogen oxides can usually be cont ro l led  by proper b o i l e r  design and 

f i r i n g  techniques. Although ni t rogen oxide emissions from coal - f i red  p l a n t s  a r e  

a  problem i n  some cases  ( p a r t i c u l a r l y  i n  o lde r  p l a n t s ) ,  they a r e  not  considered 

a  major c o n s t r a i n t  on f u t u r e  coa l  u t i l i z a t i o n .  

NATIONAL AMBIENT AIR QUALITY STANDARDS 

Primary S tar~dard Secondary Standard 

Averaging 
3 

Approx. ppm 
3 

Approx. ppm 
Con taminan t Interval IJ g/m (by ~ 0 1 )  ~9/m (by vol) 

Suspended 1 Yr 7 5 - 
Particulates 24 hr 260 - 

~i~j,fi ir ninxi i l~ 1 yr 80 O 1  03 - - 
24 hr 365 0.14 - - 
3 hr - - 1,300 0.5 

Carbon Monoxide 8 hr 1.0,000 9.0 10,Q00 9, U 
1 hr 40,000 35.0 40,000 35.0 

Photochemical 1 hr 1.60 0.08 160 0.08 
Oxidant 

Nitrogen Dioxide 1 Yr 100 0.05 100 0.05 

Note: Concentrations specified for intervals other than one year are maxima not 
to he exceeded more than once per year for the interval stated. All con- 
centrations relate to air at standard conditions of 25°C and 'I60 mm Hg. 
Annual average refers to arithmetic mean for gases and geometric mean for 
particulates. 

Sulfur  oxide emissions, on t h e  o the r  hand, a r e  responsib le  f o r  the  most 

severe l i r n i t a t i ~ n s ~ ~  on conversion of e l e c t r i c  u t i l i t y  p l a n t s  from o i l  o r  gas t o  

coal.  SIP'S f o r  t h e  Northeast region c a l l  f o r  s t r i n g e n t  l i m i t a t i o n s  on stack-gas 



emission l e v e l s  ( see  Table 1 0 ) .  For many s t a t e s ,  e x i s t i n g  regula t ions  preclude 

the  d i r e c t  combustion of coa l  without a flue-gas desu l fu r i za t ion  system, s ince  

l i t t l e  o r  no coa l  i s  ava i l ab le  with s u f f i c i e n t l y  low s u l f u r  content  (e.g.,  <1.5% 

a t  12,000 Btu/lb) .  Thus, f o r  a reas  with an e f f e c t i v e  s u l f u r  l i m i t a t i o n  of about 

1.5% o r  l e s s ,  some type of environmental con t ro l  technology f o r  sulfur a s  well 

a s  p a r t i c u l a t e s  is  genera l ly  necessary t o  comply with s t a t e  emission regu~la t ions .  

2. Available Desul fur iza t ion  Technology. Flue-gas desu l fu r i za t ion  (FGD)  

systems, o r  scrubbers,  represent  the  cu r ren t  technology f o r  reducing emissions 

of s u l f u r  oxides t o  the  s t r i n g e n t  l e v e l s  prevalent  i n  the  Northeastern United 

S ta tes .  Whether t h i s  technology is  s u f f i c i e n t l y  r e l i a b l e  on a commercial s c a l e  

is  the  sub jec t  of considerable na t iona l  debate. Nonetheless, i t s  success has 

been demonstrated i n  severa l  operat ions around the  country3' and many u t i l i t i e s  

have s h i f t e d  t h e i r  concern t o  the  economic r a t h e r  than t h e  technological  aspects  

of such systems. I n  the  p resen t  r epor t  it is  the re fo re  assumed t h a t  FGD systems 

w i l l  be technologica l ly  ava i l ab le  f o r  new p l a n t s  beginning opera t ion  between 1977 

and 1985. . A  c r i . t i c a 1  quest ion,  however, is  whether FGD is a l s o  a v iab le  tech- 

nology f o r  the  conversion t o  coal  of p l a n t s  cu r ren t ly  opera t ing  on o i l  o r  nat- 

u r a l  gas. 

For p l a n t s  t h a t  can convert t o  coal ,  the  a b i l i t y  t o  r e t r o f i t  FGD systems 

depends on physica l  and technological  f a c t o r s  and on the  type of FGD process con- 

s idered .  The two process types considered here a r e  throw-away sludge-generating 

systems and regenera t ive  systems y ie ld ing  a sa lab le  product.  The most common 

throw-away systems a r e  the  lime/limestone scrubbers, and the  most common regen- 

e r a t i v e  type i s  the  magnesium-oxide system. For the  throw-away systems, land 

f o r  sludge d i sposa l  must be ava i l ab le  (%12 mi l l ion  cu f t / y r  f o r  a 1000-MW p l a n t ) ,  

w h i l e  t he  f e a s i b i l i t y  of a regenera t ive  system is contingent  on a market f o r  the  

system's by-product ( i n  most cases,  s u l f u r i c  a c i d ) .  
3 1 

Regcnorative systems a l s o  

have higher i n i t i a l  c a p i t a l  cos t s  than lime/limestone scrubbers. 

The a b i l i t y  t o  r e t r o f i t  a l s o  depends on the  a v a i l a b i l i t y  of space c lose  

t o  the  b o i l e r  and s t ack  f o r  cons t ruct ion  of the FGD uni t .32  For the  densely 

populated coasLal nrcas of the Northeast,  space l i m i t a t i o n s  f o r  scrubber con- 

s t r ~ ~ c t i o n  and sludge d i sposa l  poses a major c o n s t r a i n t  on the  f u t u r e  use of t h i s  

technology. 

Economic f a c t o r s  e spec ia l ly  a f f e c t  the  v i a b i l i t y  of r e t r o f i t t i n g  FGD sys- 

tems. The f i r s t  cons idera t ion  i s  remaining p l a n t  l i f e t i m e ;  i f  a p l a n t  w i l l  



Table LO 

NORTHEAST REGION FUEL SULFUR REGULATIONS 
29 

Portion of State 

Cumberland, 
Sagadahoe, Oxford, & 

York Counties 

Fuel Type 

All 

Sulfur Limitation 
(wt %) 

1.50 

State 

Maine 

Rest of state All 

No. 6 residual 
Coal-existing boilers 
Coal-new boilers 

All 

New Hampshire All 

All 

All 

Vermont 

Rhode Island 

Massachusetts 

All 

Boston area ~eSidual 
cpal 
Residua 1 
Coal 

R ~ J L  ur stare 

All All Connecticut 

Hew Yorh All (vaxiable regulations 
by Air Quality 
Control Region) 

Residual Varies between 
0.3 and 2.0 

Varies betwccn 
0.3 and 2.2 

Coal 

New Jersey Statewide except ssrrnn 
courlties 

Res lc lua l  
Coal 

Atlantic, Cape May, 
Cumberland, Hunterdon, 
Ocean, Sussex, & Warren 

Residual 

All Varies between 
0.4 and 0.6, 
depending on 
boiler sized 

Pennsylvania Allegheny County, Beaver 
Valley & Monongahela Valley 
Air Rasins, and Southeast 
Pa. Air Ba~in 

Remaining eight air 
basins 

All Varies between 
1.1 and 1.9, d ~ w n d -  
i n 9  on boiler sizea 

2. 5a 

0.5' 
1.0 

1. ooc 
1.00 
2.00 

A l l  

Maryland. q l l  Residual 
Coal 

Delaware All 
New Castle County 
Kent & Sumex Coullties 

Residual 
All 
All 

District of 
' Columbia All All 

a ~ o r  regulation expressed as pounds sulfur or SO per million Btu, equivalent weight per- 2 
cent sulfur i3 calculated using 12,000 Btu/lb. 

b~.qulatlon rxy~essed aS pounds sulfur or SO per million Btu equivalent weight percent 
2 

sulfur is calculated by using 18,500 Btu/lb. 

C~urrently under consideration for revision. 



remairi in operation for only a few more years, FGD is not economically feasible. 

llthough selecting a cutoff point is rather difficult, a common criterion, 

adopted here, is that plants less than 20 years old are candidates for FGD. 

Vendor capacity, labor, engineering construction, availability, and lead- 

time requirements are other factors affecting potential FGD usage in the region. 

Figure 1'4 presents estimates of the national need for scrubber systems developed 

by the U.S. Environmental Protection Agency and assessments of vendor capacity 

by the Industrial Gas Cleaning Institute (IGCI) and the Sulfur Oxide Control 

Technology Assessment Panel (SOCTAP). The IGCI based their figures on a survey 

of vendors, who were asked to estimate unconstrained capacity, while SOCTAP based 

their estimate on an evaluation of vendors' ability to bring systems on-line 

smoothly, sell their systems, and expand their capacity. 33 Examination of Fig- 

ure 14 suggests that vendor capacity will meet U.S. demand by 1978 or 1979. Be- 

cause of institutional inertia and economic uncertainties, it is doubtful that 

any heavy marginal demand for FGD systems will develop in the Northeast before 

that time, so that vendor capacity should not be a major constraint on implemen- 

tation of FGD systems in the region. 

A final factor is the availability of capital to the electric utility sec- 

tor for environmental control expenditures. Here, the use of tax-free bonds, 

I Y I ~  77 78 73 no 8 I 
YEAR 

Figure 14. FGD vendor capac i t y  estimates . 26 



government-insured loans, and rapid pass-through of environmental control costs 

are all areas of current public policy consideration. Utility financing must 

receive considerable additional attention if policy incentives for the use of 

coal in the region are to be developed. 

In addition to FGD systems, the technologies currently available for the 

reduction of SO emissions from coal-burning power plants include the precom- 
2 

bustion removal of sulfur by mechanical coal cleaning. The increased cleaning 

of coal in preparation plants can decrease SO emissions at a low cost compared 
2 

with FGD systems. The principal drawback of coal-cleaning systems is that they 

cannot achieve the very low overall sulfur levels needed to comply with the more 

stringent state standards. Chemical coal cleaning, to remove additional (organic) 

sulfur from coal, 1s not yet cornrnerciaPly available but could bec0me.a viable op- 

tion in future decades. 

The use of tall stacks and intermittent control systems for meeting ambient 

air quality standards has also received considerable attention recently. Tall 

stacks disperse sulfur oxides at higher altitudes and thus decrease ground-level 

ambient SO levels. Intermittent controls include load shifting and fuel switch- 
2 

ing during periods of adverse meteorological conditions. At present these con- 

trol methods cannot be legally employed,, since they do not meet SIP stack emis- 

sion regulations. Also, current research by the U.S. Environmental Protection 

Agency and others indicates that sulfates. formed in the atmosphere as a result of 

SO emissions may be a more serious health prnhlem than the SO itself. Rcgula- 
2 2 

tory caution thus tends to preclude the use of tall stacks and intermittent con- 

trol systems as an environmental control option for the region, at least until 

more conclusive research on the sulfate problem has been completed. 

3. Present Use of Fossil Fuels and FGD Systems. Fuel use in the North- 

east between 1961 and 1973 was discussed in Section I. The present situation of 

electric utilities with respect to fuel. use, economics, and environmental effects 

is discussed in detail in Appendix C. A summary of these data for each nf the 

four subregions of the Northeast is presented in Table 11. Comparison with Fig- 

ure 3 shows little change in fuel mix between 1973 and 1974, although the prices 

of all fuels increased sharply as a result of the Arab oil embargo. Oil increased 

98% between 1973 and 1974 to $2.0l/million Btu; coal also increased 98%, to $0.91/ 

million Btu, although recently coal price levels have moderated. The trend to 



Table  11 

FOSSIL FUEL USE BY ELECTRIC UTILITIES I N  THE NORTHEAST, 1974a 

Energy T o t a l  Fue l  Average Average 
U n i t s  Consumed Cost  P r i c e  s u l f u r  

Loca t ion  Consumed (1012 Btu)  ( l o 6  $1 ($ / lo6  Btu)- Conten t  ( $ 1  

Mid-Atlant ic  S t a t e s  

c o a l  (10' t o n s )  8 ,643  205.8 259.8 1.26 1 .79  
3  

O i l  (10 b b l )  67,067 408.4 828.4 2.03 0.82 

Gas ( l o 6  f t 3 )  13,669 14.0  13.0 0.93 - 

Pennsylvania  

Coal 

O i l  

Gas 

New York 

Coal 

O i l  

Gas 

New England 

Coal  

O i l  

Gas 

Regional  T o t a l s  

Coal 

O i l  

Gas 

a 
From FPC Forms 1 and 67 for 1974. 



increasing differences between coal and oil energy prices could provide an eco- 

nomic impetus for conversion from oil to coal in the region. 

At present three FGD systems are operational in the Northeast: the Dick- 

erson No. 3 unit of Potomac Electric Power in Maryland, the Phillips Plant of 

Duquesne Light Company in Pennsylvania, and the Mystic Station No. 6 of Boston 

Edison Company in Massachusetts. Another seven plants in the region are either 

constructing FGD systems or have plans to do so.34 Table 12 summarizes all op- 

erating and planned regional FGD systems, their expected date of operation, and 

their recent status. The fact that eight utility companies have committed them- 

selves to this technology is an indication of its growing acceptance as a means 

of emissions control in the Northeast. 

C. Coal Demand Scenarios for 1985 

In estimating the possible use of coal by regional electric utilities for 

1985, two categories of plants are considered: existing fossil fuel capacity, 

and new plants that will begin operation before 1985. Demand scenarios for both 

cases are presented below, along with an analysis od some of the costs and bene- 

fits of converting fossil fuel-fired plants to coal. 

1. Conversion of Existing Oil-Fired Capacity to Coal. Estimates of the 

potential for converting existing fossil fuel capacity to coal are derived from 

recent studies resulting from federal initiatives that consider environmental 

restrictions, coal supply, and transportation availability on a plant-by-plant 

basis in the YegioiI. Yhe knergy Supply and Environmental Coordination Act of 

1973 (ESECA) granted the FEA authority to prohibit oil burning by utility plants 

that met certain criteria and were designated for such prohibition by the EPA. 

Prior to issuing these orders, FEA identified those plants judged to be possible 

candidates for conversion and followed up with a series of studies and hearings 

to determine the possible costs and effects of conversion at specific sites. 

The initial cost and feasibility studies are still being refined and updated by 

PedCo Environmental Specialists, Inc., under contract to EPA. 35 In another EPA 

study, Foster Associates, Inc., is studying coal transportation and supply.con- 

straints, also on a plant-by-plant basis. 36 The work done by these contractors 

to date (August 1975) is used here to estimate the feasibility, economics, and 

environmental impacts of conversion from oil to coal in the Northeast region. 



Table  12 

STATUS OF FLUE-GAS DESULFURIZATION SYSTEMS I N  THE NORTHEAST AS OF MAY 1975 
34 

Expected 
S t a r t - u p  C u r r e n t  

S t a t e  Company P l a n t  Date* S t a t u s  

MA Boston Edison Myst ic  No. 6 4/72 Shut  down 

New England Power Brayton P o i n t  No. 3  - Under c o n s t r u c t i o n  

PA Duquesne L i g h t  

Pennsylvania  Power 

Pennsylvania  E l e c t r i c  

P h i l a d e l p h i a  E l e c t r i c  

MD Potomac E l e c t r i c  
Power 

DE Delmarva Power & 

L i g h t  

P h i l l i p s  

Elrama 

7/73 O p e r a t i o n a l  

9/ 75 Under c o n s t r u c t i o n  

Bruce Mansf ie ld  No. 1 , 2 , 3  10/75 Under c o n s t r u c t i o n  

Bruce Mansf ie ld  No. 4  4/79 Under c o n s t r u c t i o n  

Homer C i t y  No. 3  - Under c o n s t r u c t i o n  

Cromby 

Eddystone 1 A  

Eddystone 1B 

Eddystone No. 2  

3/78 Planned 

?/75 Under c o n s t r u c t i o n  

3/78 Planned 

- Under c o n s t r u c t i o n  

Dickerson No. 3 9/73 Opera t iona l  

I n d i a n  River  No. 4  Under c o n s t r u c t i o n  

*Expected s t a r t - u p  d a t e s  are s - A j e c t  t o  delay.?. 

S i x t e e n  p l a n t s  i n  t h e  N o r t h e a s t ,  a l l  c u r r e n t l y  burn ing  o i l ,  were s t u d i e d  by t h e  

EPA c o n t r a c t o r s .  Consider ing a l l  t h e  c o n s t r a i n t s  invo lved ,  it i s  u n l i k e l y  t h a t  

any more g e n e r a t i n g  p l a n t s  cou ld  c o n v e r t  t o  c o a l  b e f o r e  1985, u n l e s s  environ-  

mental  r e s t r i c t i o n s  a r e  r e l a x e d  t o  a l l o w  coal-burning w i t h o u t  f l u e - g a s  d e s u l f u r -  

i z a t i o n .  



Three conversion scenarios are developed in this report. The first con- 

siders plants for which no large expenditures would be needed to comply with en- 

vironmental regulations for using coal. For these plants, conversion may be pos- 

sible within a year. 

The second scenario includes all plants in the first case plus those for 

which FGD technology is considered a feasible option. These plants should be 

able to convert to coal in the time required to plan and install the necessary 

environniental control equipment, but certainly by 1985. 

The third case covers fossil-fueled plants that might be able to convert 

to coal if local emission standards were relaxed. Although this case is much 

more controversid, it should be considered in terms of estimatinq its pnsqible 

economic and environmental effects, e~pccially i~r light of the increased pres- 

sure to relax emission standards in certain areas. 

a. case 1. Conversivr~ at "easily convertible" plants: Case 1 plants 

are those for which the FEA has issued orders of intent to prohibit oil burning 

 able 13) on the grounds that they rnuld bo aonverked L u  coal Wlthin environ- 

mental regulations and without large expenditures for flue-gas desulfuriaation. 

As indicated in Table 13, the convertible capacity associated with this case is 

3527 MW, representing N16% of 1974 oil-fired capacity in the region.. The total 

estimated cost of conversion is NS69 million, with a resulting oil savings of 30 

mi 1 1 i on bbL,/.;r 

The costs of conversion for each Case 1 plant reflect the FEA ostimstcs 

inade public when the intent orders were iscucd. However, bath the cost estimates 

and the intcnt orders have bcer~ contested by several of the utilities involved. 

The FEA estimates in Table 13, therefore, are intended only as a guide to the 

likely magnitude of the direct cost: to regional utilities for boiler and pre- 

cipitator modifications, coal-hsndlinq faailiti.l.?.r;,'drid eranspsrCaLiu~i facilities. 

Estimated savings from lower fuel costs are dealt with for all .Llli'ee cunversion 

scenarios in Section IV.C.4. 

b. case 2. Conversion at "easy" plus "feasible" plants: Thc ~ecend 

cunversion scenario includes plants that both FEA and EPA are considering as can- 

didates for conversion in the longer run. These plants were not initially given 

intent orders because such orders were thought to have much greater envirorimental 

and econon~iu impacts. This case includes updated assessments of conversion fea- 



FEA LIST OF POWER PLANTS WITH INTENT ORDERS FOR CONVERSION TO COAL, 37I38 CASE 

(as of June 30, 1975) 

Plant 

Schiller 

Danskammer 

Albany 

England 

Edgemoor 

Morgantown 

Crane 

Riverside 

Wagner 

State 

NH 

NY 

NY 

NJ 

DE 

MD 

MD 

MD 

MD 

Total 
Capacity 

(Mw) 

Annual 
Additional Annual 

Convertible Coal Fuel Oil 
Capacity Re ired Savings 

( ~ w )  (10 T" tons) (103 bbl) 

Estimated 
Total Cost 
of Conversion 

(lo3 $1 

Totals 5,407 3,527 7,612 29,765 68,811 

a Conversion costs for Crane, Riverside, and Wagner were considered together. 

sibility and economics for several plants of Case 1, based on the results of the 

PedCo and Foster studies. 35r36 Thus, four of the plants i n  Case 1 (Albany, 

Edgemoor, Morgantown, and Crane) are allocated FGD systems in the longer-term 

"feasible" case. This additional requirement was based on the expected availa- 

bility of low sulfur coal, as well as plant-specific economic and technological 

factors considered in the more recent studies for EPA. 

Table 14 lists the candidate plants in this "feasible" category and 

the remaining "easily convertible" plants. from Case 1. Shown are the converti- 

ble capacities, coal requirements, oil savings, environmental control options 

considered, and direct economic costs of,conversion. Total convertible capacity 

is 5800 MW, or %26% of 1974 total oil-fired capacity. Total direct cost for con- 



Table  14 

"EFSILY CCNVEETZD" PLUS "FEASIBLE" CATEGORY OF CAEJ3IDATES FOR CCNTERSION, 
35,36,37 

CASE 2 

P l a n t  

S c h i l  l e r  

Danskammer 

Albany 

England 

Edgerr.oor 

Morgantown 

Crane 

R i v e r s i d e  

Wagner 

Gould S t r e e t  

Salem Harbor 

Brayton P o i n t  

M t .  Tom 

West S p r i n g f i e l d  

Some,rset 

South S t r e e t  

Total .  

