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EXECUTIVE SUMMARY 

~iquid fuels can be produced from coal in a number of 
indirect and direct liquefaction processes. While indirect 
coal liquefaction has been proved commercially outside the 
United States, most attention in this country has focused 
on tbe direct liquefaction processes, which include the pro- 
cesses under examination in this report-namely, the Exxon 

' . Donor Solvent (EDS), the H-Coal, and the Solvent Refined 
Coal (SRC) I1 processes. 

1. THIS REPORT HAS BEEN PREPARED TO ASSIST THE DEPARTMENT 
'OF ENERGY'S POLICY PLANNING ON THE COMMERCIALIZATION OF 
DIRECT COAL LI.QUEFACTION 

A large body of data has been assembled by 60~ and 
industry omthe technology and economics of direct coal 
liquefaction. However, with attention shifting to the issues 
of full commercialization, there is an increasing awareness 
of potential logistical, regulatory, institutional, environ- 
mental, and safety issues that need to be resolved. 

I'n the second quarter of 1979, the Department of Energy 
asked' Booz, Allen & Hamilton Inc. to conduct an assessment 
of the marketability of the products of direct coal liquefac- 
tion-focusing on the boiler fuel market in the period 1.985- 
1990. Specifically, the study's key questions are: 

If the technology is proved' and the economics 
appear attractive, will the products of direct 
liquefaction be compatible in the boiler fuel 
market? 

With respect to the findings on potential constraints 
or uncertainties, what are the implications for DOE 
policy? 

The following section presents the major conclusions, 
after which each key finding is discussed. 

2. MAJOR FINDINGS OF THE STUDY INDICATE THE PERCEIVED NEED 
FOR EXTENSIVE PRODUCT TESTING, HEALTH HAZARD RESEARCH, 
AND CONTROL SYSTEM DESIGN FOR PRODUCT HANDLING 

The analysis is based on interviews with DOE and industry 
managers of coal liquefaction programs, market compatibility 
assessments by Booz, Allen & Hamilton, and technical analysis 
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Additional Testing 

The aggressive development of synthetic fuels-as 
outlined in pending legislation-together with the 
preliminary nature of'existing product test data, 
indicate a clear need for a comprehensive program 
of research in three areas: 

- Combustion characteristics of various' coal 
liquefaction products 

- Environmental and safety characteristics, in- 
cluding toxicity and carcinogenicity 

- Product handling procedures and safeguards 
for production, transportation, distribution, 
and end use. 

Each major conclusion is discussed briefly in the fol- 
lowing sections, based on detailed assessments in the main 
report. 

3. THE PRODUCTS OF DIRECT LIQUEFACTION APPEAR TO OFFER 
COMBUSTION CHAMCTERISTICS SIMILAR TO NO. 6 RESIDUAL 
FUEL (OIL 

-. 
Direct liquefaction includes two groups-catalytic and 

noncatalytic hydrlogenation, and the fuel oil quality and 
yi.el$d i:s a function of -the severity of the. process operating 
coqditions. 

The H-Coal process,.under development by Hydrocarbon 
Research Inc., is an example of catalytic hydrogenation. In 
this ,proce,ss, pulverized coal is mixed with a process-derived 
recycle solvent, and the resulting slurry is mixed with 
hydrogen gas, pretreated, and pumped to a reactor. Solvent 
extraction and donor 'solvent and catalytic hydrogenation take 
place in the reactor. At low severity (e.g., low temperature, 
low hydrogen pressure, $and low resideme time), the process 
yiePd is a very heavy oil which can be used as a substitute 
for No. 6 residual fuel oil. At higher severity conditions, 
the process can -be converted to lighter distillate fractions. 

The noncatalytic hy>drogenation processes include the 
SRC-19: process under development by Gulf (and the EDS process 
under development by Exxon. Although it is well known that 
these processes utilize the inherent catalytic activity of 
the mineral matter'in the coal, they often are called non- 
catalytic because no cafalyst is added to the system. In 



these processes, pulverized coal is mixed with a recycle sol- 
vent and hydrogen. The mixture is preheated and fed to the 
reactor where the coal is converted to oil by hydrogenation 
and hydrocracking. The major product from both processes is 
a low-sulfur distillate fuel oil that can be used as a sub- 
stitute for both No. 6 fuel oil and No. 2 fuel oil in utility 
and industrial boilers. Exhibit 1 indicates the boiler fuel 
yield and product composition from the three direct liquefac- 
tion processes addressed by this study: 

. H-Coal liquids have been produced in relatively 
small quantities by bench-scale systems and process 
development units. A pilot plant capable of pro- 
cessing 600 tons/day of coal into 2,000 barrels of 
liquid is now under construction. Actual production 
from the pilot plant will depend upon the severity 
of the operating conditions. At a low severity 
operation mode, the primary product is a replace- 
ment for No. 6 fuel oil. The higher heating value 
of H-Coal boiler fuel is somewhat less than that 
of No. 6 fuel oil; however, this is not expected 
to be a major market entry barrier. The most im- 
,portant marketability element will likely be the 
nitrogen content, which is approximately 60 percent 
greater than that of No. 6 fuel oil. Large-scale 
combustion tests of H-Coal boiler fuel will be re- 
quired to ascertain any major problems associated 
with NO, emissions. 

EDS boiler fuel (blend of solvent and vacuum gas 
oil 400"-l,OOO°F liquid) from Illinois No. 6 was 
test burned in a 50-horsepower indus Lrial Luiler . 
The results of the test burn indicated that the 
40O0-l,OOO°F coal liquid burned w i t h  less smoke 
than a 2.2 percent sulfur No. 6 residual fuel oil. 
The coal liquid burned with less particulates thlan 
a reference No. 6 residual oil and the particulate 
matter was below the EPA New Source performance 
Standards (NSPS). The particulate and smoke data 
infer that the 400°-l,OOIOOF EDS liquid product 
produced from Illinois No. 6 coal could be oper- 
able in dedicated existing utility and industrial 
boilers. 

A combustion demonstration test utilizing distil- 
late fuel oil from the SRC-I1 process was conducted 
on a utility boiler at the 74th Street generating 
station of the Consolidated Edison Company of New 
York. Approximately 4,500 barrels of SRC-I1 boiler 

viii 



EXHIBIT 1 
Boiler Fuel production Yield Fraction and Composition ' 

4 

Exxon Donor No. 6 
H-Coal Sol vent SEC- I I Fuel Oil 

D i s t i l l a t i on  Range B~ 400 - 950 700+ * 350 - 900 

Yield (bbl/Ton Dry Coal ) 0.6 0.7 . 1.5 

Specif ic  Gravity .968 

Elemental Composition (wt %) 

Carbon 9 0 88.5 87.9 86.6 
Hydrogen , 7.6 . 6.3 8.1 12.25 
Sulfur 0.D2 0.79 0.3 0.28 
Nitrogen 1 . 0 '  1.1 1 .O 0.24 

Heating Value Btu/l b. 17,700 16,500 17,600 19,150 

SOURCE: Exxon Research and Engineering Company; P.shl and Oil , Inc. ; Gulf Mineral Resources Company. 



fuel were used in the test evaluation. To provide 
a comparison between characteristics for SRC-I1 
fuel oil and typical utility fuel oils, data were 
also obtained with the No. 6 fuel oil currently 
used by Consolidated Edison. The SRC-I1 fuel oil 
tested was low in sulfur (0.22 percent)., and ash 
(10.02 percent). The nitrogen content was rela- 
tively high (1.0 percent) . The major finding of 
the'test program was that boiler thermal efficiency 
levels with SRC-I1 were comparable to No. 6 resid- 
ual fuel. 

Although there were no major operational problems 
encountered during the test, the combustion of 
SRC-I1 fuel oil resulted in nitrogen oxidc emis- 
sions levels approximately 70 percent greater than 
those for No. 6 residual fuel oil. Nitrogen oxide 
reductions were achievable, however, through com- 
bustion modifications. Nitrogen oxide reductions 
achievable were on the order of 33 percent for 
both SRC-I1 and No. 6 residual fuel oils. The 
test burn also indicated that particulate matter 
emissions were lower for the SRC-I1 fuel oil than 
for the No. 6 residual oil. 

4 .  THERE IS A SUBSTANTIAL POTENTIAL BOILER FUEL MARKET 
OPPORTUNITY FOR COAL LIQUIDS IN 1990-PARTICULARLY FOR 
ELECTRIC UTILITIES IN THE EAST AND NORTHEAST 

A potential utility boiler fuel market of 1.2 million 
bbl/day is forecast by BOOZ, Allen & Hamilton for 1990 should 
coal-derived liquids replace conventional uses of No. 6 
residual oil and natural gas in these markets. In 1978, 
residual oil consumption alone was 1.6 million bbl/day. The 
substitution of coal liquids for residual fuel oil represents 
the largest near-term utility market for coal liquids. Simi- 
larly, natural gas consumption was 1.4 million bbl/day of 
residual oil equivalent-clearly a large potential market for 
coal liquids. 

By 1990, however, residual oil, distillate oil, and 
natural gas consumption is forecast to decline. As illus- 
trated in Exhibit 2, residual oil is forecast to decline to 
1.2 million bbl/day and natural gas consumption to decline 
to 250,000 bbl/day of residual oil equivalent. Although the 
utility industry will still be large enough to susport a 
market for coal liquids, the decline in fuel oil and natural 
gas consumption by 1990 may limit the attractiveness of coal 
liquid development as a boiler fuel. 
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EXHIBIT 2 
National Forecast of Primary Fuel Consumption by Electric Utilities 

1978-1990 

GROW RATES 78-85 78-90 

r OVERALL 4.4 4.3 

8 COAL 5.2 6.1 

r NUCLEAR 11.9 10.0 

r RESIDUAL& 1.7 -1.8 
DlSTl LLATE 

NATURAL GAS -63 -14.5 
I 

ACTUAL 

SOURCES: Booz, Allen & Hamilton. Inc.; znd Energy Information Administration, DOE. 
I 



Several factors are responsible for the decline in fore- 
cast fuel oil and natural gas consumption by 1990: 

Increased utilization of coal and nuclear power 

Planned and accelerated retirements of existing 
oil and gas plants 

Conversion of existing oil and gas plants to coal 

Lower utilization factors of' existing oil and gas 
planta. 

However, many utilities will encounter difficulties. in 
switching from,oil to such sources as coal, thereby increas- 
ing the attractiveness of coal liquids in certain utility 
regions. 

Many oil-fired utilities, particularly in the Northeast, 
Atlantic, and West Coast areas, will be limited in their 
ability to switch from oil to coal because of environmental 
constraints and economic considerations. If economically 
competitive coal liquids were available as a boiler fuel in 
significant quantities before 1990, then utilities in areas 
which could not convert to coal would probably be even 
willing to pay a cost penalty for coal liquids. This could 
act as an incentive to develop commercial coal liquid plants 
to supply utility boiler fuels to various regions of the 
country. 

Five DOE utility regions have been selected as probable 
regional markets for coal liquids as boil-er fuels based on 
market size. A summary of regional data nn residual oil 
inputs to U.S. electrical generation is shown in Exhibit 3. 
The five regions and their 1978 residual fuel oil consump- 
tion is graphically shown as Exhibit 4. 

The five candidate regions account for 1.35 million 
bbl/day (approximately 85 percent of the national residual 
fuel oil consumption). The remaining five regionk- idw west, 
Southwest, Central, Northwest, and North Central-account 
for 0.26 million bbl/day (approximately 15 percent of the 
national residual fuel oil consumption). Although the Mid- 
west and Southwest could provide a potential market for coal 
liquids (with residual oil consumption of 115,000 and 125,000 
bbl/day, respectively), these areas are not likely to be 
"first" markets for coal liquids based on interviews with 
representatives in each region. 

xif . 



EXHIBIT. 3 
S u m m a r y  of R e g i o n a l  D a t a  o f  R e s i d u a l  O i l  I n p u t s  

t o  U.S. . E l e c t r i c  G e r i e r a t i o n  

r. 
p- * 1990 f o r e c a s t  da ta  were o b t a i n e d  f rom s u p p o r t i n g  computer runs t o  A n a l y s i s  Report ,  Energy Supply & Demand i n  
P- t h e  Midterm:  1985, 1990, 1995, Ap.ri 1 1979, DOEIEIA-0102152. 

'lea r 

1978 

1990* 
* 

Regional  U t i  1 i t y  Consumption i n  Thousand B a r r e l s l k y  

New Eng NY!NJ M i  d-At1 I S. At1 . 
I 

203 1 310 

19 1 

- K idwest  

72 

233 1 286 115 

98 116 

S. West 

109 

12 5 

Cen t ra l  

17 

8 1 11 
I 

N. Cen t ra l  

.. 3 

- 

West 

3 16 

596 1 - 
1 

N. West 
- 

1,200 

. T o t a l  

- 1,608 



EXHIBIT 4 
Regic.na1 Res idua l  Fue l  O i l  Consumption 

1978 

NOTES: (1) SHADED AREAS REPRESENT REG IONS WHICH CONSUMED LESS 
THAN 200,000 BBLIDAY OF RESBDUAL FUEL OIL I N  1978 

(2) NONGHADED REGIONS CONSUMED MORE THAN a00,000 BCLIDAY 
IN 1W8 REPRESENTING APPROXIMATELY 85% OF THE RESIDUAL 
OIL MARKET OF UTILIITIES 



The New ~ n ~ l a n d  and New York/New Jersey area offers the 
largest potential market area for coal liquids. 

It had a residual oil consumption of 513,000 bbl/ 
day in 1978. 

By.1990, the region is forecast to require 263,000 
bbl/day-still a large potential market area for 
coal liquids. 

The New England and New York/~ew Jersey ar'ea is a 
particularly attractive market for coal liquids 
because utilities in this area will be restricted 
from switching away from oil to sources such as 
coal, based on regional environmental constraints 
and uneconomic capacity replacements for coal. 

The Mid-Atlantic, South Atlantic, and West regions also 
consume large amounts of boiler fuels and could be attractive 
markets for coal liquids. 

The Mid-Atlantic region, like the Northeast, con- 
sumes a sizable amount of boiler fuels. In 1978, 
233,000 bbl/day of boiler fuels were consumed by 
utilities in Pennsylvania, Virginia, Maryland, 
Delaware, and Wesk Virginia. By 1990, the Mid- 
Atlantic region is forecast to require 116,000 
bbl/day-a market large enough to support coal 
liquid plants. 

The Mid-Atlantic region is an attractive market 
for coal liquids because of its proximity to coal 
in Virginia and West Virginia. For example, an 
Appalachia minemouth coal liquids facility would 
require only train transportation to utilities in 
th.e Mid-Atlantic region, while deliveries to other 
regions. would reqube more extensive transportation 
systems such, as combination rail and barge trans- 
portation. 

The West region (Arizona, Nevada, California, and Hawaii) 
is the single lakgest consuming region of boiler fuels. In 
1978, 316',000 bbl/day of boiler fuels were consumed by utili- 
ties in this region, mostly in California. By 1990, the West 
region is forecast to require 596,000 bbl/day-a market which 
will grow over 250,000 bbl/day in the next ten years. 

The industrial and Department of Defense markets for 
boiler fuels are not anticipated to provide major opportuni- 
tie's for initial penetration of coal liquids. 



Residual fuel oil consumption in industrial boilers 
is small but is forecast to grow from approximately 
100,000 bbl/day in 1975 to between 200,000 and 
250,000 bbl/day by 1990. 

The Department of Defense consumes approximately 
35,000 bbl/day of residual fuel oil. The implica- 
tion of the DOD market segmentation is that approxi- 
mately 90 percent of DOD consumption of petroleum 
products is for transportation purposes (jet fuel, 
aviation gasoline, motor gasoline, and most middle 
distillates). Less than 10 percent of DOD consump- 
tion is for residual boiler fuel. In addition, the 
DOD boiler market is not centralized or localized 
in one region of the country, which would make 
marketability of coal liquids difficult. 

Variuug regulatory programs will affect market develop- 
mcnt for coal liqucfaction boilcr fuels a3 shown in Exhibit 5. 
The development of coal liquefaction technologies may be 
additionally constrainted by other regulations imposed to 
protect health, safety, and the environment. Various regula- 
tory programs may involve higher capital and operating costs. 
These increased costs will be reflected in the price of the 
products produced. The magnitude of the price effects will 
be conditioned by the conclusions drawn from research cur- 
rently in progress. 

ANALYSES OF PRELIMINARY DATA INDICATE THAT DIRECT COAL 
LIQUIDS REPRESENT A POTENTIALLY GREATER ENVIRONMENTAL 
HAZARD THAN NO. 6 FUEL OIL. HOWEVER, THE INDICATED 
IIAZARDS CAN Dl3 CONTROLLED WIT11 ADEQUATE SAFEGUARDS. 
THE LACK OF CONCLUSIVE DATA PRECLUDES FINAL JUDGMENT. 

Hazards related to the three types of direct coal lique- 
faction products are similar because similar coal processing 
and operating conditions are used. Although the processes 
have some major system design differences, there are also 
some basic similarities among the processes and their oper- 
ating conditions. Unit operations are similar as are oper- 
ating temperatures, pressures, and yields for the three 
direct coal liquefaction processes. In addition, although 
analyses of the products are limited, similarities can be 
seen among the available data. The similarities indicate 
that the hazard from the products of the direct coal lique- 
faction processes cannot be sufficiently differentiated to 
cite differences among the individual processes. 
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E X H I B I T  5 
Impact of Various Regulatory programs 

on Coal Liquefaction Market Development 

Regul a t o r y  Program Impact - Remarks - 
Clean A i r  Ac t ,  New Source 0 Governs 502, NOx, and p a r t i c u l a t e  

Performance Standards m a t t e r  emissions ; pe rm i t s  and 
waivers  may be g ran ted  f o r  coa l  ' 
1 i q u e f a c t i o n ;  however, a d d i t i o n a l  
t e s t i n g  wi 11 be r e q u i r e d  t o  
e s t a b l i s h  r e g u l a t o r y  compliance. 

Power P l a n t  and I n d u s t r i a l  O Mandates convers ions t o  coa l  f rom 
Fuel  Use Ac t  ,. o i l  and gas; temporary exemptions 

may be g ran ted  f o r  use of  s y n t h e t i c  
f u e l s  ; however, implement ing auth- 
o r i t i e s  a r e  n o t  y e t  f i n a l ,  and syn- 
t h e t i c  f u e l s  a r e  n o t  y e t  a v a i l a b l e .  
Long 1 i t i g a t i o n  i s  expected on 
implementa t ion .  

Toxic Substances Cont ro l  
Ac t  

# P o t e n t i a l  carc inogenec i  t y  of  va r i ous  
products  may r e s t r i c t  t h e i r  use. 

Clean Water A c t  I Con t ro l s  d ischarges o f  t r a c e  me ta l s ,  
phenols, a romat ic  hydrocarbons, 
s ludge, and hydrogen s u l f i d e s .  
E f f l u e n t  s tandards  may cons t r a i n  
c o m e r c i a l  development. 

Resource Conservat ion  and 0 Con t ro l s  d i s ~ o i i t i o n  o f  heavy t a r  
Recovery Ac t  res idues,  wastewater res idues.  s l ag ,  

coa l  dus t ,  and re fuse.  Hazardous 
waste d i sposa l  must comply w i t h  3 i r  
and wa te r  standards.  

~ -~ - -~ - -- -- 

Sur face M in ing  Con t ro l  and @ ~ o n t r o i z  resou rce  development and 
Reclamat ion Act  may impede commerc ia l i za t i on  i f  coa l  

p roduc t i on  cannot gear  up t o  meet 
coa l  l i q u e f a c t i o n  ~ l a n t  demands. 

- -- - 

Occupat ional  S a f e t y  and @ Con t ro l s  t o x i c  substances i n  t h e  
Hea l th  A c t  work p lace.  S t r i c t  imp lementa t ion  

may c o n s t r a i n  technology; 

S i t e - S p e c i f i c  Regu la t ions :  

. Endangered Species A c t  

. F i s h  and W i l d l i f e  
Coo rd ina t i on  Ac t  

. S t a t e  r e g u l a t i o n s  

. Local  p l ann ing  and zoning 
r e g u l a t i o n s  

0 .Not expected t o  pose a development 
b a r r i e r .  

0 Not  expected t o  pose a development 
b a r r i e r .  

O . !lay have some impact depending on 
water  shipments o f  coa l  l i q u i d s .  

0 Sta te  and l o c d l  r e g u l a t i o n s  a re  
n o t  y e t  developed. I t  i s  too e a r l y  

0 t o  determine u l t i m a t e  impact a1 though 
s t r i c t  zon ing r e g u l a t j o n s  c o u l d  
impede development. 

LEGEFID: 

@ = P o t e n t i a l  h i g h  impact ' . 

3 = Caun5 have an impact 

0 = blot expected t o  have a market  development impact  
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The primary environmental area of concern with direct 
coal liquefaction products is worker health and safety. 
Dermal contact is the primary means of exposure to the 
product's carcinogenicity and toxicity, and workplace con- 
trols must be employed to minimize such exposure. A sum- 
mary of the hazards of direct coal liquefaction products ' 

' 

relative to No. 6 fuel oil is presented in Exhibit 6. Sum- 
mary results are as follows. 

The environmental hazards of direct coal liquefaction 
products were assessed for both routine and episodal events 
to determine air and water pollution and ground contamina- 
tion. 

The analysis shows few air pollution problems dur- 
ing routine operation, but good maintenance prac- 
tices should be implemented to ensure employee 
safety 1ru111 iouline vapors and lcakc. Polycyclic 
aru111aLic hydrsearbon emisaionc from coal liquids 
will be nominally higher than for No. 6 fuel oil 
but will be within acceptable limits. An incom- 
plete combustion emission of polycyclic hydrocar- 
bons could present problems. Test burns comparing 
No. 6 fuel oil and coal liquid products under 
upset conditions must be conducted to provide 
definitive answers to this issue. 

Emissions of ashes and trace elements caused by 
incomplete combustion of direct coal liquefaction 
products should be similar to those of No. 6 fuel 
oil, but further testing is needed for technical 
certainty. 

Water pollution problems, caused by spills and 
disasters, are similar for coal liquefaction 
products and No. 6 fuel oil. 

Ground contamination is not expected to become a 
major problem because products could be trans- 
ported and stored in closed systems. Leaks, 
pipeline breaks, and road and rail tanker accidents 
can be handled with current petroleum industry 
practices. Environment damage effects woGld 
probably need to be further researched, however. 

The findings represent a preliminary judgment of current 
and future testing to determine the environmental hazards of 
coal liquefaction products. Our analyses show that worker 
saf'ety and health will.be th.e primary potential environ- 
mental concern. Dermal exposure to the products would have 



Environmental Area 

Worker safety & Health 

Air Pollution 

Water Pollution 

Ground Cc.ntamination 

EXHIBIT 6 
Summary of t h e  P o t e n t i a l  Hazards of D i r e c t  

Coal Liquef.action Products  Re la t ive  t o  No. 6 Fuel O i l  

Routine Events 

j' ' potential Hazard 
,. Relative to No. 6 

Fuel Oil 

@ Greater ~a,z&rd Potential Than No. 6 Fuel Oil 
@ Less Hazard Potential Than No. 6 Fuel Oil 
'@ Approximately Equal Hazard Potential To No. 6 N e l  Oil 

Source: Booz, Allen & Hamilton Inc. 

Discussion 

Controls would include 
good work practice and 
hygiene procedure 

Current emission stan- 
dards should be met-- 
SO less, NO higher 
X X 

Mandated controls 
measures analogous 
to No. 6 Fuel Oil 
will be required 

Routine clean-up and 
disposal of spills and 
leaks similar to No. 6 
Fuel Oil 

Episodal Events 

Potential Hazard 
Relative. to No. 6 

Fuel Oil Discussion 

Dermal exposure 
during clean-up 
operations will 
have to be con- 
trolled to mini- 
mize hazard . 

Possible increase 
in polycylic - 
aromatic compounds 
and particulates-- 
more testing is 
needed 

Tanker or barge 
accidents could 
have major envi- 
ronmental impact-- 
similar to crude 
oil 

Severe exposures 
must be controlled 
more stringently 
than No. 6 Fuel 
Oil 



to be greatly reduced in relation to normal handling proce- 
dures for conventional fuels. Additionally, there are several 
areas that need further evaluation such as biological testing 
of products, additional utility test burns, and detailed com- 
positional data. The completion of these tests will further 
define the potential environmental hazards of coal liquefac- 
tion products. 

6 FOR INITIAL PLANTS, THE FEASIBLE TRANSPORTATION OPTIONS 
ARE RAIL, BARGE, AND, POTENTIALLY, PIPELINES; SPECIAL 
HANDLING REQUIREMENTS ARE NOT KNOWN AT THIS TIME 

Coal liquids could be distributed and marketed through 
an infrastructure similar to that utilized for residual fuel 
oil. In the early stages of commercialization, direct coal 
liqucfsction planto will lilccly bc oitcd in Appalachia and 
Illinois, and the boiler fuels will be marketed in the North- 
east and Mid-Atlantic areas. Additional market development 
could take place in the West as additional liquefaction plants 
are sited. 

A qualitative evaluation of potential market barriers 
on four transportation modes-pipelines, barge, rail, and 
truck-is shown in Exhibit 7. As indicated, there are bar- 

I riers-principally economic-associated with each mode of 
I transporting coal liquids which must be resolved before full- 

scale coal liquids production takes place. These barriers 
I would probably exist for any large-scale new "petroleum-type" 
I 
i 

liquids production from indigenous resources in these regions. 

There are infrastructure barriers in all transportation/ 
distribution configurations except for rail transportation in 
the Northeast and Atlantic regions: 

1. 
Rail transportation exists between the selected 
plant sites .and markets ; however, unit train trans- 
port in th.e West may be a barrier. Rail links 
exist in either direction from Wyoming, although 
rail traffic in an eastward direction may be cost 
prohibitive. 