S t a t e  

NH 

INY 

INY 

N J  

DE 

MD 

MD 

MD 

YD 

?ID 

?1A 

m 

m 

m 

m 

3.1 

T o t a l  
Capac i ty  

179 

515 

400 

476 

836 

1,252 

400 

306 

1 ,043  

1 7 1  

805 

1,600 

150 

223 

527 

110 

Annual 
Adqi t iona  L 

Coal 
Requirement 
(103 t o n s  1 

176 

1 ,200  

1 , 0 4 1  

836 

833 

2 ,041  

976 

406 

594 

185 

549 

2 ,'357 

422 

455 

500 

241 

Anr!ual 
F u e l  O i l  
S a i r ings  
(102 b b l )  

668 

4,757 

3,876 

3,396 

3,319 

7,732 

3,806 

1 , 7 1 3  

2,488 

781 

3,027 

l C a ,  873 

I ,  661 

1,472 

1 ,986  

952 

C o n t r o l  Opt ion 
Considered 

New ESP's* ' '  

ESP upgrade 

FGD 

Low s u l f u r  c o a l  

FGD 

New ESP's 

FGD 

New ESP's 

New ESP's 

New ESP's 

FGD 

FGD 

FGD 

FGD 

FGD 

FGD 

Es t imated  
T o t a l  Cos t  

o f  Convers ion 
( l o 3  $1 

2,305 

*ESP = e l e c t r o s t a t i c  p r s c i p i t a t o r .  



version is estimated at $330 million, with an additional annual coal requirement 

>f 13 million tons, and oil savings of 52 millidn bbl/yr. 

c. Case 3. Conversion under relaxation of emission standards: The 

third scenario attempts to quantify the maxjmum effect on future regional coal 

utilization by relaxing state emission standards that may be more stringent than 

needed to meet existing national ambient air quality standards. The analytical 

techniques involved are currently being developed, most notably dispersion-model- 

ing techniques and data bases for' multiple-source situations. Thus, the intent 

here is merely to estimate the possible magnitude of increases in coal use. 

The plants in the Case 3 scenario are derived from various sources. 38-43 

Information from these sources, as well as judgmental considerations, was used to 

select plants that could meet air quality standards by using coal of about 1.5% 

sulfur content, which should be available in sufficient quantities by 1985 to 

meet new demands (see Section I). A second criterion was that all plants must 

have had historical coal-burning capability. Finally, it was assumed that none, 

of the conversion plants of Cases 1 and 2 would be effected by .relaxation of 

emission standards. 

Table 15 lists the plants meeting all three criteria, This report does 

not in any way recommend relaxation of emission standards for these plants; it 

merely looks at the possible regional impacts of such a scenario. Total and con- 

vertible plant capacities are given in Table 15. ,The direct capital costs of 

conversion are assumed to be negligible compared with the expenditures needed 

for conversion in Case 2. The only direct costs incurred in Case 3 are those £or 

boiler modification and rehabilitation of old equipment, In this scenario, the 

total convertible capacity is 3105 MW, and the regional oil savings is 25 million 

bbl/yr . 
Table 15 also shows the maximum effect of combining all three conver- 

sion scenarios. The total convertible capacity is -8900 MW, or 40% of 1974 

Northeastern oil-fired capacity. The total additiondl coal required by the re- 

gion is 21 million ton/yr, yielding oil savings of about 77 million bbl/yr. 

2. Cost-Benefit Approach to the Collversion Cases. Oil to coal conver- 

sion in thc Northeast is d s ~ ~ r a h 1 . e  from an enerqy independence and/or balance- 

of-payments point of view in that it reduces reliance on imports of foreign 

oil. At current prices, it also results in reduced fuel costs. However, cap- 



Table 15 

COAL CONVERSION UNDER RELAXATION OF STATE EMISSION STANDARDS, 38-41,43 CASE 3 

Annual 
Additional Annual 

Convertible Coal Fuel Oil 

Plant 

Sayreville 

Werner 

Bergen 

Burlington 

Sewareri 

Barrett 

Far Rockaway 

Port , T e f f ~ r n n n  

Montville 

Devon 

Norwalk Harbor 

Middletown 

Delaware City 

Subtotal 

Case 2 P l a n t s  
b 

State - 
NJ 

NJ 

N J 

NJ 

NJ 

NY 

NY 

blY 

CT 

CT 

CT 

CT 

DE 

Total 
Capacity (MW) 

347 

116 

650 

455 

850 

375 

114 

167 

577 

454 

326 

837 

130 

Capacity 
CMW) 

248 

6 0 

650 

193 

119 

175 

100 

350 

142a 

42ga 

326a 

183 

130 

Requirement 
(103 tons) 

Savings 
(103 bbl) 

a 
From ref. 42. 

b~rom Table 16. 

ital costs for conversion and indirect social costs from damage due'to pollu- 

tion tend to offset this reduction. In the absence of national political con- 

siderations, it is unclear whether the reduction in fuel costs resulting from 

oil-to-coal conversion is comparable with the increases in other costs (direct 

and indirect); i.e., whether conversion "makes sense" from an economic point of 



view. The following section attempts to place this issue in perspective for 

the three conversion cases and also for a "muddling through" case, which as- 

sumes no change in the future m i x  of utility fuels. 

3. Methodolgy. The methodology'used here is adapted from a recent study 

by the National Academy of Engineering (NAE) for the U.S. Senate. 44 The NAE 

format is helpful in determining whether a policy promoting the use of coal 

will be cost-effective to society for a given type or mix of technology. The 

specific problem considered is the environmental impact of SO emissions from 
2 

power plants. 

To illustrate the NAE methodology, consider a hypothetical 1000-MW power 

plant with the capability to burn coal or oil. Given data on plant operating 

characteristics and fuel quality, the annual SO emission can be easily calcu- 
2 

lated. Each pound of SO emitted has a societal damage cost attached,to it due 
2 

to adverse effects on health, vegetation, materials, etc. If an accurate dol- 

lar value could be assigned to the marginal or incremental cost of air pollu- 

tion damage caused by an additional pourc-t of SO entering the atmosphere, the 
2 

total social cost of SO emitted by this 1000-MW plant could be directly deter- 2 
mined. Although the exact damage cost of such  missions is not known, esti- 

- mated ranges of SO damages are presented by the NAE (and otheks) for different 
2 

power plant configurations. 

For the hypothetical 1000-MW plant, if the rate.of SO emissions is known, 
2 

the total societal (damage) cost is obtained by multiplying the mass of SO emit- 2 
ted by the damage cost per pound of emission. As society judges each pound of 

SO to be more damaging, the.tota1 damage cost of the plant emissions increases, 
2 

as shown in Figure 15. The vertical axis indicates the annual sum of social, 

environmental control, and.fue1 costs associated with the generating plant for 

varying values of unit SO damage cost (cents per pound of SO emitted). The 
2 2 

case of no environmental controls is represented by the line with the steepest 

slope. Nuke that if there were zero environmental damage cost, the intercept 

at $15 million/yr, representing the fuel cost, would be the total cost to soci- 

ety. At 30C damage/lb of SO2, however, the total cost to society would be $50 

million. 

Suppose now that without environmental controls, the plant is in viola- 

tion of the applicable emissions limitation. The options for compliance are to 



No Con 

H -I-/- - - ' ~ l u e  Gas Desulfurizat ion 

ENVIRONMENTAL DAMAGE COST ( C / l b  SO, E M I T T E D )  

Figure 15.  1000 MW p l a n t  example, SO2 s o c i a l  c o s t s .  

burn a higher quality fuel (oil or lower sulfur coal), institute precombustion 

coal-cleaning, or install an FGD system. The total economic cost to society.of 

any one of these options is the capital plus operating cost of implementation 

(borne initially by the utility), plus the damage costs of emissions still re- 

maining after the controls have been installed (borne indirectly by society). 



This total cost is shown in Figure 15 for three illustrative control measures. 

The slope of each line is directly proportional to the resulting annual SO 
2 

emission, so that as plant emissions decrease, so does the environmental damage 

cost. Typically, however, the implementation (capital plus operating) costs 

tend to increase as emissions are reduced. Thus, the resulting total cost (to 

society) depends strongly on the economic damage to the environment. If this 

were well known, the socially optimal control option would be the one with the 

lowest overall cost at the known damage value. However, only a likely range of 

damages is known for SO The NAE study suggests that this range is from 4C/lb 
2' 

SO2 emitted for a rural plant to $l.OO/lb for urban plant emission.33 The most 

probable cost was estimated to be 10.5C/lb SO, for a .rural plant and 27.5C/lb 
L. 

for an urban plant, assuming that all sulfur is emitted as SO2 (Table 161.. 
44 

For the hypothetical plant of Figure 15, this suggests stringent control (FGD 

system) would be appropriate in an urban area while no additional control might 

be optimal in a rural area. 

However, severe limitations are imposed on this methodology by the pres- 

ent state of knowledge of SO2 social costs and the relationship between sulfur 

emissions and atmospheric sulfate formation. Also, other pollutants released 
I 

to the air, land, and aquatic environments are not taken into consideration here 

Finally, the distribution of environmental control costs among consumers and 

electric utility companies must also be considered in defining.an "optimal" con- 

trol strategy. Despite these limitations, the SO social costing technique il- 2 
lustrated in Figure 15 does have some utility since it does not presuppose any 

single damage cost but rather points out the best options associated with dif- 

ferent ranges of social cost. 

It is instructive, then, to apply this technique to the three regional 

coal conversion scenarios developed earlier. 

4. Oil-to-Coal Conversion Scenarios. Two new base-line cases are also 

considered here. The first represents the 1974 fuel mix and resulting SO emis- 2 
sions. Because regional SO2 emissions after 1974 did not in all cases meet the 

requirements of the various SIP'S, the second scenario upgrades the current type 

of fuel to the quality (sulfur content) needed to attain compliance. To derive 

the added cost of this "compliance using current fuel mix" scenario, a regres- 

sion analysis was performed of recent data on cost as a function of sulfur con- 



Table 16 
6 

ESTIMATED DAMAGE COST (10 $1 OF SULrmR DIOXIDE EMISSIONS 

FROM RURAL AND URBAN PLANTs*~~ 

(Representative calculation for plant emitting 10,000 kg of 

SO fir, or 96.5 x lo6 lb sulfur/yr) 
X 

REMOTE PLANT 

Costs computed on the basis of 0.145 pg/m3 increase in sulfate 
and 0.35 pg/m3 increase in SO concentrations in metropolitan 

2 
areas with a population of 50 million 

3 
Health effects !computed at ambient level of 16 pg/m ) 

25,600 cases of chronic respiratory disease at $250 

256,000 person-days of aggravated heart-lung disease symptoms 
at $20 

53,000 asthma attacks at $10 

6,200 cases of children's lower respiraLuiy dfsease at $75 

14 premature deaths at $30,000 

Total heaJ.th costs 

Materinls dmago 
3 

$11.3 million per pg/m of SO4 X 0.145 

$3.0 million per pg/m3 of SU2 x 0.35 

nesthetics ($0.034 x 96.5 x lo6 lb) 
6 

Acid rain ($0.015 x 96.5 x 10 lb) 

Total emission costs 

Emissions cost per pound of sulfur = Z1C 

URBAN PLANT 

Costs computed on the basis of 1.86 pg/m3 irlcrease in sulfate 
and 7.5 pg/m3 increase in SO2 concentrations in metropolitan 

areas.of a population ot 11.5 rnilliorl 
3 

Health effects (computed at ambient level of 16 pg/m ) 

75,500 cases of Cnronic r t ) s p I ~ d L u ~ y  tl.i.*en3e at $350 

755,000 person-days of aggravated heart-iung d i s e a s e  sylupLullij: 
di $20 

156,000 asthma attacks at $10 

18,400 cases of children's lower respiratory disease at $75 

42 premature deaths at $30,000 

Tnt.al health costs 

Materials damage 

$2.6 million per pg/m3 of SO x 1.86 
4 

$0.7 million per pg/m3 'of SO2 x 7.5 

Aesthetics ($0.034 x 96.5 x lob lb) 
6 

Acid rain etc. ($0.015 x 96.5 x 1U lb) 

Total emissions costs 

Emissions cost per pound of sulfur = 55C 

*Note that damage cost per pound of SO2 is equivalent to one-half that per 
pour~cl of sulfur. 



tent for coal and oil purchased on a contract basis. The results, which were 

statistically significant, show that for each 0.1% decrease in sulfur content 

the price of coal increased by about 8C per million Btu, while the price of oil 

increased by about 5C per million Btu. The total cost of this compliance sce- 

nario was thus calculated by determining on a plant-by-plant basis (from the 

data of Appendix C) the reduction in coal sulfur content needed to meet emission 

regulations and the resulting added cost of fuel based on the regression analy- 

sis. Detailed calculations are shown in Appendix D. 

For these two cases as well as the three cases of oil-to-coal conversions, 

the total annual fuel cost was calculated at average 1974 prices, except for the 

"feasible" conversion scenario, in which coal costs were based on price esti- 

mates made by Foster Associates for available coal.36 Annual capital and oper- 

ating costs of environmental control options were computed on a plant-by-plant 

basis as shown in Appendix D. 

The regional summary of annual costs and emissions for all five cases is 

presented in Table 17. Both the annual fuel cost and annual conversion cost 

are indicated. The annual conversion cost is amortized based on a 15-year pro- 

ject lifetime at an interest rate of 9%. 

It may be seen from Table 17 that compliance with existing SO regulations 
2 

6 
(using the actual 1974 fuel mix) would limit annual emissions to 2.4 x 10 tons, 

6 
compared with actual 1974 emissions of 2.9 x 10 tons. However, none of the 

conversion-to-coal scenarios uniformly attains SIP compliance since emissions 

from plants not converted were assumed to remain at their actual 1974 values. 

Additional calculations could be made based on the regression analysis data to 

show the cost-benefit of also purchasing higher quality (compliance) fuels at 

plants not converted. NuLe that thc Case 1 scenario yields higher SO emissions 
2 

than the actual 1974 case. This is because allowable SO emissions for coal are 
2 

greater than for oil. 

Figure 16 is similar to Figure 1,5, except that here emissions are aggre- 

qated to include all fossil fuel-fired plants in the Northeast region. The five 

lines represent the two cases of 1974 fuel mix (actual and upgjraded), plus .the 

three conversion cases. The ir~tersection of each line with the vertical axis 

represents the annual conversion plus fuel costs of Table 17. In each case., the 

slope of the line isdirectly proportional to the magnitude of SO emissions. 
2 



Table 17 

REGIOYAL COSTS AND SE2 EMISSCa3NS 

FOR SZVERAL CONVERSICN SCENAXLOS 

Anr-cal Fuel Cost 
Case ( lo6  $1 

1974 Fuel mix (bzse case) 4135 

1974 f u e l  mix upgraded 
f o r  SO compliance 

2 .  
Conversion case 1 4026 

Conversion case 2 3975 

Conversioln cases I, 2, 3 3892 

h n u a l  
C o n - ~ r s i o n  Ccst 

( l o 6  $1  

0 .  

C~nvers ion  and 
Fuel Costs 

(106 $ 1  

4135 

Annual SO2 
Emissions 

(106 tons)  

a Emissions from p lan t s  not converted a r e  assumed t o  remair, a t  acYl.31 1974. values. 





Figure 16 indicates that up to an average environmental damage cost of 

27$/lb SO2, the least-cost option is the conversion programs of Cases 1 and 2 

plus standards relaxation CCase 3 ) .  Above 27$/lb, conversion without relaxation 

is the optimal.strategy. Note that any of the three conversion cases appears 

more attractive than the actual 1974 fuel mix up to an SO damage cost of 
2 

%57C/lb SO2 emitted. 

Given the'earlier NAE estimates of probable SO social costs U2C/lb for 2 
a rural plant and 28C/lb for an urban plant) a tentative conclusion is that con- 

version from oil to coal in the Northeast region may be cost-beneficial for the 

three. conversion scenarios considered here. Caution must be exerci sed, however, 

Not only are marginal SO damage costs uncertain, hut aggregating emissioi~s un a 
2 

~ e y i u n a l  scale also ignores geographical variations, which could be significant. 

Nonetheless, the analysis suggests that some regional move toward coal ulilizg- 

tion may be worthwhile on an overall economic basis, and data developed in this 

report could allow this analysis to be refined in greater geographic detail. 

Other comparisons in Figure 16 are worth noting. For example, if relaxa- 

tion of standards (Case 3)  is deleted as being politically unacceptable, then 

Case 1 is the optimal strategy up to an environmental damage cost of 14$/lb SO 
2 

Beyond that, Case 2 is the overall least-cost strategy. In comparing the two 

1974 fuel mix cases, actual 1974 fuel quality yields a lower cost option if SO 
2 

damage cost is below 44C/lb. This suggests that buying higher quality Euels to 

attain compliance produces benefits only in those inctances whene ddmaqe costs 

are thought to be relative3y high. 

Another important point is that each case in Figure 16 is very sensitive 

to changes in fuel price. Table 17 indicates that total annual fuel costs are 

very large relative tu annual conversion costs.. If oil and coal prices inflate 

at the same i d L e r  then the relative desir.ability of the alternative options will 

not change. If oil prices remain steady while coal prices increase, a no- 

conversion scenario will look better. However, if oil prices inflate more rapc 

idly than coal, a limited reqionaJ, ooal canvcs-siurr progrm appears even more at- 

tractive. 

5. Potential for Coal Use at New Generating Plants. Another source of 

additional demand for coal by 1985 will be coal use at new electric generating 

plants. Since the lead time for planning, designing, and constructing a new 



plant is ahout ten years, significant changes in the utilities' presently plan- 

ned mix of fossil and non-fossil plants for 1985 are unlikely. New plants at 

which coal use might be intensified are probably limited to planned additions 

of fossil-fuel capacity, and scenarios for coal use in new generating stations 

will be based on this assumption. 

Scenarios for possible coal use in new fossil generating capacity (addi- 

tions between 1975 and 1985) is bracketed by the following three cases: 1. all 

new fossil fuel capacity is coal (high case), 2. presently planned mix of fossil 

fuels is implemented (medium case), and 3. all new fossil capacity is oil (low 

case). 

Estimates of total planned regional electrical generation by energy source 

for 1985, derived at BNL, 45, are shown in Table 18. Estimated generation by new - 
fossil plants appears in Table 19. Assuming an average heat rate of 10,000 Btu/ 

kwh, the required energy and fuel input quantities were calculated for each sce- 

nario (Table 20). 

Table  1 8  

ESTIMATED 1985 ELECTRICAL GENERATION 

I N  THE NORTHEAST 
4 5 

Source 

Nuclear  s team 

Coal - f i red  s team 

O i l - f i r e d  s team 

Hydro (convent iona l  and 
pumped c torage) 

Pumping energy 

I n t e r n a l  combustion and 
g a s  t u r b i n e  

Combined c y c l e  

U n c l a s s i f i e d  ( f u e l  c e l l ,  e t c . )  

Genera t ion  
( 109 kwh 

256.47 

167.53 

148.55 

% of  
T o t a l  

Genera t ion  

42 

1 . 5  

0 .5  

neg . 

TOTAL 611.58 



Table 19 

ESTIMATED REGIONAL ADDITIONS OF OIL 

AND COAL GENERATION, 1975-1985 

Estimated 
Estimated 1985 Actual 1974 Estimated New Additional Btu 

Additions a Generation Generation Requirement 
Fuel (lo6 kwh) (lo6 kWh) (106 kwh) (10~2 Btu) - 
Coa 1 167,530 111,118 56,412 564.1 

Oi 1 148,550 135,655 12,895 

Total 316,080 246,773 69,307 

a 
Based on average new plant heat rate of 10,000 Btu/kWh. 

6. Sumnary of Ecenarios f o ~  1985. To characterize the range ok possible 

electric utility coal demands for both existing and new capacity, five combina- 

tions of the conversion and new capacity scenarios are presented in Table 21. 

The lowest case is that of no conversion and no new coal-fired capacity addi- 

tions. This is not a likely situation in view of recent and growing interest in 

the increased use of coal. 

A more realistic case would be the conversinn tn coal at "ea~ily" convert- 

ible existing plants, plus implementation of present plans for new coal-fired 

additions. A slightly higher medium coal use scenario would be the conversion 

to coal at "feasible" as well as "easy" existing plants, in addition to pres- 

ently planned new capacity additions. This scenario, however, could he contin- 

gent on guve~r~lnental or economic incentives for converting existing plants to 

coal. 

A high coal use case is the combination of conversion at a1 1 "easy" and 

"feasible" plants, pins c n a l  llso at a l l  new fnn2i 1 fuel cap ic i ly  additions. 

This scenario is similar to what would result from legislation currently under 

consideration by Congress. The highest coal use scenario adds relaxation of 

emission standards to the previous case. This extreme is also unlikely in view 

of the significant changes in environmental policy that would be required. How- 



Scenario 

High case - all new 
fossil fuel capacity 
is coal 

Medium case - present 
utility plans for 
fossil fuel mix 

Low case - all new 
capacity is oil 

Table 20 

SCENARIOS FOR FUEL USE AT 

NEW FOSSIL PLANTS (1985) 

Additional Coal Reauirement Additional Oil Reauirement 

1012 ~ t u ~  
6 

10 tons 
b 

1012 ~ t u ~  lo6 bblC 

a 
From Table 19. 

b~ased on regional average 1974 coal heat value of 23.37 x lo6 Btu/ton. 

C 
Based on regional average 1974 oil heat value of 6.09 x lo6 Btu/bbl. 