Pi.pelines are not available currently in the 
candidate systems. There are no pipelines currently 
available to transport coal liquid boiler fuel from 
a Wyoming location to the West Coast. Furthermore, 
there are no pipelines to transport coal 'liquids 
from I'llinois'or Appalachia to the East Cost. This 



EXHIBIT 7 
E v a l u a t i o n  of T r a n s p o r t a t i o n  M a r k e t  B a r r i e r s  

f o r  C o a l  L i q u i d s  

* . Depends . on economics o f  cons t ruc t i ng  a  new p i p e l i n e  system s p e c i f i c a l l y  f o r  
x coal l i q u e f a c t i o n  products.  
X 
r - 

Legend : 

@ May pose a  s i g n i f i c a n t  b a r r i e r  
O May pose a .  b a r r i e r  - 
0  Does n o t  pose a  b a r r i e r  

Overa l l  

0 - Q* 
9 
8 

9 

Transpor ta t ion  

Mode 

P i  pe l  i ne 

Barge 

Rai 1  

Truck 

1  = A  coal l i q u e f a c t i o n  p l a n t  i n  e i t h e r  Kentucky o r  West V i r g i n i a  and candidate markets 
i n  t he  Nor theast  and A t l a n t i c  regions 

2. = A coal 1  i q u e f a c t i o n  p l a n t  i n  Southern I l l i n o i s  and candidate markets i n  t h e  Nor theast  
and ,A t1  a n t i c  regions 

3 = A coal 1  i q u e f a c t i o n  p l a n t  i n  the West and candidate markets i n  'the Nor theas t  and 
At1 a n t i c  'regions 

4  = A coal l i q u e f a c t i o n  p l a n t  i n  the Mest and candidate markets i n  C a l i f o r n i a  

Po ten t i  a1 Market B a r r i e r s  

Safety  

0 

8 

Q 
8 

Environmental 

0 

@ 

8 

Q  

Economics 

0 - 8" 
0 

@ 

@ 

E x i s t i n g  
I n f r a s t r u c t u r e  

1 2 3 4  

@ @  

O m @  

8 8 9  

O O Q Q .  

0 

@ 

9 



may pose a marketing barrier in the event alterna- 
tive modes of transport 'are not available because 
of physical constraints or economic considerations. 

Truck transportation is not a likely possibility. 
Truck transport may be available in each case; 
however, each 50,000 bbl/day liquefaction plant 
would require approximately 750 tank trucks. Tank 
trucks will likely be eliminated as a candidate 
m ~ d e  because costs are expected to be prohibitive 
due to the distance between plants and markets. 

Limited barge shipments could take place along the 
East Coast. Barge movement could take place be- 
tween an8East Coast port and a New York or New 
England market. The coal liquids could be shipped 
via rail from the liquefaction plants to Baltimore 
and'barged to the consumption plant. 

Since only a relatively small amount of coal liquids 
have been moved for test in utility and industrial boilers, 
the lack of attendant problems may not be indicative of those 
of transporting 50,000-100,000 bbl/day, which is ultimately 
envisioned. A whole scale increase of coal liquids transpor- 
tation has marketing implications with respect to: 

Availability of rail cars 

Adequacy and availability of railroad beds to 
transport coal liquids from plant sites to candi- 
date markets 

Adequacy or availability of pipelines to carry 
coal liquids from plant sites to candidate markets 

Adequacy of'storage facilities at end-use locations. 

These factors, important for virtually any major expression 
of domestic energy supplies, warrant additional evaluation 
to completely ascertain transportation and handling require- 
ments for these fuels for the 1985-1990 tfmeframe. 

7. THE PRELIMINARY NATURE OF EXISTING DATA ON ENVIRONMENTAL, 
SAFETY, AND INSTITUTIONAL ISSUES INDICATES THE NEED FOR 
A COMPREHENSIVE RESEARCH PROGRAM 

Data on the coal liquefaction products are limited and 
often inconsistent, since the various technologies are at 
different stages of development. 

xxii 



The epidemiological data available from the Insti- 
tute, West Virginia liquefaction plant (operated 
during 1952 to 1960) may not be applicable to the 
products of current direct coal liquefaction pro- 
cesses. 

~oxicolo~ical testing programs on SRC-I products 
were carried'out by Industrial Bio-Test Labora- 
tories. Howe'ver, this laboratory is virtually 
shut down and the program status cannot be re- 
ported. 

Test burn data are available but limited because 
of short-term duration and brief analyses performed. 

Chemical analyses of the products from each process 
are generally unavailable. The chemical components 
of coal liquids contain numerous complex molecules, 
with high boiling points, which are difficult to 
analyze. 

Analytical techniques are still being developed to 
analyze the chemical groups and compounds found in 
coal liquefaction products. 

In general, analyses for polycyclic aromatics, 
sulfur.compounds, nitrogen heterocyclics, 'mono- 
cyclic aromatics, inorganics, and insolubles must 
be interpreted from other data,and are only quali- 
tative in nature. or are unavailable. 

It is recognized that extensive research is currently 
in progress. The unresolved questions regarding regulatory 
and institutional matters .warrant additional analyses and 
evaluation on a coordinated basis, as discussed in the fol- 
lowing section. 

8. RESEARCH,,TESTING, AND VERIFICATION PROGRAMS NEED TO BE 
HIGHLY COORDINATED AMONG NUMEROUS ORGANIZATIONS: 
FOCUSED REVIEW AND MANAGEMENT IS CALLED FOR 

The large number of organizations involved in the com- 
mercialization process of coal liquids argues in favor of a 
well-coordinated research program. The potentially large 
number of institutional constraints to the marketability of 
coal liquefaction boiler fuels may enhance, prevent, or de- 
lay the commercial development of the process technologies. 
The pace of coal liquids market development will be dependent 
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on cooperation between the industrial and governmental sec- 
tors. A complex and often conflicting system is currently 
in place which will have a high impact on the timing of com- 
mercialization of coal liquefaction technology: 

Three main groups are encouraging and supporting 
commercialization: 

- Department of Energy 
- Congress 
- Process technology companies 

Other groups with legitimate interests are involved 
in the commercialization process: 

- Environmental Protection Agency 
- Occupational Safety and.Health Administration 
- Labor unions 
- Public interest qroups 
- State regulatory agencies.. 

Commercialization will be constrained by the current 
lack of adequate facts to satisfy the complex approval system. 
Thus, thcre are three important tasks that the Department of 
Energy should consider initiating: 

A major review of all direct coal liquefaction re- 
search to ascertain opportunities for enhancing 
the resolution of potential regulatory, institu- 
tional, and logistical conflicts 

An .aggressive test burn program for all three 
direct coal liquefaction boiler fuels to confirm 
combustion suitability 

An aggressive researeh program to i d e n L i f y  L l i e  
necessary product handlinq procedures and safe- 
guards for production, transportation, distribution, 
and end use for direct coal liquefaction. boiler 
fuels. 

As with any new energy system, even if conceptually 
economically competitive, the basic technical feasibility and 
environmental suitability must be demonstrated before full- 
scale commercialization can be expected to take place in the 
United States. 
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CHAPTER I 
INTRODUCTION 

1 

The Department of Energy (DOE) i s  c u r r e n t l y  reviewing 
t h e  p o t e n t i a l  f o r  commercial development of t echno log ie s  
t h a t  produce petroleum type  o i l  and g a s  from c o a l .  DOE i s  
i n t e r e s t e d  i n  t h e  commercial development of emerging tech-  
n o l o g i e s  because they  have t h e  p o t e n t i a l  t o  reduce t h e  
growing dependence on f o r e i g n  energy resour .ces  and t o  add 
t o  t h e  domest ic  energy base .  The t echno log ie s  t o  which 
DOE i s  focus ing  inc lude  c o a l  g a s i f i c a t i o n  and c o a l  l i q u e -  
f a c t i o n  systems.  

Although f i r s t - g e n e r a t i o n  c o a l  g a s i f i c a t i o n  and c o a l  
l i q u e f a c t i o n  t echno log ie s  a r e  t e c h n o l o g i c a l l y  proven,  t h e  
p r i c e s  f o r  p roduc t s  a r e  s i g n i f i c a n t l y  h ighe r  t han  conven- 
t i o n a l  f u e l s  i n  mid-1979. ,A l so ,  t h e  emerging g a s i f i c a t i o n  
and l i q u e f a c t i o n  i n d u s t r i e s  may be c o n s t r a i n e d  by t e c h n i c a l  
u n c e r t a i n t i e s  of  advanced p roces ses ,  unknown r e g u l a t o r y  
s t a n d a r d s ,  p o t e n t i a l  i n s t i t u t . i o n a 1  and l o g i s t i c a l  b a r r i e r s ,  
and p o t e n t i a l  e n v i r o ' m e n t a l  hazards .  The purpose of t h i s  
s tudy  i s  t o  examine some of  t h e  d e t a i l s  of t h e  p o t e n t i a l  
markets  f o r  coa l -der ived  l i q u i d s - s p e c i f i c a l l y  b o i l e r  f u e l s .  

Coal l i q u e f a c l i o l ~  p r u d u c e s  f u e l s  which inc lude  low-ash, 
low-sulfur  b o i l e r  f u e l s  s u i t a b l e  f o r  e l e c t r i c  power and 
steam g e n e r a t i o n  and high-grade t r a n s p o r t a t i o n  f u e l s  and 
chemical  f eeds tocks .  The Fede ra l  Government and t h e  p roces s  
technology companies a r e  advanci.ng d i r e c t  c o a l  l i q u e f a c t i o n  
t echno log ie s  t o  t h e  p i l o t  p l a n t  s t a g e  and toward demonstra- 
t i o n  f a c i l i t i e s .  DOE'S  p r e s e n t  g o a l  i s  t o  prov ide  u s e f u l  
p roduc t s  f o r  t h e  marketplace  from t h r e e  processes-the Exxon 
Donor So lven t  (EDS) Process;  t h e  H-Coal P roces s ,  and t h e  
So lven t  Refined Coal-I1 P roces s  (SRC-11). I t  i s  expec ted  
t h a t  one o r  a l l  of  t h e s e  p roces ses  . w i l l  e v e n t u a l l y  form t h e  
b a s i s  f o r  a  United S t a t e s '  c o a l  l i q u e f a c t i o n  i n d u s t r y .  DOE 
i s  n o t  c u r r e n t l y  suppor t ing  r e s e a r c h  and development pro- 
grams f o r  i n d i r e c t  l i q u e f a c t i o n  t echno log ie s .  

a s  
c a l  

Coal l i q u e f a c t i o n  market  development may proceed s lowly  
economic f e a s i b i l i t y  improves. Furthermore,  t echnologi -  

q u e s t i o n s  must be  r e s o l v e d ,  environmental  q u e s t i o n s  
need t o  be answered, and i n s t i t u t i o n a l  b a r r i e r s ' . n e e d  t o  be 
removed. Commercial a v a i l a b i l i t y  of  c o a l  l i q u e f a c t i o n  
p roduc t s  could w e l l  be on t h e  o r d e r  of  1 0 0 , 0 0 0 ' t o  200,000 
b a r r e l s  of  petroleum e q u i v a l e n t  p e r  day i n  1990. p his 



production level could be achieved if demonstration facili- 
ties proceed as scheduled and commercial scale-up takes 
place without the negative impact of environmental, regu- 
latory, and institutidnal issues, 

The Department of Energy a,sked Booz, ~lleri & Hami.lton 
Inc. to assess the market potential for coal liquefaction 
products as boiler fuels because this particular market seg- 
ment may offer some early potential coal liquefaction com- 
mercialization, BOOZ, Allen assessed only coal liquefaction 
boiler fuels as a replacement for No. 6 residual fuel oil 
and did not evaluate the other types of coal liquids fuels 
such as transportation or turbine fuels. 

1t. is 'recognized that certain direct coal liquefaction 
products could be utilized by the electric utility industry 
in stationary combustion turbines. This area may represent 
a significant market segment for coal-derived liquids in 
the 1990s. This report, however, focuses on the electric 
utility and industrial boiler markets realizing that other 
areas may also offer significant long-term opportunities. 

The DOE requested B O Q Z ,  Allen to determine the poten- 
tial size of the boiler fuel market in 1980-1990 and to 
identify the environmental and institutional issues that 
may impede technology development for the boiler fuel 
market. 

Coal-derived liquid fuel oils could supplant residual 
fuel oils currently utilized in the utility and industrial 
sectors. The utility sector might be an early candidate 
market because of its high dependence on imported fuel oil. 
Exhibit 1-1 shows 19 '18  electrical generating dependency on 
oil. Note that the significant areas where import dependency 
is the greatest are :New England, Middle Atlantic, South 
Atlantic, and Pacific regions. 

This study does not directly address a number of the 
economic aspects of commercialization. The focus of the 
study was to assess' the marketability of liquid boiler 
fuels in 1990 and assess the industrial marketplace to 
identify possible commercialization barriers. The DOE 
recognizes that the economic environment will influence 
market development and, as such, has other studies underway 
to assess the required economic incentives necessary. for 
technology commercialization. 



EXHIBIT 1-1 
U . S .  D e p e n d e n c e  on O i l  fo r  E l e c t r i c  P o w e r ,  1 9 7 8  

( B y  R e g i o n s ,  E l e c t r i c i t y  G e n e r a t e d  By O i l  as 
a Pe rcen t  of T o t a l  E l e c t r i c i t y  Generated) 

NEW ENGLAND 60% 

ALASKA AND 
HAWAII 78% 

CENTRAL 73 .c- 

SOURCE: ENERGY INFORMATION ADMINISTRATION 



I n  view o f  t h e  work scope s e l e c t e d  by DOE f o r  t h i s  s t u d y ,  
a n  economic comparison of d i r e c t  c o a l  l i q u e f a c t i o n  p r o d u c t s  
w i t h  a l t e r n a t i v e  f u e l s  was n o t  under taken  n o r  d i d  Booz, 
A l l en  e v a l u a t e  t h e  market  p o t e n t i a l  f o r  o t h e r  t y p e s . o f  
f u e l  t h a t  cou ld  be p roduced 'w i th  t h e  d i r e c t  c o a l  l i q u e -  
f a c t i o n  t e c h n o l o g i e s .  

I 

The ba l ance  o f  t h i s  i n t r o d u c t i o n  i s ' p r e s ' e n t e d  i n  t h e  
fo l l owing  f i v e  s e c t i o n s :  . 

Purpose  of  t h e  s t udy  
Scope of  t h e  s t u d y  
Approach of  t h e  s t u d y  
Overview o f  o r g a n i z a t i o n s  i n t e rv i ewed  
Overview of  - t h e  c o n t e n t s  of  t h e  r e p o r t .  

1. THE PURPOSE OF THE STUDY WAS TO DETERMINE THE CANDIDATE 
MARKETS FOR DIRECT COAL LIQUEFACTION PRODUCTS FOR 
BOILERS FUELS D U R I N G  THE TIME FRAME 1985-1990 

The o b j e c t i v e s  of  t h e  s t u d y  w e r e  t o :  

Compare t h e  b o i l e r  f u e l s  o f  d i r e c t  c o a l  l i q u e f a c -  
t i o n  w i t h  r e s i d u a l  f u e l  o i l  (No. 6 f u e l  o i l ) :  

- P h y s i c a l  c h a r a c t e r i s t i c s  
- ~ n v i r o n m e n t a l  hazards . ,  such a s :  

Carcinogenkc c h a r a c t e r i s t i c s  
Toxic hazard  c h a r a c t e r i s t i c s .  5 

Determine whether a  b o i l e r  f u e l  market  would e x i s t  
f o r  t h e  c o a l  l i q u e f a c t i o n  p roduc t s  g iven  t h e i r  
p h y s i c a l  c h a r a c t e r i s t i c s  and p o t e n t i a l  environ-.  
menta l  hazards .  

Determine t h e  advan tages  of u t i l i z i n g  methanol  a s  
a  b o i l e r  f u e l  on a con t inuous  b a s i s  i n  commercial 
b o i l e r s  u t i l i z i n g  e x i s t i n g  technology.  The u t i l i -  
z a t i o n  of  methanol  a s  a  b o i l e r  f u e l  i s  examined 

, i n  Appendix D. 

I d e n t i f y  t h e  p o t e n t i a l  r e g i o n a l  c a n d i d a t e  marke t s  
f o r  d i r e c t  c o a l  l i q u e f a c t i o n  p roduc t s  a s  l i q u i d  
b o i l e r  f u e l s .  

Determine t h e  d i s t r i b u t i n g  and hand l ing  c o s t s  
a s s o c i a t e d  w i t h  marke t ing  c o a l  l i q u e f a c t i o n  
p r o d u c t s  a s  l i q u i d  b o i l e r  f u e l s .  

Determine t h e  c u r r e n t  r e g u l a t o r y  i s s u e s  a s s o c i a t e d  
w i t h  t h e  marke t ing  o f  c o a l  l i q u e f a c t i o n  p r o d u c t s  
a s  b o i l e r  f u e l s .  



Determine and e v a l u a t e  o t h e r  i n s t i t u t i o n a l  i s s u e s  
a s s o c i a t e d  wi th  t h e  market ing of d i r e c t  c o a l  
l i q u e f a c t i o n  p roduc t s  a s  b o i l e r  f u e l s .  

2 .  THE SCOPE OF THIS STUDY FOCUSED ON THE POTENTIAL USE 
OF DIRECT COAL LIQUEFACTION PRODUCTS AND METHANOL AS 
BOILER FUELS I N  TWO MARKETS 

The s tudy  focused on u t i l i t y  and i n d u s t r i a l  b o i l q r s  a s  
p o t e n t i a l  markets .  Three d i r e c t  c o a l  l i q u e f a c t i o n  p roces ses  
were i nco rpo ra t ed  i n  t h e  study-Exxon Donor Solvent  (EDS) ,  
H-Coal., and s o l v e n t  Refined Coal-Liquid ( S R C - 1 1 ) .  The use  
of  methanol a s  a  b o i l e r  f u e l  was eva lua t ed  t o  determine 
p o t e n t i a l  combustion advantages .  

3 .  THE STUDY APPROACH WAS TO INTEGRATE PUBLIC AND PRIVATE 
FERCEFTIONS O F  THE U T I L I Z A T I O N  OF DIRECT COAL LIQUE- 
FACTION BOILER FUELS AND TO DETERMINE THE LIKELY 
CANDIDATE MARKET SEGMENTS FOR SUCH PRODUCTS 

Data and in fo rma t ion  t o  suppor t  t h i s  s tudy  were ob- 
t a i n e d  from t h r e e  main sou rces :  

E x i s t i n g  l i t e r a t u r e  and r e p o r t s  i n  t h e  p u b l i c  
and p r i v a t e  s ec . t o r s  

I n t e r v i e w s  w i t h  Department of Energy (DOE) and 
o t h e r  p u b l i c  o f f i c i a l s ,  

I n t e r v i e w s  w i t h  t h e  p roces s  t-echnalogy companies, 
l e a d i n g  u t i l i t i e s  involved i n  c o a l  l i q u e f a c t i o n  
f u e l s  r e s e a r c h ,  i n d u s t r i a l  b o i l e r  manufac ture rs ,  
b o i l e r  owners, p i p e l i n e  companies, r a i l r o a d  and 
o t h e r  t r a n s p o r t a t i o n  companies, inves tment  bankers ,  
l a b o r  union o f f i c i a l s ,  o i l  companies, and o t h e r  
cncrg.3 o r g a n i ~ a t i o n c .  

Nine t y p e s  of in format ion  were ob ta ined :  

S t a t u s  of  c o a l  l i q u e f a c t i o n  technology development 

A n t i c i p a t e d  markets  f o r  c o a l  l i q u e f a c t i o n  produc ts  
t o  be  used a s  b o i l e r  f u e l s  6 

S t a t i s t i c a l  d a t a  from which b o i l e r  f u e l  market  
f o r e c a s t s  w e r e  developed 

Names of p roces s  technology p a r t i c i p a n t s  and t h e i r  
r e s p e c t i v e  market  s t r a t e g i e s  

U t i l i t y  management p e r c e p t i o n s  on t h e  u t i l i z a t i o n  
of  coa l -der ived  l i q u i d s  f o r  b o i l e r  f u e l s  



I n d u s t r i a l  s e c t o r  management pe rcep t ions  on t h e  
u t i l i z a t i o n  of coa l -der ived  l i q u i d s  f o r  b o i l e r  
Xuels 

Environmental d a t a  

Federa l  p o l i c y  i m p l i c a t i o n s :  

- Executive Branch 
- ' L e g i s l a t i v e  Branch 

. F i n a n c i a l  i n s t i t u t i o n  pe rcep t ions  on t h e  develop- 
ment o f  a commercial c o a l  l i q u e f a c t i o n  i n d u s t r y .  

The d a t a  and in format ion  w e r e  analyzed t o  f o r e c a s t  t h e  
p o t e n t i a l  market f o r  d i r e c t  c o a l  l i q u e f a c t i o n  produc ts  t o  
be used i n  b o i l e r  f u e l s  and t o  i d e n t i f y  l i k e l y  cand ida t e  
markets f o r  t h e s e  f u e l s .  

The p o t e n t i a l  environmental  r i s k s  a s s o c i a t e d  wi th  
market ing d i r e c t  c o a l  l i q u e f a c t i o n  produc ts  w e r e  eva lua t ed  
i n  t h e  c o n t e x t  of whether o r  n o t  such r i s k s  w e r e  manageable. 

4.  THE PRIVATE SECTOR COMPANIES WHICH PROVIDED INPUT TO 
THIS STUDY REPRESENT THE CORE OF THE DIRECT COAL 
LIQUEFACTION PROCESS TECHNOLOGY COMPANIES 

This  s tudy  focused on t h r e e  d i r e c t  c o a l  l i q u e f a c t i o n , , .  
p roces s  t echno log ie s .  These t echno log ie s  are be ing  supported 
. i nd iv idua l ly  by t h r e e  d i f f e r e n t  groups:  

- Developed by Gulf O i l  Corporat ion ( P i t t s b u r g  
. & Midway Coal Mining Co.) 

- Cosponsors are the Department o f  Energy ( D O E ) ,  
t h e  E l e c t r i c  Power Research I n s t i t u t e  (EPRI) , 
and Southern S e r v i c e s  

- Developed by Hydrocarbon ~ e s e a r c h ,  Inc .  

- Cosponsors a r e  DOE, EPRI, Ashland O i l ,  S tandard 
O i l  Company ( Ind iana )  (Arnoco) , Mobil, Con- 
t i n e n t a l  ' O i l  Company (Conoco) , and t h e  S t a t e  
of  . Kentucky ' 



e. Exxon Donor Solvent :  

- Developed by Exxon Research and Engineer ing 
Company 

- Cosponsors a r e  DOE, E P R I ,  and P h i l l i p s  
, Petroleum Company. - 

A t  l e a s t  12 u t i l i t i e s  i n  New England and t h e  Mid- 
A t l a n t l c  reg ion  are i n t e r e s t e d  i n  u t i l i z i n g  d i r e c t  c o a l  
l i q u e f a c t i o n  b o i l e r  f u e l s .  They inc lude  . t h r e e  o f  t h e  
l a r g e s t  Eas t  Coast  u t i l i t i e s :  

Conso.1idated Edison 
Boston ~ d i s o n  
Bal t imore  G a s  and E l e c t r i c .  

I n  t o t a l ,  86 o r g a n i z a t i o n s  w e r e  in te rv iewed and pro- 
v ided  in format ion  u s e f u l  t o  the developmerlt uf this slildy. 
A l i s t  o f  t h e  o r g a n i z a t i o n s  in te rv iewed i s  inc luded  as Ap- 
pendix E t o  t h i s  r e p o r t .  

5. THIS REPORT PROVIDES THE DEPARTMENT OF ENERGY W I T H  A 
MARKET FORECAST F O R  THE U T I L I Z A T I O N  OF DIRECT COAL 
LIQUEFACTION PRODUCTS AS BOILER FUELS - 

This  s tudy,  focused on t h r e e  key f a c t o r s  which w e r e  
e v a l u a t e d  t o  a s s e s s  t h e  a c c e p t a b i l i t y  of t h e  market f o r  
c o a l  l i q u e f a c t i o n  b o i l e r  f u e l s :  

Product  demand t o  determine whether a user need 
e x i s t e d  

Product  s . p e c i f i c a t i o n  t o  determine l i k e l y  market 
a c c e p t a b i l i t y  of t h e  f u e l  

. r o t e n t i a i  markeflng costs fo r  cud1 1iyueIdcLiuii 
b o i l e r  Fuels  compared wi th  convent iona l  f u e l s .  

The s t u d y  a l s o  focused on t h e  p o t e n t i a l  environmental  r i s k s  
a t  t h e  'end-use l e v e l  t h a t  are a s s o c i a t e d  wi th  . t h e  marketing 
of d i r e c t  c o a l  l i q u e f a c t i o n  produc ts .  (See Appendix B.)  

The s tudy  i d e n t i f i e ' d  t h e  p o t e n t i a l  s i z e ' o f  t h e  market 
f o r  d i r e c t  c o a l  l i q u e f a c t i o n  produc ts  used a s  b o i l e r  f u e l s  
and i d e n t i f i e d  c a n d i d a t e  market  segments,  g iven t h a t  c o a l  
l i q u i d s  would be  economically.competitive. There a r e  i s s u e s  
t h a t  w i l l  need a d d i t i o n a l  ana lyses  be fo re  a market  f o r  c o a l  
l i q u e f a c t i o n  b o i l e r  f u e l s  can be  e s t a b l i s h e d .  



The b a l a n c e  o f  t h i s  r e p o r t  p r e s e n t s  t h e  f i n d i n g s  and 
conc lu s ions  o f  t h e  s t u d y :  

Chap te r  2 :  E4eview.of t h e  D i r e c t  Coal  L i q u e f a c t i o n  
P roces se s  : 

- SRC-I1 P roces s  
- H-Coal P roce s s  
- Exxon Donor S o l v e n t  P roce s s  

Chap te r  3 :  P o t e n t i a l  Markets  f o r  Coal  L i q u e f a c t i o n  
B o i l e r  F u e l s  : 

-. TTti l i ty  demand f o r c c a s t s  
- I n d u s t r i a l  s e c t o r  demand f o r e c a s t s  

Chap te r  4: The P o t e n t i . a l  Environmental  Hazards o f  
B o i l e r  F u e l s  Produced From Coal L i q u e f a c t i o n  P roces se s  

. Chapte r  5: Regu la to ry  I s s u e s  Assoc i a t ed  With 
Market ing Coal L i q u e f a c t i o n  Produc t s  a s  B o i l e r  F u e l s  

Chap te r  6: I n s t i t u t i o n a l  I s s u e s  

. Chapte r  7: Cos t s  o f  D i s t r i b u t i o n  and Handling Coal  
L i q u e f a c t i o n  B o i l e r  F u e l s  

. Chapte r  8: The Government 's Role i n  A c c e l e r a t i n g  
Market  ~ e v e l o p m e n t  f o r  Coal  L i q u e f a c t i o n  Produc t  
B o i l e r  F u e l s .  
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CHAPTER 2 
REVIEW OF THE DIRECT COAL LIQUEFACTION PROCESSES 

The direct liquefaction of coal is carried out by 
slurrying coal in a process derived oil. This oil may or 
may not be a coal hydrogenator at this stage of the process. 
.The resultant mixture is reacted with hydrogen at high pressure 
and moderate temperature to form liquid hydrocarbons. The 
unreacted coal and ash are removed from the product. The 
unused coal can be gasified to produce the hydrogen reguired 
by the process. 

The boiler fuels derived from direct coal liquefaction 
processes can potentially replace refined petroleum products 
in two distinct markets-electric utilities power generation, 
and industrial steam generation. The development of direct 
coal liquefaction processes can therefore provide for in- 
creased production of liquid fossil fuels to alleviate the 
United States' import dependency by introducing an alternative 
type fuel oil to replace the large volumes of residual oil 
entering the Unitcd States from offshore. 