Table 21 

SLlMMARY OF FIVE 1985 

COAL USE SCENARIOS 

Required O i l  Use Required Coal Use 

Scenario 1012 Btua l o 6  bbl  1012 Btua 6 10 tons 

A. No conversion and 
no new coal- f i red  
generation 2166 355.6 1234 52.8 

B. Conversion a t  e a s i l y  
oonvcrt iple l j l a l ~ t s  
plus present-  plans 
f o r  new capacity 1421 233.3 1975 84 .5  

C. Conversion a t  f e a s i b l e  
p lan t s  p lus  present  
p l a ~ ~ s  f o r  new capac- 
i t y  1283 

D. Conversion a t  a l l  
f eas ib le  p l a n t s  p lus  
a l l  new f o s s i l  coal- 
f i r e d  capacity 1153 

E. Relaxation of emission 
standards - a l l  new 
f o s s i l  coal - f i red  
Capaclty 979 

a 
Based on t h e  average h e a t  values in T a b l a  20. 



ever ,  even f o r  t h i s  h ighes t  coa l  use  scenar io ,  the  coal  supply es t imates  pre- 

sented i n  Section I1 i n d i c a t e  t h a t  s u f f i c i e n t  coa l  should be ava i l ab le  t o  s a t -  

i s f y  the  1985 demand f o r  e l e c t r i c a l  power generat ion i n  t h e  Northeast.  

D. Coal Demand Scenarios f o r  2000 

1. New Generating Capacity. New genera t ing  p l a n t s  b u i l t  between 1985 and 

2000 w i i l  have much g r e a t e r  f l e x i b i l i t y  of f u e l  m i x  opt ions ,  inc luding advanced 

technologies permi t t ing  increased u t i l i z a t i o n  of coal .  For t h e  purposes of  t h e  

p resen t  s tudy,  t h r e e  scenar ios  of the  e l e c t r i c  u t i l i t y  f u e l  mix i n  2000 a r e  de- 

veloped with use of t h e  BNL es t imates  of the  medium regional  e l e c t r i c i t y  require-  

ments i n  1985 and 2000.45 New capaci ty  i n  these  scenar ios  is t r e a t e d  only i n  

terms of the  - n e t  add i t ion  t o  r eg iona l  generat ion between these  two yea r s ;  i . e . ,  

any p l a n t s  r e t i r e d  between 1985 and 2000 a r e  i n  t h e  aggregate assumed t o  be re-  

placed by p l a n t s  using the  same t o t a l  quan t i ty  of coal  a s  i n  1985 (a conserva- 

t i v e  es t imate  f o r  a high coal  use case ) .  

A s  a low bound, it i s  assumed t h a t  none of t h e  a d d i t i o n a l  n e t  generat ion 

is  coal - f i red .  Thus, coal  use i n  2000 remains a t  t h e  1985 l e v e l .  Next, a me- 

dium case assumes t h a t  the  f u e l  m i x  of new capaci ty  added by 2000 w i l l  be t h e  

same a s  t h a t  now planned f o r  1985. A t h i r d  (high use case scenar io ,  r e f l e c t i n g  

the  p o s s i b i l i t y  of a nuclear  moratorium and p roh ib i t ion  of t h e  use of o i l  f o r  

new e l e c t r i c  power p l a n t s ,  assumes t h a t  a l l  n e t  generat ion added between 1985 

and 2000 w i l l  be coa l  f i r e d .  

The n e t  increase  i n  regional  generat ion between 1985 and 2000 w i l l  be 

655.22 mi l l ion  MWh a s  a medium case. 45 For 1985, 27% of t o t a l  planned genera- 

t i o n  i s  est imated t o  be coal  f i r e d .  Using these  two f i g u r e s ,  and assuming an 

average hea t  rare of 10,000 Btu/kWh f o r  ncw p l a n t s ,  fut1.1re cna l  energy require-  

ments f o r  new generat ion between 1985 and 2000 can be ca lcu la ted  f o r  the  th ree  

scenar ios  (Table 22). 

2. Tota l  U t i l i t y  Coal Use. Three o f  t h e  f i v e  scenar ios  f o r  1985 coa l  

use i n  Table 21 a r e  combined i n  Table 23 with the  t h r e e  scenar ios  f o r  coa l  ad- 

d i t i o n s  between 1985 and 2000 t o  i n d i c a t e  a poss ib le  range of coal  usage by 

Northeast e l e c t r i c  u t i l i t i e s  i r i  the year  2000. This range i s  between 85 and 

384 mi l l ion  tons  of coal ,  o r  2. 2.0 t o  9.0 quad ( l oL5  Btu) gf energy. The wide 

range r e f l e c t s  the  impl ica t ions  of r e l y i n g  on d i f f e r e n t  mixes of coal ,  o i l ,  and 



Table 22 

ESTIMATED COAL REQUIREMENTS FOR 

NET GENERATING ADDITIONS, 1985-2000 

a 
Additional Coal Requirement 

Scenario lo12 ~ t u  
6 

10 tons 

No new coal  use a f t e r  
1985 0 0 

Same percentage coal  use 
f o r  added capacity a s  
f o r  nominal 1985 gener- 
a t i o n  

A l l  n e t  capacity added 
is  coal  f i r e d  

J. 
Dascd 01, 1974 dvurdqu coal hcae value o t  23 .37  n Btu/ton. 

nuclear power for future electrical generation in the Northeast. Note that im- 

plementation of the highest coal use case could be constrained by available sup- 

ply, according to the estimates in Section 11. 

E. Future Demand for Anthracite Coal 

As noted in Section 11, al  t .hm~gh anthracite coal; will mount ,  to or,l-y a 

small proportion of available total regional. s i ~ p p l i ~ s ,  i t s  production io cap 

able of being expanded, provided that anthracite markets exist. A recent study 

by Berger ~ssociates~' suggests that potential markets do exist in the electric 

utility, industrial, commercial, and export sectors. Table 24 presents 

Berger Associates' estimates2' for possible future consumption of anthracite in 

these various markets. The 1991-2000 estimates are based on the ability of an- 

thracite to compete with other fuels, as well as technical feasibility. They 

indicake that anthracite consumption in the year 2000 could amount to 17 million 

tons. Table 24 does not include possible markets associated with anthracite 

mining in the Narragansett Basin area of Massachusetts and Rhode Island. 



Table  23 

SCENARIOS FOR UTILITY COAL 

USAGE I N  2000 

Annual Coal Requirement 
a 

1985 S c e n a r i o  2000 S c e n a r i o  
b 6 

10 t o n s  1012 ~ t u  

Conversion a t  "easy" a. No new c o a l  u s e  
p l a n t s ,  p l u s -  p r e s e n t  a f t e r  1985 84.5 1975 
p l a n s  f o r  1975-1985 
new c a p a c i t y  b. 1985 f u e l  mix i n  

new p l a n t s  160.2 3744 

c .  A l l  n e t  c a p a c i t y  
added u s e s  c o a l  364.8 8527 

Conversion a t  "easy" 
and " f e a s i b l e "  p l a n t s  
p l u s  p r e s e n t  p l a n s  
f o r  1975-1985 new 
c a p a c i t y  

Re laxa t ion  o f  emiss ion  
s t a n d a r d s  p l u s  con- 
v e r s i o n  a t  "easy" and 
" f e a s i b l e "  p l a n t s ;  a l l  
1975-1985 new c a p a c i t y  
is  c o a l  

a .  No new c o a l  usage 89.7 2096 

b. 1985 f u e l  mix i n  
new p l a n t s  165.4 3865 

c .  A l l  n e t  c a p a c i t y  
added u s e s  c o a l  370.0 8648 

a .  No new c o a l  
usage 

b. 1985 f u e l  mix i n  
new p l a n t s  179.2 4188 

c .  A l l  n e t  c a p a c i t y  
added u s e s  c o a l  383.8 8971 

a 
Table  21, S c e n a r i o s  B, C, and E. 

 able 22. 



Consuming Sector 

Eloetric u.kiliLles 

Industry 

Retail, commercial, 
institutional, 
home heating 

Exports 

Total 

Table 24 

POTENTIAL ANTHRACITE CONSUMPTION, 1974-2000 

Approximate 
1974 Consumption 

( lo3 tons 

i', 380 

Potential Annual 
Consumption, 1981-1990 

(103 tons ) 
Minimum Max@= 

1, Jt lU 4,430 

3,006 3,973 

Potential Annual 
Consumption 
1991-2000 
(103 tons) - 
11,000 



V. SYNTHETIC FUELS FROM COAL 

A. Present  S ta tus  of Coal Conversion Programs 

Conversion processes f o r  producing syn the t i c  gases and l i q u i d s  from coa l  

a r e  rece iv ing considerable a t t e n t i o n  a s  a means of u t i l i z i n g  abundant United 

S t a t e s  coal  resources t o  he lp  s a t i s f y  domestic demands f o r  environmentally ac- 

ceptable fue ls .  However, commercially ava i l ab le  coal  conversion processes a r e  

s t i l l  l imi tcd  pr imar i ly  t o  pre-World War I1 technology, with some upgrading. 

Second-generation technologies o f f e r i n g  more v e r s a t i l e  and economic operat ion 

a r e  a t  the  laboratory-scale o r  p i lo t -p lan t  s t age  and w i l l  no t  be commercially 

ava i l ab le  before the  ea r ly  t o  mid-1980's i n  most ins tances .  

Tables 25 t o  27 l i s t  the  coal  conversion processes most l i k e l y  t o  repre- 

s e n t  commercial-scale ventures i n  the  l a t t e r  p a r t  of t h i s  century. Low-Btu gas 
3 processes (producing gas with an energy content < 200 Btu/ f t  1 a r e  l i k e l y  t o  be 

employed a s  a s u b s t i t u t e  b o i l e r  f u e l  f o r  u t i l i t y  and i n d u s t r i a l  app l i ca t ions  

and a s  a working f l u i d  i n  combined cycle processes f o r  c e n t r a l  s t a t i o n  e l e c t r i -  

c a l  generation. Low-Btu gas processes include the  commercially ava i l ab le  Lurgi 

and Koppers-Totzek processes,  which a r e  beginning t o  be used i n  t h e  U.S. When 

coal  i s  reacted  with oxygen r a t h e r  than a i r ,  such processes produce a medium- 
3 Btu gas with a heat  value typ ica l ly  between 200 and 400 Btu/ f t  . Low and medium- 

Btu gas usual ly  must be used near  t h e  s i t e  of conversion, s i n c e  p i p e l i n e  t rans-  

p o r t  c o s t s  a r e  uneconomical over long distances.  
3 

High-Btu gas (heat  value > 900 Btu/ f t  1 is produced by upgrading low o r  

medium-Btu gas by a process known a s  methanation. This s t e p  has t o  d a t e  been 

demonstrated commercially only on a Lurgi g a s i f i e r  i n  Scotland. Most high-Btu 

gas processes a r e  a t  the p i l o t - p l a n t  starJe and are not  l i k e l y  t o  be commercially 

ava i l ab le  before  t h e  m i d - 1 9 8 0 ' s . ~ ~  Pioneer p r o j e c t s  i n  t h e  U.S. using the  Lurgi 

technology, however, may begin i n  t h e  l a t e  1970's t o  blend s y n t h e t i c  n a t u r a l  gas 

i n t o  e x i s t i n g  p ipe l ine  suppl ies  i n  the western p a r t s  of the  U.S. Table 26 l i s ts  

new second-generation processes under development. 

The processes involved i n  the  production of sya t l l e t i e  cud1 l i q u i d s ,  f o r  

the  most p a r t ,  a r e  not  y e t  beyond the  pi lot-plant .  s tate.  The p r i n c i p a l  excep- 

t i o n  is  the  Fischer-Tropsch process,  which has been used f o r  seve ra l  decades t o  

produce gasol ine  from coal  i n  Europe and Africa. Synthet ic  l i q u i d  production 



Table 2 5  

PROCESS FOR CONVERTING COAL TO LOW-Btu GAS 
4 6 

Process 

Atmospheric pressure f ixed  
Bed 

Fixed-bed g a s i f i e r  

Entrained g a s i f i c a t i o n  

Fluid-bed gas i f i ca t ion  

Two-stage slagging 
g a s i f i c a t i o n  

ATGAS 

I n ~ i t u  yas lP loa r ion  

Elevated pressure  entrained 
bed 

Ignif  lu id  

K n p p ~ r s - T O B O C ] ~  

Lurgi 

Wellman-Galusha 

Winkler 

Aaent 

U.S. Bureau of Mines 

General E l e c t r i c  Company 

Combustion Engineering 

Westinghouse E l e c t r i c  Corp. 

The P i t t sburg  & Midway Coal 
Mining Company 

Applied Technology Corp. 

U.S. R~ircau of Minc3 

The Pi t t sburg & Midway Coal 
Mining Company ; Northern 
Cta tes  Puwcr; Fosfei Wheeler 

Fives-Gail Babcock, 
l a  Corneuve, France 

Koppers , Iric . 
Lurgi Mineralotechnik, 

Frankfort-am-Main, West 
Germany 

Glen-Gery Corp. 

Pintsch Bamag, GlnbH, 
West Gemany 

I G T  

i n  t h e  U.S. i s  l i k e l y  t o  l a g  behind the  production of s y n t h e t i c  qases because 

of technologica l  f a c t o r s  and high c o s t s  compared with cu r ren t  world prices of 

petroleum. Toward t h e  l a t t e r  p a r t  of t h i s  century, however, syn the t i c  liq11.i d 

f u e l s  may p lay  an increas ingly  important r o l e  i n  U.S. energy suppl ies  by pro- 

v id ing b o i l e r  f u e l s ,  r e f ined  products ,  or s y n t h e t i c  Crude o i l  f o r  use a s  a 

petroleum r e f i n e r y  f e e d s v c k .  Table 27 l i s ts  severa l  processes showing poten- 

t i a l  f o r  commercialization. 



T a b l e  26 

PROCESSES FOR CONVERTING COAL 'TO ' H I G H - B ~ U  GAS 
46 

P r o c e s s  

B I  -GAS 

C o n s o l  s y n t h e t i c  gas 
(CSG) or C 0 2  
acceptor 

HY GAS 

S y n t h a n e  

' H y d r a n e  

S e l f - a g g l o m e r a t i n g  
gas i f i ca t ion  process 

A g e n t  

B i t u m i n o u s  C o a l  R e s e a r c h ,  I n c .  
(BCR/OCR/AGA) 

C o n s o l i d a t i o n  C o a l  C o m p a n y ,  ' 

OCR/AGA 

I n s t i t u t e  of G a s  T e c h n o l o g y  
(IGT/OCR/AGA) 

U.S. B u r e a u  of M i n e s  

U.S. B u r e a u  of M i n e s  

B a t t e l l e  M e m o r i a l  I n s t i t u t e  
(BMI /OCR) 

T a b l e  27  

PROCESSES FOR CONVERTING COAL TO L I Q U I D  
4 6 

P r o c e s s  A g e n t  

S o l v e n t  r e f i n e d  coal (SRC) P i t t s b u r g  and M i d w a y  C o a l  M i n i n g  
C o  . 

S o l v e n t  re f ined coal 

S y n t h o i l  

1.1-Coal 

COED ( c h a r ,  o i l ,  e n e r g y  
d e v e l o p m e n t )  

F i s c h e r - T r o p s c h  

S o l v e n t  d iges t ion  

S o u t h e r n  Services, I n c .  

U.S. B u r e a u  of M i n e s  

H y d r o c a r b o n  R e s e a r c h  Inc . 
FMC C o r p o r a t i o n  

SASOL, - South A f r i c a  

N a t i o n a l  C o a l  B o a r d  

R.  Current National Supply Estimates 

1. Clouds i n  the  Crys ta l  Ball .  Although the  p o t e n t i a l  f o r  a  coal-based 

synthet ic  f u e l s  indust ry  j.n t h i s  country is  l a rge  i n  terms of n a t u r a l  resources 

and technology, many add i t iona l  f a c t o r s  introduce considerable uncer ta in ty  a s  

t o  t h e  l e v e l s  of syn the t i c  f u e l s  production t h a t  w i l l  a c t u a l l y  be r e a l i z e d  dur- 

ing the  next seve ra l  decades. Some of these  f a c t o r s  a r e  l i s t e d  i n  Table 28. 



Table 28 

CONSTRAINTS AFFECTING SYNTHETIC FUELS 

COMMERCIALIZATION LEVELS 
4 7 

- Venture capital availability 
- Air quality standards 
- Resource availability 
- Water availability 
- Water quality standards 
- Community impact 
- Socio-economic factors 
- Personnel, materials, and equipment 
- Coal conversion technoloqy 
- Environmental control technology 
- Institutional barriers 

Economic considerations are perhaps the greatest inhibitor of synthetic fuel 

development in this country, since competing energy sources, as  ell as tech- 

nologies for direct coal utilization, are in many cases more attractive than 

synthetic fuels processes at present. In addition, a host of technological, 

environmental, socio-economic, and political factors be resolved before syn- 

thetic fuel production forecasts can be sharpened. The approach taken here, 

therefore, is again to examine scenarios reflecting a range of possible fu- 

tures for synthetic fuels from coal. As with the coal supply outlook, re- 

gional energy supplies to the Northeast are derived from national production 

level forecasts, reviewed below. The following paragraphs summarize the major 

assumptions for the synthetic fuels projections reviewed. 

2. Synthetic., Fuels Com~11ercializat.inn Program L~vcls. 113 k i . s  S k a t e  of .- *% ,.-. 
the Union Message of January 1975, President Ford called for accelerated de- 

velopment of U.S. energy technology and resources, including the target of 

producing the energy equivalent of one million bbl/day of synthetic fuels by 

1985. An analysis and definition of a Synthetic Fuels Commercialization Pro- 

gram (SFCP) was the subject of a four-volume draft report issued by the Syn- 

fuels Interagency Task Force of the President's Energy Resources Council in 

June 1975. The SFCP study included processes for producing synthetic fuels 



from shale oil and hio-mass as well as from.coa1, and examined three overall 

production (program) levels for the 1985 target date. 47 The lowest level, or 

"information program," was designed to produce the energy equivalent % 350,000 

bbl oil/day by 1985 of synthetic fuel, Of this, synthetic fuels from coal in- 

cluded 50,000 bbl/day of synthetic liquids, 40,000 bbl/day equivalent of high- 

Btu gas, and % 125,000 bbl/day equivalent of low-Btu gas. The medium program, 

producing a total of one million bbl/day of synthetics fuels, included 100,000 

bbl/day of coal liquids, 280,000 of high-Btu gas, and 250,000 of low-Btu gas. 

Finally, the "maximum program," representing an intense commercialization effort, 

was estimated to be capable of producing 1.7 million bbl/day of synthetic fuels, 

including 100,000 of coal liquids, 480,000 of high-Btu gas, and 525,000 of low 

Btu gas from coal, 47 

The three production levels examined in the SFCP effort may be taken as 

one estimate of high, medium and low scenarios for synthetic fuels availabil- 

ity in 1985. Medium production schedules are shown in Figure 17. The con- 

straints on achieving any of the SFCP production levels include, to some ex- 

tent, nearly all the items listed in Table 28. For all types of coal conver- 

sion processes, however, the most important constraint, regardless of the pro- 

duction target, appears to be the availability of venture capital. 47 Thus, 

one of the key tasks of the SFCP effort was to define and analyze alternative 

incentive plans, such as guaranteed government loans, which are considered es- 

sential if any significant commercialization of synthetic fuels is to come 

about within the next decade. Realistic forecasts of synthetic fuels produc- 

tion capability thus await administrative and Congressional action on an ap- 

propriate government incentive plan (if any). Even with this spur to U.S. com- 

inercializdlioli, the environmental, ann.i.a.l., institutional, and other constraints 

listed in Table 30 leave considerable uncertainty as to the rate of synthetic 

fuels commercialization in this country. 

3. Stanford Research Institute Scenarios. Another useful set of esti- 

mates is derived from a Synfuels Interagency Task Force ~ e ~ o r t l ~  which con- 

tains an analysis of future U.S. energy supply and demand by the Stanford Re- 

search InstiLuLe CSRI). This effort w a s  part o f  the cost-benefit analysis of 

alternative production levels of synthetic fuels. It employed a computerized 

model developed by SRI which considered energy supply, demand, and price for 

all major forms of domestically produced and imported fuels Coil, gas, shale, 



coal, nuclear, hydroelectric, and geothermal) over the period 1975-2025. Out- 

put included the price and quantities of primary energy resources and synthetic 

fuels products as a function of time. A more complete description of the model 

can be found in reference 16. 

The SRI analysis included numerous cases demonstrating the sensitivity of 

synthetic fuels projections to uncertainty in selected variables, including im- 

port prices, availability of domestic oil and gas, cost 05 synthetic fuels,.tim- 

ing of synfuels commercialization, total U.S. energy demand, nuclear availabil- 

ity, cost of coal, rates of return, and hydrogen availability. Output of the 

analysis again included volume and market price trends of all energy sources in 

each scenario. In general, changes in demand had a much greater effect on im- 

ports than on syrithetic fuels production, which indicates that the greatest im- 

pact of energy conservation would be a reduction in foreiqn supplies. 

4. Project Independence Blueprint Scenarios. Another analysis of the 

potential for synthetic fuels from coal was conducted as part of the Project 

~ndk~endence Blueprint effort completed in late 1974. 46 The Synthetic Fuels 

Task Force Report reviewed the status of synthetic fuels technology, .the ec- 

onomics of synthetic fuels processes, and the requirements and impacts of com- 

mercial synthetic fuels plant construction. On this basis, three production 

scenarios were formulated for low-Btu (utility) gas, high-Btu (pipeline) gas, 

and synthetic liquid fuels from coal. The scenarios corresponded to uncon- 

strained production (high estimate) accelerat.~d production (mcdium es,t i iwLe) , 
as business-as-usual production (low estimate). 

The high (unrestricted) production estimate represents a crash program in 

which resources are expanded as quickly as possible and are fully devoted to'the 

needs of a synthetic fuel plant construction.program. The estimates of produc- 

tion levels were based solely on the judgment of the Task Force contributors, 

who caution that this scenario is believed -to represent "a totally fictitious 

situation" in terms of its actual likelihood of iqplemcntati~n. 

The accelerated development scenario, 1 i l c ~  the ac.ctllaratcd coal supply 

scenario, would require decisive governmental action designed to stimulate syn- 

thetic fuels comercialization. This would include financial incentives (such 

as price support, government guaranteed loans, and tax incent.ives), water allo- 

cation priorities, extension of pollution control schedules, one-stop permit 



provisions, cor~tii~uation of oil depletion allowance, modification of public 

lands leasing practices, and possible other propqsals representing substantial 

modification of the government's pre-1974 position. 

The business-as-usual scenario reflected no basic changes in the govern- 

ment's position, i.e., no loan guarantees or other incentive program, no equip- 

ment priorities, and no enactment of "energy crisis" legislative proposals. It 

was assumed, however, that long-term research and development programs would be 

supported on an accelerated basis, with additional or parallel R&D as required. 

The business-as-usual projection was presented by the Project Independence Task 

Force as a "pessimistic" production value, originally derived from the minimum 

rate of buildup that could be foreseen on the basis of economics current at the 

time of the study. This included comparisons with estimates of the initial 

growth of similar industries to lend some historical perspective. No explicit 

considerations of supply versus price, however, were employed in any of the Pro- 

ject Independence synthetic fuels production scenarios. 

5. Energy Research and Development Administration Scenarios. Another 

source of estimates regarding future production of synthetic fuels from coal is 

ERDA1s 1975 plan for energy research, development, and demonstration. l3 The 

ERDA plan presents six scenarios of U.S. energy supply and demand for 1985 and 

2000 using the Reference Energy System Model developed by Brookhaven National 

Laboratory. This model simulates the complete fuel cycle from resource extrac- 

tion through end use for all significant categories of energy supply and de- 

mand. 48 Unlike the SRI model, which computes the volumes and market clearing 

prices of competing fuels at three-year intervals on the basis of marginal cost 

and regional supply/demand variations, the BNL model employs a linear program- 

ming technique to optimize the er~lil-e national energy system at a given time, 

subject to national constraints on end-use energy demands, resource supplies, 

and technological capabilities (cost and efficiency). 

. In three scenarios, no production of synthetic: fuels from coal is con- 

sidered. A non-zero supply first occurs in Scenario 11, which calls for increas- 

ing supplies of liquids and gases with synthetic fuels from coal and shale. 

This assumes an accelerated commercial development program with federally cost- 

shared pilot and demonstration plants in operation by 1980-1981. This scenario 

places the largest demand on U.S. coal supply, which must double by 1985 and 



again by 2000. Growth i n  e l e c t r i c  power production is  based pr imar i ly  on nu- 

c l e a r  energy t o  allow new coa l  production t o  be used f o r  synthet ics .  Note t h a t  

t h e  predic ted  supply of syn the t i c  gas and l i q u i d  i n  this case i s  t h e  same a s  i n  

Scenario I V ,  which examines t h e  case of l imi ted  a v a i l a b i l i t y  of nuclear  power. 

This is because t h e  scenar io  a r b i t r a r i l y  d i r e c t s  coal  toward syn the t i c s  r a t h e r  

than e l e c t r i c i t y  production, with s o l a r ,  geothermal, and fus ion sources combin- 

ing  with i n d u s t r i a l  end-use conservation t o  compensate f o r  the  pos tu la ted  post- 

1985 l o s s  of nuclear  energy growth.13 Scenario V y i e l d s  the  same est imates f o r  

s y n t h e t i c  gas and l i q u i d s  a s  Scenarios I1 and IV. Here a l l  major energy tech- 

nologies a r e  simultaneously cormnercialized i n  an attempt t o  meet U.S. e n ~ r r ~ y  re-  

quirements s o l e l y  with domestic supp l i e s  and reduce nr el iminate  encrgy imporL5. 

A s  w i L 1 1  ulllier e s t h a t e s  of  f u t u r e  syn the t i c  f u e l s  production, the  ERDA s c e r ~ a r i o s  

i n d i c a t e  r e l a t i v e l y  smal l  suppl ies  of coal  syn the t i c s  in 1985, but more appreci- 

& l e  q u a n t i t i e s  by t h e  yea r  2000. 

6. Other Synthet ic  Fuel Production Estimates. The references  c i t e d  above 

represen t  t h e  must recent  published es t imates  of na t iona l  syn the t i c  f u e l  produc- 

t i o n , l e v e l s  f o r  t h e  next  25 years .  . To a l a r g e  ex ten t ,  they incorporate ref ine-  

ments i n  e a r l i e r  es t imates  made by var ious  organiza t ions ,  inc luding t h e  National 

Academy of Engineering, U.S. Federa l  Power Commission, I n s t i t u t e  of Gas Technol- 

o g y , N a t i o n a l  Petroleum Council, and o thers .  Most do not  extend t o  t h e  year 

2000 bu t  tend t o  l i e  wi th in  the  range encompassed by t h e  more recent  f o r e c a s t s  

f o r  1985. 

C. Scenarios f o r  U.S. Synthetuc Fuel Production 

Figures 17 t o  19 compare var ious  cu r ren t  es t imates  of  high-Btu gas,  low- 

Btu gas,  and s y n t h e t i c  crude o i l  from coa l  f o r  the  years  1985 and 2000. The 

appiec iable  v a r i a t i o n  even among very recen t  es t imates  underscores t h e  uncer- 

t a i n t y  regarding tile f u t u r e  of s y n t h e t i c  f u e l s  from coa l  over the  next  25 yea r s -  

These es t imates  can be used, however, t o  e s t a b l i s h  a supply range r e f l e c t i n g  low, 

medium, and high, estimates of nat ional  ~ P O I : ~ U V L ~ ~ U I I ,  which can i n  LULII  be usefill  

i n  es t imat ing  the  p o t e n t i a l  impact of syn the t i c  f u e l s  on the  Northeast regional  

energy s i t u a t i o n  over the  remainder of t h i s  century. 

Table 29 p resen t s  t h r e e  such scenar ios .  For 1985, t h e  medium c o t h a t e  of 

t o t a l  c o a l  gas production is  1.1 q u a d r i l l i o n  Btu/yr ('quads), of which a l i t t l e  



more than ha l f  is  high-Btu s u b s t i t u t e  n a t u r a l  gas (SNG). Synthetic  l i q u i d s  and 

coal  gas production have increased 5- t o  10-fold. Liquids a r e  est imated t o  con- 

t r i b u t e  between 0.4 and 10.0 quads, while s y n t h e t i c  gases from coal  con t r ibu te  

from 4.8 t o  16.0 quads, of which % 60% is high-Btu gas. 

Tab le  29 

SUPPLY SCENARIOS FOR U. S. SYNTHETIC 

FUELS FROM COAL I N  1985 AND 2000 

(1015 Btu /y r )  

1985 2000 

High-Btu Low-Btu High-Btu Low-Btu 
S c e n a r i o  Gas Gas L iqu ids  Gas Gas Liquid's 

I Low s u p p l y  ---------- negligible-------- 3.0 1 . 8  0.4 

I1 Medium supp ly  0.6 0 .5  0.2 6.0 4.0 4.0 , 

I11 High supp ly  2.0 1 .5  1 . 5  10.0 6.0 10.0  

D. Synthet ic  Fuels  Impact on Northeast Energy Supplies 

Within the  Northeast region only Pennsylvania with i t s  l a r g e  reserves  of 

bituminous coa l  i s  a p l a u s i b l e  s i t e  f o r  development of a coal  conversion indus- 

t r y .  For the  most p a r t ,  t h e  cont r ibut ion  of coa l  syn the t i c s  t o  the  Northeast 

w i l l  come i n d i r e c t l y  through augmented na t iona l  supp l i e s  of crude o i l  and natu- 
< 

r a l  gas and from production of e l e c t r i c i t y  and process h e a t  through combustion 

of coa l  converted t o  low o r  medium-Btu gas.  Synthet ic  l i q u i d s  and n a t u r a l  gas 

supplied t o  t h e  Northeast could conceivably be produced a t  coa l  conversion fa- 

c i l i t i e s  i n  many p a r t s  a f  the  country, s i n c e  the  d i s t r i b u t i o n  system f o r  these  

two products is v i r t u a l l y  nationwide. However, regional  v a r i a t i o n s  i n  t h e  sup- 

p ly ,  demand, and p r i c e  of a l t e r n a t i v e  energy forms w i l l  s i g n i f i c a n t l y  a f f e c t  

the  types and loca t ions  of syn the t i c  f u e l s  p l a n t s  and products.  

1. Foster  Associates Analysis of Regional Markets. A recent  s tudy ,made 

by Foster  Associates f o r  ERDA addressed t h e  ques t ion  06 regional  markets f o r  

syr1,tlretic f u c l s  i n  19Rfl and 1 9 ~ 5 . ~ ~  Results  ind ica ted  a s i z a b l e  market poten- 

t i a l  f o r  coa l  s y n t h e t i c s  i n  t h e  eas te rn  United S ta tes .  Coal conversion w a s  

assumed t o  take  p lace  i n  four  regions of the  country,  inc luding two e a s t e r n  

regions (Appalachia and East  Centra l )  and two western regions (North Great 



Figure  17. Comparisons of supply e s t ima te s  f o r  
high-Btu gas  from c o a l  i n  1985 and 2000. 

KEY TO SCENARIO ABBREVIATIONS I N  FIGURES 17-19 

E W A  Energy Research and Development Adminis t ra t ion  Scenar ios  I I , I V , V  

FP C Federa l  Power Commission Nat iona l  Cas Survey 

IGT (PRE) 
IGT (POST) 

NAE 

NPC ( I )  
NPC (11,111) 
NPC ( T V )  

PI  (ACC) 
P I  (BAU) 
PI (UNR) 

SFCP (INFO) 
SFCP (NOM) 
6FCl1 ('FlAX) 

SRI (NOM) 
SRI (5YR) 
SRI (LGO) 

SKI ('LGOI) 

SRI (HI$) 

I n s t i t u t e  of Gas Technology Pre-1973 Scenario 
Post-1971 S r ~ n h r i ~  

Nat iona l  Academy of Engineering 

Nat iona l  Petroleum Council Case I 
Cases I1,III 
Case I V  

P r o j e c t  Independence Acce le ra ted  Product ion  
Busino6~ a0 U31101. 
Unre s t r i c t ed  Product ion 

Synthetir F l l p l s  Commercialieatisri~ P i u g ~ a l ~ ~  Tnformarnon Uption 
"Nominal" Prngi-anl C I ~ L I U L I  
Maximum Program Option . 

Stanford  Research I n s t i t u t e  Model "Nominal" Scenar io  
5-Year Delay i n  Synfuels  
Low Domestic Gas and O i l  Avail- 

a b i l i t y  
Low Gas and O i l  With High Import 

P r i c e s  
High F ~ i e l s  P r i c e  
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P l a i n s  and Four Corners) .  High-Btu gas could e n t e r  p ipe l ines  a l ready t r ave r s -  

ing  these  regions,  while coa l  l i q u i d s  could p r t 2 n t i a l l y  be marketed d i r e c t l y  a s  

f u e l s ,  r e f ined  a t  t h e  coa l  conversion s i t e ,  o r  de l ivered  a s  crude o i l  feedstock 

. t o  one of s i x  key r e f i n i n g  cen te r s  i n  the  United S ta tes .  Low-Btu gas could be 

used only l o c a l l y  by e l e c t r i c  u t i l i t i e s  and i n d u s t r i a l  consumers. 

Prospective r eg iona l  markets f o r  syn the t i c  n a t u r a l  gas,  low-Btu gas ,  and 

syn the t i c  l i q u i d s  were charac ter ized  i n  t h i s  ana lys i s  i n  terms of p ro jec ted  def- 

i c i t s  i n  f i v e  Petroleum Administration f o r  Defense (PAD) d i s t r i c t s  encompassing 

t h e  contiguous 4 8  s t a t e s .  The Northeast region is  p a r t  of PAD I ,  which extends 

along the  e n t i r e  e a s t e r n  seaboard. Table 30 shows the  p ro jec ted  regional. defi- 

c i t s  of  n a t u r a l  gas and crude o i l  f o r  1985 based on supply, damand, and p r i c e  

cons idcra t ions ,  as we l l  a s  t h e  c o s t  and capacity of ava i l ab le  t r anspor ta t ion  t o  

45 c i t i e s  represent ing  key metropoli tan a reas  within t h e  f i ve  PAD d i ~ t r i c t s ,  

These F i ~ x e s :  are Used t o  c a i c u l a t e  "net-ba.ckn and break-even c o s t s  of various 

s y n t h e t i c  f u e l  products  produced a t  each of  the  four  regional  coal  conversion 

areas .  The e a s t e r n  (East Centra'l and Appalachia) coal  regions were found t o  be  

t h e  most a t t r a c t i v e  s i t e s  f o r  producing syn the t i c  crude o i l  f o r  r e f i n e r i e s ,  and 

low-Btu gas f o r  u t i l i t y  and i n d u s t r i a l  use. Western coal  regions appeared more 

a t t r a c t i v e  f o r  s y n t h e t i c  n a t u r a l  gas production, although s i z a b l e  p o t e n t i a l  SNG 

markets a l s o  e x i s t e d  i n  e a s t e r n  areas .  While volume of coa l  syn the t i c s  'h11a.t. 

would be produced regional ly ,  the  economic' ana lys i s  presented indica ted  t h a t  

development of coa l  s y n t h e t i c s  i n  e a s t e r n  regions serving t h e  Northeast may in-  

deed be a v iab le  opt ion  f o r  t h e  near  fu turc .  

2.  Synthetic Fuels  Commercialization Program Scenarios. Regional energy 

considera t ions  were a l s o  incorporated i n t o  t h e  SFCP scenar io  ana lys i s  employing 

t h e  Stanford Research I n s t i t u t e  model discussed e a r l i e r .  H e r e ,  t h c  U.S . ,  was 

divided i n t o  e i g h t  demand regions,  two of them encompassing a l l  t he  Northeast 

region a s  defined i n  t h e  p resen t  study except f o r  Maryland, Delaware, and t h e  

D i s t r i c t  of Columbia. End-use energy demands were esta-hlished f o r  each reyiun 

arid were s a t i s f i e d  by resources distributed gengraplrically, as S ~ I U W I I  i n  Figilre 

20. Sources alid q u a n t i t i e s  of  supply were assumed t o  be d i c t a t e d  only by eco- 

nomic considera t ions  e s t ab l i shed  by the  a v a i l a b i l i t y  of resources,  technoloyy, 

t r anspor ta t ion ,  e t c .  Thus, demand f o r  n a t u r a l  bas i n  the Northeast might be  

met by syn the t i c  gas produced i n  Appalachia, o r  by doinestic gas produced i n  the  



T a b l e  30 

FOSTER ASSOCIATES ESTIMATES OF 1985 REGIONAL 

DEFICITS OF PETROLEUM PRODUCTS AND NATURAL GAS 
52 

N a t u r a l  
a 

P e t r o l e u m  D e f i c i t  Gas D e f i c i t  
b 

Region (bb l /day  1 (1012 B t u / y r )  

PAD I 6291 2782-3991 

PAD I1 1376 4285-6410 

PAD I11 

PAD IV 

PAD v 

a 
B e f o r e  i n t e r d i s t r i c t  s h i p m e n t s .  

b ~ o t a l  marke t .  P r i o r i t y  m a r k e t s  a r e  s u b s t a n t i a l l y  s m a l l e r  
f o r  a l l  r e g i o n s .  

C 
I n d i c a t e s  s u r p l u s .  

Gulf Coast. Extra regional factors such as the development of a synthetic fuels 

industry in the West still indirectly affect the ~orthe&t, since they act to 

relieve what would otherwise be a stronger competing demand for available do- 

mestic resources. 

In the absence of political constraints on interregional shipments of syn- 

thetic fuels, therefore, synthetic fuels from coal contribute to the energy ,sup- 

plies of the Northeast by augmenting other national supplies of gaseous and liq- 

uid fuels, and/or by displac.i.ng foreiqn imports according to market forces. The 

resulting distribution of available supplies, in the light of established end- 

use energy demands, was calculated from the SRI model for each of the eight re- 

gional demand sectors. 

Tables 31 and 32 show such projections for gaseous fuels, liquid fuels, 

coal, and electricity in 1986 and 2001 for the SRI "nominal case" situation. In- 

cluded are all the state~ in the Northeast region except Delaware, Maryland, and 

the District of Columbia. Low-Btu gas and coal use in these tables refers only 

to industrial and commercial utilization; it does not include the additional use 



DEMAND REGIONS 
OURCE BASINS 

I NEW ENGLAND 
2 MIDDLE ATLANTIC 
3 SOUTH ATLANTIC 0 . ... .:. GAS 

.. . 4 EAST SOUTH CENTRAL 
5 EAST NORTH CENTRAL 

SHALE 6 WEST S0UT)i CENTRAL 
0 100 200 3 0 0  4 0 0  500 MILES 7 WEST NORTH CENTRAL - 8 WFST COAST 

Figure 20. U.S .  energy model resource 
locat ions  and dcmand regiglls,  51 

of coal (e i ther  d i rec t ly  o r  i n  combined cycles using low-Btu gas) fo r  e l ec t r i ca l  

power qeneration. 

F. Scenarios for  1985 and 2000 

Tables 31 and 32 indicate tha t  New England, New York, New Jersey, and 

Pennsylvania together are  expected t o  receive about 1.5% of future U.S .  natural 

and low-Btu gas supplies, and 25% of the t o t a l  petroleum pxnducts supplyi ac- 

cording t o  the SRI model. Additional supplies t o  Delaware, Maryland, and the 

Dis t r i c t  of Columbia would ra i se  these figures fo r  the en t i r e  Nurtlieast region 



Table  3 1  

1986 REGIONAL DISTRIBUTION OF ENERGY PRODUCTS, 
C? 

Two-Region P e r c e n t  o f  
Energy Form New England N . Y . ,  N . J . ,  Pa. T o t a l  U.S. T o t a l  

GASEOUS FUELS 

High-Btu 0.494 2: ;33 
Low-Btu and H 

2 
0.026 0.130 

T o t a l  0.520 3.063 

LIQUID FUELS 

Low-S Res idua l  
Gasol ine 
D i s t i l l a t e  
Methyl 
S o l v e n t  Ref i n c d  

Coal 

T o t a l  

COAL 

ELECTRICITY 

Base l o a d  
I n t e r  & Peak 

T o t a l  

TOTAL END-USE 
ENERGY 

a 
Approximately 25% from o i l  and g a s ,  25% from c o a l ,  and 50% n u c l e a r .  



Energy Form 

GASEOUS FUELS 

High-Btu 

Table  32 

2001 REGIONAL DISTRIBUTIOIJ OF ENERGY PRODUCTS, 

SRI "NOMINAL" CASE 
53 

(1015 Btu/yr)  

Low-Btu an,d H 
2 

T o t a l  

LIQUID FUELS 

Low-S R e s i d u a l  
Gasol ine 
D i s t i l l a t e  
Methyl 
So lven t  Refined 

Coal 

T o t a l  

COAL 

Two-Region P e r c e n t  o f  
New England N.Y . ,  N . J . ,  Pa. T o t a l  U . S .  T o t a l  

ELECTRICITY 

Baseload 0.567 1.803 
1 n t . e ~  ant1 Peak n.176 . Q.593 

T o t a l  0.745 2.396 3.  140a 

M T A L  END ,USE 
PMEP.GY 3.770 15.131 10.961 

a 
Approximately 10% from o i l  and g a s ,  20% from c o a l ,  and 70% n u c l e a r  



to about 16% for gas and 28% for liquids, based on the current distribution of 

fuels within the region. 54 Some sense of the "effective" contribution of coal 

synthetics to the regional energy supply can be obtained by applying these per- 

centages (which the SRI model indicates are relatively insensitive to changes 

in the availability of specific fuel sources for a wide range of cases studied) 

to the total U.S. supply of synthetic fuels. Table 33 shows the resulting range 

of "effective" supplies, corresponding to the range of national supply scenarios 

in Table 29. 