The DOE direct coal liquefaction program focuses on the 
development of three processes-the Exxon Donor Solvent (EDS) 
Process, the H-Coal Process, and the Solvent Refined Coal-I1 
(SRC-11) Process. This section provides an introduction to 
the technologies, based on generally available information. 

Efficiencies of the direct liquefaction process range 
from 6 5  to 70 percent. Product ycields are 2.5 to 3 barrels 
of coal-derived liquids (fuel oil equivalent) per ton of 
coal. The fuel oil yield is a function of the severity of 
the operating conditions programmed into the process. 
Direct liquefaction includes two groups-catalytic and non- 
catalytic hydrogenation. 

Catalytic hydrogenation includes the H-Coal Process 
under development by Hydrocarbon Research Inc. Pulverized 
coal is mixed with a process derived recycle solvent and 
the resulting slurry is mixed with hydrogen gas, pretreated 
and pumped to a reactor. Solvent extraction, donor solvent 
hydrogenation, and catalytic hydrogenation take place in the 
reactor. At low severity, e.g., low temperature, low hydro- 
gen pressure, and low residence time, the process yield is a 



ve ry  heavy o i l  which can be used as a s u b s t i t u t e  f o r  No. 6 
r e s i d u a l  f u e l  o i l .  A t  h ighe r  s e v e r i t y  c o n d i t i o n s ,  t h e  pro- 
c e s s  y i e l d  can be conver ted  t o  l i g h t e r  d i s t i l l a t e  f r a c t i o n s .  

The n o n - c a t a l y t i c  hydrogenat ion p roces ses  i nc lude  t h e  
SRC-I1 p roces s  under development by Gulf and t h e  EDS process  
under development by Exxon. Although it is  well-known t h a t  
t h e s e  p roces ses  u t i l i z e  t h e  i n h e r e n t  c a t a l y t i c  a c t i v i t y  of 
t h e  minera l  matter i n  t h e  c o a l ,  t hey  o f t e n  a r e  c a l l e d  non- 
c a t a l y t i c  because no added c a t a l y s t  i s  used. I n  t h e s e  pro- 
c e s s e s ,  p u l v e r i z e d  c o a l  i s  mixed w i t h  a r e c y c l e  s o l v e n t  and 
hydrogen. The mix ture  i s  prehea ted  and f e d  t o  t h e  r e a c t o r -  
where t h e  c o a l  i s  conver ted  t o - o i l  by hydrogenation and hydro- 
c rack ing .  The major p roduc t  from bo th  p roces ses  i s  a low- 
s u l f u r  d i s t i l l a t e  f u e l  o i l  which can be used as a s u b s t i t u t e  [ 

f o r  both  No. 6 f u e l  o i l  and NO. 2 f u e l  o i l  i n  u t i l i t y  and 
i n d u s t r i a l  b o i l c r c .  E x h i b i t  2-1  indicate^ t h e  b o i l e r  f u e l  
y i e l d  and produc t  composit ion from t h e  t h r e e  d i r e c t  l i que -  
f a c t i o n  p roces ses  addressed by t h i s  s tudy.  

(1) The H-Coal ~r0ces.s Is a C a t a l y t i c  Hydro'gener'ation 
Concept Deve'loped by Hydroc'arbon Re's'e'ar'ch ; ' Inc . 
The H-Coal p r o c e s s  concept  was developed by Hydio- 

carbon Research,  Inc.  under sponsorsh ip  of t h e  O f f i c e  
of Coal Research. Today.the work i s  sponsored by t h e  
Department of Energy and a p r i v a t e  consor t ium composed o f :  

. E l e c t r i c  Power Research I n s t i t u t e  
Ashland S y n t h e t i c  F u e l s ,  I n c .  

9 Conoco Coal ~ e v e l o p m e n t . ' ~ o m p a n y  
Mobil O i l  Corporat ion 
Standard O i l  Company ( I n d i a n a )  
'The Commonwealth of Kentucky. 

One of the: o b j e c t i v e s  of t.he M-Coal proces s  is 
t o  des ign  a p i l o t  p l a n t  capable  of ,  conve r t i ng  ,600 t o n s  
of  c o a l  p e r  day i n t o  2,000 b a r r e l s  p e r  day o f  low 
s u l f u r  b o i l e r  f u e l .  

The s p e c i f i c  o p e r a t i n g  c o n d i t i o n s  of  t h e  H-Coal 
P roces s  a f f e c t  t h e  t ype  of  f u e l  produced. The produc- 
t i o n  of s y n t h e t i c  c rude  o i l  r e q u i r e s  more hydrogen and 
t h e r e  i s  lower y i e l d  of  b o i l e r  f u e l  t y p e  of  m a t e r i a l .  
The s e p a r a t i o n  of t h e  s o i i d s ,  unconverted carbon and 
a sh ,  from t h e  l i q u i d  i s  accompanied by vacuum d i s t i l -  
l a t i o n .  Low s u l f u r  b o i l e r  f u e l  can be  produced by 
lowering t h e  tempera ture  and p r e s s u r e  i n  t h e  ebu l l a t ed -  
bed r e a c t o r .  



EXHI3IT 2-1 
B o i l e r  F u e l  p r o d u c t  Y i e l d  and Composi t ion 

D i s t i l  l a t i o n  Range OF 

Y i e l d  (bb,ls/Ton Dry Coal) 

S p e c i f i c  Gravi  t y  

Elemental composit ion ( w t  %)  

Barbon 
Hydrogen 
S u l f u r  
N i t rogen * 

Heat i  ng Val ue B t u / l  b. 

SOURCE: U.S. Department o f  Energy; Gu l f  Mineral  Resources Company . 



The H-Coal p roces s  worked s a t i s f a c t o r i l y  i n  
t h e  p roces s  development u n i t  and du r ing  bench 
scale t e s t i n g .  Yhe p roces s  demonstra t ion u n i t  
demonstrated s u b s t a i n e d  o p e r a t i o n s  w i th  many types  
o f .  c o a l ,  incl .uding : 

I l l i n o i s  No. 6 
Wyoming 
F ive  e a s t e r n  c o a l s  
Four o t h e r  wes te rn  c o a l s  
Two l i g n i t e s  
Two f o r e i g n  c o a l s  

The H-Coal p roces s  o p e r a t i n g  i n  t h e  syncrude 
mode produced f u e l  o i l  c o n t a i n i n g  0.5 p e r c e n t  
s u l f u r .  Tes t ing  of t h e  b o i l e r  f u e l  pro.duced from 
t h e  H-Coal p roces s  showed t h a t  (1) t h e  produc ts  
a r e  h igh  i n  n i t r o g e n ,  ( 2 )  t h e  h igh  n i t r o g e n  con- 
t e n t  of: t h e  b o i l e r  f u e l  y i e l d  c o n t e n t  may r e q u i r e  
modif ied combustion t o  meet t h e  EPA new sou rce  
performance s t a n d a r d s ,  and ( 3 )  t h e  H-Coal p roces s  
b o i l e r  f u e l  i s  n o t  m i s c i b l e  wi th  petroleum-derived 
heavy o i l .  . Addi t iona l  t e s t i n g  w i l l  b e  r e q u i r e d  t o  
e s t a b l i s h  t h e  m i s c i b i l i t y  of  H-Coal b o i l e r  f u e l  
w i th  c u r r e n t  commercial p roduc ts  s i n c e  smal l  s c a l e  
tests  conducted s o  f a r  i n d i c a t e  t h a t  t h e  coa l -der ived  
b o i l e r  f u e l  may n o t  be m i s c i b l e  w i th  No. 6 f u e l  
o i l .  

2 .  Ashland Submitted a  Proposal  t o  t h e  Department 
of  Energy To Study a' 20,000 Ton/Day P l a n t  
Capable o f  P roces s ing  High S u l f u r  Coal I n t o  
50,000 Barrels/Day of  Coal-Derived Liquids  

Ashland i s  a l r e a d y ' p l a n n i n g  t h e  n e x t  phase of 
p roces s  development. Th i s  i s  i n d i c a t i v e  o f ' r e c e n t  
r e p o r t s  t h a t  t h e  HRI/Ashland consor t ium's  i n t e r e s t  
i n  moving t h e  H-Coal p roces s  i n t o  a  s t a t e  of  com- 
m e r c i a l i z a t i o n  r e a d i n e s s  a s  soon as p o s s i b l e .  Repre- 
s e n t a t i v e s  of Ashland have r e p o r t e d  t h a t  a  20,000 
ton/day p l a n t  cou ld  be e a s i l y  conf igured  t o  t h e  b o i l e r  



f u e l  mode o r  t o  t h e  . t r a n s p o r t a t i o n  f u e l  mode, 
depending on t h e  economic ou t look  f o r  each f u e l ;  
and t h e  Government's f u e l  u se  p o l i c i e s  which 
w i l l  be  e s t a b l i s h e d .  

( 2 )  - The Exxon Donor So lven t  Process  i s  a  Non-Catalytic 
Hydrogenation Concept Developed by Exxon Research 
and Engineer ing Company 

Crushed c o a l  i s  l i q u e f i e d  i n  a n o n c a t a l y t i c  t u b u l a r  
r e a c t o r  i n  t h e  presence  of molecular  hydrogen and t h e  
hydrogen-donor s o l v e n t .  The s l u r r y  l e a v i n g  t h e  l i q u e -  
f a c t i o n  r e a c t o r  i s  s e p a r a t e d  by d i s t i l l a t i o n  i n t o  g a s ,  
naptha,  d i s t i l l a t e s ,  and a vacuum bottoms s l u r r y ,  which 
i s  coked t o  produce a d d i t i o n a l  l i q u i d s .  The EDS 
procesfi grovidcti h i  gh y i  cl dn nf 1 nw s113.fr.1~- liquids lx~111 
bitumi n o l ~ s  o r  si~hhi .  tilmino~~s c o a l s  o r  lignites. When 
us ing  I l l i n o i s  bi tuminous c o a l ,  t h e  produc t  y i e l d  from 
t h e  EDS p roces s  y i e l d s  approximately  2.6 b a r r e l s  of  
l i q u i d s  p e r  t on  of  c o a l .  Product  y i e l d  may be v a r i e d  
by varying t h e  l i q u e f a c t i o n  c o n d i t i o n s  o r  by a d j u s t i n g  
t h e  s o l v e n t  p r o p e r t i e s .  

The major o b j e c t i v e s  of  t h e  EDS Program adrninis- 
t e r e d . b y  t h e  DOE a r e  t o  develop t h e  EDS p r o c e s s  des iqn  
b a s i s  necessary  t o  l i q u e f y  a  range of d i f f e r e n t ' c o a l s  i n  
an environmental ly  a c c e p t a b l e  manner, develop and demon- 
s t r a t e  t h e  necessary  p roces s  technoloqy t o  insure a 
r e l i a b l e  commercial de s ign ,  and t o  conduct  a produc t  
t e s t i n g  program t o  i n s u r e  t h a t  marketable  p roduc ts  can be  
prnd 11ced - I ( 

C u r r e n t l y ,  a One Ton/Day EDS Process  Development 
Uni t  Is In  Operation and a 250 'l'on/Uay P i l o t  
Plant. H a s  Reen n ~ $ i  g n ~ d  and Is Cur ren t ly  Under 
Cons t ruc t ion  - Adjacent  t o  Exxon's Baytown, Texas 
Ref inery 

The 250 ton/day p i l o t  p l a n t  under c o n s t r u c t i o n  
i s  designed t o  produce 700 b a r r e l s  o f  coa l -der ived  
l i q u i d s  p e r  day. The p l a n t  i s  be ing  b u i l t  under 
t h e  sponsorsh ip  of DOE i n  conjunc t ion  w i t h  an in -  
d u s t r y  consort ium comprised o f :  

EPRI  
C a r t e r  O i l  Company (Exxon s u b s i d i a r y )  
P h i l l i p s  Petroleum Company . A t l a n t i c  R i c h f i e l d  Company 
Japan Coal Lique£.action Development Company 
Ruhrkohle , A. G. 



2. Exxon Has Repor ted  That  t h e  Next S t e p  Is t h e  
Development o f  a  25,'000 Ton/Day P ionee r  P l a n t  

Under normal commercial development,  t h e  p io-  
n e e r  p l a n t  would p robab ly  n o t  be c o n s t r u c t e d  u n t i l  
t h e  250 T/D p i l o t  p l a n t  i s  f u l l y  t e s t e d  and t h e  
economic environment o f f e r s  a s s u r a n c e  f o r  commer- 
c i a l  succe s s .  

( 3 )  The SRC-I1 P roces s  i s  Being Developed by P i t t s b u r g h  
and Midway Coal  Mining Company, a  S u b s i d i a r y  o f  
Gulf O i l  Co rpo ra t i on ,  Under t h e  Sponso r sh ip  o f  DOE 

The p r o c e s s  c o n v e r t s  h i g h - s u l f u r ,  h igh  a s h . c o a l s  t o  
an  e s s e n t i a l l y  a s h  f r e e  low-su l fu r  f u e l  o i l .  Coal i s  pu lve r -  
i z e d  and mixed w i t h  a  coa l -de r i ved  s o l v e n t  i n  a  s l u r r y .  
The s l u r r y  i s  c o m b i n e d w i t h  hydrogen and i s  t h k i  pumped 
th rough  a p r e h e a t e r  and i s  t hen  f e d  i n t o  a  d i s s o l v e r .  
Most o f  t h e  c o a l  i s  c o n v e r t e d  t o  a  heavy o i l  by means .of  
s o l b e n t  e x t r a c t i o n  and s o l v e n t  hydrogena t ion .  ' . I n c r e a s e d  

, s e v e r i t y  ( h i g h e r  p r e s s u r e  and t empe ra tu r e )  o f  r e a c t i o n  
c o n d i t i o n s  cause  a major  p a r t  of  t h e  c o a l  t o  be  conver ted  
t o  a  l i q u i d  d i s t i l l a t e  p roduc t .  

The major  o b j e c t i v e s  o f  t h e  SRC-I1 p r o c e s s  r e s e a r c h  
a r e  t o  o b t a i n  t e c h n i c a l  and economic d a t a  f r o m ' t h e  p i l o t  
p l a n t  t o  v a l i d a t e  sca le -up  t o  commercial p roduc t i on  and 
t o  p rov ide  samples o f  p roduc t s  from t h e  :>recess f o r  mar- 
k e t  development s t u d i e s .  

1. C u r r e n t l y ,  a 50-~on/Day P i l o t  P l a n t  i n  F t .  
L e w i s ,  Washinston Is I n  Opera t ion :  and 
Produc t  T e s t  Burns Seem To Have Proven t h e  
Technolog ica l  Acceptance o f  t h e  Process  

. 

SRC-I1 b o i l e r  f u e l  was t e s t e d  by Babcock and 
Wilcox Co. i n  Ba rke r ton ,  Ohio and KVB, Inc .  i n  
T u s t i n ,  C a l i f o r n i a .  The combustion performance 
was s i m i l a r  t o  No. 2 f u e l  o i l  e x c e p t  t h a t  NOx e m i s -  
s i o n s  w e r e  h i g h e r  t h a n  No.2 f u e l  o i l .  

A 4,500 b a r r e l  b a t c h  o f  SRC-I1 b o i l e r  f u e l  w a s  
tes t  burned i n  a  t a n g e n t i a l l y  f i r e d  b o i l e r  o f  t h e  
74 th  S t r e e t  S t a t i o n  o f  Conso l i da t ed  Edison Co., N e w  
York. The t e s t  burn  was judged t o  be v e r y  success -  
f u l ;  and a l t hough  t h e  NOx emi s s ions  w e r e  g r e a t e r  
t h a n  t h o s e  from combustion of  low-su l fu r  No. 6 
f u e l  o i l ,  t h e  emi s s ions  w e r e  below t h e  l i m i t s  s e t  
by EPA f o r  coa l -de r i ved  f u e l s .  P a r t i c u l a t e s  and 



unburned hydrocarbons w e r e  less than  t h o s e  ob- 
s e rved  wi th  t h e  combustion o f  No. 6 f u e l  o i l .  
There w e r e  no major o p e r a t i n g  problems a s s o c i a t e d  
w i t h  t h e  combustion of  SRC-11, b o i l e r  e f f i c i e n c i e s  
o b t a i n e d  du r ing  t h e  tes t  were comparable t o  t h o s e  
recorded  when No. 6 f u e l  o i l  was burned,  and tes t  
r e s u l t s  show t h a t  SRC- I I ' bo i l e r  f u e l  may be low 
enough . i n  v i s c o s i t y  t o  a l low p i p e l i n i n g .  With 
r ega rd  t o  t h i s  l a t t e r  p o i n t ,  a d d i t i o n a l  tests 
w i l l  need t o  be  conducted t o  e s t a b l i s h  whether 
long-d is tance  p i p e l i n i n g  can t a k e  p lace .  

2. Gulf Recently Submitted a Proposal  t o  DOE 
f o r  a 6,000 Ton/Day Coal Liq 'uefact ion P l a n t  
Capable of  Producing 20,000 Barrels/Day of  
Pet.rn 1 ellm Kauivalent  1 , i au ids  

A s  r e p o r t e d  i n  t h e  media, G u l f ' s  p ldn c a l l s  
f o r  the development of a  f u l l - s c a l e  c o a l  l i q u e -  
f a c t i o n  p l a n t  i n  Morgantown, W e s t  V i r g i n i a ,  sched- 
u l e d  t o  be i n  o p e r a t i o n  i n  t h e  1984-1985 t i m e  
pe r iod .  

3 v u w  n r r v T . A n u  vr,n TUE MBRKI?CART.TTTTY O F  DIRECT COAL 

Products  from t h e  three d i r e c t  c o a l  l i q u e f a c t i o n  pro- 
c e s s e s  have been t e s t e d  wi th  r e s p e c t  t o  t h e i r  s u i t a b i l i t y  
a s  b o i l e r  f u e l s .  Although t h e  f u e l s  appear  t o  o f f e r  com- 
b u s t i o n  c h a r a c t e r i s t 2 c s  s i m i l a r  t o  No. 6 r e s i d u a l  f u e l  o i l ,  
a d d i t i o n a l  tests w i l l  be r e q u i r e d  t o  a s c e r t a i n  complete 
market s u i t a b i l i t y .  The ou t look  f o r  each f u e l  i s  d i scussed .  

(1) Add i t i ona l  'Tests  W i l l  B e  Needed To Determine 
Xhether H-Coal B o i l e r  Fuel  Could B e  a 'Re'placement 
fo r '  No. 6 Fuel  O i l  

H-Coal l i q u i d s  have been produced i n  r e l a t i v e l y  
smal l  q u a n t i t i e s  by bench-scale systems and p roces s  
development u n i t s .  A p i l o t  p l a n t  capable  of  process-  
i n g  600 tons/day of c o a l  i n t o  2,000 b a r r e l s  of  coa l -  
d e r i v e d  l i q u i d s  should be i n  o p e r a t i o n  by t h e  l a s t  
q u a r t e r  of 1979. Actual  p roduc t ion  from t h e  p i l o t  
p l a n t  w i l l  depend upon t h e  s e v e r i t y  o f  t h e  o p e r a t i n g  
c o n d i t i o n s .  A t  a  low s e v e r i t y  o p e r a t i o n  mode, t h e  



primary produc t  i s  a  replacement f o r  No. 6  o i l .  Ex- 
h . i b i t  2-2 compares t h e  H-Coal b o i l e r  f u e l  wi th  No. 6  
r e s i d u a l  f u e l  o i l .  A s  t h e  e x h i b i t  i n d i c a t e s ,  t h e  
h ighe r  h e a t i n g  va lue  o f  H-Coal b o i l e r  f u e l  i s  somewhat 
l e s s  t han  t h a t  o f  No. 6  f u e l  o i l ;  however, t h i s  i s  n o t  
expected t o  be  a  major market e n t r y  b a r r i e r .  The most 
impor tan t  m a r k e t a b i l i t y  element w i l l  l i k e l y  be  t h e  
n i t r o g e n  c o n t e n t ,  which i s  approximately 60 p e r c e n t  
g r e a t e r  t han  t h a t  of  No. 6  f u e l  o i l .  Large-scale  com- 
b u s t i o n  tests  of  H-Coal b o i l e r  f u e l  w i l l  b e  r e q u i r e d  
t o  a s c e r t a i n  any major problems a s s o c i a t e d  wi th  NOx 
emiss ions .  

S ince  t h e r e  have been on ly  sma l l  amounts of H-Coal 
b o i l e r  f u e l  m a t e r i a l  produced f o r  t e s t i n g  purposes ,  
f u l l - s c a l e  m a r k e t a b i l i t y  s t u d i e s  have n o t  y e t  been 
completed. 

Oues t ions'  

P r i n c i p a l  p roduc ts  i nco rpo ra t ed  i n  t h e  EDS com- 
merc i a l  p l a n t  des ign  a r e  LPG, naphtha,  and low s u l f u r  
f u e l  o i l .  The LPG f r a c t i o n  is. cons idered  a  f i n i s h e d  
'product  f o r  s a l e  t o  e s t a b l i s h e d  markets .  The naphtha could 
be  an un f in i shed  produc t  a n t i c i p a t e d  t o  have maximum 
va lue  as feeds tock  f o r  downstream r e f i n e r y  o r  pe t ro -  
chemical p l a n t s .  The b o i l e r  f u e l  o i l  would be  s u i t a b l e  
' f o r  d i r e c t  s a l e  t o  commercial markets i n  t h e  1985-1990 
timeframe, depending on t h e  cont inued  development of  t h e  
l i q u e f a c t i o n  p roces s  and s a t i s f a c t o r y  tes t  burn r e s u l t s .  

Phys ica l  and chemical a n a l y s i s  on two EDS b o i l e r  
f u e l  c o a l  l i q u e f a c t i o n  produc ts  produced from I l l i n o i s  
No. 6 co.al a r e  shown i n  Exh ib i t  2-3. The f i r s t  p roduc t  
i s  t h e  400-1000oF f u e l  o i l  p roduc t  t h a t  i s  produced i n  
t h e  l i q u e f a c t i o n  phase of  t h e  EDS p roces s .  This  b o i l e r  
f u e l  p roduc t  m e e t s  No. 4 f u e l  o i l  s p e c i f i c a t i o n s .  The 
second produc t  i s  t h e  t o t a l  400+oF b o i l e r  f u e l  produced 
from t h e  EDS p roces s .  This p roduc t  i s  t h e  y i e l d  from 
both  t h e  l i q u e f a c t i o n  and coking phase.  This  m a t e r i a l  
would m e e t  a l l  No. 6  f u e l  o i l  s p e c i f i c a t i o n s  excep t  
sediment.  Combustion tests w i l l  be r e q u i r e d  be fo re  
market  s u i t a b i l i t y  can be completely e s t a b l i s h e d .  The 
sediment c o n t e n t  of  t h e  coker  l i q u i d  from t h e  e x i s t i n g  
smal l  p i l o t  p l a n t  i s  2  t o  3 p e r c e n t  b.y weight.  Exxon 



E X H I B I T  2-2 
C o m p a r i s o n  of H - C o a l  B o i l e r  F u e l  W i t h  N o .  6 F u e l  O i l  

H-Coal No. 6 
Fuel P rope r t i es  Boi  l e r  Fuel Fuel O i l  

H igher  hea t i ng  va lue,  Gtu / l  b. 17,700 19,150 

Grav i t y ,  API a t  6 0 ' ~  

V i s c o s i t y ,  SUS a t  1 0 0 ' ~  3 .OO 1,500 

Ana lys is  : 

Hydrogen % 7.6 12.25 
Nit-rogen % 1.0 0.24 
S u l f u r  % . 0.22 0.28 
Oxygen % 1.5 0.6 
2arSon % 90.0 86.6 

SOURCE: U.S. De?artment o f  Energy 



EXHIBIT 2 - 3  
P h y s i c a l  and Chemical Ana lys i s  o f  400-l,OOO°F and 400+OF EDS 

Fue l  O i l  P roduc t s  From I l l i n o i s  N o .  6 Coal 

4 0 0 - 1 0 0 0 ~ ~  
Liquefac t ion  

p h y s i c a l  P r o p e r t i e s  Product  

400'~' Product  
ASTM #4  Lique fac t ion  ASTM W6 

S p e c i f i c a t i o n s  + Coking S p e c i f i c a t i o n s  

. G r a v i t y ,  S p e c i f i c  .l, 040 --- 1.,085 , --- 
0 

F la sh ,  F 198 130 Min. 196 140 MJ.n. 

0 
Pour P o i n t ,  F 20 

v i s c o s i t y  @ l o o O ~ ,  ssu 102 

V i s c o s i t y  @ 122OF, SSF --- 

Chemical A n a l y e  --. 

Carbon 

Ilydrogen I 
S u l f u r  

Oxygorr 

Nitrogen 

20 Max. 

45 + 125 

. 5  Max. 

.--- 1 

( l e g a l )  

--- 

( T e s t s  cur -  
r e n t l y  be ing  
conducted)  

60 Max. 

--- 

- 5  Max. 

--- 

( l e g a l )  

-- - 
--- 

SOURCE: Exxon Research and Engineer ing Company 



a d v i s e s  t h a t  t h i s  may n o t  be t y p i c a l  of  commercial 
coke b o i l e r  f u e l  p roduc ts  and has  s t u d i e s  i n  p rog res s  
t o  determine t h e  c o s t  of  removing t h e  sediment.  

Exxon's l a b o r a t o r y  tests i n d i c a t e d  t h a t  t h e  400°- 
l,OOO°F b o i l e r  f u e l  produced from I l l i n o i s  No. 6 c o a l  
was n o t  m i s c i b l e  w i th  s e v e r a l  commercial pet roleum 
heavy f u e l  o i l s .  Exxon performed hydrotreatment  test- 
i n g  of  t h e  m a t e r i a l  and determined t h a t  h y d r o t r e a t i n g  
t h e  b o i l e r  f u e l  cou ld  make i f  compat ible  wi th  t r a d i t i o n a l  
pet roleum f u e l  o i l s .  Exxon has  developed an exper imenta l  
a d d i t i v e  t h a t  was found e f f e c t i v e  i n  making coa l -der ived  
l i q u i d  b o i l e r  f u e l s  compat ible  w i th  petroleum f u e l  o i l s .  
The a d d i t i v e  would f a c i l i t a t e  t h e  changeover from p e t r o l -  
cum b o i l e r  f u e l  t o  coa l -der ived  l i q u i d s  b o i l e r  f u e l s .  
The c u r r e n t  EDS commercia l izat ion p l a n  c a l l s  f a r  EDS 
b o i l e r  f u e l s  t o  be  handled and burned i n  s eg rega t ed  o r  
ded ica t ed  f a c i l i t i e s  t o  avoid c o m p a t i b i l i t y  problems 
wi th  petroleum f u l e s .  Exxon p l ans  a d d i t i o n a l  tests to 
r e s o l v e  t h e  m i s c i b i l i t y  ques t ion .  . 