Table 33 

EFFECTIVE CONTRIBUTION OF SYNTHETIC FUELS TO NORTHEAST 

RJ3GIONAL ENERGY SUPPLIES I N  1985 AND 2 0 0 0 ~  

(1015 Btu/yr) 

1985 -. 2000 

High-Btu Low-Btu High-Btu Low-Btu 
Sccnario Gas Gas Liquids Gas Gas Liquids 

I Low supply 0.0 0.0 0.0 0.5 0.3 0.1 

I1 Medium supply 0.1 0.1 0.05 1.0 0.6 1.1 

I11 High supply 0.3 0.2 0.4 . 1.6 1.0 2.8 

a 
Assumes t h a t  " e f f ec t ive"  r eg iona l  f r a c t i o n  of U.S. t o t a l  (Table 3 2 )  is 16% f o r  
gases and 28% f o r  l i q u i d s .  
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APPENDIX A 

NATI'ONAL COAL SUPPLY ESTIMATES 

1. District Production Levels 

Appendix A presents the detailed data and calculations from which domes- 

tically available U.S. Bureau of Mines (USBM) district-by-district coal supply 

was estimated for 1985 and 2000. As stated in the text, the two Project Inde- 

pendence (PI) estimates were given on a district basis through 1990. For the 

business-as-usual BAU) case it was assumed in the present study that each dis- 

trict's growth a$ a fraction of national growth would be the same during the 

1990-2000 period as its 1985-1990 growth as given by PI. 

For the PI accelerated scenario, a 3% growth rate was assumed for total 

U.S .  production between 1985 and 2000. This was apportioned among districts in 

the same ratios as PI district-to-national growth in the 1980-1985 accelerated 

case. 

For the low 3% growth case, no district production estimates were avail- 

able. It was assumed that district growth rates would be similar to those for 

the PI-BAU case. The year 1973.was used as a base for district production, and 

increases in each district for the low case were calculated by finding the frac- 

tional percentage of 1973-1985 BAU increases for each district. For example, 

district 1 fractional production for the BAU case was calculated from the fol- 

lowing formula: 

- A BAU production in district 1 (1973-1985) 
£1 - A BAU national production (1973-1985) 

The 1985 production for each district under the low 3% growth case was then cal- 

culated simply as 

1985 Production in district d 

= f x 1985 national production in low growth case 
d 

For 2000, a similar methodology was used, except that district prvducLion 

was allocated on the basis of PI growth rates for 1985-1990. Table A-1 summa- 

rizes district production estimates for 1985 and 2000. 



Table A-1 

DISTRICT PRODUCTION ESTIMATES FOR 1985 AND 2000 
3 

(10 tons)  

1985 2000 
a 

D i s t r i c t  No. Low Medium ~ i g l i ~  Low Medium High 

Northern Appalachia 1 53,500 59,400 113,300 66,640 88,800 179,020 

2 43,800 51,900 101,200 59,840 78,300 141,420 

3&6 

4 

Southern appalachia 7 

0 

13 

Midwest 9 

10 

11 

N e a r  Wect 13 

14 

15 

Far West 16-23 

Total  8 7 4 , 0 0 0 ~  I., 100, nnn . 2,063, cacao 1,360,000 1,700,000 3,214,000 

a 
Assumes t h a t  each d i s t r i c t ' s  f r ac t ion  of the  t o t a l  is  the  same a s  
for medium and high scenarios.  

b ~ d e n t i c a l  t o  PI-BAU scenario.  
C 

I d e n t i c a l  t o  PI-ACC scenario.  

d~ssumes t h a t  1973 production increased a t  3%/yr compound growth. 

Tn d e r i v ~  the e x p e c t ~ d  dvmaotiaally nvni lccl:llw Lurrrrclye by diorance, tstl- 

mates were made of expected d i s t r i c t  exports of coking coal for  1985 and 2000, 

assuming tha t  a l l  exported coal would be coking coal i n  these years. Total ex- 

ports  for  1985 and 2000 are  estimated i n  Section I1 a t  120 and 175 million tons, 

respectively. Actual export data by d i s t r i c t  of origin fo r  1973 are presented 



i n  Table A-2, along with the  f r a c t i o n a l  share  of d i s t r i c t  exports .  These f ig -  

ures  include a l l  expor t  coal  shipments reported t o  t h e  USBM a s  having des t ina-  

t i o n s  i n  Canada, Mexico, o r  overseas. To es t imate  1985 and 2000 expor ts  by d is -  

t r i c t ,  it was assumed t h a t  each d i s t r i c t  would have the  same f r a c t i o n a l  sha re  of  

t o t a l  f u t u r e  exports  a s  i n  1974. 

Table  A-2 

1973 BUREAU OF MINES DISTRICT EXPORTS 

( l o 3  t o n s )  

D i s t r i c t  No. 

1 

2 

3&6 

4 

7 

8 

1 3  

9 

1 0  

11 

1 2  

14 

1 5  

16-23 

1973 Expor t s  

3 ,556 

2,096 

6 ,698 

351 

14,902 

23,560 

0 

99 

126 

0 

0 

179 

0 

0 

F r a c t i o n  o f  T o t a l  
P r o d u c t i o n  Exported 

0.0690 

0.0407 

0.1299 

0.0068 

0.2890 

0.4569 

0. 

0.0019 

0. PO24 

0. 

0. 

0.0035 

0. 

0. 

Domestically ava i l ab le  coal  production by USBM D i s t r i c t  f o r  each scenar io  

was then ca lcu la ted  by sub t rac t ing  t h e  est imated d i s t r i c t  exports  (Table A-3) 

from the  est imated t o t a l  prodiict.i.on (Table A-1) .  The r e s u l t i n g  es t imates  of  

domestical ly ava i l ab le  coal  suppl ies  f o r  1985 and 2000 a r e  presented i n  Table 

A-4. 



D i s t r i c t  No. 

1 
2 

3 E C  

4 

7 

8 

3.3 

9 

1 0  

11 

12 

14  

15 

16-23 

Table  A-3 

ESTIMATED 1985 AND 2000 EXPORTS= 
3 

(16 tons) 

1985 

8,280 

4,880 

15,590 

829 

34,680 

54,820 

0 

230 

L Y U  

0 

0 

410 

0 

. o  

a 
Based on 1974 f rac t ion  of production exported. 



Table  A-4 

DOMESTICALLY AVAILABLE COAL SUPPLIES BY BUREAU OF MINES DISTRICT 
3 

(10 t o n s  ) 

1985 2000 

D i s t r i c t  No. Low Medium High Low Medium High 

1 45,220 51,120 105,020 54,570 76,730 166,950 

2 38,920 57,020 96,320 52,730 71,190 134,310 

T o t a l  754,000 980,000 1 ,943 ,000  1 ,185,000 1 ,525 ,000  3 ,039,000 

2. Sulfur Content 

In Section 11, estimated domestically available future coal supplies are 

given in various sulfur curl tent  categorie~, based on the distribution by sulfur 

content of 1970 production for each USBM district. Table A-5 shows these 1970 

district production figures, along with the percentage of each district's total 

production lying within selected categories of sulfur content. 

Tables A-6 through A-8 present a breakdown of estimated 1985 district coal 

production in various sulfur content categories, derived by multiplying the 1970 

percentage ot district pruducLian by sulfur content by t h e  total estimated future 

district production of Table A-1. 



Table  A-5 

1970 COAL DIST3IBUTION (Jo3 TONS) BY SULFUR CONTENT FOR 3SBM DISTRICTS 

Northern Appalachia  Southern Appalachia  

T o t a l  

T o t a l  53,360 (100) 

Near Wes: 

---- -- - 1 ,815(23 .80)  

164 (1E.59) 6 C  (-2. 5)  ---- 

718 (81.41) 105 U0.E) 5,484(71.92) 

Far  West 

16-23 

6,975(20.39)  

23,938(69.97) 

2 ,973(8.69)  

177 (0.52) 

147 (0.43) 

Srand total = 597,812, 

a 
Numbers i n  p a r s n t h e s e s  shcw t h e  percen+Age of  each d i s t r i c t ' s  t o t a l  p roduc t ion  w i t h i n  eacl-. c a t e s o r y  of s u l f u r  Content .  



Table A-6 
3 

ESTIMATED 1985 DISTRICT COAL ?RODUCTION BY SULFUR CONTENT - L O W  SUPPLY CASE (10 TONS) 

Northern Appalachia 

1 2 3&6 4 ---- 
--- --- 30 --- 
11,400 5,7CO 6,280 --- 
2,460 11,9E.O 1,700 --- 
11,610 15,240 4,200 1,050 

24,400 10,070 25,220 22,520 

3,360 830 15,770 36,330 

Southern Appalachia 

7 8 13 --- 
3,330 9,080 ---- 
38,600 168,300 16,220 

110 12,640 4,460 

460 21,870 5,430 

--- 10,010 6,120 

--- 2,200 270 

Midwest 

9 10 11 --- 
--- ---- ---- 
--- 6,440 ---- 
--- 1,600 ---- 
--- 3,610 1,650 

6,270 10,280 12,860 

61,530 54,070 18,590 

Near West 

12 14 15 --- 
---- ---- 880 

---- 1,080 820 

Far West 

16-23 

29,630 

101,670 

12,630 

750 

620 

Total 53,500 43,800 53,200 59,900 42,500 224,100 32,500 67,800 76,000 33,100 1,100 1,300 39,900 145,300 

Grand total = 874,000 



Table A-7 
3 ESTIMATED 1985 DISTRICT QAL PRODUCTION BY SDLFUR C3NTENT - MEDIUM SUPPLY CASE U O  TONS) 

Ncrthsrn Appalachia 

% S 1 2 3&6 4 - - . - -  

. ca.5 --- --- 30 --- 
0.6-1.0 12,650 6,-50 7,210 --- 
1.1-1.3 2,730 L4,170 1,950 --- 

I 

\O 1.4-1.8 12,890 18,C60 4,830 1,240 
m 

1.9-3.0 27,090 3,540 28,960 26,680 
I 

>3.0 4,040 18,120 43,G30 

Southern Appalachia Midwe5 t Near West 
/ 

7 8 13 9 1 0 11 12 14 15 --------- 
4,100 11,320 ---- --- ---- ---- ---- ---- 1,340 

47.550 209,870 21,140 --- 7,42C ---- ---- 1,370 1,250 

130 15,760 5,@10 --- 1,850 ---- ---- ---- ---- 
-70 27,570 7,080 --- 4,160 1,970 ---- ---- 14,400 

--- 12,490 7,970 7,280 11,850 15,350 310 110 ---- 
--- 2,740 350 71,470 62,370 22,180 1,340 170 43,510 

Far West 

16-23 

43,390 

148,900 

18,490 

1,110 

910 

----- 

Total 59,400 51,920 61,100 70,950 52.350 2?9,450 42,350 78,750 87,650 39,500 1,650 1,650 60,400 212,800 

Grand tatal = 1,100,000 



Table A-8 

1985 DISTRICT COAL PRODUCTION BY SULFUR CONTENT - H I G H  SUPPLY CASE UO' TONS) 

Norzhern P.ppalachia 

1 2 3&6 --- 
--- --- 60 

24,130 13,150 13,370 

5,21C 27,630 3,630 

24,59C 35,220 8,950 

51,660 23,280 53,700 

7,710 1,920 33,590 

Southern Appalachia 

4 7 8 1 3  ---- 
--- 7,760 20,830 ---- 
--- 90,100 386,240 38,530 

--- 260 29,010 10,600 

2,300 1,080 50,190 12,910 

49,410 --- 22,990 14,530 

79,690 --- 5,040 630 

Midwest 

9 10  -- 
--- ---- 
--- 14,000 

--- 3,490 

--- 7,850 

13,530 22,360 

132,770 117,700 

Near West F a r  West 

11 12  1 4  1 5  ---- 16-23 

---- ---- ---- 2,460 84,500 

---- ---- 2,490 2,280 289,960 

---- ---- ---- ---- 36,010 

3,510 ---- ---- 26,370 2,150 

27,270 560 190 ---- 1 ,780  

39,420 2,440 320 79,690 ----- 

T o t a l  113,300 1C1,200 113,300 131,400 99,200 514,300 77,200 146,300 165,400 70,200 3,000 3,000 110,800 414,400 

Grand t o t a l  = 2,063,000 
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APPENDIX B 

NORTHEAST REGIONAL COAL SUPPLY 

Appendix A presented estimates of domestically available coal supply by 

USBM district for 1985 and 2000 scenarios. Estimates of future coal supply to 

the Northeast region were derived by assuming that the percentage of each USBM 

district's domestically available coal supplied to states of the Northeast in 

1985 and 2000 would be the same as in 1974. 

The 1974 baseline distribution is presented in Table B-1. The percentage 

distributions in this table were multiplied by the district supply estimates 

(Table A-4) to obtain state supply estimates for each of the three scenarios 

for 1985 (Tables B-2 through B-4) and 2000 (Tables B-5 through B-71. 

Tables B-8 and B-9 show these results aggregated by coal supply region 

and subregion of destination for 1985 and 2000, respectively. Figure 10 was 

based on the estimates in these two tables, while Figure 11 was obtained by mul- 

tiplying these supply estimates by the average heat value of the coal of each 

supply region. Tables B-10 and B-11 present in gfeater detail the subreg+onal 

breakdown of coal energy supply. 



O r i g i n  

D e s t i n a t i o n  

M a i n e  

V e r m o n t  

New H a m p s h i r e  

I R h o d e  I s land 

I-' 
0 M a s s a c h u s e t t s  
0 

C o n n e c t i c u t  
I 

New Y o r k  

New J e r s e y  

D e l a w a r e  

M a r y l a a d  

D.C. 

P e n n s y l v a n i a  

TOTAL NORTHEAST 

NJ-MD-DE-D.C. 

New E n g l a n d  

TOTAL U.S. 

T a b l e  B-1 

1974 COAL D I S T R I R I T I O N  BY STATE O F  DESTINAFION ANC L-SBEI 
3 

D I S T R I C T  O F  O R I G I N  ( 1 0  TONS) 

and - 
P e r c e n t a g e  of D i s t r i c t  P r o d u c t i o n  D i s t r i b u t e t  t o  E a c h  S t a t e  

N o r t h s r r  A p p a h c h i a  - S o u t h e r n  A p p a l a c h i a  



Table B-1 (Cont'd) 

I 

Midwest Near West 

9 10 11 12 14 15 

-- -- -- -- -- -- 

Origin 

Destinati~n 

Maine 

Far West 

16-23 

-- 
Vermont 

New Hampshire 

Rhode Island 

Massashusef ts 

Connecticu: 

New York 

New Zersey 

Delaware 

Maryiand 

D.C. 

Pennsylvania 

TOTAL NORTHEAST 

NJ-m-DE-D.C. 

New England 

TGTlaZ, U.E. 

GRAND TOrAL USEM DISTRICTS = 543,986 x 10' 



Table B-2 
3 

CCAL SUe3LIES TC STATES OF DEMAND, 1385 LCW SUPPLY SCENARIO (10 tons) DISTEICT 

Far West Total 

1-23 

5 8 

5 9 

1036 

88 

932 

218 

16404 

3429 

817 

9919 

623 

69090 

Northern Appalachia 

1 2 3 & 6  4 -. - - - 
2 9 -- 16 -- 
1 -- 5 8 -- 
10 5C 973 1 

2 7 -- -- -- 
123 8 5 7 -- 
200 8 - - -- 
6650 3252 2133 427 

762 -- 1563 5 

735 -- 9 -- 
4605 268 1160 - - 
13 - - 116 - 

Southern Appalachia 

7 8 13 - - -  
3 10 -- 

Hidwes: 

9 10 11 - - -  
-- -- -- 

Near West 

12 14 15 - - -  
-- -- -- 

Demand Region 

Maine 

Vermont 

New Hampshire 

Rhode Island 

Massachusetts 
I Connecticut 

New York 

I New Jersey 

Delaware 

Maryland 

Pennsylvania 

Total 
Northeast 

Mid-Atlantic 
States 

New England 



Table B-3' 
3 DISTRICT C0.Z SUPPLIES TO STATES OF DEMAND, 1985 MEDIUM SUPPLY SCENARIO (10 tons) 

Total 

1-23 - .  
7 2 

71 

Northern Ap2alachia 

.1 2 3 & 6  4 - - - - 
33 -- 19 -- 
1 -- 7 0 -- 
11 60 1178 1 

3 1 -- -- -- 
140 10 69 -- 
226 10 -- - - 
7518 3929 2581 494 

861 -- 1892 6 

831 -- 11 -- 
5212 324 1404 -- 
15 -- 140 -- 

29867 29314 9063 561 

Southern Appalachia 

7 8 13 - - -  
7 13 -- 

Midwest 

9 10 11 - - -  
-- -- -- 
-- -- -- 
-- -- -- 
-- -- -- 
-- -- -- 
-- -- -- 
-- -- -- 
2 -- -- 

Near West 

12 14 15 - - - 
-- -- -- 
-- -- -- 
-- -- -- 
-- -- -- 
-- -- -- 
-- -- -- 
-- -- -- 
-- -- -- 

Far West 

16-23 

-- 
Demand Region 

Maine 

Vermont 

New Hampshire 

Rhode Island 

Massachusetts 

Connecticut 

New York 

New Jersey 

Delaware 

Maryland 

D. C. 

Pennsylvanis 

Total 
Northeast 

Mid-Atlantic 
States 

New England 



Table B-4 

Demand Region 

Maine 

Vermont 

New Hampshire 

Rhode Island 

Massachusetts 

I Connecticut 

P 
0 

New Yc-rk 
fc 

New Jersey 
I 

Delaware 

Mary land 

D. C. 

Pennsylvania 

Total 
Northeast 

Mid-Atlantic 
States 

New England 

3 DISTmCT COAL SLJP.ILIES "0 STATES OF D E W ,  1935 HIGB CUPPLY CCENARIO (10 tons) 

Northern Appalachia 

1 2 3 & 6  4 - - - -  
67 -- 4 1 -- 
2 -- 150 - - 

2 3 123 2529 3 

E 3 - - -- -- 
2E7 20 148 -- 
4 E4 2 0 -- -- 

15445 8048 5542 921 

1769 -- 4062 12 

1703 --. 2 3 - - 
1:3691 664 3013 -- 

3.3 -- 301 - - 
61353 58001 19458 1045 

Scuthern Appalachia 

7 8 1.3 - - - 
26 28 -- 

Midwest 

9 10 81 - - - 
-- -- -- 
-- -- - 
-- -- -- 
-- -- -- 
-- -- - - 
-- -- -- 
-- -- - - 
3 -- -- 

-- -- -.- 

-- -- -- 
-- -- - - 
-- -- - - 

Near West 

12 14 15 - - - 
- - -- -- 

Far West 

16-23 

- - 

Total 

1-23 

162 

152 

2683 

228 

2533 

512 

41535 

9306 

1929 

25667 

1729 

177799 



Table B-5 
3 DISTRICT COAL SUPPLIES TO STATES OF DEMAND, 2000 LOW SUPPLY SCENARIO (10 tons), 

Northern Appalachia 

1 2 3 & 6 4 - - - -  
3 5 -- 16 -- 
1 -- 60 -- 
12 67 1004 2 

33 -- -- -- 
149 11 59 -- 
241 11 -- -- 
8026 4406 2201 610 

9 16 -- 1613 8 

885 -- 9 -- 
5557 363 1197 -- 
16 . -- 120 -- 

31883 31852 7729 692 

Southern Appalachia 

7 8 13 - - - 
4 15 -- 

Near West 

12 14 15 - - - 
-- - - -- 

Far West 

16-23 

-- 

Total 

1-23 

7 0 

61 

1088 

124 

1329 

267 

21112 

4152 

1005 

12885 

872 

88462 

Demand Region 

Maine 

Vermont 

New Hampshire 

Rhode Island 

New York 

New Jersey 

Delaware 

Maryland 

Pennsylvania 

Total 
Northeast 

Mid-Atlantic 
States 

New Englad 



Demanj Region 

Maine 

Vermont 

New Hampshire 

Rhode Island 

I Massachusetts 

P Connecticut 
0 
0\ New York 

I New Jersey 

Delaware 

Maryland 

D. C. 

Pennsylvania 

Total 
Northeast 

Mid-Atlantic 

New England 

Table B-6 
3 

DISTRICT COAL SLIPPLIES TO STATES OF DEMAND, 2000 MEDIUM SUPPLY EC3NARI.O (10 tons) 

Northern Appalachia Southern Appalachia Midwest Near West 

1 2 3 & 6  4 8 13 9 10 11 12 14 15 - - - - - - - - - - - - - 
49 -- 2 8 -- 11 21 -- -- -- -- -- -- 

Far West 

16-23 

- - 

Total 

1-23 

109 

103 

1795 

171 

1862 

375 

30045 

6408 

1413 

20192 

1251 

137336 



Table B-7 

DISTRICT 30AL SUPPLIES TO STATES OF DEMAND, 2000 HIGH SUPPLY SCENARIO (10' tons) 

Northern Appslachia 

1 2 3 & 6  4 - - - - 
10 7 - - 60 -- 

3 -- 219 -- 
3 7 172 3687 4 

Southern Appalachia 

7 8 13 - - -  
4 1 42 -- 

Midwest 

9 10 11 - - -  
-- -- -- 

Near West 

12 14 . 15 - - 
-- -- -- 

Far West 

16-23 

-- 

Total 

1-23 

2 50 

222 

3907 

354 

3895 

808 

63080 

14088 

3053 

39706 

2637 

26E885 

Demand Region 

Maine 

Vermont 

New Hampshire 

Rhode Island 

Massachusetts 

Connecticut 
I-' 
0 

I 

New York 

New Jersey 

Delaware 

Mary land 

Pennsylvania 

Total 
Northeast 

Mid-Atlantic 
States 

New England 



Table B-8 

1985 NORTHEAST COAL SUPPLY SCENARIOS 
3 

(10 tons) 

DEMAND REGION SUPPLY REGION 

Northern Southern 
Appalachia Appalachia Midwest Near West Far West Total 

New England 

Low 1,561 830 0 0 0 2,391 ' 

Medium 1,859 l . , i L 3  0 n n 2,972 
High 3,940 2,330 0 0 0 6,270" 

New York 

Low 
Medium 
High 

Low 
Medium 
High 

Pennsylvania 

Low 
Medium 
High 

Total Northeast 

Low 
Madium 
High 



Demand Region 

New England 

Low 
.Medium 
High 

New York 

Low 
Medium 
High 

Mid-Atlant ic  

Low 
Medium 
High 

Table  B-9 

2000 NORTHEAST COAL SUPPLY SCENARIOS 
' 3 

(10 t o n s )  

SUPPLY REGION 

Northern Southern 
Appalachia Appalachia Midwest Near West, Far  West T o t a l  

Pennsylvania  

Low 72,056 16,240 0 83 8 3 88,462 
Medium 112,216 24,935 0 8 9 96 137,336 
High 208,367 58,168 3 145 205 266,885 

T o t a l  Nor theas t  

Low 99,689 31,534 2 8 3 119 131,427 
Me3ium 154,167 46,665 2 8 9 137 201,060 
High 293,774 104,669 4 145 293 398,885 



Table B-10 

1985 NORTHEAST COAL ENERGY SCENARIOS . - 

DEMAND REGION SUPPLY REGION 

Northern Southern , 

Appalachia Appalachia Midwest Near West Far West Total 

New England 

Low 
M p i i  i i lm 

H i g n  

New ~ o r k  

' Low 
Medium 
High 

Mid-Atlantic 

Low 
Medium 
High 

Pennsylvania 

Low 
Medium 
High 

Total Northeast 

Luw 
Medium 
~ i ~ h  



Table B-11 

DEMAND REGION 

New England 

Low 
Medium 
High 

New York 

LOW 
Medium 
High 

Mid-Atlantic 

Low 
Medium 
High . 