EDS b o i l e r  f u e l  (b lend  of s o l v e n t  and vacuum 
gas  o i l )  from I l l i n o i s  No. 6 (400°-1,0000~ l i q u i d )  
was tes t  burned i n  a 50 h-orsepower i n d u s t r i a l  pa s s  
b o i l e r .  The r e s u l t s  of t h e  tes t  burn i n d i c a t e d  t h a t  
t h e  400'-1,00O0F c o a l  l i q u i d  burned w i t h  less smoke 
than  a 2 . 2  p e r c e n t  s u l f u r  No. 6 r e s i d u a l  f u e l  o i l .  
The c o a l  l i q u i d  burned w i t h  less p a r t i c u l a t e s  t han  a 
r e f e r e n c e  No. 6 r e s i d u a l  f u e l  o i l  and the p a r t i c u l a t e  
m a t t e r  was below t h e  EPA N e w  Source Ferformance Stan- 
dard  (NSPS) . 

The p a r t i c u l a t e  and smoke d a t a  i n f e r  t h a t  t h e  
400°-1,0000F EDS l i q u i d  produc t  produced from I l l i n o i s  
N o .  6 c o a l  cou ld  be opezable  i n  dedicat.ed e x i s t i n g  
u t i l i t y  and i n d u s t r i a l  b o i l e r s .  

( 3 )  SRC-I1 Boi le ' r  Fue l  W a s  Tested i n  a ' U t i l i t y  B o i l e r ;  
a.na Although I t  Appeare'd To Be' Technica l ly  Compatible ~ 
To E s t a b l i s h  Commercial' V i a b i l i t y  

A combustion demons t ra t ion  tes t  u t i l i z i n g  d i s t i l l a t e  
f u e l  o i l  from t h e  SRC-I1 p roces s  was conducted on a 
u t i l i t y  b o i l e r  a t  t h e  74th  S t r e e t  Generat ing S t a t i o n  of 
t h e  Consol ida ted  Edison Company of New York. Approxi- 
mately  4,500 b a r r e l s  of SRC-I1 b o i l e r  f u e l  were used i n  
t h e  tes t  e v a l u a t i o n .  To provide  a comparison between 



c h a r a c t e r i s t i c s  f o r  SRC-I1 f u e l  o i l  and t y p i c a l  u t i l i t y .  
f u e l  o i l s ,  d a t a  w e r e  a l s o  ob ta ined  w i t h  t h e  No. 6 f u e l  
o i l  c u r r e n t l y  used by Consol ida ted  Edison. The SRC-I1 
f u e l  o i l  t e s t e d  was low i n  s u l f u r  (0.22 p e r c e n t )  and 
ash  (0.02 pe rcen t )  . The n i t r o g e n  c o n t e n t  was rela- 
t i v e l y  high (1.0 p e r c e n t ) .  The major f i n d i n g  o f  t h e  
tes t  program v7as t h a t  b o i l e r  thermal  e f f i c i e n c y  l e v e l s  
w i t h  SRC-I1 were comparable t o  No. 6 r e s i d u a l  f u e l .  

Although t h e r e  were no major o p e r a t i o n a l  problems 
encountered dur ing  t h e  test ,  t h e  combustion of SRC-I1 
f u e l  o i l  r e s u l t e d  i n  n i t r o g e n  ox ide  emiss ions  l e v e l s  
approximately  70 pe rcen t  g r e a t e r  t han  those  f o r  No. 6 
r e s i d u a l  f u e l  o i l .  Ni t rogen ox ide  r e d u c t i o n s  were ' 

ach ievab le ,  however, through combustion mod i f i ca t ions .  
Ni t rogen ox ide  r e d u c t i o n s  ach ievab le  were on t h e  o r d e r  
of 3 3  p e r c e n t - f o r  bo th  SRC-I1 and No. 6 r e s i d u a l  f u e l  
o i l s .  The t e s t  burn a l s o  i n d i c a t e d  t h a t  p a r t i c u l a t e  
m a t t e r  emiss ions  were . lower  f o r  t h e  SRC-I1 f u e l  o i l  than  
f o r  t h e  No. 6 r e s i d u a l  o i l .  

The r e s u l t s  of t h e  Consol idated Edison test i n d i -  
c a t e  SRC-I1 b o i l e r  f u e l  may be  t e c h n i c a l l y  compat ible  
w i t h  r e s i d u a l  f u e l  o i l .  However, r ep re senka t ives  of 
Consol ida ted  Edison i n d i c a t e d  t h a t  t h e  tes t  w a s  c a r r i e d  
o u t  under tes t  c o n d i t i o n s  and as such,  a d d i t i o n a l  
l a r g e r  scale tests ove r  a  l onge r  d u r a t i o n  w i l l  need 
t o  be  conducted t o  e s t a b l i s h  SRC-I1 a s  a commercially 
v i a b l e  a l t e r n a t i v e  t o  r e s i d u a l  f u e l  o i l .  

A tes t  of SRC-I1 a t  t h e  A l l i a n c e  Research Cente r  
o f  Babcock and Wilcox Company i n d i c a t e d  t h a t  SRC-I1 
combustion performance was s i m i l a r  t o  No. 2 and No. 5 
f u e l  o i l s ,  and t h a t  no p a r t i c u l a r  s t o r a g e ,  handl ing ,  
o r  emiss ions  problems ( excep t  f o r  h igh  NOx) should  be  
expected 'when SRC-I1 i s  used i n  convent iona l  combustion 
equipment ope ra t ed  i n  convent iona l  f i r i n g  modes. Ex- 
h i b i t  2-4 compares t h e  p r o p e r t i e s  of  SRC-11, No. 2 
f u e l ,  and No. 5 f u e l  o i l  t h a t  w e r e  i d e n t i f i e d  dur ing  
t h e  Babcock and Wilcox test .  I t  should be recognized ,  
however, t h a t  bo th  t h i s  t es t  and t h e  Consol idated Ed'i- 
son tes t  were s h o r t  t e r m  i n  n a t u r e ;  and consequent ly ,  
long-term s t o r a g e  and handl ing  c h a r a c t e r i s t i c s  could 
n o t  be eva lua t ed .  

The Babcock and iqilcox t e s t  inc luded  a comparison 
of SRC-I1 handl ing  c h a r a c t e r i s t i c s  w i th  No. 2 and No. 
5 f u e l  o i l s ,  and it was found t h a t  t h e  SRC-I1 f u e l  o i l  
w a s  t o t a l l y  m i s c i b l e  w i t h  petroleum f u e l  o i l s .  Addi- - 
t i o n a l  a n a l y s e s  i n d i c a t e d  t h a t  t h e  2 0 0 ~ ~  f l a s h  p o i n t  
of  SRC-I1 would be s u f f i c i e n t l y  h igh  t o  a l low s t o r a g e  
i n  tankage designed,  f o r  No. 6 f u e l .  The low pour 



E X H I B I T  2-4 
Phys i ca l  H a n d l i n g  Proper t ies  of SRC-11 ,  

N o .  2 F u e l  O i l ,  and N o .  5 Fue l  O i l  

. . 

SOURCE: C h a r a c t e r i z a t i o n  and Combustion o f  SRC-I1 Fuel O i  1 , 
The Babcock & Wi lcox Company, June 1979. 
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p o i n t  (below -350F) concomitant  w i t h  low v i s c o s i t y  
would r ende r  t ank  h e a t e r s  unnecessary except  i n  t h e .  
c o l d e s t  c l i m a t e s .  A s  was t h e  c a s e  i n  t h e  Consol ida ted  
Edison tes t ,  pumping from s t o r a g e  was n o t  recognized 
as be ing  a problem. I t  was a l s o  found t h a t  wa te r  and 
sediment c o n t e n t  a r e  no more s e v e r e  f o r  SRC-I1 than  
f o r  No. 6 f u e l  o i l .  The main conc lus ions  r ega rd ing  
SRC-I1 handl ing  a r e  t h a t  it can be r e a d i l y  pumped from 
s t o r a g e  t o  t h e  b o i l e r ,  and h e a t  t r a c i n g  of l i n e s  should 
. be  unnecessary.  S R C - I 1  does  n o t  appear  t o  B e  any more 
c o r r o s i v e  t o  me ta l s  than  petroleum o i l s ,  and p o s i t i v e  
d i sp lacement  pumps designed s p e c i f i c a l l y  f o r  low 
v i s c o s i t y  f u e l  o i l s  should be  i n s t a l l e d  i n  t h e  i n t e r n a l  
p l a n t  t r a n s f e r  system. 

A p r i n c i p a l  o b s e r v a t i o n  from t h e  Babcock and Wilcox 
tes t  r ega rd ing  combustion c h a r a c t e r i s t i c s  a f f e c t i n g  t h e  
use  o f  SRC-I1  a s  a replacement  f o r  No. 6 f u e l  o i l  i s  
t h a t  EPA's New Source Performance Standard of 0.5 pound 
~ O ~ / m i l l i o n  Btu could be m e t  by t h e  u se  of s t a g e d  com- 
b u s t i o n  and by matching burner  and a tomizer  des igns .  

3. THERE WERE VARIOUS FACTORS I D E N T I F I E D ' I N  THE INDUSTRIAL 
ASS'ES'ST4ENT 'TITAT 'REQUIRE ADDITIONAL 'RESEARCH 

The chemical  and p h y s i c a l  p r o p e r t i e s  of t h e  c o a l  l i q u e -  
f a c t i o n  b o i l e r  f u e l s  addressed  i n  t h i s  s tudy  i n d i c a t e  addi-  
t i o n a l  r e s e a r c h  should  be conducted t o  a s c e r t a i n  market  
s u i t a b i l i t y  of  t h e s e  f u e l s .  Some of t h e  f u e l s  have been 
more f u l l y  t e s t e d  than  others, such a s  t h e  SRC-I1 b o i l e r  
f u e l  p roduc t .  However, i n d u s t r i a l  and u t i l i t y  repreqenta -  
t i v e s  adv i se  t h a t  t h e  f u e l s  from a l l  t h r e e  process  should  
be developed and f u l l y  t e s t e d  s o  t h a t  a complete comparison 
of  a l l  combustion c h a r a c t e r i s t i c s  and handl ing  requirements  
can  b e  madd.. 

( I  j I n d u s t r i a l  Sec tor  Represen ta t ives  I n d i c a t e  That 
the '  Chemi.c'a'1' 'Coinpos'i t i o n  and Phy si-c'a'l P r o p e r t i e s  
o'f ' D i ' r e ' c t  Coa'l L ique fac t ion  Products  May Require 
Po's 's ible 'Handling 'and Combustion Modi f ica t ions  
Before U s e '  'in' B o i l e r s  

Coal-derived l i q u i d s  are more a romat ic  than  
petroleum-derived f u e l  o i l  and may r e q u i r e  s p e c i a l  
s t o r a g e  requirements .  In  a d d i t i o n ,  some coa l -der ived  
b o i l e r  f u e l s  c o n t a i n  r e s i d u a l  f r a c t i o n s  h igh  i n  a s p h a l t -  
enes  and a r e  incompat ible  when blended w i t h  petroleum 
de r ived  f u e l  o i l s .  P re l imina ry  i n d i c a t i o n s  are that 
the.H-Coal p roces s  and t h e  EDS p roces s  y i e l d  b o i l e r  



fuels that are not miscible with traditional boiler 
fuels without special treatment or additives. Addi- 
tional testing should be conducted to determine whether 
the miscibility problems can be overcome for systems 
needing dual fuel capabilities or which must use fuel 
blends. 

The third major factor is the high nitrogen content 
of 'the coal derived liuuids. Plost combustion tests 
conducted to date indicate that the NOx emissions can 
be controlled within EPA's New Source Performance 
Standards. Most industrial sector representatives 
indicate, however, that they would like to see additional 
tests conducted on coal-derived liquids to identify any 
additional combustion controls that could be employed 
and that have not yet been identified. 

With regard to continued testing efforts, additional 
large scale boiler tests using SRC-I1 fuel oil are being 
planned for 1980. Some small scale tests with SPC-11, 
H-Coal and EDS liquid fuels have been performed on home 
heating furnaces and on industrial boilers and larger 
scale boiler tests using fuels from the H-Coal and 
EDS liquefaction processes are being planned for 1380. 
The consensus of opinion from the industrial sector is 

. that additional test burns need to be conducted on 
fuels from all three liquefaction processes to fully 
substantiate their combustion suitability. 

( 2 )  Certain Direct Coal Liquefaction Boiler Fuel 
Specifications Have Significant IZarketing 
Implications 

As discussed. earlier, there are indications that 
some of the coal derived boiler fuels may not be 
miscible when blended with petroleum derived fuel 
oils. There is not a large body of data on the 
question of miscibility of coal derived boiler fuels 
with conventional fuel oils, however, the markeating 
implications of this potential problem can be 
identified: 

. , Separate storage facilities would 'be required 
at the.consumption point 

Segregated transportation modes would be 
necessary 



. Segregated piping at consumption points 
( would be necessary 

Batch utilization at the consumpti~n point 
would be required 

Dedicated boiler systems at consumption 
points would need to be installed. 

The specific gravity of each of the coal liquefac- 
tion boiler fuels could be greater than 1 with the use 
of different coals and with process conditions under 
different severity levels. A spill from a water-borne 
vessel could sink to the bottom of the river or ocean 
on which the material is beinq transported and a large 
spill could have a signficant cleanup problem. Addi- 
tional research is needed in this area.. 

The low API gravity of each coal liquefaction 
fuel oil product does not by itself pose a logistical 
barrier to the utilization of pipeline transportation. 
Additional factors af,fecting the transportation mode 
selected for coal liquids marketing inc$.ude viscosity, 
miscibility, and product segregation. Tests on coal 
liquids have been conducted in these areas, but trans- 
portation companies interviewed do not perce'ive the 
tests conducted to date as being conclusive. Additional 
tests will be required to completely answer transporta- 
tion mode selection criteri-a. Tests* conducted to date 
on SRC-I1 material indicate Eavorable pipeline ship- 
.merit adaptability. Additional cests on SRC-I1 material ' 
die planned during 1980. 

There is insufficient data available to adequately 
evaluate.?long distance pipelining of coal-derived boiler 
fuels;.and consequently, additional research needs to 
be conducted in this area. 



( 3 )  Long-Term Combustion Affects and Yaintenance 
. Requirements can not be Adequately Determined 
Because There are no Commercial Liquefaction 
Plants in Operation and the Data Base Needed 
to Adequately Evaluate Commercial ~cceptability 
is Very Limited 

Limited combustion tests have been performed on 
coal liquefaction boiler fuels, and as such, long- 
term combustion impacts can not be evaluated. Infor- 
mation regarding maintenance requirements is not 
available-due to the limieed testing conducted to 
date. Additional test burns need to be conducted 
to establish coal liquids' long-term effects on 
boilers and to develop maintenance guidelines. 
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CHAPTER 3 
POTENTIAL MARKETS FOR COAL LIQUEFACTION BOILER FUELS 

This  c h a p t e r  p r e s e n t s  an  a n a l y s i s  o f  t h e  p o t e n t i a l  mar- 
k e t  f o r  c o a l  l i q u e f a c t i o n  p r o d u c t s  a s  b o i l e r  f u e l s .  N a t i o n a l  
and r e g i o n a l  f u e l  consumption f o r e c a s t s  f o r  t h e  u t i l i t y  and 
i n d u s t r i a l  marke t s  a r e  p r e s e n t e d  i n  t h i s  c h a p t e r .  Booz, A l l en  
& Hamilton u t i l i z e d  d a t a  p r i m a r i l y  from t h e  Energy Informa- 
t i o n  Admin i s t r a t i on  ( E I A )  a t  DOE t o  deve lop  t h e  f o r e c a s t s .  
Informed judgments based on o t h e r  d a t a  a v a i l a b l e  t o  BOOZ,  
A l l e n  w e r e  a l s o  i n c o r p o r a t e d  i n t o  t h e  consumption f o r e c a s t s ,  
The MFBI-DOE d a t a  ba se  was u t i l i z e d  i n  t h i s  s t u d y  t o  p r o v i d e  
c o n s i s t e n c y  t o  t h e  a n a l y t i c a l  e f f o r t .  I t  i s  r ecogn i zed  t h a t  
o t h e r  d a t a  b a s e s  e x i s t  which f o r e c a s t  b o i l e r  f u e l  consumption 
i n  t h e  u t i l i t y  and i n d u s t r i a l  s e c t o r s ,  and each  d a t a  ba se  may 
r e f l e c t  a  somewhat d i f f e r e n t  p o t e n t i a l  market  f o r  coa l -de r i ved ,  
l i q u i d s .  

The a n a l y s i s  w i l l  c o n c e n t r a t e  on t h e  near- term market  
f o r  c o a l  l i q u i d s  (1980-1990 t imef  rame) . P r e s i d e n t '  C a r t e r ' s  
Admin i s t r a t i on  h a s  r e c e n t l y  proposed t h a t  t h e  N a t i o n ' s  
e lec t r ic  u t i l i t i e s  r educe  t h e i r  f u e l  o i l  consumption (resi- 
d u a l  and d i s t i l l a t e )  by 50 p e r c e n t  d u r i n g  t h e  p e r i o d  1980- 
1990. Th i s  would imply  a s u b s t a n t i a l  r e d u c t i o n  i n  t h e  DOE 
f o r e c a s t e d  r e s i d u a l  f u e l  o i l  market  i n  1990 (1.2 m i l l i o n  
b a r r e l s / d a y  by DOE v e r s u s  0.8 m i l l i o n  b a r r e l s / d a y  by P r e s i -  
d e n t  C a r t e r ' s  Admin i s t r a t i on . )  A q u a l i t a t i v e  d i s c u s s i o n  o f  
t h e  P r e s i d e n t ' s  r e c e n t  p r o p o s a l s  a s  t hey  p e r t a i n  t o  u t i l i t y  
and i n d u s t r i a l  demand f o r  f u e l  o i l  w i l l  be  i n c l u d e d ;  however, 
no a t t e m p t  h a s  been made t a  a l t e r  t h e  DOE f o r e c a s t s  t o  re- 
f l e c t  t h i s  most r e c e n t  e v e n t .  

' 
A d e t a i l e d  p r e s e n t a t i o n  o f  t h e  r e g i o n a l  and n a t i o n a l  

f o r e c a s t s  o f  u t i l i t y  and i n d u s t r i a l  f u e l  c o n s u m p t i ~ n  and 
d a t a  concern ing  u t i l i t y  c a p a c i t y  expansion p l a n s ,  o i l  and 
ga s  s t eam p l a n t  r e t i r e m e n t s ,  and p r o j e c t e d  new o i l  and ga s  
s t eam p l a n t s  appea r s  ' i n  Appendix A .  

The u t i l i t y  i n d u s t r y . u t i l i z e s  a  mix o f  f u e l s  t o  g e n e r a t e  
t h e  Na t i on ' s  e l e c t r i c i t y .  I n  1978,  r e s i d u a l  o i l ,  d i s t i l l a t e  
o i l ,  and n a t u r a l  ga s  f u e l s  accounted f o r  approx imate ly  35 
p e r c e n t  o f  pr imary energy  s o u r c e  i n p u t s  t o  U.S. e l e c t r i c i t y  
g e n e r a t i o n .  Res idua l  and d i s t i l l a t e  f u e l  consumption was 
1.7 m i l l i o n  bbl/day i n  1978--almost 20 p e r c e n t  o f  u t i l i t y  
f u e l  consumption. 



I n  1978,  r e s i d u a l  o i l  consumption a lone  was 1.6 m i l l i o n  
bbl/day.  The s u b s t i t u t i o n  o f  c o a l  l i q u i d s  f o r  r e s i d u a l  f u e l  
o i l  r e p r e s e n t s  t h e  l a r g e s t  near- term u t i l i t y  market  f o r  c o a l  
l i q u i d s .  S i m i l a r l y ,  n a t u r a l  ga s  consumption was 1 . 4  m i l l i o n  
bbl /day o f  r e s i d u a l  o i l  e q u i v a l e n t - c l e a r l y  a l a r g e  p o t e n t i a l  
market  f o r  c o a l  l i q u i d s .  

By 1990, however, r e s i d u a l  o i l ,  d i s t i l l a t e  o i l ,  and 
n a t u r a l  gas  consumption is  f o r e c a s t e d  t o  d e c l i n e .  A s  i l l u s -  

- t r a t e d  i n  E x h i b i t  3-1, r e s i d u a l  o i l  i s  f o r e c a s t e d  t o  d e c l i n e  
t o  1 . 2  m i l l i o n  bbls /day and n a t u r a l  ga s  consumption t o  d e c l i n e  
t o  250,000 bbl /day of  r e s i d u a l  o i l  e q u i v a l e n t .  Although t h e  
u t i l i t y  i n d u s t r y  w i l l  s t i l l  be  l a r g e  enough t o  s u p p o r t  a 
market  f o r  c o a l  l i q u i d s ,  t h e  d e c l i n e  i n  f u e l  o i l  and n a t u r a l  
ga s  consumption by 1 9 9 0  may r e p r e s e n t  a market  b a r r i e r  t o  
c o a l  l i q u i d  development a s  a b o i l e r  f u e l .  I 

S e v e r a l  f a c t o r s  a r e  r e s p o n s i b l e  f o r  t h e  d e c l i n e  i n  f o r e -  
c a s t e d  f u e l  a i l  and n a t u r a l  g a s  consumption by 1990: 

I n c r e a s e d  u t i l i z a t i o n  o f  c o a l  and n u c l e a r  f u e l s  

Planned and a c c e l e r a t e d  r e t i r e m e n t s  of e x i s t i n g  o i l  
and g a s  p l a n t s  

conve r s ion  of  e x i s t i n g  o i l  and g a s . p l a n t s  t o  c o a l  
and o t h e r  a l t e r n a t e  f u e l s  

Lower u t i l i z a t i o n  f a c t o r s  of e x i s t i n g  o i l  and g a s  
p l a n t s .  

Coal and Nuclear  Capac i ty  Are Forecas t ed  t o  I n c r e a s e  -- , -, ." . - - 
i n  Base Load and Bntermedia te  A p p l i c a t i o n s  But t h e  
Impact of  Three M i l e  I s l a n d ,  and Environmental  
Les i sLa t i on  Per ta- i  n i n g  t o  Coal May Slow Coal  and 
Nuclear  Near-Term Growth 

Coal and n u c l e a r  f u e l s  a r e  f o r e c a s t e d  to .  grow from 
6 m i l l i o n  ' ba r r e l s / day  of  r e s i d u a l  o i l  e q u i v a l e n t  i n  1978 
t o  approx imate ly  1 4  m i l l i o n  . ba r r e l s / day  i n  1990. Of t h e  
308 g . igawat t s  of .newebase. l o a d  and i n t e r m e d i a t e  c a p a c i t y  
f o r e c a s t e d  t o  come on - l i ne  by 1990, c o a l  and n u c l e a r  
a ccoun t  f o r  93 p e r c e n t  (287 g i g a w a t t s )  w h i l e  r e s i d u a l  
o i l  accounts  f o r  less than  2 p e r c e n t  of new c a p a c i t y  
( 5  g i g a w a t t s ) .  A complete  f o r e c a s t  of . c apac i t y  a d d i t i o n s  
f o r  t h e  u t i l i t y  i n d u s t r y  f u r  1990 i s  summarized i n  
E x h i b i t  3 2 .  

I n  t h e  wake of  t h e  r e c e n t  n u c l e a r  r e a c t o r  a c c i d e n t  
a t  Three  M i l e  I s l a n d ,  it i s  d i f f . i c u l t  t o  f o r e c a s t  t h e  
p r o s p e c t s  of  nuc l ea r -gene ra t ed  e l e c t r i c i t y  i n  t h e  n e a r  



EXHIBIT 3-1 
National Forecast of Primary Fuel Consumption by Electric Utilities 

19.78-1990 

7 

GROW RATES 7885 78-90 

r OVERALL 4.4 4.3 

r COAL 5.2 6.1 

r NUCLEAR 11.9 10.0 

8 RESIDUAL& 1.7 -1.8 
DISTILLATE 

r NATURAL GAS - 6 3  -14.5 
b 

ACTUAL 

SOURCE: Energy Information Administration, DOE and Booz, Allen & Hamilton Inc. 



EXHIBIT 3-2 
National Elec t r ic i ty  Generation Forecast 

1 9 9 0  

Source: 1990 f o r e c a s t  data were obtain 'ed f rom suppor t ing  computer runs t o  t h e  Annual Report  to Congress, 1979, 
suppl i e d  by The Energy I n fo -ma t i on  Admini s t r a t i  on, DOE 
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t e r m .  The Three Mile I s l a n d  occur rence  has  subs tan-  
t i a l l y  eroded p u b l i c  and p r i v a t e  optimism rega rd ing  
t h e  f u t u r e  u se  of commercial n u c l e a r  power systems i n  
t h e  U.S. 

Already t h e  Three M i l e  I s l a n d  i n c i d e n t  has  a f f e c t e d  
f o r e c a s t s  of  n u c l e a r  power 's  s h a r e  of  t h e  U.S. e l e c t r i c  
gene ra t ion  market.  A s  r e c e n t l y  a s  March 1979, DOE 
e s t ima ted  t h a t  nuclear-generated e l e c t r i c i t y  would grow 
from i t s  p r e s e n t  s h a r e  of  1 4  p e r c e n t  of t h e  market t o  
28 p e r c e n t  by 1990. Recent ly ,  however, it has  been 
e s t ima ted  by t h e  u t i l i t y  i n d u s t r y  t h a t  n u c l e a r  power 
w i l l  account  f o r  on ly  20 p e r c e n t  o f  t o t a l  power genera- 
t i o n  by 1990. Some e x p e r t s  are a rgu ing  t h a t  even t h i s  
modest growth p r e d i c t i o n ,  approximately h a l f  t h e  r a t e  
p r e d i c t e d  by DOE e a r l i e r  t h i s  y e a r ,  may be t o o  o p t i m i s t i c .  