Pennsylvania 

Low 
Medium 
High 

Total Northeast 

Low 
Medium 
High 

2000 NORTHEAST COAL ENERGY SCENARIOS 

(1012 Btu) 

SUPPLY REGION 

Northern Southern 
Appalachia Appalachia Midwest Near West Far West Total 





APPENDIX C 

1974 UTILITY FU,EL USE AND EMISSIONS DATA 

Appendix C is a compilation of data on actual utility fuel use, cost, 

generation, and SO emissions for 1974. The sources for these data were Federal 
2 

.Power Commission Form 1 (:Annual Report) and 67 (Air and Water Quality Data) filed 

by each of the region's utility companies. Only steam-electric plants with ca- 

pacities >25 MW were considered in this study. Tables C-1 through C-3 include 

a state-by-state analysis of electric utilities indicating plant capacity, 1974 

generation, types and amounts of fuel used, average unit cost of the fuel, and 

the equivalent fuel energy cost in dollars per million Btu, based on the average 

fuel heating value. Also included are the total energy equivalent of each fuel 

consumed, the average sulfur content (weight percent) of each fuel, and the cal- 

culated 1974 SO emissions for each plant and fuel type in the region. For coal- 
2 

fired boilers, SO emissions were calculated directly from the following formula: 
2 

ton SO 
% S ton S 

Tons SO emitted = - 
2 

X 
ton s x tons coal burned. 

130 ton coal 

For oil-f ired boilers, conversion f actors6' were used to calculate SO 
2 

emissions: 

Tons SO emitted 
2 

lb SO2 
- -  - - x 2  lb oil a2 gal oil 

x 7.985 x bbl oil burned x 
1 

. 100 lb S gal oil bbl oil 2000 lb/ton 

Tables C-1 to C-3 also include compliance SO2 emissions required by the 
4 3 

State Implementation Plans foi each plant, which are used in Appendix D. 



TABLE C-1 

New Hampshire 

Connecticut 



TABLE C-1 ( c o n t ' d . )  

U t i l i t y  

1974 NORTHEAST PLANT EMISSIONS AND S I P  EMISSION REQU1REMENT.S 

I I 1 I I 
P l a n t  s t a t e  

New Bed f o r d  
Gas 6 Edison 

Cannon S t .  

- - - - - - - 
Salem Harbor  

- - - - - -  
New England 

Power 

- - - - - -  
Western  

Brayton P t .  Coal  601,813 I O i l  I 6 , 0 6 9 , 9 3 1  

- - - - - - - 
W .  S p r i n g f i e l d  1 - - - - - -  

Taunton 
M u n i c i p a l  
L i g h t  

- - - - - -  
F i t c h b u r g  

G 6 1  1 Taunton 
(Water S t . )  - - - - - - - 
F i t c h b u r g  

O i l  318.850 tzFi- -1E7-3%- 6 8 0 , 8 0 0  

New York 
Hudson 

Roseton 
307.472 

W a t e r s i d e  7 .079.660 con.  Ed. - -----1 
E a s t  R i v e r  6 , 4 9 0 , 5 1 3  

2 , 0 8 7 , 1 4 6  

H e l l  G a t e  ( r e -  
t i r e d  12/74] 311.3 

Bowline P t .  8 2 8 . 0  
( s h a r e  = 2/3) 

5.98 O i l  1 6 8 , 4 6 8  

2 ,835.5  Gas 110.672 
o i l  4 , 5 0 3 , 1 7 8  

~ u d s o n  Avenue 

A s t o r i a  

Ravenswood 7 .343.5  Gas I o i l  

5 9 t h  S t .  

Roseton 
(Con. Ed s h a r e :  496.8  

A r t h u r  K i l l  911.7 

344.6 O i l  

2 .864.1  Coal  

7 4 t h  S t r e e t  209.0 - - - - - - -  - - - - -  
Glenwood i 380.2 

P t .  J e f f e r s o n  

E.F. B a r r e t t  1 , 6 4 2 . 5  Gas 
O i l  

413.6  Gas 
O i l  

F a r  Rockaway 113.6 I 
N o r t h p o r t  - - - - - - - 
Lovet  t 

7 , 0 9 9 . 8  O i l  - - - - -  
2 , 0 5 2 . 3  bG; 



TABLE C-1 ( c o n t ' d . )  

1974 NORTHEAST PUNT EMISSIONS AND S I P  EMISSION REQUIREMENTS 

l o 6  kwh 1 F u e l  1 F u e l  1 i t  e l  1 $ p e r  
g e n e r a t i o n  t y p e  useda  c o s t  l o 6  e t u  S t a t e  

New York 
( c o n t . )  

Orange L 
Rockland 
( c o n t )  

- - - - - -  
N i a g a r a  

Mohawk 

Bowline P o i n t  
( s h a r e  1/31 4 ,142.0  1 , 4 4 1 . 9  Gas 184.969 1 . 3 4  1.302 

Propane 293.369 0 .25 2.78 
O i l  7 ,021.177 13.53 2.228 

- - - - - - - 
Albany 

- - - -  - - - - -  - - - -  
O i l  3 , 8 7 6 , 1 8 2  9.34 

C o a l  1 , 2 8 2 . 4 2 0  25.63 

c o a l  1 , 9 2 6 , 4 2 2  26.08 

O i l  2 , 8 8 8 , 7 6 1  8 .68 I I Dunkirk  

C.R. H u n t l e y  

Oswego 

Roseton 
(40% s h a r e )  - - - - - - -  
R o c h e s t e r  #3 

O i l  1 515.866 1 7.93 - - - - - -  
R o c h e s t e r  

ria8 h elel 
-cZai  - 1 - 2 i c t :  1 76y2i1-  
81 u i l  13.404 
#6 O i l  275.369 13.731 

Cvul 997.953 25.394 
O i l  1 8 . 0 5 2  1 1 . R q 1  

- - - - - -  
Jarnestown 

U t i l i t i e s  

- . - - - - - - 
S.A. C a r l s o n  

- - - - - -  
New York 

s t a t e  
E l e c .  

- - - - - - - 
Goudey 

G r e e n i d g e  

J e n n i s o n  

H i c k l i n g  

RllllXBB 

- - - -  - - - - -  - - - -  
C o a l  393.259 19.753 

C o a l  577.290 21.360 

' c o o l  277,446 19.039 

C o a l  394,3,57 10.557 

c o a l  1 035,563 I 23.001 

J e r s e y  
C e n t r a l  

S a y r e v i l l e  New J e r s e y  

Werner  

G i l b e r t  Gas 1 1 , 1 2 8 , 6 9 2  1 i7 .62  
O i l  1 , 0 9 0 . 1 8 4  12.43 

- - - - - -  
P u b l i c  

S e r v i c e  
E l e o t r i o  

- - - - - - - - - - - - - - ," .- - 
Berqen 3,OSR.O 

B u r l i n g t o n  1 , 7 6 3 . 6  

Gas 141.290 0 .752 
O i l  1 96C.446 1 11  .q13 

c o a l  1 750,782 / 28.303 
Gas 3 , 6 4 3 . 5 0 9  0.769 
O i l  1 , 7 7 1 , 8 2 5  1 2 . 1 0 0 '  

Hudson 

Kearney 

L i n d e n  

Marion 
( r e t i r e d  197 

Mercer  c o a l  1 , 0 7 9 , 4 9 8  
Gas 2.2RR. 577 

3.599 
Gas 1 , 0 6 2 , 8 2 8  
O i l  6,06€ ,3G4 i - - - - - - -  - - - - -  - - - - -  

Down 1 76.45 1 274.1 
- - - - - -  
Vineland O i l  

E l e c t r i c  
Dept.  

- - - - - -  
( C o n t ' d .  I 



State 

New Jersey 
(cont.) 

Pennsylvania 

SIP 
,required 

emi2;tons 

1.260 

643 

4.460 

12,386 

1.662 
14.048 

2,481 
3.399 
5,880 

10,965 

1.011 
11,976 

2.962 

2.338 

4.260 

3,027 

675 

942 

10.300 - 
300 - 

10.600 

23,342 
- 71 
23,413 

17,031 
- 35 
17,066 

777 

3,922 

5.222 

180.840 
238 

181.078 

14.000 

38,820 

-- 200 
39.020 

72.140 

144.860 
57 

144.917 

145,500 - 114 
145.614 

163.400 
2,340 

165.740 

8,920 

1Cont'd.l 

X s 

0.7 
0.3 

2.5 

0.5 

2.7 
0.8 

2.3 
0.4 

2.3 
0.4 

0.5 

0.4 

0.5 

0.5 

0.4 

0.G 

0.7 
0.3 

2.1 
0.3 

1.53 
0.28 

1.1 

1.4 
0.A 

' 2.2 
0.17 

1.9 
0.15 

2.5 
0.16 

2.0 
u.1Y 

2.2 
0.3 

2.2 
0.3 

1.7 
0.19 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
2.1 

1012 
~ t u  

consumed 

1.69 

0.01 
1.70 

3.86 
1.38 

12.3) 
17.57 

14.74 

2.90 
17.64 

8.27 

11.33 
19.60 

36.55 
3.37 
39.92 

17.86 

14.07 

25.85 

18.25 

2.02 

4.13 
6.15 

0.36 

5.70 
6.06 

5.15 

0.15 
5.30 

22.23 

0.47 
22.70 

16.22 

16.45 

1.13 

3.41 

1.13 
4:54 

90.42 

1.59 
92.01 

7.00 

0.02 
7.02 

19.41 

1.33 
20.74 

36.07 
3 
36.11 

72.43 

0.38 
72.81 

72.75 

0.76 
73.51 

81.70 
1 
82.87 

0.92 

, 0.04 
8.96 

Tons of 
SO 

emisstons 

882 

8.039 

L a 0  
11,509 

33.441 

34,771 

16,420 . 

2.479 
18,899 

69,008 
740 
69.748 

4,937 

3.118 

7.100 

5,046 

900 

1,003 

4,137 

2 
4.162 

40.195 

82 
40,277 

21.088 

2 
21,126 

689 

3,945 

2 
4,484 

161.832 
156 

161.988 

13.451 

40,073 

2 
40,196 

64.393 

134,697 

66-  
134.763 

142,864 
132 

142.996 . 
114.728 

130 
114,858 

15.633 

REQUIREMENTS 

unit Fuel 
costa 

42.01 
10.51 

28.00 
0.587 

12.86 

31.60 
13.10 

22.84 
11.48 

23.34 
12.87 

11.77 

11.816 

12.21 

11.87 

1.591 
11.71 

1.565 
11.81 

9.18 
13.26 

23.23 
13.Q1 ' 

25.84 
14.24 

. 13.90 
24.14 
13.15 - 
21.72 
11.81 

6.95 
10.02 

28.47 
11.37 

12.70 
13.50 

12.28 
14.35 

16.42 
14.79 

$ per 
lo6 Btu. 

1.567 
1.813 

1.165 
0.571 
2.158 

1.328 
2.235 

1.062 
1.885 

0.958 
2.146 

1.942 

1.951 

1.996 

1.955 

1.544 
1.904 

1.519 
1.939 

0.527 
2.275 

1.000 
1.924 

1.098 
2.463 

2.302 

2.175 
1.301 

0.883 
2.035 

0.351 
1.731 

1.176 . 
1.963 

0.568 
2.352 

0.524 
2.462 

0.739 
2.537 

C-1 lcont'd. 

AN0 

Fuel 
Type : 

Coal 
Oil 

Coal 
Gas 
Oil 

Coal 
Oil 

coal 
Oil 

Coal 
Oil 

oil 

Oil 

Oil 

Oil 

Gas 
Oil 

Gas 
Oil 

Coal 
Oil 

Coal 
Oil 

Coal 
Oil 

Oil 

Coal 
Oil 

Coal 
Oil 

Coal 
Oil 

Coal 
Oil 

Coal 
Oil 

Coal 
Oil 

Coal 
Oil 

. TABLE 

PLANT EMISSIONS 

106 kwh 
generation 

126.5 

1,575.9 

1,771.5 

1,974.1 

4,246.0 

1,772.6 

1,016.2 

1.797.9 

1.101.5 

484.2 

408.4 
' 

337.3 

2.248.4 

1,579.3 

52.8 

306.9 

9.117.8 

548.9 

1.780.6 

2,838.4 

7,1,45.2 

7,165.4 

0.843 
2.428 

0.944 
2.238 

1 

SIP EMISSION 

~ u e l  
useda 

62,965 
1.226 

160.946 
1,349,024 
2,069,343 

619,329 
495,648 

356.800 
1.848.000 

1,500,000 
552.000 

2.944.000 

2,324,040 

4,234,000 

3,009.000 

1,959.000 
671.000 

351.000 
Y26.0~0 

295,438 
25.269 

957,000 
82,000 

689,000 
40.500 

186,900 

141,000 
201.000 

3.678.000 
273,600 

353,800 
4.300 

801,500 
229,400 

1,609,700 
6,800 

3,061,200 
65,260 

3,247,100 
130,820 

NORTHEAST 

capacity 
(?MI 

27.0 

308.3 

475.6 

417.5 

1,089.8 

405.5 

474.8 

325.4 

370.0 

132.0 

223.0 

93.0 

426.7 

225.0 

84.0 

116.7 

-' 1,558.7 

75.0 

312.5 

409.8 

1,872.0 

1.872.0 

Utility 

Atlantic 
City 
Electric 

Philadelphia 
Electric 

_ _ _ _ _ _ _  
UGI 

Metro. Ed. 

_ _ _ _ _ _ _  
Penn. Power 

6 Light 

1974 

Plant 

MiseovriAve. 

Deepwater 
(DuPont) 

England 

Cromby 

Eddystone 

Delaware 

Richmond 

Schuylkill 

Sou thwark 

Barbadoes 

Chester 

_ _ _ _ _ _  
Hunlock 

Creek 

Portland 

Titus 

Eyler 

Crawford 

_ _ _ _ _ _  
Brvnner 

Island 

HoltwOOd 

Martins 
Creek 

Sunburv 

Keystone 

Conemaugh 

Coal 
Oil 

-coal 
Oil 

8,170.2 

622.3 I 3,374,400 20.42 
203.700 13.94 

- _ _ - - - - _ -  
372.100 22.45 

7,450 13.04 

1.641.7 

118.8 Penn. Elect. 

Montour 

Front St. 



TABLE C-1 (cont'd.) 

gh s 

1.6 

2.8 

2.4 

2.3 

1.8 

2.5 

REQUIREMENTS 

unit Fuel 
costa 

14.29 

13.26 
13.86 

14.78 
12.76 

19.03 

13.32 

13.29 
14.03 

\ 
$ per 
lo6 ~ t u  

0.571 

0.551 
2.378 

0.609 
2.189 

0.818 

0.562 

0.579 
2.406 

Tons of 
SO 

emissfons 

3.671 

37,100 

85.122 

15,965 

4,132 

101,424 

1012 
BtU 

consumed' 

2.87 

15.90 

16.02 

43.32 

0.31 
43.63 

8.34 

2.79 

46.29 

0.s) 
46.612 

SIP EMISSION 

Fuel 
useda 

114.800 

662.400 
20,370 

1,773.400 
53,880 

347,200 

114.600 

2,028,300 
90,970 

- - - - - - - - -  

SIP 
required 

SO 
emisstons 

5,740 

31.8O0 

86.G40 

16,680 

5,580 

93,640 

916,027 
5 ,  

- - - - - - - - -  
651,100 

2,025 

1 ~ . 2 n n  
250,725 

562.300 
27.800 

811,266 

405,400 
77,361 

2,844,500 
15,468 

- - - - - - - - -  
1,386,590 

65,219 

1,576,197 
1,976 

1,197,326 

1,138,800 

&,730,370 

- 20.82 
15.54 

- - - -  
-25.09 " 

14.00 

1 . s . 1 7 ~  
13.424 

16.76 

15.77 

19.73. 
17.50 ' 

11.61 
14.00 

- - - -  
- 13.46 ' 

13..09 

13.76 
11.1 

16.19 . 
15.57 

6 

PLANT EMISSIONS 

10' kwh 
generation 

102.8 

1,426.2 

4,027.8 

624.6 

205.5 

4.611.4 

- - _ _ -  

NORTHEAST 

Capacity 
(MW) 

40.0 

268.2 

640.0 

84.6 

25:O 

1,320.0 

. State 

~ennsylvania 
(cont.) 

Gould St. 173.5 533.8 Oil 1,117,924 11.53 .1.876 

Riverside 333.5 1,350.9 Oil 2,670,910 11.53 1.876 16.41 4.479 

Wagner 

32,866 23.607 

Crane - - - - - - - - - - -  
Delmarva Vienna 

Power b 
!,lUllc l J . 5 4  - - - - - - - - - - - - - -  

~otomac R. Paul 109.5 557.2 Coal 280,316 21.16 0.964 6.15 5.605 5.605 
Edison Smith 

AND 

Fuel 
type 

Coal 

coal 
Oil 

Coal 
Oil 

Coal 

coal 

Coal 
Oil 

- 1,981.4 

- - - - -  
- 1,203.9 

160. I 

1,771.4 

957.3 

3.507.1 

- - _ - -  - 3,131.2 

3,171.5 

2.120.1 

468.3 

GG4.0 

425.8 

_ _ -  
326.4 

6 6 . 0  

448.7 

215.4 

1,728.0 

565.0 

510.0 

411.0 

339.0 

194 Ialu.j luld 

0.856 
n , m  

- - - -  
1.148 
2.398 

n  hi^ 
2.315 

0.686 

2.563 

0.770 
2.885 

0.490 
2.398 

- - - -  
0.629 
2.189 

0.635 
2.159 

0.737 

2.696 

I.OV0 

~otornac 
Electric 
Power 

-coal 
v l i  

C u a l  
Oil 

r n a ~  

Oil 

Coal 
Gas 
Oil 

Coal 
Oil 

Coal 
Oil 

-coal 
Oil 

Coal 
el Oil 

Coal 

Oil 

9.A 

Utility 

Penn. Elect. 
(cont . ) 

1974 

Plant 

Saxton 
(retired 1974) 

Seward 

Shawville 

Warren 

Williameburg 

Homer City 

. . . . . . . . . . . . . . . . . . . .  
Penn. Power 

CO. 

west Penn. 

22.29 

o.a, 
P C ; ' J C  - - - - -  
14.23 

3 

n ~2 
1.45 
2.27 

13.73 
0.03 

4.99 
10.76 

10.39 

0.p7 
10.86 

67.44 
0.09 
67.53 - - - -  - 29.68 
0.39 
30.07 

34.14 

34.17 

26.40 

6.58 

(Cont'd.) 

Chalk Pt. 

Dickerson 

Morgantown 

New Castle 

_ - _  - - - - - -  
Armstrong 

3.0 

- -  
'-1.9 

7 I 
0.30 

2.2 

0.56 

1.6 
0.55 

2.2 
0.25 

'- 2.1 

. . 