The remaining power gene ra t ion  c a p a c i t y  p rev ious ly  
p r o j e c t e d  f o r  nuc l ea r  i s  now expected t o  be provided by 
c o a l .  Such an immediate i n c r e a s e  i n  c o a l  u t i l i z a t i o n ,  
however, would be a  formidable  under tak ing  f o r  t h e  U.S. 
c o a l  i n d u s t r y .  Regulat ions  stemming from numerous laws 
may r e s t r i c t  t h e  supply and produc t ion  of  c o a l .  These 
laws inc lude :  

The Sur face  Mining  Con t ro l  and Reclamation Act 
of 1977, which a f f e c t s  t he -  c o s t  of bo th  under- 
ground a n d . s u r f a c e  mining, and r e s t r i c t s  de- 
veloSpment of c e r t a i n  c o a l  r e s e r v e s  

T h e  Federa l  Coal Leasing Act Amendments o f  
1976, which a f f e c t  development of  western  
publ ic&y owned c o a l  l a n d s ,  and r e q u i r e  de- 
ve lope r s  t o  r e l i n q u i s h  t h e i r .  l e a s e s  by J u l y  
1986 i f  deve lopers  have n o t  y e t  i n i t i a t e d  
s u b s t a n t i a l  mining o p e r a t i o n s  

The Federa1 ,Coal  Mine Heal th  and S a f e t y  A c t  of 
1969, which has  a f f e c t e d  c o a l  producti,on; c o s t s  
and. mining p r o d u c t i v i t y .  

I n  a d d i t i o n  t o  t h e  laws and r e g u l a t i o n s  affecting c o a l  
mining and produc t ion ,  t h e r e  a r e  laws a f f e c t i n g  t h e  con- 
sumption of c o a l  .by i n d u s t r i e s  and u t i l i t i e s .  The most 
impor tan t  l e g i s l a t i o n  a f f e c t i n g  c o a l  consumption and t h e  
law which w i l l  have t h e  g r e a t e s t  nega t ive  impact on c o a l  
u t i l i z a t i o n  i s  t h e  Clean A i r  Act and i t s  1977 amendments. 
To implement t h i s  l e g i s l a t i o n  concerning emiss ions  from 



coal-burning f a c i l i t i e s ,  t h e  Environmental P r o t e c t i o n  
Agency (EPA)  has  promulgated New Source Performance 
Standards  (NSPS). The most s t r i n g e n t  emiss ion r equ i r e -  
ments w i l l  apply  t o  power p l a n t s  b u i l t  a f t e r  1978 by 
r e q u i r i n g  c o s t l y  sc rubbing  systems t o  be i n s t a l l e d  t o  
reduce s u l f u r  emiss ions .  

I f  bo th  c o a l  and n u c l e a r  power gene ra t ion  c a p a c i t y  
growth a r e  l i m i t e d  i n  t h e  near  t e r m ,  t hen  r e s i d u a l  o i l  
and gas  steam p l a n t s  may be expected t o  p rov ide  t h e  
d i f f e r e n c e .  For example, t h e  DOE f o r e c a s t  o f  1.2 m i l -  
l i o n  bbl/day of  r e s i d u a l  o i l  consumption w i l l  be  low 
i f  c o a l  and n u c l e a r  c a p a c i t y  growth is  r e s t r i c t e d .  

Planned and Acce le ra ted  O i l  and Gas Ret i rements  
and Conve'r'sions o f  Exis t in .g  O i ' l .  'an'd 'Gas P l a n t s  t o  
Coal Account f o r  t h e  Forcca'stcd Dc'cline' i n  O i l  
and Gas Consumption by 1990 

I n  1978, t h e r e  was a t o t a l  of  106 GW of  o i l - f i r e d  
steam p l a n t s  and 66 GW of  gas  steam p l a n t s  i n  ope ra t ion .  
A s  shown i n  Exh ib i t  3 - 3 ,  approximately 4 0  p e r c e n t  of 
t h e  o i l -  and g a s - f i r e d  s team p l a n t  c a p a c i t y  a r e  under t e n  
y e a r s  o l d ,  and 75 p e r c e n t  were b u i l t  a f t e r  1958. Most of 
t h e  p l a n t s  under 20  y e a r s  o l d  a're' o p e r a t i n g  i n  base  
and i n t e r m e d i a t e  l oads  and a r e  cand ida t e s  f o r  conver- 
s i o n  t o  coa l .  The Power P l a n t  and I n d u s t r i a l  Fue l  U s e  
A c t  of  1978 e s t a b l i s h e d  g u i d e l i n e s  and r e g u l a t i o n s  per-  
t a i n i n g  t o  convers ions  t o  c o a l ,  The succes s  of t h e  
Fuel  U s e  Act t o  conve r t  e x i s t i n g  o i l  and gas  steam 
p l a n t s  t o  c o a l ,  f o r  t h e  most p a r t ,  w i l l  i n f l u e n c e  t h e  
market s i z e  f o r  c o a l  l i q u i d s .  

I n  a d d i t i o n  t o  c o a l  convers ions ,  many o l d e r  o i l  
and g a s  steam' p l a n t s  ( > 20 years.)  w i l l  be r e t i r e d  
du r ing  t h e  ne.xt t e n  y e a r s .  DOE has  encouraged t h e  
u t i l i t y  i n d u s t r y  t o  a c c e l e r a t e  o i l  and gas  r e t i r e m e n t s .  
Many u t i l i t i e s  a r e  a l s o  u t i l i z i n g  e x i s t i n g  p l a n t s  a t  
lower c a p a c i t y  f a c t o r s  ( swi t ch ing  from base  t o  i n t e r -  
mediate  1 o a d ) ' w h i c h  w i l l  a l s o  reduce r e s i d u a l  o i l  
consumption. 

( 3 )  The A v a i l a b i l i t y  of  Na tu ra l  G a s  i n  t h e  Near T e r m  
f o r  U ti 1 i t y  Con's ump.t'i'on' Wi ' l ' l '  'I'n'f'luen~ce ' the  Market 
f o r  R e  s i  d u a l  O i  1 'and S'ubs't i ' tu ' te '  Co'a.1' Zia'u'ids 

I n  1976, DOE encouraged u t i l i t i e s  t o  burn r e s i d u a l  
and middle d i s t i l l a t e  f u e l  o i l  t o  conserve n a t u r a l  gas  
which was i n  s h o r t  supply.  S ince  l e g i s l a t i o n  on 



EXHIBIT 3-3 
T o t a l  M a r k e t  S i z e  of E x i s , t i n g  O i l - F i r e d  

a n d  G a s  S t e a m  P l a n t s  
1 9 7 8  

Note: Inc ludes  a l l  p l a n t  sizes. 

\ 

SOURCE: DOE Power P l a n t  L i s t i n g ,  Ju ly  1978, 

P l a n t  
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T o t a l  
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No 

1 1 7  
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6 8 3  . 

T o t a l  
MW 

3 1 , 0 0 0  

2 2 , 0 0 0  

1 3 , 0 0 0  

6 6 . , 0 0 0 ,  

. N o  

2 1 7  

3 9 3  

9 3 6  

1 , 5 4 6  

MW 

7 1 , 0 0 0  

5 8 , 0 0 0  

4 3 , 0 0 0  

1 7 2 , 0 0 0  



d e r e g u l a t i o n  o f  n a t u r a l  ga s  was passed  l a s t  y e a r ,  gas  
s u p p l i e s  a r e  now a v a i l a b l e  f o r  u t i l i t y  consumption. 
DOE h a s  r e c e n t l y  announced f u e l  swi tc .h ing p l a n s  which 
would a l l ow  2 1 1 u t i l i t i e s  i n  1 4  s t a t e s  t o  burn  n a t u r a l  
ga s  i n s t e a d  o f  middle d i s t i l l a t e  f u e l  o i l .  DOE has. 
r e c e n t l y  f o r e c a s t e d  t h a t  t h e  s w i t c h  t o  n a t u r a l  g a s .  
would reduce t h e  need f o r  4 . 7  m i l l i o n  bb l / yea r  o f  o i l  
normal ly  used by t h e s e  g e n e r a t i n g  s t a t i o n s .  

Most energy e x p e r t s  ag ree  t h a t ,  i n  t h e  l ong  t e r m ,  
u t i l i t i e s  shou ld  be  encouraged t o  sw i t ch  from n a t u r a l  
ga s  t o  a l t e r n a t e  f u e l s  such a s  c o a l .  I n  t h e  n e a r  t e r m ,  
however, t h e  a v a i l a b i l i t y  of  n a t u r a l  ga s  s u p p l i e s  ha s  
l e d  t o  f u e l  s w i t c h i n g  p l a n s  by DOE t o  reduce  f u e l  o i l  
consumption. The a v a i l a b i l i t y  o f  n a t u r a l  ga s  i n  t h e  
n e a r  t e r m  f o r  u t i l i t y  consumption, t h e r e f o r e ,  w i l l  
i n f l u e n c e  t h e  market  f o r  f u e l  o i l  and s u b s t i t u t e  c o a l  
l i q u i d s .  

2. THE ADMINISTRATION HAS RECENTLY PROPOSED THAT THE 
NATION'S ELECTRIC UTILITIES REDUCE THEIR FUEL OIL 
CONSUMPTION BY 50. PERCENT D U R I N G  THE P E R I O D  1980-1990 

2. THE ADMINISTRATION HAS RECENTLY PROPOSED THAT THE 
NATION ' S ELECTRIC UTILITIES REDUCE T H E I R  FIJET, OTTO 

- - ---.--.- --_.-,- -,,, 1990 

The N a t i o n ' s  u t i l i t i e s  c u r r e n t l y  consume 1 .6  m i l l i o n  
b a r r e l s / d a y  of f u e l  o i l  i n  t h e i r  b o i l e r s  f o r  g e n e r a t i o n  of 
e lec t r i c  power. The P r e s i d e n t  i s  proposing l e g i s l a t i o n  t o  
Congress which would r e q u i r e  u t i l i t i e s  t o  reduce  c u r r e n t  
usage by 50 p e r c e n t  by 1990. T h i s  would t r a n s l a t e  t o  a  
r e d u c t i o n  i n  f u e l  o i l  consumption from c u r r e n t  l e v e l s  of 
1 . 6  m i l l i o n  b a r r e l s / d a y  t o  800,000 b a r r e l s / d a y  by 1990. 
I n c e n t i v e s  i n  t h e  form of  g r a n t s  and/or l o a n  g u a r a n t e e s  
would b e  p rov ided  t o  encourage u t i l i t i e s  t o  i n v e s t  i n  new 
non -o i l - f i r ed  g e n e r a t o r s ,  t he r eby  r e t i r i n g  e x i s t i n g  o i l -  
f i r e d  p l a n t s  e a r l i e r  t h a n  would o the rwi se  occur .  Th is  
i n i t i a t i v e  cove r s  o i l - b u r n i n g  p l a n t s  which a r e  capab le  of 
burn ing  c o a l  as w e l l  a s  t h o s e  which a r e  no t .  

Gran t s  and l o a n  g u a r a n t e e s  o f  $5 b i l l i o n  o v e r . t h e  
p e r i o d  1980-1990 w i l l  b e  made a v a i l a b l e  t o  assist i n  f i nan -  
c i n g  t h i s  sw i t ch  away from o i l  t o  sou rce s  s u c h , a s  c o a l ,  
n u c l e a r ,  o r  where p o s s i b l e ,  s o l a r  and conse rva t i on .  



(1) A Market Reduction i n  Fue l  O i l  Consumption o f  
50 P e r c e n t  by 1990 Would Pose a Market B a r r i e r  
t o  Coal L i q u i d s  Development as a B o i l e r  Fuel  by 
P r i v a t e  I n d u s t r y  

I n t e r v i e w s  w i t h  u t i l i t y  i n d u s t r y  r e p r e s e n t a t i v e s  
concern ing  t h e  A d m i n i s t r a t i o n ' s  o i l  consumption g o a l s  
i n d i c h t e  t h a t  i f  such a r e d u c t i o n  w e r e  a c h i e v a b l e ,  
it would r educe  t h e  n a t i o n a l  need t o  deve lop  a c o a l  
l i q u i d s  i n d u s t r y  t o  supp ly  b o i l e r  f u e l s .  For example, 
i f  t h e  1990 t a r g e t  o f  800,000 bblk/day f o r  f u e l  o i l  
consumption by u t i l i t i e s  w e r e  a g a i n  reduced by 50 per -  
c e n t  by 2000,  f u e l  o i l  consumption would be 400,000 b b l /  
day. Assuming t h a t  a c o a l  l i q u i d s  i n d u s t r y  would be  
a v a i l a b l e  f o r  commercial p roduc t i on  by' 1990,  400,000 
bb l /day  would s u p p o r t ,  a t  most ,  e i g h t  50,000 bbl /day 
c o a l  l i q u i d s  p l a n t s ,  w i t h  each y i e l d i n g  on ly  b o i l e r  
f u e l s .  

( 2 )  Many. U t i l i t i e s  W i l l  Encounter  D i f f i c u l t i e s .  i n  
Swi tch ing  From O i l  t o  Such Sources  a s  Coal 
Thereby I n c r e a s i n g  t h e  A t t r a c t i v e n e s s  o f  ~ k a l  
L iqu id s  i n  C e r t a i n  U t i l i t y  Regions 

Many o i l - f i r e d  u t i l i t i e s ,  p a r t i c u l a r l y  i n  t h e  
Nor theas t ,  A t l a n t i c ,  and W e s t  Coas t  a r e a s  w i l l  be  
l i m i t e d  i n  t h e i r  a b i l i t y  t o  s w i t c h  from o i l  t o  coal 
becaus.e o f  !environmental  c o n s t r a i n t s  and economic 
c o n s i d e r a t i o n s .  Under t h e  P r e s i d e n t ' s  program, " t i c k e t s "  
o r  r i g h t s  t o  burn  o i l  w i l l  be  d i s t r i b u t e d  t o  u t i l i t i e s .  
No u t i l i t y  may use  o i l  i n  exces s  of  t h e  amount o f  t h e  
t i c k e t s  which it holds .  These t i c k e t s  may be  t r a d e d  
between u t i l i t i e s  accord ing  t o  t h e i r  va ry ing  a b i l i t i e s  
t o  s u b s t i t u t e  o t h e r  f u e l s .  These t r a n s f e r a b l e  r i g h t s  
t o  burn  o i l  w i l l  p e rmi t  t h e  u t i l i t i e s  themselves  t o  
de te rmine  where t o  make rep lacements  f o r  c u r r e n t  o i l -  
f i r e d  c a p a c i t y .  For example, u t i l i t i e s  i n  a r e a s  where 
env i ronmenta l  c o n s t r a i n t s  make replacement  uneconomic 
( such  a s  t h e  Nor theas t )  would be  p e r m i t t e d  t o  buy t i c k e t s  
from o t h e r  r e g i o n s  which cou ld  c o n v e r t  t o  c o a l .  I t  i s  
expec ted  t h a t  t h e s e  t i c k . e t s  w i l l  have a maximum v a l u e  
t o  any u t i l i t y  company e q u i v a l e n t  t o  t h e  c o s t - o f  con- - 
v e r s i o n  o r  replacement  o f  o i l - f i r e d  c a p a c i t y  v e r s u s  
con t inued  u s e  o f  o i l . .  

I f  c o a l  l i q u i d s  a s  a  b o i l e r  f u e l  w e r e  a v a i l a b l e  
i n  s i g n i f i c a n t  q u a n t i t i e s  b e f o r e  1990, t h e n  u t i l i t i e s  
i n  a r e a s  which cou ld  n o t  comply w i t h  t h e  P r e s i d e n t ' s  
program (i .e. ,  u t i l i t i e s  unab le  t o  c o n v e r t  t o  c o a l )  



would be  w i l l i n g  t o  pay a  p r i c e  f o r  c o a l  l i q u i d s  equiva- 
l e n t  t o  t h e  va lue  t o  t i c k e t s .  This  would a c t  a s  an in -  
c e n t i v e  t o  develop commercial c o a l  l i q u i d  p l a n t s  t o  
supply b o i l e r  f u e l s  t o  v a r i o u s  r e g i o n s  o f  t h e  country .  

3. FIVE DOE UTILITY REGIONS HAVING RESIDUAL O I L  CONSUMPTION 
ABOVE '2'0'0', 0'0'0' B'ARRELS/DAY 'ARE 'CANDIDATE MARKETS FOR 'COAL 
LIQUIDS' ' I N  THE NEAR 'TERM 

A summary of  r e g i o n a l  d a t a  on r e s i d u a l  o i l  i n p u t s  t o  
U.S. e l e c t r i c a l  gene ra t ion  i s  shown i n  E x h i b i t  3-.4, Five  
DOE u t i l i t y  r eg ions  have been s e l e c t e d  a s  p robable  r e g i o n a l  
markets f o r  c o a l  l i q u i d s  as b o i l e r  f u e l  based on market 
s i z e .  The f i v e  r eg ions  and t h e i r  1978 r e s i d u a l  f u e l  o i l  
consumption i s  g r a p h i c a l l y  shown a s  E x h i b i t  3-5. 

These f i v e  r eg ions  account  f o r  1.35 m i l l i o n  bbl/day 
(approximately  85 p e r c e n t  of t h e  n a t i o n a l  r e s i d u a l  f u e l  o i l  
consumption).  The remaining f i v e  regions-Midwest, Southwest ,  
C e n t r a l ,  Northwest,  and North Central-account f o r  0.26 m i l -  
l i o n  bbl/day (approximately  1 5  p e r c e n t  o f  t h e  n a t i o n a l  
r e s i d u a l  f u e l  o i l  consumption).  Although t h e  Midwest and 

' Southwest could prov ide  a p o t e n t i a l  market f o r  c o a l  l i q u i d s  
(wi th r e s i d u a l  oil consumption of  115,000 and 125,000 bbl/day,  
r e s p e c t i v e l y ) ,  t h e s e  a r e a s  d i d  n o t  appear  t o  be l i k e l y  " f i r s t 1 '  
markets f o r  c o a l  l i q u i d s  based on s e v e r a l  i n t e r v i e w s  wi th  
r e p r e s e n t a t i v e s  i n  each reg ion .  

(1) The ,New England and New York/New , Je rsey  Area 
Represents  'the' La rges t  Poten'ti'a'l' Ma'rke't 'Area 
f o r  Coal' L iqh ids  a s  B o i l e r  Fue ls  

The New England and New York/New J e r s e y  a r e a  repre-  
s e n t s  t h e  l a r g e s t  p o t e n t i a l  market a r e a  f o r  c o a l  l i q u i d s  
w i th  a  r e s i d u a l  o i l  consumption o f  513,000 bbl/day i n  
1978. By 1990, t h e  r eg ion  i s  f o r e c a s t  t o  r e q u i r e  
263,000 bb l /day - s t i l l  .a l a r g e  market  a r e a  f o r  c o a l  
l i q u i d s .  

The New England and New York/New J e r s e y  a r e a  i s  a  
p a r t i c u l a r l y  a t t r a c t i v e  market  f o r  c o a l  l i q u i d s  because 
u t i l i t i e s  i n  this a r e a  w i l l  b e  r e s t r i c t e d  from switch-  
i n g  away from o i l  t o  sou rces  such as c o a l ,  based on 
r e g i o n a l  environmental  c o n s t r a i n t s  and uneconomic 
c a p a c i t y  ~ e p l a c e m e n t s  f o r  coa l .  

In te rv iews  wi th  u t i l i t y  i n d u s t r y  r e p r e s e n t a t i v e s  
i n  t h e  New England and New York/New J e r s e y  a r e a  con- 
ce rn ing  t h e  p o t e n t i a l  use  o f  c o a l  l = q u i d s  a s  b o i l e r  



EXHIBIT 3-4 
Summary o f  Regional .  Data o f  Res idua l  O i l  I n p u t s  

t o  U. S. E l e c t r i c  Genera t ion  

* '- 1990 fo recas t  data were obta inec from suppor t ing computer runs t o  Analys is  Report, Energy Supply & Demand i n  
t he  Midterm: 1985, 1990, 1995, Rpr i  1 1979, DOE/EIA-0102/52. - 

Year 

1978 

1990* 
1 

't 

Regional U t i  1 i ty Consumption i n  Thousand Barrels/Day 

New Eng 

203 

19 1 

NY/NJ 

310 

72 

Mid-At1 

233 

116 

S. A t l .  

286 

109 

t4idwest 

115 

98 

S. West 

125 

8 

Central  

17 

11 
d 

N. Central  

3 

- 

N. West 

- 
- 

West 

316 

596 

' Tota l  

1,608 
- 

1,200 



E X H I B I T  3-5 
R e g i o n a l  R e s i d u a l  F u e l  O i l  c o n s u m p t ~ o n  

1978 

NOTES: (1) SHADED AREAS REPRESENT REG IONS WHICH CONSUMED LESS 
THAN 200,000 BBLIDAY OF R S I D U A L  FUEL OIL I N  1978 

(2) NON-SHADED REGIONS CONSUMED MORE THAN 200,000 BBLIDAV 
I N  1978 REPRESENTING APPROXIMATELY 85% OF THE RESIDUAL 
OIL MARKET OF UTILITIES 

SOURCE: E n e r g y  I n f o r m a t i o n  A d m i n i s t r a t i o n ,  DOE and B o o z ,  A l l e n  d H a m i l t o n  Inc.  



f u e l s  i n d i c a t e d  s t r o n g  i n t e r e s t  i n  t h e  s u c c e s s f u l  and 
economic development ,of  commercial c o a l  1 i q u i d s . a ~  
b o i l e r . f u e l s .  

F ind ings  of a st;dy ~ e c - e n t l ~  Completed by 
t h e  Nor theas t  Coal U t i l i z a t i o n  Program (NECUP) 

Because of Government e f f o r t s  t o  reduce u t i l i t y  
o i l  consumption-plus t h e  u n c e r t a i n t y  of both  t h e  
c o s t  and supply of imported ufl-8usLur1 Edisan, 
Lonq I s l a n d  L igh t ing  Company, New England Gas and 
E l e c t r i c  Assoc i a t i on ,  New England power' S e r v i c e  
Company, Nor theas t  U t i l i t i e s  S e r v i c e  Company, and 
Stone arid WebsLer Engineer ing Corpora t ion  (S&W) 
conducted a s tudy  t o  e v a l u a t e  t h e  t e c h n i c a l  and 
economic f e a s i b i l i t y  of  u s ing  c o a l  l i q u i d s  i n  
Nor theas t  o i l - f i r e d  u t i l i t y  p l a n t s .  The E l e c t r i c  
Power Research I n s t i t u t e  provided advisory  s e r v i c e s .  

The i n i t i a l  s tudy  reviewed l i q u e f a c t i o n  
p roces ses ,  eva lua t ed  c o a l - o i l  mix tures  a s  a pos- 
s i b l e  i n t e r i m  f u e l ,  a s se s sed  p o t e n t i a l  o p e r a t i n g  
problems, and cons idered  s i t e s  f o r  c o a l  convers ion 
p l a n t s .  A supplemental  economic a n a l y s i s  of c o a l  
l i q u i d s  was a l s o  conducted.  

NECUP t hen  au tho r i zed  a second phase s tudy  
which i n c l u d e s  t h e  develqpment of  p l a n s  t o  o b t a i n  
c o a l  l i q u i d  s u p p l i e s  f o r  t e s t i n g .  The program w i l l  
con t inue  t o  review developments i n  c o a l  l i q u e f a c t i o n  
technology and t o  i d e n t i f y  p roces s  schemes t h a t  
y i e l t t  a t e c h n i c a l l y  accep tab le  f u e l - o i l  product. 
. a t  t h e  l e a s t  c o s t  t o  u t i l i t i e s .  

Seve ra l  conc lus ions  can be 'drawn from t h e  
NECUP s tudy:  

The m a j o r i t y  of e x i s t i n g  o . i l - f i r e d  steam 
p l a n t s  cannot  be economically conver ted 
t o  c o a l  u se  

. Environmental r e s t r i c t i o n s  w i l l  l i m i t  
t h e  use  of c o a l  i n  t h e  Nor theas t  r eg ion  



Existing oil-fired steam plants will 
provide a market for coal .liquids well 
beyond their projected availability 

- At 70 percent capacity, Northeast 
plants will consume approximately 
425,000 bbl/day by 1990 

- At 30 percent capacity, ~orthe'ast 
plants will consume approximately 
180,000 bbl/day by 1990 

In new plants, cod1 liquids may be 
c~mpetitive with direct coal firing 
for intermediate and peak loads. 

Competitiveness of coal liquids with 
petroleum fuels is dependent upon the 
relationship between general price 
inflation and the escalation rate of 
petroleum prices. Coal liquids are 
a competitive fuel choice relative to 
petroleum (levelized busbar cost criteria) 
if the inflation rate of petroleum is 
1 percent higher than the general in- 
flation rate. 

Equipment redesign and improved com- 
bustion control may be required to 
satisfy NOx regulations. 

Product sulfur content can be tailored 
to meet current regulations. , 

Particulate emission characteristics 
are expected to be l.ower than heavy 
fuel oil. 

The second phase of the study i's almost com- 
pleted. Planned site selection activities encom- 
pass discussions~with state and local officials, 
coal producers,. transportation companies, and 
regulatory agencies. NECUP feels it is possible 

. to produce competitive priced coal liquid boiler. 
fuels that will be suitable for firing in utility 
boilers-in existing oil-fired boilers as well as 
new peaking and intermediate load service in the 
near term. 



A S u c c e s s f u l  Combustion Demonstrat ion 
U t i l i z i n g  D i s t i l l a t e  O i l  From t h e  SRC-I1 
P roces s  Was Conducted 0 n . a  U t i l i t y  B o i l e r  
E c a . t e d  i n  N e w  York-14ore Combus.tion 
Demonstratioris W i l l  Be Requ.ired t o  Determine 
t h e  S u i t a b i l i t y  of Coal L iqu ids  f o r  U t i l i t y  
B o i l e r s  

A combustion demons t ra t ion  u t i l i z i n g  d i s t i l l a t e  
f u e l  o i l  from SRC-I1 p r o c e s s  was conducted on a 
u t i l i t y  b o i l e r  l o c a t e d  a t  Conso l ida ted  Edison 
Company i n  New York .  Con Rd a s  w e l l  a s  o t h e r  
Nor theas t  u t i l i t i e s  have suppor ted  c o a l  l i q u i d  
development, because  of t h e i r  l a r g e  dependence 
on imported  r e s i d u a l  o i l .  The t e s t  b o i l e r  was 
a  c o r n e r - t i r e d ,  Combustion Engineer ing ,  Ine. u n i t  
w i t h  a  r a t e d  steam f low of 450,000 l b s / h r .  E m i s -  
s i o n s  and b o i l e r  performance w e r e  i n v e s t i g a t e d  a t  
f u l l  l o a d ,  h a l f  l o a d  and t h r e e - q u a r t e r  l o a d  f o r  
b a s e l i n e  and low NOx ( s t a g e d  combustion) c o n d i t i o n s .  
Approximately 4,500 b a r r e l s  of  SRC-I1 f u e l  o i l  w e r e  
u t i l i z e d  d u r i n g  t h e  program. Measurenents of  n i t r i c  
o x i d e s ,  oxygen, carbon monoxide, p o l y c y c l i c  o r g a n i c  
m a t t e r ,  t o t a l  unburned hydrocarbons ,  s u l f u r ,  par-  
t i c u l a t e  mass and p a r t i c u l a t e  s i z e  d i s t r i b u t i o n  
w e r e  o b t a i n e d .  The performance of t h e  f u e l  o i l  
was a l s o  examined w i t h  r e s p e c t  t o  combustion 
c h a r a c t e r i s t i c s  and a d a p t a t i o n  t o  e x i s t i n g  b o i l e r  
hardware. The No. 6 f u e l  o i l  c u r r e n t l y  burned i n  
t h e  t e s t  b o i l e r s  was a l s o  t e s t e d  t o  compare w i t h  
t h e  SRC-11 f u e l  o i l .  

I n . g e n e r a 1 ,  no  major o p e r a t i o n a l  problems o r  
adve r se  b o i l e r  p e r f o m a n c e  effects were encountered 
due t o  t h e  combustion o f  SRC-I1 f u e l ' o i l .  Ni t rogen  
ox ide  emi s s ions  w e r e  nomina.11~ 70 p e r c e n t  g r e a t e r  
t h a n  t h o s e  o b t a i n e d  f o r  t h e  No.. 6 f u e l  o i l .  
Reduct ions  i n  NOx, leve l s  on t h e  o r d e r  o f  35 p e r c e n t  
w e r e  demonstra ted  th rough  combustion.modifications 
w i t h  bo th  f u e l s .  P a r t i c u l a t e  mass emiss ions  w e r e  
lower w i t h  t h e  SRC-I1 f u e l  o i l  wh i l e  t h e  o t h e r  
emi s s ions  measured w e r e  e s s e n t i a l l y  e q u i v a l e n t .  

Although no major  o p e r a t i o n a l  problems o r  
adve r se  b o i l e r  performance e f f e c t s  w e r e  encounte red ,  
more combustion demons t r a t i ons  w i l l  b e . r e q u i r e d  
t o  de te rmine  t h e  s u i t a b i l i t y  o f  c o a l  l i q u i d s  under  
c .ontinuous burn c o n d i t i o n s .  



( 2 )  The Mid-At lant ic ,  South  A t l a n t i c  and W e s t  Regions 
Also  Consume Large Amounts of  B o i l e r  F u e l s  and Would 
Be  A t t r a c t i v e  Markets  f o r  Coal  L iqu id s  - 

The Mid-At lan t i c  r e g i o n ,  l i k e  t h e  N o r t h e a s t ,  con- 
sumes a  s i z e a b l e  amount of b o i l e r  f u e l s .  I n  1978, 
233,000 b a r r e l s / d a y  o f  b o i l e r  f u e l s  were consumed by 
u t i l i t i e s  i n  Pennsy lvan ia ,  V i r g i n i a ,  Maryland, Delaware 
and W e s t  V i r g i n i a .  By 1990, t h e  Mid-At lant ic  r e g i o n  
i s  f o r e c a s t  t o  r e q u i r e  116,000 bar re l s /day-a  market  
l a r g e  enough t o  s u p p o r t  s e v e r a l  c o a l  l i q u i d  p l a n t s .  

The Mid-,Atlant ic  r e g i o n  i s  an  a t t r a c t i v e  market  
f o r  c o a l  l i q u i d s  because  of i t s  p rox imi ty  t o  c o a l  i n  
V i r g i n i a  and west V i r g i n i a .  F.or example, an ,Appalachia 
mine-mouth c o a l  l i q u i d s .  f a c i l i t y  would r e q u i r e  o n l y  
t r a i n  t r a n s p o r a t i o n  t o  u t i l i t i e s  i n  t h e  Mid-At lant ic  
r e g i o n ,  w h i l e  d e l i v e r i e s  t o  o t h e r  r e g i o n s  would r e q u i r e  
more e x t e n s i v e  _ t r anspo ra t i on . sy s t ems  such  a s  ba rge s .  
Th i s  would l e n d  t o  lower c o s t  and e a s e  of d e l i v e r y  o f  
c o a l  l i q u i d s  t o  u t i l i t i e s  i n  t h i s  r e g i o n .  

I n t e r v i e w s  w i t h  u t i l i t y  i n d u s t r y  r e p r e s e n t a t i v e s  
i n  t h e  Mid-At lan t i c  r e g i o n ,  such a s  Ba l t imore  Gas and 
E l e c t r i c  Company and P i ~ i l a d e l p h i a  E lec t r ic ,  i n d i c a t e d  
t h a t  c o a l  l i q u i d s  cou ld  be a  p o t e n t i a l  f u e l  s i ~ h s t i t u t e  
for r e s i d u a l  f u e l  o i l  i n  e x i s t i n g  o i l - f i r e d  steam p l a n t s .  

S i m i l a r l y ,  t h e  South  A t l a n t i c  r e g i o n  consumes a  
s i z e a b l e  amount of  b o i l e r  f u e l s .  I n  1978, 286,000 bar -  
r e l s / d a y  of  b o i l e r  f u e l s  w e r e  consumed by u t i l i t i e s  i n  
t h i s  r e g i o n .  By 1990,  t h e  South A t l a n t i c  r e g i o n  i s  
f o r e c a s t  t o  r e q u i r e  109,000 bar re l s /day-a  market  l a r g e  
enough t o  s u p p o r t  s e v e r a l  c o a l  l i q u i d  p l a n t s .  

I n t e r v i e w s  w i t h  t h e  Tennessee V a l l e y  A u t h o r i t y  
(TVA) i n d i c a t e d  t h a t  TVA would be a  c a n d i d a t e  u t i l i t y  
t o  purchase  c o a l  l i q u i d s  i n  coope ra t i on  w i t h  DOE and c o a l  
l i q u i d  p roducers .  F l o r i d a  Power and L i g h t i n g  Company 
a l s o  has  been a c t i v e  i n  t h e  c o a l  l i q u i d s  a r e a ,  and i n -  
d i c a t e d  i t s  d e s i r e  t o  s u p p o r t  c o a l  l i q u i d s  development.  

The West r e g i o n  (Arizona,  Nevada, C a l i f o r n i a  and 
Hawaii) i s  t h e  s i n g l e  l a r g e s t  consuming r e g i o n  of 
b o i l e r  f u e l s .  I n  1978, 316,000 b a r r e l s / d a y  of b o i l e r  
f u e l s . w e r e  consumed by u t i l i t i e s  i n  t h i s  r e g i o n ,  mos t l y  
i n  C a l i f o r n i a .  By 1990, t h e  W e s t  r e g i o n  i s  f o r e c a s t  t o  
r e q u i r e  596,000 barre ls /day-a  market  which w i l l  grow - - 
ove r  250 ,00O'bar re l s /day  i n  t h e  n e x t  10 y e a r s .  



4. THE UTILITY PflAP.KET FOP. COAL LIOUIDS IN THE NEAR TEPJ? 
WILL BE TO DISPLACE RESIDUAL OIL USED IN EXISTING 
BOILERS BUT THE LONG-TEW. PARKET WILL BE AS A 
LIOLTID FUEL FOR INTE-W?EDIATE AND PEAK CAPP.CITY 

In 1978, there was a total of 106 GW of oil-fired 
stean plants and 66 GW of gas steam plants in operation. 
A majority of the fuel oil consumption in 1978 was to 
supply base and intermediate loads. As discussed earlier, 
the President has proposed a program to convert existing 
oil-fired plants to coal and to encourage utilities to 
invest in new non-oil-fired generators, thereby retiring 
existing oil plants earlier than would otherwise occur. 
As a result, consumption of residual fuel oil is forecasted 
to decline from 1.6 million barrels/day in 1978 to 800,000 
barsels/day by 1990. Further reductions are anticipated by 
2006.  The reduction in fuel oil consumption will occur, 
for the most part, as existing facilities retire (planned 
or accelerated retirements) and as utilities convert 
existing plants away from oil to sources such as coal. 

(1) The Near-Term Parket for Coal Liquids Will Be to 
Displace Imported Fesidual Oil Used in Existing 
Boilers in the Northeast, Mid-Atlantic, and 
South Atlantic Regions 

1 

In 1978, approximately 75 percent of all residual 
, oil consumption by electric utilities was imported. 

Most of those imports went Lo east c o a ~ t  utilitie~, 
particularly in the Northeast. AB discussed earlier, 
the Northeast, Mld-Atlantic, and South Atlantic regions 
represent the largest and most attractive near-term 
markets for coal liquids as a boiler fuel. Since these 
regivlls  mostly conEume import.ed residual fuel oil, the 
near-term market will displace imported residual oil. 

President Carter's programs to reduce oil use in 
utility boilers is directed at reducing residual oil 
imports by switching away from oil to resources such as 
coal. Under the President's program, the residual oil 
imports are forecast to decline from 1.2 million barrels 
per day to approximately 500,000 barrels per day by 1990. 
(The assumption was made that domestic production of 
residual oil remains relatively constant at 300,000- 
400,000 barrels per day.) 

The near-term market for coal liquids is then 
approximately 500,000 barrels per day of imported 
residual oil. of this oil will go to east coast 



utilities, particularly' in the Northeast. The size 
of the imported residual market in 1990, however, 
will ultimately be determined by the success of the 
Carter program in achieving its oil reduction goals. 
This market can be expected to decline evenr further 
by. 2000. 

(2) The Long-Term Parket for Coal Liauids Will Be as 
a Liquid Fuel for New Intermediate and Peak 
Capacity 

Forecasting the market for new technologies 
designed to burn coal liquids is difficult. For 
exanple, there are several different ways of burning 
coal, including: 

. Direct-firing with scrubbing 
Direct-firing, fluidized bed combustion 
Direct-firing, solvent refined coal 
Liquid-firins; petroleum-type fuel 
Low-Btu gas firing 
Medium-Btu gas firing. 

It is difficult to determine the market potential 
for these technologies because of technical differ- 
ences among technologies and uncertainties concern- 
ing economics of each process..' Other factors vhich 
bear significantly on the market potential of new 
technologies include, but are not limited to: 

. Chemistry of feedstock requirements 

. Status of development of candidate process 

Probability of successful development and 
cost to co&ercialization 

Reliability, load characteristics 

Capital and operating costs 

Environmental regulation. 

Booz, Allen interviewed utility industry repre- 
sentatives concerning the development of new coal 
technologies and, specifically, the role of coal 
liquids. The consensus of opinion of the utility 



I 

i n d u s t r y  was t h a t  c o a l  l i q u i d s  i n  a  combined-cycle 
p l a n t  and c o a l  l i q u i d s  wi th  a  combus t ion . tu rb ine  appear 
t o  be  compet i t ive  o p t i o n s  i n  i n t e r m e d i a t e  and peak load  
s e r v i c e ,  r e s p e c t i v e l y .  However, c o a l  l i q u i d s  d i d  n o t  
appear  t o  be compet i t ive  i n  base load  a p p l i c a t i o n s  wi th  
c o a l  g a s i f i c a t i o n  and d i r e c t  f i r i n g  of  c o a l  w i th  scrub- 
bing.  The Electric Power Research I n s t i t u t e  ( E P R I )  has  
been a c t i v e l y  involved  i n  e v a l u a t i n g  new technology 
o p t i o n s  f o r  u t i l i t i e s .  

A s  an i l l u s t r a t i o n ,  Exh ib i t  3-6, show h y p ~ t h e t i c a l  
gene ra t ion  expansion a l t e r n a t i v e s  (1985-2005) f o r  a  
" s y n t h e t i c "  e l e c t r i c  u t i l i t y .  Only t h e  most economically 
v i a b l e  t echno log ie s  appear ;  t h a t  i s ,  on ly  t h o s e  genera- 
t i o n  a l t e r n a t i v e s  by f u e l  type  t h a t  have t h e  minimum 
energy c o s t s  f o r  some span of  c a p a c i t y  f a c t o r s  appear .  
A s  shown, petroleum-type f u e l  (combined-cycle) appears  
t u  be compet i t ive  a t  i n t e r m e d i a t e  l oad  (3,000 hours  pe r  
y e a r ) .  This a l s o  appears  t o  be competi tkve i n  t h e  l a s t  
1980s. This pene t ra t ionv ,  o f  course ,  i s  based on a  c o a l ,  

, l i q u i d s  p r i c e  o f  $25/bar re l  ( i n  1979 d o l l a r s ) .  A t  $35/ 
b a r r e l ,  c o a l  l i q u i d s  f o r  i n t e r m e d i a t e  l oad  does n o t  
become compe t i t i ve  u n t i l  t h e  l a t e  1990s. 

This example demonstra tes  t h e  economic unce r t a in -  
t i e s  and i t s  impacts on determining t h e  p o t e n t i a l  market 
f o r  c o a l  l i q u i d s  i n  new technologies .  Based on d i scus-  
s i o n s  w i t h  E P R I  and o t h e r  u t i l i t y  r e p r e s e n t a t i v e s ,  t h e r e  
appears  t o  be  a  s u b s t a n t i a l  and growing e l e c t r i c  u t i l i t y  
market p o t e n t i a l  f o r  c o a l  l i q u i d s  i n  new technology ap- 
p l i c a t i o n s  i f  p r e s e n t  c o a l  l i q u i d  development c o s t s  a r e  
met and imported petroleum p r i c e s  e s c a l a t e  as p ro j ec t ed .  

5. RESIDUAL FUEL O I L  CONSUMPTION I N  INDUSTRIAL BGILERS I S  
SPIALL BUT I S  FORECASTED TO GROW FROM APPRaXIMATELY - 
180,008 BAkRELS/DAY I N  1 9 7 5  TO BETWEEN 200,000 ALUD 
250,000 BAR-LS/DAY BY 1990 

I n  1975, r e s i d u a l  and d i s t i l l a t e  f u e l  o i l  consumption 
was approximately 550,000 barrels/day-approximately 9  per- 
c e n t  of t o t a l  i n d u s t r i a l  f u e l  consumption. A summary of  f u e l  
consumption f o r e c a s t s  f o r  t h e  i n d u s t r i a l  s e c t o r  is  shown i n  
Exh ib i t  3-7. According t o  d i s c u s s i o n s  w i th  s t a f f  personnel  
a t  t h e  Energy Informat ion  Adminis t ra t ion ,  about 25 p e r c e n t  
o f  t h e  t o t a l  r e s i d u a l  f u e l  o i l  consumption i n  1975 was used 
a s  a b o i l e r  f u e l ;  and n e g l i g i b l e  amouts of d i s t i l l a t e  w e r e  
used a s  a b o i l e r  f u e l .  The remaining r e s i d u a l  and d i s t i l l a t e  
f u e l  o i l  was f o r  thermal  p roces s  h e a t  and feeds tock  app l i ca -  
t i o n s .  This in format ion  was based on a  Major ~ u e l - ~ u r n i n g  
I n s t a l l a t i o n  (MFBI) d a t a  base  compiled by E I A .  



E X H I B I T  3-6 
Conceptual  Generation Expansion A l t e r n a t i v e s  

1985-2005 

. . 
1975 1985 1995 2005 

LEGEND 

- MARKET FOR NON-COAL LIQUID TECHNOLOGIES 

- MARKET FOR COAL LlQUlDSASA BOILER FUEL 

- MARKET FOR COAL LlQUlDSAS A TURBINE FUEL 

' v 

SOURCE: BASED ON AN ARTICLE ENTITLED, "MARKET POTENTIAL FOR NEW COAL 
TECHNOLOGIES', EPRI JOURNAL, MAY 1978 



EXHIBIT 3-7' 
Summary of Fuel Consumption 

by Industrial Sector 
1975-1990 

GROWTH RATES 1975-1990 

m OVERALL 3.5 
m NATURALGAS 1.0 
m COAL 3.0 
m ELECTRICITY 6.0 
m RESIDUAL & DISTILLATE 8.2 

NAPHTHA & LIQUID GAS 8.6 

NAPHTHA 

I ELECTRICITY 

I COAL 
4 - 

3 -  

2 - NATURAL 
GAS 

1 - 

1975 . 

(ACTUAL) 

SOURCE: Annual Report to Congress, 1977, Energy Informa- 
tion Administration, DOE and Booz, Allen & 
Ilamilton lne .  



I n  1975,  86,000 b a r r e l s / d a y  o f  r e s i d u a l  f u e l  was con- 
sumed a s  a b o i l e r  f u e l .  Th i s  market  i s  f o r e c a s t e d  t o  grow 
t o  between 200,000 and 250,000 b a r r e l s / d a y  o f  r e s i d u a l  f u e l  
o i l  by 1990. A f o r e c a s t  o f  i n d u s t r i a l  f u e l  consumption by 
a p p l i c a t i o n  i s  shown below: 

The 1990 f o r e c a s t s  o f  r e s i d u a l  o i l  and d i s t i l l a t e  o i l  
consumption have r e c e n t l y  been updated  by E I A ,  b u t  d e t a i l e d  
r e g i o n a l  f o r e c a s t s  w e r e  n o t  a v a i l a b l e  t o  BOOZ,  A l l en  i n  
t i m e  t o  be incorpora.t .ed i n  t h i s  s t udy .  1990 f o r e c a s t s .  o f  
r e s i d u a l  o i l  used a s  b o i l e r  f u e l  w e r e  r e v i s e d  from 234,000 
b a r r e l s / d a y  t o  approx imate ly  200,000 ba r r e l s / day .  1 9 9 0 ,  
d i s t i l l a t e  o i l  consumption was r e v i s e d  from 874,000 b a r r e l s /  
day t o  218,000 b a r r e l s / d a y .  Revised d i s t i l l a t e  o i l  f o r e -  
c a s t s  w i l l  n o t  a f f e c t  t h e  market  f o r  c o a l  l i q u i d s  s i n c e  
on ly  a n e g l i g i b l e  amount o f  d i s t i l l a t e  o i l  i s  used i n  i n -  
d u s t r i a l  b o i l e r s .  

8 

Primary 
Fue 1 

Regidual O i l  

Dist i l late  O i l  

Total 

(1) The N o r t h e a s t  Region, t h e  Mid- and South  A t l a n t i c ,  
Midwest, . and Southwe's:t Reg'ions' A r ' e  L i k e l y  Candidate  
Markets f o r  Coa'l Liqui 'ds  

S i x  DOE r e g i o n s  have  been s e l e c t e d  a s  p robab l e  
r e g i o n a l  marke t s  f o r  c o a l  l i q u i d s  a s  a b o i l e r  f u e l .  
based  on makket s i z e  o f  growth. A summary o f  r e g i o n a l  
d a t a  o f  t o t a l  r e s i d u a l  o i l  consumption and b o i l e r  f u e l  
consumption i n  t h e  i n d u s t r i a l  s . e c to r  i s  shown i n  
E x h i b i t  3-8. The s i x  a t t r a c t i v e  DOE r e q i o n s  and 
t h e i r  f o r e c a s t e d  1990 b o i l e r  f u e l  consumption o f  r e s i d -  
u a l  o i l  i s  summarized on page 3-16. 

Forecast of Industrial Fuel Consumption (bbl/day) 
I 

1975 1990 

Process 
Boiler Heat or  
Fuel Feedstock 

234,000 

Boiler 
Fue 1 

86,000 

::Negligible 

86,000 

1985 

Negligible 

234,000 

Process 
Heat or 

Feedstock 
# ,  , 

0,000 
1 1 

~ 0 7 , 0 6 0 '  
/ 

/ / / /  
I 467,000/ 
I /  / 

Boiler 
Fuel 

183,000 

Negligible 

183 , 000 

/874 , $ i O /  
r 

/, / A 
r1,574,000' 
, /  I / / /  

Process 
Heat or  

Feedstock 
I /5b9,0b0' 

1 1  1  / /  

6:6:00$ 
, 

/ / / / -  
1,.2f5,900 

/ , , I  



EXHIBIT 3--8 
Summary of Regional Data cf Total Residual.Oi1 

Consumption and Boiler Fuel Consumption 
in the Industrial Sector 

, I 

Year NewEng. NYfNJ Mid-At l .  S . A t l .  Midwest S.West Central  N . C e i t r a 1  West N.West Tota l  

Legend : 

A ' ,  

= Represents reg iona l  b b i l e r  f u e l  consumption o f  res idua l  o i l  

Source: Data were ob ta ined from Annual Report t o  Congress, 1977, Energy In fo rmat ion  Admin is t ra t ion ,  DOE 
and Booz, ,A1 1 en & Hami 1 ton  Inc.. 

- 



A s  shown, t h e s e  s i x  r e g i o n s  account  f o r  203,000 b a r r e l s /  
day (approx imate ly  85 p e r c e n t  o f  t h e  . t o t a l  f o r e c a s t e d  
i n d u s t r i a l  b o i l e r  consumption o f  r e s i d u a l  f u e l  o i l ) .  
The f o u r  remi . j . . n  l . ng  r eg ions - -Cent ra l  , r ~ o r t h  C e n t r a l ,  
West, and Northwest--account f o r  a  t o t a l  of 3 2 , U U O  
b a r r e l s / d a y  o f  r e s i d u a l  b o i l e r  f u e l  ( approx imate ly  
15 p e r c e n t  of  t h e  t o t a l  b o i l e r  f u e l  .marke t ) .  

Candidate  Regions f o r  Coal L iqu ids  

The N e w  England and New York/~ew : J e r s ey  a r e a  i s  
f o r e c a s t e d  t o  consume 40,000 b a r r e l s / d a y  of  r e s i d u a l  
b o i l e r  f u e l .  This  a r e a  i s  a t t r a c t i v e  because  of  t h e  
l a r g e  consumption o f  r e s i d u a l  o i l  by e lec t r ic  u t i l i t i e s  
i n  t h i s  r eg ion .  S i m i l a r l y ,  t h e  Mid-At lant ic ,  South 
A t l a n t i c ,  and Midwest a r e  a t t r a c t i v e  market  r eg ions  
£,or c o a l  l i q u i d s  because  of  t h e i r  l a r g e  b o i l e r  f u e l  
consumption ( l a r g e  r e l a t i v e  t o  i n d u s t r i a l  consumption 
i n  o t h e r  r e g i o n s )  and because  o f  t h e  l a r g e  consumption 
of  r e s i d u a l  o i l  by e l e c t r i c  u t i l i t i e s  i n  t h e s e  r eg ions .  

Region 

New England 
New York/New J e r s e y  
Mid-At lant ic  
South A t l a n t i c  
Midwest 
Southwest  

T o t a l  - 

The Southwest  r e g i o n  r e p r e s e n t s  t h e  l a r g e s t  poten- 
t i a l  market  a r e a  f o r  c o a l  l i q u i d s .  Although 1975 
r e s i d u a l  b o i l e r  f u e l  consumption was 12,000 b a r r e l s / d a y ,  
by 1990,  t h e  Southwest  i s  f o r e c a s t e d  t o  r e q u i r e  85,000 
b a r r e l s / d a y  (approx imate ly  35 p e r c e n t  o f  t h e  t o t a l  
r e s i d u a l  b o i l e r  f u e l  ma rke t ) .  Th is  t r a n s l a t e s  i n t o  a 
1 4  p e r c e n t  p e r  y e a r  growth r a t e  i n  t h e  Southwest  f o r  
r e s i d u a l  b o i l e r  f u e l s .  However, r e s i d u a l  o i l  consump- 
t i o n  i n  t h e  Southwest  w i l l  be  dependent  on t h e  a v a i l -  
a b i l i t y  o f  n a t u r a l  gas .  

1990 Q u a n t i t y  

26,000 b a r r e l s / d a y  
14,000 b a r r e l s / d a y  
19,000 b a r r e l s / d a y  
33,000 b a r r e l s / d a y  
26,000 b a r r e l s / d a y  
85,000 b a r r e l s / d a y  

203,000 b a r r e l s / d a y  
- 

( 2 )  The Near-Term I n d u s t r i a l  Market f o r  Coal L iqu ids  
S t r o n g l y  Depends on t h e  R e l a t i v e  Economic's o f  - .  . 
Coal L i a u i d s .  t h e  I m ~ a c t  o f  Government P o l i c i e s ,  - - A -  - L -- 

and t h e  ~ v a i i a b i 1 i . t ~  o f  Na tu ra l  Gas 

The ne.ar-term i n d u s t r i a l  market  f o r  c o a l  l i q u i d  
s t r o n g l y  depends on t h e  r e l a t i v e  economics o f  c o a l  

- l i q u i d s  when compared t o  r e s i d u a l  f u e l  o i l .  1;terviews 



w i t h  s e v e r a l  i n d u s t r i a l  b o i l e r  owners who .use  r e s i d u a l  
o i l ,  and t h e  Counci l  o f  I n d u s t r i a l  B o i l e r  Owners ( C I B O )  
i n d i c a t e d  t h a t  t h e  key i s s u e  r e l e v v t  t o  t h e  i n d u s t r i a l  
market  f o r  c o a l  l i q u i d s . ,  was t h e  p r i c e  o f  c o a l  l i q u i d s  
r e l a t i v e  t o  No. 6 f u e l  o i l .  When t h e  p r l c e  f o r  c o a l  
l i q u i d s  and r e s i d u a l  o i l  become t h e  same, t h e  i n d u s t r i a l  
b o i l e r  owners w i l l  c o n s i d e r  c o a l  l i q u i d  purchases .  The 
impact  o f  t e c h n i c a l ,  env i ronmenta l ,  r e g u l a t o r y ,  and 
i n s t i t u t i o n a l  b a r r i e r s  on t h e  i n d u s t r i a l  market  f o r  
c o a l  l i q u i d s  w i l l  be  d i s c u s s e d  i n  d e t a i l  i n  subsequen t  
s e c t i o n s .  

A key f a c t o r  which w i l l  i n f l u e n c e  t h e  market  f o r  
c o a l  l i q u i d s  is t h e  impact  o f  government p o l i c i e s .  
The Power P l a n t  and I n d u s t r i a l  Fue l  U s e  A c t  o f  1978 
e s t a b l i s h e d  g u i d e l i n e s  and r e g u l a t i o n s  p e r t a i n i n g  t o  
t h e  u s e  o f  c o a l  i n  new i n d u s t r i a l  b o i l e r s  and a l s o  
s p e c i f i e d  g u i d e l i n e s  p e r t a i n i n g  t o  conve r s ion  o f  e x i s t -  
i n g  pe t ro l eum- f i r ed  b o i l e r s  t o  c o a l .  The s u c c e s s  of  t h e  
F e d e r a l  Government t o  e n f o r c e  t h e  PIFUA w i l l  a l s o  s t r o n g l y  
de t e rmine  t h e  market  p o t e n t i a l  f o r  c o a l  l i q u i d s .  I f  
PIFUA i s  e f f e c t i v e  i n  r e q u i r i n g  new i n d u s t r i a l  b o i l e r s  
t o  burn  c o a l ,  t h e n  t h e  market  f o r  r e s i d u a l  o i l  and t h u s  
c o a l  l i q u i d s  w i l l  d e c r e a s e  p r o p o r t i o n a t e l y .  