2.2 

2.1 

0.30 

728.0 

588.0 

1.252.0 

Power 

Duquesne 
Light 

54,969 6.696 

,!4,iemh,, cg 

Mitchell 

Springdale 

Hatf ield 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _  
Cheswick 

Elrama 

Phillips 

Brunot Island 

2.774.6 

3,549.1 

6,906.7 

- 24,750 
. . 

1 '165 

3 
1.817 

24,739 

1.524 
3C.251 

12,977 

'2 
13.120 

125,152 

- - - - - - - - - - - - - -  
58.245 

69,358 

50,295 

1,146 

DulLilllurc IIQBL.pbi'li 
G 6 E  

28.465-- 

1 fian - 21Y 
1,858 

4,119 

1.437 
F . T L 5  

3.117 - 141 
3,258 

134,880 

8.904 

10,242 

7.920 

2.214 

Coal 
#6 Oil 
#2 Oil 

coal 
n l  oil 

Coal 
#6 Oil 
#2 Oil 

1,127.765 
274,635 
170,243 

1,459,504 
266,'1u2 

680,439 
7,731,572 

28.749 
6.989 

10.914 

28.348 
11.300 

26.491 
8.591 
10.055 

1.222 
1.113 
1.883 

1.274 
1.944 

1.144 
1.374 
1.727 

26.28 . 
1.71 

0.98 
Z8.Y/ 

32.48 

34.03 

16.12 
48.34 
0.32 
64.78 

1.84 
1.61 

2.04 
1.u 

1.94 
1.73 

41,499 
1,483 

1 6 9  
43.151 . 
59,543 

88) 
60.428 

26,408 
44.857 
- 55 
71.320 

22,554 
632 - 

23.186 

29,188 - 218 
29,456 

13,613 
13,020 

- 
26,633 



TABLE C-1 (cont'd. ) 

1974 NORTHEAST PL4NT EMISSIONS AN0 SIP EMISSION REQUIREMENTS 

  as units are 103 standard cubic feet (SCF), aosts are $/lo3 S C F  
Coal units are tons; costs are $/ton. 

X S 

0.9 

0.9 

1.65 
1.0 

6.65 

1.21 

6.65 

1.21 

0.83 

0.80 

0.96 

SIP 
Tons of 1 req;;;ed 

SO 
ernisstons 

10,017 

0.342 

28,032 

2' 
28.218 

19,067 

393 
19,460 

7,154 

x 5  
9.689 

4,958 
7,511 
- 
12.469 

2.437 

lo6 kwh . 
generation 

1,899.3 

1.626.2 

2,111.1 

379.9 

' 460.5 

1,972.6 

328.8 

State 

oelaware 

District of Columbia 

a ~ i l  units are barrels 

emissrons 

11.130 

9.269 

16,989 
- i86 
17,175 

2,867 

- 325 
3.192 

1,076 

2.095 
3.171 

1.076 
9.389 - 

15,362 

2.539 

Utility 

Oelmarva 
power 6 
1.ight 

potomac 
Electric 
power 

(bbl); costa 

Plant 

Edgernoor 

Edgemoor 15 

Indian River 

Delaware City 

Delaware City 
#3 

Benning 
Station 

Buzzard Pt. 

are $/bbl. 

Fuel 
- type : 

Gas 
Oil 

Oil 

Coal 
Oil 

Coal 
(Coke) 
Gas 
Oil 

Coal 
(Coke) 
Gas 
Oil 

Coal 
#6 Oil 
#2 Oil 

#6 Oil 
#2 Oil 

Capacity 
(MW) 

389.8 

445.8 

340.0 

55.0 

75.0 

719.0 

27.0 

Fuel 
useda 

69,724 
3,318,120 

2,763,775 

849,453 
55.499 

143,242 

2,572,591 
965,824 

53,692 
104,878 
624,750 ' 

298,850 
2,186,286 

13,282 

728,023 
28,920 

Unit fuel 
costa 

14.51 
13.46 

13.72 

23.03 
11.44 

15.00 

8.77 
5.76 

2.16 
2.07 
12.60 

39.272 
12.232 
10.962 

11.276 
11.023 

$ per 
lo6 8tu 

2.252 

2.327 

0.973 
1.980 

2.631 

1.712 

1.562 
1.992 
1.886 

1.843 
1.894 

1012 
Btu 

consumed 

0.72 

20.56 

16.30 

20.12 

0.)2 
20.44 

4.06 

2.66 - 5.84 
12.56 

1.53 
0.10 

3.77 
5.40 

7.51 
17.11 

0.08 
24.70 

4.45 

4.62 



TABLE C-2 

1974 ELECTRIC UTILITY C3TA 

STATE TOTALS 
S I P  

Ulhits o f  T o t l l  f u e l  So? r e q u i r e d  
C a p a c i t >  G e n e r a t  i o n  F u e l  t y p e  f ~ e -  1012 Btu  A v e r a g e  

(:::ts, 
A v e r a g e  e r n i s s l o n s  e m i s s i o n s  0  

S t a t e  (MW) (10' :Wh) ( 0  o f  t o t a l )  u s e d a  f u e l  u s e d  h e a t  v a l ~ ~ ~  % S ( t o n s )  ( t o n s )  r e q u i r e d  -- --- 
Maine 4 1 7 . 5  2 , 1 5 2 . 4  c o a l  ( 0 )  Cr 0 0  - - 

Gas ( 0 )  C 0  0 .  - - 
O i l  (100)  3 . 4 1  24.4 39.455 2 .19 2 8 , 6 4 8  2 4 , 3 1 6  1 5  6 . 2 5  x illm _ - - -  - - - - -  - - - - - - - - - - - - - - - -  

vermont  3 0 . 0  50 11 C o a l  (99.9) 3 5 . 9 0 0  0.930 25.91 x 10" 1.399 0 . 8 7  624 718 NONE 
Gas (0 .1)  1 . 2 6 8  . 0 0 1  1 .000 S . 0 0 1  
O i l  (0) C - 

New Hamps'lire 1 , 0 5 2 . 0  3 , 2 5 8 . 5  c o a l  ( 6 9 . 4 )  9 3 0 . 8 1 9  25.Co 32.23 x 10' 2C.250 2 .77 ' 3 2 , 8 1 6  3 2 , 4 4 8  24 
101 0 0 0  : --- .-, 

O i l  (30 .6)  1.773.445 11.C 2c.284 2 . 0 6  12.250 11.887 - 3 6 .20 x 10' 
36.C 4 C .  534 5 5 , 0 6 6  4 4 . 3 3 5  1 9  - - .  - 

Rhode I s l ~ n d  242.9  1 , 1 7 4 . 1  C o a l  (10.6) i 4 . 4 3 5  1 . 5 6  24.21 x l cE  2.459 0 . 8 3  1 . 0 6 8  1 , 2 8 7  NONE 
Gas ( 1 2 . 4 )  1 . 7 i 8 . 7 2 9  1 .82 1 . 0 3 5  1 . 6 0 7  
O i l  ( 7 7 . 0 )  1 . 8 i 1 . 0 5 5  11.30 6.14 x lo6 0 . 9 9  6.174 NONE 

1 4 . 6 8  ?5.886 7 . 1 8 0  7 . 4 6 1  

C o n n e c t i c u t  3 , 3 9 2 . 2  14,843. :  coa: ( 2.5) 1:3 534 4 .1  23 .63 x lo6 4.531 2 .35 8 . 2 6 8  1 , 7 3 4  7 9  
Gas (01 0  0  0 .  - . .  
O i l  (97 .5)  25.3:8.954 Lj7.0 6.07 x 10' 

L i l .  1 _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ - - - - - - - _ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I M a s s a c h u s e t t s  5 , 6 2 6 . 2  ;5.0<3.E Coal  ( 7 . 3 )  3XS.385 18.57 20.22 x loi :4 .884 0 . 9 5  1 7 , 5 1 6  1 8 . 5 2 6  NOKE ' 

Gas ( 2.4)  6 .Li6 .724 6.14 1 , 0 0 2  8 8 5 4  - 
I-' O i l  (90 .3)  37, 291.405 !29.45 6.15 x lo6  --- 4 4 6  9 6 9  0 . 7 9  9 9 , 4 2 9  108.013 NONE 
P3 .! 54.16 4E0 707 1 1 6 . 9 4 5  1 2 6 , 3 3 9  

0 
xew York 1 6 , 3 8 5 . 2  61.9C3.9 c o a l  (22 .8)  6:73,133 L58.0 23.34 x l o 6  167.638 ' 2.28 303.636 2 9 9 . 1 3 8  3  

I Gas ( 4.1)  2 8 , 0 5 3 , 5 9 5  2 8 . 3  1 , 0 2 6  19.314 
O i l  (73 .1)  8 3 . 5 S . 1 3 6  a 6.07 x l o 6  1 ,028.500 1 . 0 7  2 9 3 , 2 4 9  248.868 - 1 7  ' 

- - - - - - - - - - - - - - - - - - - - -  r - - - - - - - - - - - - - - - -  1 . 2 2 - 9 5 1  - - - .- - - - - - - - - - E.'!.? - - - - - - - - - - - - - - 6 9 ~ 8 " -  - ?"',006 - - - - -10 - - - - - 
new J e r s e y  5 , 3 6 8 . 1  25.221.4  C o a l  (27 .9)  3 . C 9 J . 3 9 8  74.7 24.05 x l o 6  103.397 1 . 7 1  106.192 2 3 . 4 5 3  7 8  

Gas  ( 4 . 2 )  1 0 , E 2 ? . 3 1 1  1 1 . 2  1,'025 3-918 . 
O i l  (67 .9)  29 .S93.378 DB1.7 6.00 x 10' 3 8 3 . 6 5 6  0 . 5 0  5 0 , 2 0 3  58.644 NONE 

i 6 7 . 6  495.971 1 5 6 , 3 9 5  8 2 . 0 9 7  4  8  - -  . ~ 

Delaware  1 , 3 0 5 . 6  6 . 4 7 7 . 3  c o a l  (34 .4)  1.W.. 387 25.3  24.56 x l o 6  2,3.373 2 . 5 9  5 4 , 2 5 3  2 0 . 9 3 2  6 1  

Gas  ( 3.8)  2 .74 . .  -93  2 . 8  1 , 0 1 9  5 .371 
O i l  (61 .8)  7 , n e . , i i 7 6  5 . 9 6  x lo6 1 0 4 . 5 4 1  0 . 8 3  21.47) 2).005 NONE 

- - - - - - - - - - - - - 15-716- - -42. - - - - -41  : - - - - 
Marvland 5 . 0 5 0 . 9  2 ~ ~ 9 4 1 . 5  C o a l  (38 .0)  4 .23C.249 37.5  23.31 x lo6  1 1 8 . 3 6 1  1 . 7 2  1 4 4 . 7 9 4  8 4 . 0 0 4  42 

Gas ( 0 )  C . 0 
O i l  (62 .0)  25 ,73Z,G25 158.8 6 . 1 6  : lo6 29:. 6 6 8  

256.7 411.029 

D i s t r i c t  o f  7 4 6 . 0  i . 3 0 1 . 4  c o a l  (25 .6) .  2'3e. E  50 7 . 5  25.10 x l o 6  1 2 . i 3 0  0 . 8 0  4 , 9 5 8  5 , 9 7 3  NONE 
Columbia  Gas (0) C 0 .  

O i l  (74 .4)  3 . 5 5 6 , E l l  - 21.8  6.13 : lo6  45.478 0 . 8 3  9.948 11.928 NONE 
1 9 . 3  5€.:38 1 4 . 9 0 6  1 7 . 9 0 1  

P e n n s y l v a n i a  1 9 , 6 3 7 . 0  84.253.2  C o a l  (86 .6)  35,2:.& 27.8 K 9 . 2  23.26 x l o 6  642.:21 
Gas ( 0 . 3 )  2,3:,7.EIO 2.4 1 , 0 3 1  3.:11 
O i l  (13 .1)  ' 20,510.653 1;4.0 6 . 0 5  x lo6  2 5 L E 1 2  

. 9 5 5 . 6  901. -44 

-- -- - - -- - - - 
a .  011 u n i t s  a r e  b a r r e l s  (bjl); S e a t  v a ? u e s  a r e  B T J i b b l .  

C o a l  u n i t s  a r e  t o n s ;  hea: v a l ~ e s  a r e  BTU/ton. 
Gas  u n i t s  a r e  1 0 3  s t a n d a r j  c u b i c  fee: ISCFI; h e s t  v a l u e s  a r e  8TU:S:F. 



TABLE C-3 

1974 ELECTRIC UTILITY DATA 

SUBREGION AND REGION TOTALS 

S I P  
U n i t s  o f  ~ o t a l  f u e l  A v e r a g e  so r e q u i r e d  

F u e l  t y p e  f u e l  l o L 2  Btu  c o s t  % ~ m i s s ? o n s  e m i s s i o n s  R e d u 2 t i o n  
R e q i o n  C a p a c i t y  G e n e r a t i o n  ( a  o f  t o t a l )  useda  f u e l  u s e d  ( l o 6  5 )  S ( t o n s )  ( t o n s )  r e q u i r e d  

New Enqland 1 0 , 7 6 0 . 8  C o a l  ( 1 0 . 2 )  2 . 1 2 3 . 0 7 3  5 0 . 2  
4 6 , 7 9 1 . 9  Gas ( 1 . 6 )  718861721 8 . 0  

O i l  ( 8 8 . 2  70.694.270 433.1 
4 9 1 . 3  

New York 
1 6 , 3 8 5 . 2  6 1 , 9 0 3 . 9  C o a l  ( 2 2 . 8 )  6 , 7 7 0 , 1 3 3  1 5 8 . 0  1 6 7 . 6 3 8  2 . 2 8  3 0 8 , 6 3 6  299.138 3  

Gas ( 4 . 1 )  2 8 , 0 5 7 , 5 9 5  2 8 . 8  1 9 . 8 1 4  
O i l  ( 7 3 . 1 )  8 3 , 5 8 5 , 1 3 6  507.4 1 . 0 2 8 . 5 0 0  1 . 0 7  299.249 248.868 17 

' 6 9 4 . 2  1 , 2 1 5 . 9 5 2  6 0 7 . 8 8 5  548.006 1 0  

MD-DE- 
DC-NJ 1 2 , 4 7 0 . 6  5 8 , 9 4 1 . 3  C o a l  ( 3 2 . 8 )  8 , 6 4 2 , 8 8 3  2 0 5 . 8  2 5 9 . 7 6 1  1 . 7 9  3 1 0 , 1 9 7  1 3 4 , 3 6 2  57 

Gas ( 2 . 2 )  1 3 , 6 6 9 , 2 0 4  1 4 . 0  1 2 . 9 8 9  
O i l  ( 6 5 . 0 )  6 7 , 0 6 7 , 2 3 0  408.4 8 2 8 . 4 4 3  0 .82 1 8 5 . 0 3 4  1 3 6 . 4 7 7  

6 2 8 . 2  1 . 1 0 1 . 1 9 3  4 9 5 . 2 3 1  2 7 0 . 8 3 9  45 

P e n n s y l v a n i a  1 9 , 6 3 7 . 0  8 4 , 2 5 3 . 2  C o a l  ( 8 6 . 6 )  35 ,238:278 8 1 9 . 2  6 4 2 . 2 2 1  2 . 1 5  1 , 5 1 6 , 7 4 8  1 , 2 8 2 . 5 7 9  1 5  
Gas ( 0 . 3 )  2 . 3 3 7 . 8 0 0  2 .4  3 . 7 1 1  

T o t a l  
Northeast 5 9 , 2 5 3 . 6  2 5 1 , 6 1 8 . 3  C o a l  ( 4 4 . 7 )  5 2 , 7 7 4 , 3 6 8  1 , 2 3 3 . 1  1 . 1 2 3 . 1 4 3  2 . 0 9  2 , 2 0 5 , 0 7 3  1 , 7 7 0 , 5 9 2  20 

Gas ( 1 . 9 )  5 1 , 9 5 1 , 1 2 0  5 3 . 2  4 6 . 9 7 6  
O i l  ( 5 3 . 4 )  2 4 1 , 8 5 2 , 2 2 0  1 . 4 7 3 . 0  2 . 9 6 4 . 5 4 6  0 . 8 7  708.040 6 0 7 . 2 1 4  14 

2 , 7 5 9 . 3  4 , 1 3 4 . 6 6 5  2 , 9 1 3 , 9 1 3  2 , 3 7 7 , 8 0 6  1 8  

a ~ i l  u n i t s  a r e  b a r r e l s  ( b b l l .  
C o a l  u n i t s  a r e  t n s  
Gas u n i t s  a r e  10' s i a n d a r d  c u b i c  f e e t  (SCFI. 
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APPENDIX D 

CONVERSION CASE CALCULATIONS 

This Appendix D deals with cost estimates and SO emission calculations 
2 

for each o.f the conversion scenarios discussed in Section IV, as well as the 

case of compliance with the 1974 fuel mix. Conversion Case I represents con- 

version of plants that have already received orders of.intent from the Federal 

Energy Administration (under authority of.the Energy Supply and Environmental 

Coordination Act of 1973) to prohibit the.burning of fuel oil. Case I1 includes 

the same plants as Case I plus seven others judged "feasibly" convertible by E'EA 

and EPA. Case I11 includes several plants that might be able to burn coal if 

state emission regulations were relaxed in areas where they may be more stringent 

than needed to attain air quality standards. 

1. Compliance Using 1974 Fuel Mix 

Let us consider first the costs associated with State Implementation Plan 

(SIP) compliance by all regional power plants. Appendix C presented data on SIP 

required emiqsions and current fuel type for each plant in the region. Table D-1 

presents actual and required 1974 SO emissions for oil and coal-fired plants in 2 
the region and shows that for compliance a 20% reduction in coal-related emis- 

sions and a 14% reduction in oil-related emissions are required. This can be 

taken to indicate that compliance requires coal with 20% lower average sulfur 

content and oil with 14% lower average sulfur content. The regression analysis 

discussed in Section IV suggested that each 0.1% decrease in sulfur content 
6 6 would raise the price of coal by about 8C/10 Btu, and oil by about 5C/10 Btu. 

Un this basis, t11e estimated total addod cost of hir~her q11al.i.t~ fuels to meet 

SIP emission regulations in the region is % $503 million (Table D-1). 

2. conversion Scenarios 

For the three conversion cases, cost estimates include the cost of con- 

verting from oil to coal and the increase or decrease in fuel expenses due to 

conversion. For Case 1, the additional coal. required and fuel oil savings were 

based on estimates made by FEA.37 The 'unit cost (per ton) of the additional 

coal required for conversion was based on average 1974 state coal prices (see 
I 



~ a b i e  D-1 

CO?42LIAMCE CASE COST CALCULATICIKS 

Requ i rec  Required 
1374 SIF % 1974 reduz t i ,on  Approximate T o t a l  1974 Increased. 

SO2 e m i s s i o n s  e m i s s i o r . ~  3 e d u c t i o n  Average i n  % 3 f o r  fuel premium energy  use  f u e l  c o s t  
F u e l  ( l o 3  t o n s )  (lo3 t o r s )  r e q u i r e d  % S compliance ($/1c16 Btu)  (1012 Btu)  ( l o 6  $1 

I 

P 
h, 
C- O i l  708.0 607. Z 1 4  0.87 0.12 (3.060 1 ,473  88.4 
I Coal 2,205.9 1,770.E 2  0  2.09 0.42: 0.336 1 , 2 3 3  414.3 



Appendix C). Thc unit cost (per bar re l )  of oil was also based on actual average 

1974 prices paid by each plant (Appendix C). The total cost was amortized as- 

suming a 15-year project lifetime and an interest rate of 9%. Most operating 

and planned scrubbing systems actually are expected to have longer lifetimes and 

lower interest rates. The parameters were chosen conservatively to represent 

reasonable upper bound. To obtain the annual conversion cost, the capital re- 

covery factor of 0.124 was multiplied by the total plant conversion costs (Table 

15). The results for Case 1 are given in Table D-2. The right-hand column rep- 

resents total yearly savings over the 1974 (base) case and is derived as follows: 

(Net annual savings) = (fuel oil savings) - (additional coal cost) 
- (annual conversion cost) . 

The new (after conversion) costs of fuel for the region are calculated by sub- 

tracting the net annual saving from the actual 1974 fuel cost. 

For Case 2, the unit cost of coal after conversion was estimated by Foster 

~ssociates~~ on the basis of the location of available coal for the plant, its 

present cost at the mine, and the estimated transportation cost. These coal 

cost estimates were used together with estimates of the needed additional coal 

tonnage made by PedCo Environmental .Specialists 35 to calculate the additional 

coal cost due to conversion. Preconversion fuel oil use by the convertible 

units, as estimated by PedCo, was used together with the average 1374 oil cost 

to each plant to determine total fuel cost savings for the conversion case. 

Total capital conversion cost estimates for each plant (Table 16) were placed on 

an annual basis, again assuming a 15-year project life and a 9% interest rate. 