F i n a l l y ,  t h e  a v a i l a b i l i t y  o f  n a t u r a l  g a s  i n  t h e  
n e a r  t e r m  fo,r i n d u s t r i a l  consumption w i l l  i n f l u e n c e  t h e  
market  f o r  r e s i d u a l  o i l  and s u b s t i t u t e  c o a l - l i q u i d s .  
C u r r e n t  DOE p o l i c y  h a s  been t o  encourage  i n d u s t r i a l  
u s e r s  o f  r e s i d u a l  o i l  t o  s w i t c h  away' from o i l  t o  n a t u r a l  
gas .  I f  t h i s  p o l i c y  c o n t i n u e s  f o r  s e v e r a l  y e a r s ,  t h e n  
t h e  market  f o r  r e s i d u a l  o i l  and t h u s  c o a l  l i q u i d s  w i l l  
d ec r ea se .  

Systems 

The long-term i n d u s t r i a l  marke t ,  f o r  c o a l  l i q u i d s  
s t r o n g l y  depends on t h e  development o f  new t e c h n o l o g i e s  
a p p l i c a b l e  t o  i n d u s t r i a l  b o i l e r s .  S e v e r a l  s t u d i e s  have  
been conducted  which examine t h e  economics o f  c o a l  
l i q u i d s  i n  advanced i n d u s t r i a l  b o i l e r  sys tems.  !.iost o f  
t h e  advanced i n d u s t r i a l  b o i l e r  sys tems show t h e  p o t e n t i a l  
f o r  g r e a t l y  improved " e f f i c i e n c i e s  and performance,  b u t  " 



a key o b s t a c l e . i n  t h e i r  development h a s  been t h e  de- 
pendence on l i q u i d  f u e l s .  These sys tems i n c l u d e  ( b u t  a r e  
no t*  l i m i t e d  t o )  : 

. Combined-cycle sys tems . Diesel e n g i n e s  . Fue l  cel ls  (mol ten  ca rbona t e )  
Advanced gas  t u r b i n e s .  

I f  t h e s e  new i n d u s t r i a l  sys tems are s u c c e s s f u l ~ y  deve l -  
oped,  t h e r e  would b e  a growinq,  long-term maxket for 
c o a l  l i q u i d s  t o  f u e l  t h e s e  sys tems.  

A Cogenerat ion Technology Assessment Study (CTAS) 
conducted by General  Electr ic  and Uni ted  Technologies  
f o r  DOE examined t h e  t e c h n i c a l  and economic advan tages  
of c o g e n e r a t i o n  sys tems f o r  i n d u s t r i a l  use .  The s t u d y  
concluded t h a t  U I ~  p o t e n t i a l  market  t o r  c o a l  l i q u i d s  
i n  c o g e n e r a t i o n  sys tems cou ld  b e  s u b s t a n t i a l  i n  t h e  
long  t e r m ;  however, t h i s  ' market  would most l i k e l y  
be f o r  t u r b i n e  f u e l s .  

6. 'THE 'DEPARTMENT 'OF DEFENSE 'CONSUMES' 'A 'RELATIVELY 'SMALL 
'PORTION 'OF 'ITS TOTAL 'PETROLEUM 'CONSUMP'TI'ON 'AS" BOILER 
'FUELS 

The Department o f  Defense. (DOD) consumes approximate ly  
35,000 b a r r e l s / d a y  of  r e s i d u a l  f u e l  o i l  and 60,000 b a r r e l s /  
day o f  middle  d i s t i l l a t e s .  A summary of  DOD consumption o f  
pe t ro leum p r o d u c t s  i n  t h e  U . S .  i n  1978 is as fo l l ows :  

t 

Summary of  U.S. DOD Pet roleum Consumption 
*-- - -- 
I 

Fuel  'Cateqory ~ o n s u m ~ t i o n  
(Ldrrels/ 'c¶ay) 3 of T o t a l  

Je t  .Fuel 
Av ia t i on  Gaso l ine  
Motor Gaso l ine  
Middle Dis t i l l a t es  
Res idua l  O i l  

T o t a l  - 

256,000 ' 

2,300 
12,400 
60,200 
34,700 

365,600 

70 
0.5 
3.5 

16.5 
9.5 

100.0 
A 



The i m p l i c a t i o n  of  t h e  DOD markgt segmentat ion i s  ' t h a t  
approximately 90 p e r c e n t  of  DOD consumption o f  pet roleum 
produc ts  i s  f o r  t r a n s p o r t a t i o n , p u r p o s e s  ( j e t . f u e 1 ,  a v i a t i o n  
g a s o l i n e ,  motor g a s o l i n e ,  and most middle d i s t i l l a t e s ) .  Less 
than  1 0  p e r c e n t  o f  DOD consumptiion is  f o r  r e s i d u a l  b o i l e r  
f u e l .  I n  a d d i t i o n ,  t h e  DOD b o i l e r  market  i s  n o t  c e n t r a l i z e d  
o r  1 o c a l i z e d . i n  one r eg ion  of  t h e  country  which would make 
m a r k e t a b i l i t y  of  c o a l  l i q u i d s  d i f f i c u l t .  

DOD has  expressed  concern about i t s  v u l n e r a b i l i t y  t o  
energy s h o r t a g e s  i n  Congress ional  tes t imony b e f o r e  t h e  Com- 
m i t t e e  on Banking, Finance,  and Urban Af f a i r s .  But t h a t  
v u l n e r a b i l i t y  w i l l  s e r i o u s l y  a f f e c t  D O D ' s  t r a n s p o r t a t i o n  
f u e l  requirements .  

The "Moorehead B i l l "  has  been proposed i n  Congress t o  
e s t a b l i s h  a  DOD-guaranteed market  f o r  t h e  o u t p u t  of  s y n t h e t i c  
f u e l s  p l a n t s .  Based on t h e  f u e l  consumption breakdown shown 
ear l ie r ,  i f  t h e  "Moorehead B i l l "  i s  enac t ed ,  . t h e  c o a l  l i q u e -  
f a c t i o n  p roces ses  c u r r e n t l y  under development w i l l  need t o  
be conf igured  t o  manufacture t r a n s p o r t a t i o n  f u e l s  and n o t  
b o i l e r  f u e l s .  The "Moorehead B i l l "  and s imi l . a r  l e g i s l a t i o n  
designed t o  guaran tee  a  DOD'market f o r  c o a l  l i q u i d s  may s e r v e  
t o  l i m i t  t h e  market f o r  c o a l  l i q u i d s  a s  a  b o i l e r  f u e l  s i n c e  
t h e  DOD market i s  l a r g g l y  f o r  t r a n s p o r t a t i o n  ,fuels. 
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CHAPTER 4 
THE POTENTI'AL ENVIRONMENTAL HAZARDS OF BOILER FUELS 

PZODUCED FROM COAL LI 'OUEFAZTION 'PROCESS'ES 

This c h a p t e r  p r e s e n t s  a summary of t h e  assessment o f  
p o t e n t i a l  environmental  haza rds  of  b o i l e r  f u e l s  produced 
from c o a l  l i q u e f a c t i o n  p roces ses ,  compared with  t h e  hazards  
o f  No. 6 f u e l  o i l ,  t h e  produc t  t h e  coa l -der ived  f u e l s  would 
most l i k e l y  r ep l ace .  Fu r the r  d e t a i l s  are p re sen ted  i n  
Appendix B of t h i s  r e p o r t .  

Booz, Al len has  analyzed t h e  environmental  hazards  of  
t h e  produc ts  from t h r e e  d i r e c t  c o a l  l i q u e f a c t i o n  processes  : 

. Solvent  Refined Coal (SRC-11) . H-Coal 
Exxon Donor Solvent  (EDS) . 

Booz, Al len  d i d  n o t  analyze t h e  produc ts  from two i n d i r e c t  
c o a l  l i q u e f a c t i o n  processes-Fischer-Tropsch and Methanol 
Syn thes i s .  Both of  t h e s e  p roces ses  y i e l d  a l i q u e f i e d  prod- 
u c t  a f t e r  g a s i f i c a t i o n  of co.al. Because o f  t h e  g a s i f i c a t i o n  
p roces s ing ,  t h e s e  produc ts  a r e  i n h e r e n t l y  c l ean  i n  r e l a t i o n  
t o  d i r e c t  c o a l  l i q u e f a c t i o n  produc ts  and No. 6 f u e l  o i l .  

Data on t h e  c o a l  l i q u e f a c t i o n  produc ts  a r e  l i m i t e d  and 
i n c o n s i s t e n t ,  a s  t h e  va r ious  t echno log ie s  a r e  a t  d i f f e r e n t  
s t a g e s  of development. Therefore ,  t h e  . eva lua t ion  of  environ-  
mental  hazards  was made by combining c u r r e n t l y  a v a i l a b l e  d a t a ,  
i n t e r v i e w s  w i t h  Government and i n d u s t r y  r e p r e s e n t a t i v e s ,  
and judgments made by t h e  s tudy  t e a m  from e v a l u a t i n g  t h e  
chemical  composit ion of the produc ts .  

The f i n d i n g s  r e p r e s e n t  a prejudgment o'f c u r r e n t  and 
f u t u r e  t e s t i n g  t o  determine t h e  environmental  hazards  of 
c o a l  l i q u e f a c t i o n  produc ts .  Our a n a l y s e s  show t h a t  worker 
s a f e t y  and h e a l t h  w i l l  be a p o t e n t i a l  environmental  concern.  
Dermal exposure  t o  t h e  produc ts  w i l l  have t o  be reduced i n  
r e l a t i o n  t o  normal handl ing  procedures  f o r  convent iona l  
f u e l s .  A d d i t i o n a l l y ,  t h e r e  a r e  s e v e r a l  a r e a s  i d e n t i f i e d  
f o r  f u r t h e r  e v a l u a t i o n  such a s  b i o l o g i c a l  t e s t i n g  of prod- 
uc t s , '  a d d i t i o n a l  u t i l i t y  tes t  burns ,  and d e t a i l e d  composi- 
t i o n a l  d a t a .  The completion of t h e s e  t e s t s  w i l l  f u r t h e r  
d e f i n e  t h e  p o t e n t i a l  environmental  hazards  of c o a l  l i que -  
f a c t i o n  products .  



1. THE ENVIRONMENTAL HAZARDS OF PRODUCTS OF THREE DIRECT 
COAL LIQUEFACTION PROCES SES WERE 'AS'SESS'ED ' I N  'RELATION 
TO NO. 6 FUEL O I L  

T h ~ e e  d i r e c t  c o a l  l i q u e f a c t i o n  p roces ses  were analyzed:  
SRC-11, H-Coal, and EDS. The two i n d i r e c t  p roces ses  i n  u se  
today ,  Fischer-Tropsch and methanol s y n t h e s i s ,  were n o t  
analyzed f o r  environmental  hazards  because they  a r e  i nhe r -  
e n t l y  c l ean .  Fischer-Yropsch i s  e s s e n t i a l l y  f r e e  from s u l -  
f u r  and n i t r o g e n  and has  lower c o n c e n t r a t i o n s  of  heavy 
a romat ic  compounds than  No. 6 f u e l  o i l .  Methanol has  known 
hazards  b u t  i s  cons idered  envi ronmenta l ly  s a f e  when handled 
proper1.y. 

No. 6 f u e l  o i l  i s  t h e  primary competing s u b s t i t u t e  
p roduc t  f o r  b o i l e r  f u e l s  produced by coa l  l i q u e f a c t i o n .  
This  f u e l  was chosen because it has  been accep ted  i n  t h e  
mnrlcctplclcc at i t c  c u r r e n t  l e v e l  of r i s k ,  and i t s  h a n d l i n g  
p r o o e d u r e ~  and environmental  safeguards are established. 

The s p e c i f i c a t i o n s  f o r  No. 6 f u e l  o i l  a r e  f u n c t i o n a l  
r a t h e r  t han  compos i t iona l  requirements .  Therefore ,  t h e  
composit ion of  No. 6 f u e l  o i l  v a r i e s  accord ing  t o  crude 
o i l  sou rce ,  customer s p e c i f i c a t i o n s ,  a v a i l a b l e  d i s t i l l a t i o n  
c u t s ,  r e f i n e r y  p roces s ing ,  and t h e  b lend  s e l e c t e d .  Exh ib i t  4-1 
i l l u s t r a t e s  a t y p i c a l  Lo. G f u e l  o i l  used i n  t h e  a n a l y s i s ,  
which i s  composed o f  45 p e r c e n t  c y c l i c  a lkanes  (naphthenes)  , 
15 p e r c e n t  a lkanes ,  25 p e r c e n t  a roma t i c s ,  and 15 p e r c e n t  
p o l a r  compounds c o n t a i n i n g  n i t r o g e n ,  oxygen, o r  s u l f u r .  

I l l i n o i s  No. 6 c o a l  was used as a f eeds tock  f o r  each 
o f  t h e s e  t h r e e  p roces ses  because o f  i t s  a v a i l a b i l i t y  and 
c o m p a t i b i l i t y .  This c o a l  has  been commonly used f o r  p re -  
v ious  development work, s o  t h a t  ana lyses  of  I l l i n o i s  N o .  6 
c o a l  a r e  w e l l  documented. 

2. LIMITED DATA ARE.AVAILABLE ON THE PRODUCTS O F  DIRECT 
COAL LIQUEFACTION PROCESSES BUT CHEI,IICAL COMPOSITION 
PROVIDES A MEANS OF ANALYSIS 

I n  o r d e r  t o  assess t h e  hazard  p o t e n t i a l  of  d i r e c t  
c o a l  l i q u e f a c t i o n  p roduc t s ,  l i t e r a t u r e  s e a r c h e s . a n d  pe r sona l  
i n t e r v i e w s  were conducted t o  o b t a i n  t h e  c u r r e n t  s t a t e  o f  t h e  
a r t .  I t  has  been found t h a t  much work has  been done on 
c h a r a c t e r i z i n g  t h e  hazardous p r o p e r t i e s  of  c o a l  t a r s ,  run- 
o f f  from c o a l  waStes,  and c o a l  r e s i d u e s  o f  t r a d i t i o n a l  c o a l  



EXHIBIT 4-1 
Typical'~ompositiona1 Data for Bunker C Fuel 

(No. 6 Fuel) 

CHEMICAL. GROUP ANALYSES 

45% Cyclic Alkanes 
(Naphthenes) 

15% Alkanes 

15% Polar Compounds 
Containing Nitrogen, 

25% Aromatics 

SOURCE: National Oceanic and Atmospheric Administration Report 
ERL MESA-17, October 1977 
API Report AID. 1BA. 74, February 1974 



process ing  p l a n t s .  Limited q u a n t i t a t i v e  d a t a  a r e  a v a i l a b l e  
r e l a t i n g  t o  p roduc ts  o f  d i r e c t  coa l  l i q u e f a c t i o n  processes :  

. The ep idemiolog ica l  d a t a  a v a i l a b l e  from t h e  
I n s t i t u t e ,  West V i r g i n i a  L ique fac t ion  P l a n t  
(ope ra t ed  du r ing  1952 t o  1960) may n o t  be a p p l i -  
c a b l e  t o  t h e  produc ts  of  c u r r e n t  d i r e c t  coa l  : 
l i q u e f a c t i o n  processes .  

~ o x i c o l o g i c a l  t e s t i n g  programs on SRC-I p roduc ts  
were c a r r i e d  o u t  by I n d u s t r i a l  Bio-Test Labora to r i e s .  
This l a b o r a t o r y  i s  v i r t u a l l y  s h u t  down and t h e  
program s t a t u s  cannot be  r epo r t ed .  

Other t o x i c o l o g i c a l  s t u d i e s  a r e  j u s t  being s t a r t e d .  
An e x t e n s i v e  t o x i c o l o g i c a l  program on bo th  SCR-I 
and SRC-I1 m a t e r i a l s  was s e n t  i n  1979 t o  n i n e  
l a b o r a t o r i e s  a s  an I n v i t a t i o n  t o  Bid on environ-  
mental  r e sea rch .  The b i d s  a r e  c u r r e n t l y  being 
eva lua ted .  The r e s e a r c h  program i n c l u d e s  a c u t e ,  
dermal,  i n h a l a t i o n ,  t e r a t o g e n i c ,  and mutagenic 
s t u d i e s .  

Tes t  burn d a t a  a r e  a v a i l a b l e  b u t  l i m i t e d  because 
o f  shor t - te rm d u r a t i o n  and b r i e f  ana lyses  performed. 

The approach used t o  determine t h e  p o t e n t i a l  hazards  
o f  d i r e c t  c o a l  l i q u e f a c t i o n  produc ts  was t o  compare chemical 

I groupings a t  f o u r  l e v e l s  of ana lys i s -u l t imate  a n a l y s i s ,  
chemical groups,  chemical compounds, and t r a c e  e lements .  
Then, based on t h e  e f f e c t  of s i m i l a r  chemical  groupings 
found i n  produc ts  i n  o t h e r  i n d u s t r i e s  where hazards  a r e  
known, p re l imina ry  conc lus ions  can be drawn. These f o u r  
l e v e l s  of  a n a l y s i s  were chosen because:  

. Combustion produc ts  can be  p r e d i c t e d  from t h e  
u l t i m a t e  ana lyses  and can be used t o  develop 
comparative emission d a t a .  

Groups of  known o r  suspec t ed  carc inogens  and 
to .xic  chemicals can be  i d e n t i f i e d  and compared 
by r e l a t i v e  concen t r a t i ons .  

. Tox ic i ty  and carc inogenic  p o t e n t i a l s  of d i r e c t  
c o a l  l i q u e f a c t i o n  produc ts  and No. 6 f u e l  o i l  can 
be  compared by determining t h e  r e l a t i v e  concentra-  
t i o n s  i n  each produc t  of  t h e  more common hazardous 
chemical  compounds t h a t  a r e  u s u a l l y  i d e n t i f i e d  wi th  
c o a l  convers ion produc ts .  



There a r e  b a s i c  s i m i l a r i t i e s  between t h e  p roces ses  
and t h e i r  o p e r a t i n g  c o n d i t i o n s .  Unit  o p e r a t i o n s  a r e  s i m i -  
l a r .  Operat ing tempera tures ,  p r e s s u r e s ,  and y i e l d s  a r e  
b a s i c a l l y  t h e  same f o r  t h e  t h r e e  d i r e c t  c o a l  l i q u e f a c t i o n  
processes .  I n  a d d i t i o n ,  a l though ana lyses  of  t h e  produc ts  
a r e  l i m i t e d ,  s i m i l a r i t i e s  can be s een  among t h e  a v a i l a b l e  
d a t a .  The s i m i l a r i t i e s  i n d i c a t e  t h a t  t h e  hazard from t h e  
products  of  t h e  d i r e c t  c o a l  l i q u e f a c t i o n  p roces ses  cannot  
be  d i f f e r e n t i a t e d  w e l l  enough t o  c i t e  d i f f e r e n c e s  among 
t h e  i n d i v i d u a l  p roces ses .  

The composit ion .o f  t h e  d i r e c t  l i q u e f a c t i o n  produc ts  
i s  l i k e l y  t o  vary more wiL11 UIE: S ~ U L ' C ' ~ ' O ~  c o a l  selecled 
t h a n . w i t h  p r o c e s s . d i f f e r e n c e s .  The a n a l y s i s  was based on 
one c o a l  sou rce ,  I l l i n o i s  No. 6 .  Therefore ,  t h e  t h r e e  
p roces ses  p r e s e n t e d  s i m i l a r  r e l a t i v e  hazards .  I f  a  d i f f e r -  
e n t  feedhtock c o a l  was s e l e c t e d  f o r  a n a l y s i s  of  each pro- 
c e s s ,  t h e  p o t e n t i a l  environmental  hazards  would have minor 
d i f f e r e n c e s .  However, t h e  f i n d i n g s  p re sen ted  i n  t h i s  chap te r  
probably would n o t  change. 

4 .  THE ENVIRONIIENTAL HAZARDS OF DIRECT COAL LIQUEFACTION 
PRODUCTS WERE ASSESSED FOR BOTH ROUTINE AND EPISODAL 
EVENTS TO DETERMINE A I R  AND WATER POLLUTION AND 
GROUND CONTAPIINATION 

Environmental impact  judgments w e r e  made f o r  r o u t i n e  
t a s k s  such a s  l oad ing  and unloading,  c leanup ,  s t o r a g e ,  
t r a n s p o r a t i o n ,  p roces s ing ,  sampling,  and a n a l y s i s  of  pro- 
d u c t s  and f o r  e p i s o d a l  e v e n t s  occu r ing  du r ing  r o u t i n e , t a s k s  
such  a s  a c c i d e n t s ,  s p i l l s ,  l e a k s ,  o r  incomplete  combustion. 

The a n a l y s i s  shows few a i r  p o l l u t i o n  problems dur ing  
r o u t i n e  o p e r a t i o n ,  b u t  good maintenance p r a c t i c e s  should 
be  implemented t o  ensure  employee s a f e t y  from r o u t i n e  
vapors  and '.leaks.. A tes t  burn conducted a t  Consol idated 
Edison i n  September 1978, showed t h a t  t h e  h i g h e r  n i t r o g e n  
c o n t e n t  SRC-I1 f u e l  met a l l  of t h e  c u r r e n t  emiss ion s t an -  
da rds  f o r  convent iona l  petroleum-derived f u e l  o i l .  I t  i s  
p o s s i b l e  t h a t  s u l f u r  and n i t r o u s  ox ide  emiss ions  f o r  d i r e c t  
c o a l  l i q u e f a c t i o n  produc ts  may n o t  d i f f e r  f.rom t h o s e  o f  No. 6 
f u e l  o i l  because o f  t h e  v a r i a b l e  n a t u r e  o f  bo th  produc ts .  
Po lycyc l i c  a roma t i c  hydrocarbon emiss ions  from c o a l  l i q u i d s  
w i l l  be nominal ly  h i g h e r  than f o r  No. 6 f u e l  o i l  b u t  w i l l  
be  w i t h i n  a c c e p t a b l e  l i m i t s .  Po lycyc l i c  a romat ic  hydro- 
carbon emiss ions  from c o a l  l i q u i d s  w i l l  be  a  f u n c t i o n  
o f  combustion e f f i c i e n c y .  An incomplete combustion 



emission of polycycl ic  hydrocarbons could p resen t  problems. 
Test  burns comparing No. 6 f u e l  o i l  and l i q u e f i e d  coa l  proz- 
u c t s  under upse t  condi t ions  must be conducted t o  provide 
d e f i n i t i v e  answers t o  t h i s  i s sue .  Emis,sions of ashes and 
t r a c e  elements caused by incomplete conbustion of d i r e c t  
coa l  l i q u e f a c t i o n  products should be s i m i l a r  t o  those of 
No. 6 f u e l  o i l , . . b u t  f u r t h e r  t e s t i n g  is  needed t o  be  c e r t a i n .  

Water p o l l u t i o n  problems, caused by s p i l l s  and d i s a s t e r s ,  
a r e  s i m i l a r  f o r  coa l  l i q u e f a c t i o n  products and No. 6 f u e l  o i l .  
Control measures used by Con Ed i n  t r a n s p o r t i n g  S R C - I 1  l i q u i d  
by barges and tankers  can be used a s  a model f o r  worker and 
environmental pro tec t ion .  These procedures inc lude  steam 
c leaning  and drying barges before  use;  e l e c t r i c a l l y  grounding 
tank c a r s ,  barges,  and unloading l i n e s ;  and f l u s h i n g  empty 
tank c a r s  and l i n e s  with n i t rogen t o  c l e a r  l i n e s '  and t o  avoid 
s p i l l s  when loading  barges.  

Ground contamination i s  n o t  expected t o  become a major 
problem because products could be t r anspor ted  and s t o r e d  i n  
closed systems. Leaks, p i p e l i n e  breaks,  and road and r a i l  
tanker  acc idents  can be handled with c u r r e n t  petroleum in- 
dus t ry  p r a c t i c e s .  The clean-up techniques t o  remove prod- 
uc t s  involve phys ica l  containment-blocking and t renching ,  
removal and recovery,  d i s p o s a l ,  and r e s t o r a t i o n  of  t h e  area.  
These techniques prevent  t h e  r i s k  of explosion,  f i r e ,  and 
t o x i c  e f f e c t s  from an uncontrol led r e l e a s e  of l i q u i d s .  

5. DIRECT COAL LIQUEFAC'TION PRODUCTS AXE POTENITALLY MORE 
HAZARDOUS TO WORKERS' 'THAN NO. '6" FUEL 'OIL  

Analyses of t h e  products of d i r e c t  coa l  l i q u e f a c t i o n ,  
i n . t e r m s  of both chemical groups and chemical compounds, 
show t h a t  th .ere  a r e  g r e a t e r  concentrat ions '  of hazardous 
components when compared t o  No. 6 f u e l  o i l :  

. The comparatively g r e a t e r  amounts of polycycl ic  
aromatic hydrocarbons a r e  p r imar i ly  respons ib le  
f o r  t h e  judgment of increased  t o x i c i t y  of d i r e c t  
c o a l  l i q u e f a c t i o n  products .  There ace approxi- 
mately two t o  t h r e e  t imes more polycycl ic  aromatic  
hydrocarbons i n  coa l  l i q u i d s  than i n  No. 6 f u e l  o i l .  

I n  add i t ion ,  coa l  Ziquids contain:  

- Approximately two t o  t h r e e  t i m e s  t h e  con- 
c e n t r a t i o n  of I n d a n s / t e t r a l i n s  a s  No. 6 
f u e l  o i l .  



- Approximately t h r e e  t i m e s  t h e  concen t r a t i on  
of  Fyrenes as No. 6 f u e l  o i l  

- Over 7 p e r c e n t  chrysenes ;  no chrysenes  were 
found i n  t h e  No. 6 f u e l  o i l '  t e s t e d .  

The danger t o  i n d i v i d u a l s  comes from dermal c o n t a c t  
w i t h  the c o a l  p roduc ts .  ldaintenance workers and m a t e r i a l s  
h a n d l e r s  would have t h e  g r e a t e s t  exposure  t o  l i q u i d  p roduc t s ,  
from maintenance and c leanup  o f  l oad ing ,  unloading,  s t o r a g e ,  
and t r a n s p o r t i n g  equipment. A NIOSH c r i t e r i a  document f o r  
c o n t r o l  measures i n  c o a l  g a s i f i c a t i o n  p l a n t s  has  been i s s u e d  
and can be used a s  a  g u i d e l i n e  f o r  handl ing  c o a l  l i q u e f a c t i o n  
p roduc t s .  The NIOSH c o a l  g a s i f i c a t i o n  c r i t e r i a  document 
p rov ides  recommendations f o r  h e a l t h  and s a f e t y  s t a n d a r d s  
f o r  occupa t iona l  exposures ,  i nc lud ing :  

Sa fe ty  procedures  
Engineer ing c o n t r o l  o b j e c t i v e s  
Work p r a c t i c e s  
PJork p l a c e  moni tor ing  
Medical s u r v e i l l a n c e  
Persona l  p r o t e c t i v e  c l o t h i n g  and equipment 
S a n i t a t i o n  
Label ing and p o s t i n g  
Informing employees o f  p o t e n t i a l  hazards .  