The capital cost estimates of Table 16 are utilized here because they were the 

only plant-specific cost estimates available. Several other studies have been 

done to estimate scrubber costs as a function of plant size and coal character- 

istics. Scrubber cost estimates in a study done at Carnegie-Mellon University 
33 

are generally lower than those made by PedCo. Thus, the PedCo figures may again 

be a conservative (high) estimate of scrubber costs. Actual scrubber costs are 

highly dependent, however, on inflation rates and availability, which are dif- 

ficult pararneters to estimate. In Table D-3, the annual conversion operating 

cost reflects the operating costs of flue-gas desulfurization systems. The 
P 

final column again presents the net annual savings for each plant, calculated as 



Plant  

S c h i l l e r ,  NH 

D a n s k m r ,  NY 

Albany, NY 

I England, N J  

Edgemoor, DE 
h, 
0\ 

Morgantown, MD 
I 

Crzine, MD 

Riverside, MD 

Wagner, HD 

Total  

Coal 
requirenent 
(103 tons) 

Table D-2 

Z3XVERSION CASE 1-- 2OST CALCULRTIONS 

Unit 
coal  Additional ' ~ u e l  oil Fuel 0-1 
cos t  coal  c o s t  savings u n i t  cos t  

($/ton) ( l o 6  $1 '  (103 bbl)  (:$/bb-) 

Net 
Fuel o i l  Annual annual 
savings conversion savings 
(106 $1 cos t  (106 $1 (106 $1 

7.38 0.30 3.25 

a Conversion cos t s  f c r  Crane, Riverside, and y.sgner were considered together. 



Table D-3 

CONVERSION CASE 2--COST CALCULATIONS 

Additional 
new coal 
cost 
(106 $1 -- 

6.25 

Annual 
operating 
cost 
(lo6 $1 

0.00, 

4.50 

Total 
fuel oil 

Annual 
capital 

Net 
annual New coal 

required 
(103 tons) 

176 

1,200 

1,041 

836 

83 3 

2,041 

976 

406 

594 

185 

549 

2,357 

422 

455 

500 

241 

fJnit coal 
cost 
($/ton) 

35.50 

28.94 

28.94 

30.02 

29.09 

27.25 

31.55 

32.69 

42.46 

32.19 , 

35.77 

35.77 

30.20 

30.20 

29.37 

29 .40 

Fuel oil 
savings 
(-103 bbl) 

1974 oil 
cost 
C$/bbl) 

11.05 

savings 
(lo6 $1  

cost 
(106 $1  

savings 
(106 $ )  Plant 

Schiller, NH 

3anskammer, MY 

Albany, NY 

England, NJ 

Edgemoor, DE 

, Morgantown, ME 

Crane, MD rQ 

Riverside, MD 
I 

Wagner, MD 

Gould Street, MD 

Salem Harbor, MA 

Brayton Pt . , MA 
Mt. Tom, MA 

W. Springfield, MA 

Somerset, MP. 

South Street, RI 

. . 
Total 12,812 403.49 52,507 , 563.57 44.60 40.31 



(Net annual savings) = (fuel oil cost savings) - (additional coal cost) 
- (annual operatinq cqst) - (annual capital cost). 

A negative value indicates that conversion will cost more than the 1974 base 

case. For the region as a whole Table D-3 indicates that Case 2 provides a net 

savings of $75 million over the 1974 base case. An analysis of the sensitivity 

of this result to changes in fuel, capital, and interest costs was outside the 

scope of this study, but would be useful in future studies. 

Cost calculations for Case 3 are presented in Table D-4. Here, the plant 

conversion costs are assumed to be comparatively small (as substantiated by typ- 

ical Case I costs for simple conversion back to coal), so that the difference 

between oil and coal costs approximates the net annual savings. Unit coal cost 

was again based on 1974 state averages, while oil cost was based on actual. 1974 

plant cost. Nct annual savings for the entire Nurthedst region due to Case 3 

alone are Q $83 million dollars on this basis. This, combined with Case 2 sav- 

ings of $75 million yields a total annual saving of $158 million for the com- 

bined (Case 2 and Case 3) conversion scenario. 

3. Emission Calculations 

To derive the social cost estimates in Section IV, changes in SO emis- 
2 

sions were calculated for each of the scenarios considered. Emissions for actual 

1974 fuel use and for the case of compliance using the 1974 fuel mix are given 

in Appendix C. For the three conversion cases, assumptions were made regarding 

the sultur content of coal utilized after conversion. For Case 1, it was as- 

sumed that compliance coal would be utilized since no other sulfur oxide control 

measures were to be instituted. For Case 2, the sulfur content of available 

coal as reported by Foster Associates was also adopted here. For Case 3, coal 

with a 1.5% average sulfur content was assumed. The 1.5% level was used in most 

of the modeling ~tudies~'-~l to demonstrate the feasibility of conversion. A,.- 

though it is possible that higher sulfur coal could be utilized at snme plants, 

the 1.5% level was chosen as a likely average for all the plants. Section I1 

indicated that such coal could also be available in sufficient quantities by 

1985. 



' Plant 

Sayreville, NJ 

Weiner, NJ 

Bergen, N>J 

Burlington, Nu 

Sewaren, NJ 

Barrett, NY 

Far Roc:<away, NY 

Port Jefferson, NY 

Montville, CT 

Devon, CT 

Norwalk Harbor, CT 

Middletovn, CT 

Delaware City, DE 

Total 

requirement 
(103 tons) 

Table D-4 

CONVERSION CASE 3--COST CALCULATIONS 

1974 Unit 
coal cost 
($/ton) 

32'. 41 

Total Coal 
cost 
(lo6 $1 

~ u e i  oil 
savings 
(lo3 bbl) 

1974 Unit 
oil cost 
($/bbl) 

12.59 

Total oil 
savings 
('106 $1 

Net annual 
savings 
(lo6 $1  



Addi t iona l  SO emissions due t o  increased  c o a l  u se  i n  each o f  t h e  conver- 
. 2  

s i o n  cases  were es t imated  from t h e  a d d i t i o n a l  c o a l  requirements  i n  Table D-2 t o  

D-4 by us ing  t h e  e s t ima ted  s u l f u r  conten t  of a v a i l a b l e  coa l .  The corresponding 

r educ t ion  i n  emissions froxn combustion of  f u e l  o i l  was c a l c u l a t e d  on t h e  b a s i s  

of  t h e  a c t u a l  1974 cond i t i ons  summarized i n  Appendix C. 

The t o t a l  change i n  emissions f o r  t h e  t h r e e  conversion cases  i s  p re sen ted  

i n  Tables  D-5 through D-7. A p o s i t i v e  s i g n  i n d i c a t e s  increased  emissions due 

t o  coriversion; a nega t ive  s i g n ,  reduced emissions. For SO emissions i n  Case 2, 2 
a 90% SO removal e f f i c i e n c y  wi th  use of  s tack-gas scrubbers  was assumed. This  

2 
s c e n a r i o  r e s u l t s  i n  reduced r e g i o n a l  emissions a f t e r  conversinn, whi le  i n  t h c  

o t h e r  two s c e n a r i o s ,  conversion r e s u l t s  in  a n e t  increacc i n  r eg iona l  SO emis- 
2 

Sions r e l a t i v e  t o  1974. 



Table D-5 

CONVERSION CASE 1--EMISSION CALCULATIONS 

Additional 
coal 

requirement 
(103 tons) 

176 

917 

1,041 

836 

833 

2,041 

976 

198 

594 

1974 SO2 
emissions 
(tons ) 

8,419 

32,872 

32,889 

34,771 

18,359 

71,320 

11,489 

8,957 

32,866 

Additional 
emissions 
(tons ) 

6,899 

35,946 

Fuel oil Reduced 
emissions 
(tons) 

4,705 

25,175 

Total change 
in emission 

(tons ) 

+2,194 

savings 
(103 bbl) Plant 

Schiller, NH 

Danskammer, NY 

Albany, NS 

England, MJ 
I 

Edgemoor, DE 
I-' 

Morgantown, MD I-' 

I Crane, MD 

Riverside, MD 

Wagner, MD 

Total - 

a Based on compliance coal. 
4 3 

b~ased on 1974 actual use. 



Table D-5 

CCNdERSION CASE 2--EYISSION CALCULATIOYS 

Additicnal 
coal 

requiranent 
(103 tcns) 

Additional 
controlled 
emissions 
{.tons 

3,450 

51,744 

Total 
change in 
emissions 
(tons) 

-1,255 

Additiolal 
emissions 
(.tons ) 

3., 4.50 

51,754 

F- el oil 
savings 
(.lo3 bbl) 

Reduced 
emissions 
(tons) 

4,705 

32,872 

1974 
Emissions 

3,419 

37,872 

32,889 

34.771 

18.359 

71.320 

11.489 

8.957 

32.866 

3.374 

20,192 

26,383 

2,398 

4,691 

7,638 

4,524 

Plant 

Schiller, NH 

Danskamer , NY 
Albany, NY 

England, KJ 

Edgemoor, DE 

Morgantown, MD 

I-' Riverside, MD 
U 
fu . Wagner: MD 
I 

Gould St., MD 

Salem Harbor, MA 

Brayton Pt., MA 

Mt. Torn, MA 

W. Springfield, Mr. 

Somerset, MA 

South St., RI 

' E  
Based on Foster kssocia~~s Estimates. 

3 6 

b~ased 3n 1974 actual use. 



Plant 

Sayreville, NJ 

Werner, NJ 

BeYgen, . NJ 

Burlington, NJ 

Far Rockaway , . NY 
Montville, CT 

Devon, CT 

Middletown, CT 

~ d d i  tional 
'. ccal 
requirement 

692 

161 

'1,269 

395 

209 

439 

161 

380 

950 

944 

494 

Table D-7 

CONVERSION CASE 3--EMISSION CALCULATIONS 

Delaware Cxty, DE 766 

Total ' 7,702 

% S 
coal - 
1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

Additional 
emissions 

(tons) 

20,345 

4,733 

37,309 

11,613 

6,145 

12,907 

4,733 

11,172 

27,930 

27,754 

14,525 

22,520 

Oil 
savings 

2,264 

479 

3,636 

1,220 

821 

1,226 

561 

1,450 

3,204 

3,216 

1,940 

1,591 

24., 641 

% S 
oil - 
0.5 

0.4 

0.4 

0.3 

0.5 

0.6 

0.4 

0.66 

0.52 

0.64 

0.6 

1.21 

Reduced 
oil 

emissions 
(tons ) 

3,796 

Total change 
in emissions 

(tons ) 

+16,549 





APPENDIX E 

COMPARATIVE: ECONOMICS OF FUTURE OIL AND COAL-FIRED GENERATING CAPACITY 

The present trend of electric utilities in the Northeast is to plan for a 

mix of future generating capacity, including new fossil-fuel plants, to avoid 

relying too heavily on any single source of energy supply. In terms of purely 

economic considerations, electric utilities traditionally use a present-worth 

investment analysis to determine the best choice among different alternatives. 

For any planned level of'capacity, future revenues are the same under all gen- 

erating alternatives, and a decision is based upon the minimum cost alternative. 

In terms of fossil-fuel electrical generation in the Northeast, the choice 

is between oil and coal-fired capacity since use of natural gas by new plants is 

unlikely, given present and projected supply shortages. The mix of coal and oil 

planned for 1985 was discussed previously in Section IV. 

This appendix examines the conditions under which, it may be economically 

favorable to use coal rather than oil in future fossil-fuel plants. Given the 

uncertainties in estimating future costs, the data presented here are to be con- 

sidered illustrative, with emphasis on the methodology used to determine a 

least-cost option for a given set of conditions. A sensitivity analysis of the 

importance of different assumptions was beyond the scope of this study, but such 

an analysis is contained in references 57 and 59. Also, because the choice here 

is between only two alternatives, the relative differences between cost esti- 

mates are more important than the absolute magnitudes of the estimates. 

To illustrate one methodology for choosing between future generating al- 

ternatives, consider a 1000 MW steam electric plant to begin operation in 1985. 

Table E-1 summarizes assumptisns made regarding pl.a.nt nperating characteristics. 

The primary source of data on capital costs for both oil and coal-fired plants 

is a study performed for the Atomic Energy Commission (AEC) in 1972. 55t56 The 

prices cited in the study were for construction completed in January 1971. The 

AEC updated these cost estimates in 1974 to reflect rapid inflation. 57 Projec- 

.tions made in 1974 for 1981 construction completion are used here as the basis 

for analysis. The cus-t estimates for 1981 assumed escalation rates of 5%/yr 

for equipment and material and 10%/yr for labor. The compound interest rate 

was assumed to be 7 1/2%/yr, with a 6-yr period required for construction. To 



Table E-1 

OPERATING CHARACTERISTICS OF A 1000-MW PLANT 

Average load fac to r  60 %a 

Estimated p lan t  l i f e t ime  35 y r  

Average p lan t  heat  r a t e  10,000 Btu/kWh 

I n i t i a l  p lan t  operation 1985 

SO control  (FGD system) f o r  coal-f ired p lan t s  
2 

Optional SO control  f o r  o i l - f i r e d  p lan t s  
2  

a 
Averaged over t o t a l  l i f e t ime  of p lant .  

extend a 1981 completion date to 1985, an estimate of future escalation rates 

made by Oak Ridge National Laboratory was applied to the AEC 1981 data. 58 The 

resulting capital cost estimates for 1985 completion of the plant are presented 

in Table E-2. 

Table E-2 

CAPITAL-COST ESTIMATES 

FOR A 1000-MW PTaANT 

1981 Commercial Opera t i nna 

Coal ( w i L 1 1  SO conrrol) 
2 

011 (with So2 control )  

O i l  (without SO2 control )  

1985 Commercial Operation 
b  

Coal. (with SO2 control )  

O i l  (with SO2 control )  591  

O i l  (wi thni.lt SO control )  
2 

502 

a  
Ref.. 57. 

bRef. 58. 1985 cos t s  a r e  scaled t o  be 1.35 
times 1981 costs .  



I n  terms of  t h e  u t i l i t y  investment  dec i s ion ,  two c o s t  components must b e  

considered.  The f i r s t  i s  t h e  annual f i x e d  charge, which inc ludes  an acceptab le  

r a t e  of  r e t u r n  on investment,  p l a n t  dep rec i a t ion ,  insurance ,  t axes ,  and admin- 

i s t r a t i v e  expanses. An es t imated  annual percentage of  i nves t ed  c a p i t a l  f o r  each 

of t h e s e  components i s  presented  i n  Table E-3. The annual f i x e d  charge assumed 

i n  t h i s  a n a l y s i s  i s  16.23% of  c a p i t a l ,  wi th  a minimum acceptable  r a t e  of r e t u r n  

of 8%. 

Table E-3 

ASSUMED ANNUAL FIXED CHARGE RATE 
59 

(Percent  of c a p i t a l )  

Return 8.00 

Depreciat ion .0 .58 

Administrat ive and genera l  1.25 

Insurance 0.10 

A d  valorem t axes  2.25 

Income t a x  4.05 

Tota l  16.23 

The second component i s  t h e  annual v a r i a b l e  expense, which inc ludes  oper- 

a t i o n  and maintenance c o s t s  and f u e l  expense. The annual ope ra t ion  and mainte- 

nance expense es t imated  f o r  1985 is  presented  i n  Table E-4. A 1974 c o s t  of  1.0 

mills/kWh i s  assumed f o r  o i l - f i r e d  p l a n t s  (without  SO2 c o n t r o l ) ,  and 1 . 5 - m i l l s /  

k c  f o r  coa l - f i r ed  p l a n t s  (without  SO c o n t r o l )  .59 The ope ra t ing  c o s t s  f o r  
2 

stack-gas scrubbing u n i t s  were der ived  from es t ima te s  prepared  by t h e  Tennessee 

Valley Author i ty  f o r  t h e  U.S. Environmental P r o t e c t i o n  Agency, assuming a lime- 

s t o n e  scrubber.34 The a c t u a l  c o s t  o f  1985 ope ra t ion  and maintenance was then  

es t imated ,  assuming an 8% i n f l a t i o n  r a t e  and p l a n t  c h a r a c t e r i s t i c s  given i n  

Table E-1. 

Fuc l  expense 1s t r e a t e d  a s  a . v a r i a b l e  i n  ais a n a l y s i s .  D i f f e r e n t  c o s t s  

f o r  o i l  i n  1985 a r e  considered,  t oge the r  wi th  t h e  break-even p r i c e  f o r  coal- 

f i r e d  genera t ion .  It i s  assumed t h a t  a coa l - f i r ed  p l a n t  w i l l  be b u i l t  w i th  SO 2 



Table E-4 

OPERATION AND.MAINTENANCE ANNUAL 

COST ESTIMATES FOR A 

1,000-MN PLANT 
33,59 

lo6 $/yr 

1974 Estimate 

Coal ino so control) 
2 

Oil (no SO control) 
2 ' 

Limestone scrubber 
operating cost at 
2.13 mi 11 s/kWh 

Coal (SO control) 
2 

Oil (SO2 control) 

Oil (no SO control) 
2 

1985 Projection (8% inflation) 

Coal (SO2 control) 

Oil (SO2 control) 

Oil (no SO control) 
2 

controls while an oil-fired plant will not. It is also assumed that prices of 

oil and coal after 1985 will inflate at the same rate of 8%. (0ther.assumptions 

regarding relative fuel costs over the plznt lifetime could be considered in an 

alternative analysis.) The present value factor at an 8% rate of return waa 

used to calculate the present worth of a 1000-MW oil-fired plant in 1985, as a 

function of varying oil prices. The 8% rate of return is'only illustrative; the 

actual rate will vary with the utility. 

The price of coal was determined at which a 1985 coal-fired plant would 

have the same present worth as the oil-fired unit. At coal prices above that 

level, oil-fired generation would be more economical than coal. Table E-5 pre- 

sents the results of the present-worth analysis as a function of the assumed 

1985 price of oil. The last two columns show the price of coal at which oil and 

coal-fired plants completed in 1985 are equivalent investments. For example, if 

the average 1974 price of % $12/bbl for oil in the Northeast were to apply in 

1985, the 1985 delivered price of coal would have to 'be below about $22/ton for 



a coal - f i red  p l a n t  t o  be an economically p re fe rab le  a l t e r n a t i v e .  (The average 

1974 c o a l - p r i c e  i n  t h e  region was Q $2l/ ton.)  

A more d e t a i l e d  explanation of Table E-5 may be useful .  For an o i l - f i r e d  

p l a n t  with the c h a r a c t e r i s t i c s  l i s t e d  i n  Table E-1, the  t o t a l  f u e l  required i s  

ca lcu la ted  a s  follows: 

6 
Multiplying t h e  Btu demand by t h e  p r i c e  of o i l  i n  $/ lo Btu (1985 p r i c e s )  then ' 

gives t h e  annual o i l  c o s t  (column C) . 
The p resen t  worth of one y e a r ' s  o i l  c o s t s  f o r  a 35-yr p l a n t  l i f e ,  a s s m -  

ing t h a t  t h e  p r i c e  of o i l  remains constant ,  i s  given i n  column D. Since the  

present  value f a c t o r  f o r  a 35-yr period a t  an 8% r a t e  of  r e t u r n  i n  11.655, 

Column D = Column C x ,11.655. 

Column E is the  sum of the  p resen t  values of the  p l a n t  c a p i t a l  c o s t  and 

the  opera t ion  and maintenance cos t s :  

(Oi l - f i red  p l a n t )  = $502 x l o 6  x 0.1623 x 11.655 
(1985 c a p i t a l  c o s t )  (annual f ixed charge) (present  va lue  f a c t o r )  

= $950 x 10  
6 

6 
Present  value of operat ion and maintenance c o s t s  = $12.3 x 1 0 '  x 11.655 

= $143 x 10 6 

6 6 
Thus column E is ($950 + $143) x 10 , or  $1093 x 10 . 

Column F, t h e  t o t a l  p resen t  worth of a 1000-MWe o i l - f i r e d  p l a n t  t o  begin 

opera t ion  i n  1985, i s  the  sum of columns D and E. 

Column G is t h e  equivalent  of column E f o r  a coal - f i red  p l a n t :  

Present  value df c a p i t a l  c o s t  
6 

(coal - f i red  p l a n t )  = $655 x 10 x 0.1263 x 11.655 

= $1239 x 10 
6 

6 
Present  value of operat ion and maintenance c o s t s  = $44.5 x 10 x 11.655 

= $519 x 10 
6 

The p resen t  worth of  a . c o a l - f i r e d  p l a n t ,  excluding f u e l  c o s t s ,  i s  $1758 x 10 
6 

(column G I ,  

Subt rac t ing  column G from column F gives the  break-even p resen t  worth of 

coa l  c o s t s  f o r  equal  o i l  and coal  investment (column H) . 



Column I gives the 1985 price for coal (in dollars per $lo6 Btu) which 

yields the break-even present worth (column H) : 

Column I = 
Column H ($/yr) 

6 6 
11.655 x 52.6 x 10 x 10 Btu/yr 

- - Column H 
613.1 S/Btu 

Column J is the equivalent of column I (in dollars per ton), assuming a 

heating value of 25 x lo6 Btu per ton of coal. 

This type of present-worth analysis can be useful in developing or analyz- 

ing energy policy alternatives for the region, particularly economic incentives 

or disincentives for encouraging or discouraging the use of coa1,as opposed to 

oil. Similar comparisons would apply to other fuel options. 'Extension of the 

present effort should include sensitivity analyses of all components of invest- 

ment decision-making to provide additional insights for public policy analysis. 