The document d i s c u s s e s  b i o l o g i c a l  e f f e c t s  of  h e a l t h  hazards  
of t h e  I n s t i t u t e ,  W e s t  V i r g i n i a  Coal L ique fac t ion  P i l o t  
Plant. 

T h e  I n s t i t u t e  p1d11t sLudy (puLlis11erl i n  L11e Ai-chives 
o f  Environmental Hea l th )  s t a t e s  t h a t  t h e  s t a t i s t i c a l  evalua-  
t i o n  showed on ly  an i n c r e a s e d  inc idence  of s k i n  tumors. The 
s tudy  showed t h a t  s k i n  cancer  i nc idence  was a t  l e a s t  20 t i m e s  
a s  h igh  a s  t h e  expec ted  inc idence .  However, t h i s  f a c t o r  
assumed a  wors t -case  s i t u a t i o n  us ing  d a t a  on a l l  s k i n  ab- 
n o r m a l i t i e s  observed,  whether o r  n o t  t h e r e  was agreement 
among t h e  p a t h o l o g i s t s  t h a t  t h e y  were cancers .  NIOSH recon- 
mends a  comprehensive employee p r o t e c t i o n  program t h a t  may 
be a p p l i c a b l e  t o  hand le r s  of d i r e c t  c o a l  l i q u e f a c t i o n  produc ts .  
Th i s  program inc ludes :  

Medical s u r v e i l l a n c e :  

- Preplacement medical  examination 

- P e r i o d i c  examination. 

- Records of  employee exposures  t o  c o a l  
products .  



Persona l  p r o t e c t i v e  c l o t h i n g  and equipment: 

- Impervious g loves  

- 
I P r o t e c t i v e  c l o t h i n g  f o r  p r o t e c t i o n  from 

s p e c i f i c  hazards  
. , - Eye p r o t e c t i o n ,  i nc lud ing  f u l l  f a c e  s h i e l d s  

and r e s p i r a t o r s ,  when a p p l i c a b l e  

. S a n i t a t i o n :  
* 

- Clean change rooms w i t h  s t o r a g e  f o r  s treet  
c l u  t l ies I 

- Sepa ra t e  s t o r a g e  f a c i l i t i e s  f o r  work garments,  
p r o t e c t i v e  c l o t h i n g ,  and equipment 

- Clean and d i r t y  change rooms s e p a r a t e d  
p a r t i a l l y  by a  shower f a c i l i t y  and p a r t i a l l y  
by one-way doors  

- Cleaning,  l aunde r ing ,  o r  d i s p o s a l  o f  contami- 
n a t e d  p r o t e c t i v e  c l o t h i n g  

- P r o h i b i t i o n  ' aga ins t  food o r  beverages  i n  
p o t e n t i a l  a r e a s  o f  exposure 

- Employees' u se  of  soap and wa te r ,  n o t  chemical  
s o l v e n t s ,  t o  remove m a t e r i a l s  from s k i n  

. Employee t r a i n i n g :  
, - I n s t r u c t i o n  i n  good hygiene p r a c t i c e s  and 

p o t e n t i a l  hazards  of  job 
\ - Continuing educa t ion  and personne l  monitor- 

i n g  program. 

5. I N  SUIl?IARY, THE PRODUCTS OF DIRECT COAL LIQUEFACTION 
PROCESSES REPRESENT A SLIGHTLY GREATER ENVIRONYENTAL 
HAZARD THAN NO. 6 FUEL O I L ,  BUT THESE HAZARDS CAN BE 
CONTROLLED W I T H  ADEQUATE SAFEGUARDS 

The primary environmental  a r e a  of  concern wi th  d i r e c t  
c o a l  l i q u e f a c t i o n  p roduc t s  i s  worker h e a l t h  and s a f e t y .  
Dermal c o n t a c t  i s  t h e  primary means of  expasure  t o  t h e  prod- 
u c t s  ' c a r c i n o g e n i c i t y  and t o x i c i t y .  Olorlc p l a c e  c o n t r o l s  
must be  employed t o  minimize dermal exposure t o  d i r e c t  c o a l  
l i q u e f a c t i o n  produc ts .  A summary of  t h e  hazards  of  d i r e c t  
c o a l  l i q u e f a c t i o n  produc ts  r e l a t i v e  t o  No. 6 f u e l  oil i s  
p re sen ted  i n '  E x h i b i t  4-2. 



Environmental Area 

k s r k e r  s a f e t y  & Health 

Air P o l l u t i o n  

Water P o l l u t i o n  

Ground Contamination 

EXHIBIT  4-2 
Capsule Summary of  t h e  P o t e n t i a l  Hazards of  Direct 

C o a l  L iquefac t ion  Products  Re la t ive  t o  N o .  6 Fuel  O i l  

m u t i n e  Ever-ts Episodal  Evehts 

P o t e n t i a l  Hazard 
Rela t ive  t 2  tb. 6 

Fuel  O i l  Discussion 

@ G r e a t e r  Hazard P o t e n t i a l  Than No. 6 Fuel  O i l  

0 Tess M z a r d  P o t e n t i a l  Than No. 6 Fue l  O i l  

@ Approximately Equal Hazard P o t e n t i a l  To )D. 6 Fuel  5il 

Cont ro l s  would i n c l . ~ d e  
good work p r a c t i c e  and 
hygiene procedure 

Current  emission s t a n -  
dards  should be  met-- 
SO l e s s ,  NOx h igher  

X 

Mandated c o n t r o l s  
measures analogous 
t o  No. 6 F u e l  O i l  
w i l l  be r e q u i r e d  

Routine clean-'up anC 
d i s p o s a l  of  s p i l l s  and 
l e a k s  s i m i l a r  t o  No. 6 
Fuel  O i l  

P o t e n t i a l  Hazard 
Rela t ive  t o  No. 6 

Fuel  O i l  Discussion 

Dermal exposure 
dur ing  clean-up 
o p e r a t i o n s  w i l l  
have t o  he con- 
t r o l l e d  to mini- 
mize hazard 

P o s s i b l e  i n c r e a s e  
i n  p o l y c y l i c  
a romat ic  compounds 
and p a r t i c u l a t e s - -  
more t e s t i n g  is  
needed 

Tanker o r  barge 
a c c i d e n t s  could 
have major env i -  
ronmental impact-- 
s i m i l a r  t o  c rude  
o i l  

Severe e x p s u r e s  
must be  c o n t r o l l e d  
more s t r i n g e n t l y  
than No. 6 Fuel  
O i l  

Souzce: Booz, Al len  & Hamilton Inc .  
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CHAPTER 5 
REGULATORY I SS'UE S- 'AS'S'OCIATED WI'TH' MARKETING 

COAL L I'QUEFA'C'TI'ON 'P'ROD'UC T S :AS' B'O I L'ER 'FUELS 

The Environmental P r o t e c t i o n  Agency and t h e  Department 
of  Energy a d m i n i s t e r  t h e  major programs t h a t  w i l l  a f f e c t  
t h e  commercial development of c o a l  l i q u e f a c t i o n  produc ts  a s  
b o i l e r  f u e l s .  The Environmental P r o t e c t i o n  Agency adminis- 
t e r s  t h e  New S t a t i o n a r y  Source Performance Standards  f o r  
e l e c t r i c  u t i l i t y  steam g e n e r a t i n g  u n i t s .  The .Department of 
Energy a d m i n i s t e r s  t h e  Power P l a n t  and I n d u s t r i a l  Fuel  Act 
of  1978. While t h e  p rov i s ions  of  t h e s e  r e g u l a t o r y  programs 
may o f f e r  encouragement t o  c o a l  l i q u i d s  market  development, 
t h e  i n d u s t r i a l  s e c t o r  i s  n o t  s u r e  how t h e y  w i l l  be imple- 
mented, and t h i s  w i l l  d e l ay  purchas ing  dec i s ions .  

The development of c o a l  l i q u e f a c t i o n  technologies  may 
be a d d i t i o n a l l y  cons t r a ined  by o t h e r  r e g u l a t i o n s  imposed t o  
p r o t e c t  h e a l t h ,  s a f e t y ,  and t h e  environment. Various regu- 
l a t o r y  programs may involve  h i g h e r  c a p i t a l  and o p e r a t i n g  
c o s t s .  These i nc reased  c o s t s  w i l l  be  r e f l e c t e d  i n  t h e  p r i c e  
of  t h e  produc ts  produced. The magnitude of t h e  p r i c e  e f f e c t s  
w i l l  be condi t ioned  by t h e  conc lus ions  drawn from re sea rch  
c u r r e n t l y  i n  p rog res s .  

The major r e g u l a t o r y  programs a f f e c t i n g  co.al l i que -  
f a c t i o n  t o  market development a r e  shown i n  Exh ib i t  5-1 and 
a r e  d i scus sed  below. 

NEW STATIONARY SOURCE PERFORMANC'E STANDARDS 'FOR ELECTRIC 
UTILITY S'TEAM 'GENERATING UNITS GOVE'RPS NOx AND S'Ox 
EMI'S'S'I'ONS AND WILL AFFECT THE UTIL'I'Z'ATI'ON 'OF 'COAL- 
'DERIVED LI'QUI'DS 

Coal l i q u e f a c t i o n  b o i l e r  f u e l s  appear  t o  meet t h e  
New Source Performance S tandards  b u t  a d d i t i o n a l  l a r g e - s c a l e  
t e s t i n g  w i l l  be  r equ i r ed  t o  completely a s c e r t a i n  r e g u l a t o r y  
compliance. There . a re  some waivers  g ran t ed  f o r  t h e  use  of 
coa l  l i q u e f a c t i o n  b o i l e r  f u e l s .  The major p r o v i s i o n s  of 
t h e  New Source Performance Standards  r ega rd ing  t h e  use  of  
c o a l  l i q u i d s  a r e :  

. SO2 emiss ions  t o  . t he  atmosphere a r e  l i m i t e d  t o  
1.2.0 l b / m i l l i o n  Btu h e a t  i n p u t ,  and a  90 p e r c e n t  
r educ t ion  i n  p o t e n t i a l  SO2 e m i s s i o n s ' i s  r e q u i r e d  
a t  a l l  t i m e s  excep t  when emiss ions  t o  t h e  atmo- 
sphere  a r e  l e s s  t han  0.60 l b / m i l l i o n  Btu h e a t  
i n p u t .  T e s t s  t o  d a t e  i n d i c a t e  t h a t  c o a l  l i q u e -  
f a c t i o n  produc ts  should meet t h i s  s tandard .  



EXHIBIT 5-1 / 

Impact o f  Var ious  Regula to ry  Programs 
on Coal L i q u e f a c t i o n  Market Development 

Regula tory  Program Impact - Remarks - 
Clean A i r  .Act, New Source 0 ~ o v e r h s  S02, NOx, and p a r t i c u l a t e  

Performance Standards m a t t e r  emissions ; permi ts  and 
rvaivers may be g ran ted  f o r  coa l  
1 i q u e f a c t i o n ;  however, a d d i t i o n a l  
t e s t i n g  wi 11 be r e a u i r e d  t o  
e s t a b l i s h  r e g u l a t o r y  compliance. 

P 

Power P l a n t  and I l l d u s t r i a l  0 Mandates conversions t o  coa l  f rom 
Fuel Use Ac t  o i l  and gas; temporary exemptions 

may be granted f o r  use o f  s y n t h e t i c  
f u e l s  ; however, implement ing auth- 
o r i t i e s  a re  n o t  y e t  f i n a l ,  and syn- 
t h e t i c  f u e l s  a r e  n o t  y e t  a v a i l a b l e .  
Long l i t i g a t i o n  i s  expected on 
implementat ion.  

Toxic Substances Cont ro l  0 . P o t e n t i a l  c a r c i n ~ g e n e c i t ~  o f  va r i obs  
Ac t  products  may r e s t r i c t  t h e i r  use. 

Clean Wzter Act 0 Con t ro l s  discharges o f  t r a c e  me ta l s ,  
phenols,  aroma t i c  hydrocarbons, 
s ludge,  and hydrogen s u l f i d z s .  
Eff 1 v e n t  standards may cons t r a i n  
commercial development. 

Resource Conservat ion and @ Con t ro l s  d i s p o s i t i o n  o f  heavy t a r  
Recovery Ac t  res idues,  wastewater res idces,  s l a g ,  

coa l  dust ,  and refuse. Hazardous 
waste d isposa l  must comply w i t h  a i r  
and wa te r  standards.  

Sur face M in ing  Cont ro l  and 0 Con t ro i s ' r esou rce  development and 
Reclamat ion Act  may impede commerc ia l i za t i on  if coal  

p roduc t i on  cannot gear up t o  n e e t  
coa l  l i q u e f a c t i o n  p l a n t  demands. 

Occupat ional  Sa fe t y  and 0 Con t ro l s  t o x i c  substances i n  t h e  
Hea l th  Ac t  work, p lace. S t r i c t  imp lementa t ion  

may c o n s t r a i n  technology. 

S i t e - S p e c i f i c  Regu la t ions :  

. Endangered Species A c t  

. F ish  and W i l d l i f e  
Coo rd ina t i on  Ac t  

. S ta te  regu la t ion :  

. Local  p l ann ing  and zoning 
r e g u i z t i o n s  

0 Plot expected t o  pose a development 
b a r r i e r .  

0 Not  expected t o  pose a development 
b a r r i e r .  

3 Flay have some impact d e g e n d i n ~  on 
water  shipments o f  coa l  l i q u i d s .  

8 Sta te  and 1 0 ~ 3 1  r e g u l a t i o n s  a re  
n o t  j e t  derelopeo. I t  i s  too  e a r l y  

0 t c  determine u l  t i m a t t  irnpact a1 though 
s t r i c t  zoning r e g u l a t i o a s  c s u l a  
impede development. 

LEGE?ID: 

0 = P o t e n t i a l  n i g h  imrac t  

= C~urc i  have an i ! n ? a c ~  

3 = ;IOC expecteci r; have a narkex develop~nent impact 



. The P a r t i c u l a t e  Matter S t anda rd  l i m i t s  emi s s ions  
t o  0.03 l b / m i l l i o n  Btu h e a t  i n p u t .  Coal l i q u e -  
f a c t i o n  p r o d u c t s  are expec t ed  t o  m e e t  t h i s  c r i t e r i a .  

The NOx S t anda rd  i's 0.50 l b / m i l l i o n  Btu h e a t  
i n p u t  from t h e  combustion o f  l i q u i d  f u e l s  d e r i v e d  
from c o a l .  A d d i t i o n a l  t e s t i n g  of  c o a l  l i q u e f a c -  
t i o n  p r o d u c t s ,  p a r t i c u l a r l y  t h e  EDS and H-Coal 
b o i l e r  f u e l s ,  w i l l  b e  r e q u i r e d  t o  s u b s t a n t i a t e  
c o a l  l i q u i d s '  a b i l i t y  t o  be  i n  r e g u l a t o r y  compli- 
ance  i n  t h i s  a r e a .  

(1) Commercial ' ~em 'ons t r ' a t i on  P e r m i t s '  May B e  Granted  
f o r  Ce ' r t a in  'Te'chha'locri'e's'. I 'ncludi'na Coal 
L i q u e f a c t i o n  

The EPA S t anda rds  i n c l u d e  p r o v i s i o n s  t h a t  a l l o w  
t h e  g r a n t i n g  o f  commercial demons t r a t i on  p e r m i t s  f o r  
less s t r i n g e n t  a i r  q u a l i t y  requ i rements .  These pro- 
v i s i o n s  p r o v i d e  t h a t  f a c i l i t i e s  u s i n g  c o a l  l i q u e f a c t i o n  
f u e l s  would b e  s u b j e c t  t o  t h e  emi s s ion  l i m i t a t i o n  and 
pe r cen t age  r e d u c t i o n  requ i rement  d f  t h e  SO2 S t anda rd  
and t o  t h e  P a r t i c u l a t e  F la t t e r  S tandards .  The NOx e m i s -  
s i o n  l i m i t a t i o n  a l lowed under  a  commercial demons t r a t i on  
p e r m i t  f o r  t h e  i n i t i a l  full-scale demons t r a t i on  p l a n t s  
u s i n g  c o a l  l i q u e f a c t i o n  p r o d u c t s  a s  b o i l e r  f u e l s ,  how- 
e v e r ,  would b e  r e l a x e d  t o  a l l ow  0.70 l b / m i l l i o n  Btu 
h e a t  i n p u t .  T h i s  may encourage  t h e  u s e  o f  c o a l  l i q u e -  
f a c t i o n  b o i l e r  f u e l s .  

( 2 )   missions 'Waivers t o r  a  Pe r i od  o f  Up t o  seven Years 
15av R e  Granked 

These wa ivers  would b e  i n  e f f e c t  from t h e  d a t e  of 
i s s u a n c e  f u r  a p5riod 01 seven years' or  f o r  a p e r i o d  o f  
four  y e a . r s  from the  start of o p e r a t i o n  o f  a f a c i l i t y ,  
whichever  i s  less. The p r o v i s i o n s  a r e  de s igned  t o  
m i t i g a t e  t h e  p o t e n t i a l  impac t  on emerging t e c h n o l o g i e s  
such  a s  c o a l  l i q u e f a c t i o n  and t o  en su re  t h a t  t h e  s t a n d a r d s  
do nb.t p r e c l u d e  t h e  development o f  such emerging t e ch -  
n o l o g i e s .  The E P A ' w i l l  i s s u e  commercial demons t r a t i on  
p e r m i t s  f o r  t h e  i n i t i a l  demons t r a t i on  f a c i l i t i e s  u s i n g  
c o a l  l i q u e f a c t i o n  p r o d u c t s .  

2 -  THE POWER 'PLANT AND 'INDUS'TRIAL FUEL US'E ACT OF 1978 - - - - 

PROHIBITS AND RESTRICTS THE USE OF PETROLEUM AND 
NATURAL GAS BY EXISTING AND NEW ELECTRIC POWERPLANTS 
AND PROVIDES EXEMPTIONS FOR THE ANTICIPATED USE OF 
COAL LIOUEFACTION BOILER FUELS 

The Economic Regula to ry  A d m i n i s t r a t i o n  is a u t h o r i z e d  
t o  p r o h i b i t  or restrict  t h e  u se  o f  pe t ro leum and n a t u r a l  



gas  by e l e c t r i c  powerplants and major fuel-burning i n s t a l -  
l a t i o n s .  The p r o h i b i t i o n s  and exemptions provided f o r  i n  
t h e  ,Fuel U s e  Act apply t o  f o u r  major c a t e g o r i e s  of  u s e r s .  

(1) New Powerplants 

New powerplants may be g ran ted  an exemption from 
t h e  requirements  of t h e  Fuel  U s e  Act based upon t h e  
f u t u r e  u se  of  a s y n t h e t i c  f u e l  de r ived  from c o a l .  The 
temporary exemption may be  g ran ted  f o r  a pe r iod  o f  up 
t o  f i v e  y e a r s  and may be extended f o r  an a d d i t i o n a l  
f i v e  y e a r s ,  n o t  t o  exceed a t o t a l  of t e n  yea r s .  

( 2 )  New I n s t a l l a t i o n s  

New i n s t a l l a t i o n s  may be g r a n t e d , a  temporary 
exemption from t h e  p r o v i s i o n s  of the '  Fuel  Use Act 
based upon t h e  f u t u r e  use  o f  a s y n t h e t i c  f u e l  de r ived  
from c o a l .  A s  i n  t h e  ca se  of new powerplants ,  t h e  
temporary exemption may be g ran ted  f o r  a pe r iod  of  
up t o  f i v e  y e a r s  and may be extended f o r  an a d d i t i o n a l  
f i v e  y e a r s ,  no t  t o  e x c e e d . t e n  yea r s .  

( 3 )  E x i s t i n g  Powerplants 

' .A temporary exemption from t h e  p r o v i s i o n s  of t h e  
Fuel  Use Act may be made f o r  e x i s t i n g  powerplants based 
upon t h e  f u t u r e  use  of  a s y n t h e t i c  f u e l  de r ived  from . 

coa l .  A temporary exemption may be g ran ted  f o r  a 
pe r iod  of up t o  f i v e  y e a r s  and may be extended f o r  an 
a d d i t i o n a l  f i v e  yea r s .  The t o t a l  exemption may n o t  be 
f o r  a p e r i o d  g r e a t e r  than  t e n  yea r s .  

E x i s t i n g  powerplants which used an a l t e r n a t e  f u e l  
a s  a primary energy sou rce  a t  any t i m e  du r ing  1977 may 
n o t  use  petroleum a s  a primary energy source  i n  exces s  
of t h e  amounts used i n  1977. The D m  may p r o h i b i t  an 
e x i s t i n g  power p l a n t  from us ing  n a t u r a l  gas  o r  p e t r o l -  
eum a s  a primary energy source  provided t h e  powerplant  
has  t h e  t e c h n i c a l  c a p a b i l i t y  t o  u se  an a l t e r n a t e  f u e l  
a s  a primary energy sou rce ,  t h a t  t h e  powerplant  could 
have such c a p a b i l i t y  w i thou t  s u b s t a n t i a l  p h y s i c a l  
mod i f i ca t ion  o r  s u b s t a n t i a l  ' reduct ion i n  i t s  r a t e d  
c a p a c i t y ,  and t h a t . t h e  powerplant  i s  f i n a n c i a l l y  a b l e  
t o  use  an a l t e r n a t e  f u e l .  



A temporary exemption from t h e  p r o v i s i o n s  of  t h e  
Fuel Use Act may be gran ted  f o r  e x i s t i n g  i n s t a l l a t i o n s  
based upon t h e  f u t u r e  use  of  a s y n t h e t i c  f u e l  de r ived  
from c o a l .  A temporary exemption may be g ran ted  f o r  
a pe r iod  o f  up t o  f i v e  y e a r s  and may be extended f o r  
an a d d i t i o n a l  f i v e . y e a r s .  The t o t a l  exemption may n o t  
be  f o r  a p e r i o d  g r e a t e r  t han  t e n  yea r s .  

E x i s t i n g  i n s t a l l a t i o n s  may be p r o h i b i t e d  from 
us ing  petroleum o r  n a t u r a l  gas  a s  a primary energy 
source  provided t h a t  t h e  i n s t a l l a t i o n  has  o r  had t h e  
t e c h n i c a l  c a p a b i l i t y  of u s ing  an a l t e r n a t e  f u e l  as a 
primary energy source ,  t h a t  t h e  i n s t a l l a t i o n  could have 
such c a p a b i l i t y  wi thout  s u b s t a n t i a l  phys i ca l  modifica-  
t i o n  o r  s u b s t a r l t i a l  r educ t ion  i n  i t s  r a t e d  c a p a c i t y ,  
and t h a t  it i s  f i n a n c i a l l y  t e a s i b l e  t o  u se  an a l t e r n a t e  
f u e l .  

3 .  'COAL LIQUEFACTION MARKET DEVELOPMEN'T 'MAY BE IMPACTED 
B'Y 'ADD ITI'ONAL 'RE'GUZAT'I'ONS 'DES'I'GNED 'TO"PR0TECT HEALTH, 
SAFETY. 'AND 'THE 'ENVI'RONIIIENT 

Development of  commercial c o a l  l i q u e f a c t i o n  f a c i l i t i e s  ' 

and subsequent  p roduc t  market development w i l l  be a f f e c t e d  
by a v a r i e t y  o f  a d d i t i o n a l  r e g u l a t o r y  programs adminis te red  
by t h e  Environmental P r o t e c t i o n  Agency. 

(1) The 'Tcrx'ie Sub,s;tBh'c'e9' ' C o ~ ~ t r d l  Act May Delay 
Deploymen't o f' 'C'o'a'l ~i q ue'f a ' c t i on  '~echno ' log  ies 

Coal l i q u e f a c t i o n  produc ts  may r e q u i r e  t r ea tmen t  
as toxic chemicals.  (See Chapter  4 and Appendix B.) 
Addi t iona l ly ,  c a t a l y s t s  con ta in ing  heavy me ta l s  used 
i n  t h e  p roces s  t echno log ie s  may be  r e s t r i c t e d .  'Yhese 
f a c t o r s  may c o n s t r a i n  technology commercia l izat ion.  

on' P la 'n ' ts  

C o a l ' l i q u e f a c t i o n  p l an t s .  should be  s i t e d  t o  
minimize environmental  impacts.  Research t o  a s s e s s  . 

water  q u a l i t y  is underway i n  t h e  r eg ions  where develop- 
ment o f  c o a l  l i q u e f a c t i o n  f a c i l i t i e s  i s  a n t i c i p a t e d .  
Resu l t s  w i l l  provide d a t a  on which informed judgments 
can be made r ega rd ing  p l a n t  s i t i n g .  



( 3 'The ResouYc'e 'Conse'rva'tion .and' Recoeerv A c t  W i  11 - ~ - - -  .Af f.e'c't 'H andl.i.n. " .Di.s. . . . . - - - A  - - -  - 

the'. .L i. . . . 
posa l  o'f t h e  'Re'siduas .of 

que fa'c't ioil 'Pro ce  s s 

Research on s o l i d  was tes  and s o l v e n t  e x t r a c t s  t o  
e v a l u a t e  c a r c i n o g e n i c i t y  and t o x i c i t y  i s  c u r r e n t l y  i n  
p r o g r e s s . ,  The s o l i d  r e s i d u a l s  i n c l u d e  minera l  . r e s idue ,  
s ludge  from water  t r e a t m e n t ,  c h a r ,  heavy t a r  r e s i d u e s ,  
and p roces s  r eagen t s .  Waste management p r a c t i c e s  f o r  
t h e s e  r e s i d u a l '  compounds w i l l  need t o  comply with  emerg- 
i n g  Resource Conservat ion and Recovery Act s t anda rds .  

( 4 ) .The. .Su.r'f a'cce' Min'ing Cont ro ' l  and Rec'lamation Act Is 
No.t .App.l,i.c. l y '  t o '  'LLq'u'e'factio'n' Pro'cesses 
Bu't W i l l  Be' 'App l'i 'ed 'to' 'Co'al 

The r e g u l a t o r y  programs under t h i s  Act c o n t r o l  
c o a l  mining impacts.  This  Act may p o t e n t i a l l y  have a  
h igh  impact  on process  technology development. A l a r g e  
saale-up t o  commercia l izat ion w i l l  be  dependent upon 
t h e  a b i l i t y  t o  s i g n i f i c a n t l y  i n c r e a s e  c o a l  product ion.  
S t r i c t  a p p l i c a t i o n  of  t h e  Sur face  Mining Cont ro l  and 
Reclamation A c t  w i l l  c o n s t r a i n  c o a l  l i q u e f a c t i o n  
commercia l izat ion.  

(5) The Occupation'al' S a f e t y  and Heal th  Act Cont ro l s  
Exposures' 'to' 'Ha'z'a'rdous' Subs t  an'ces 

This  A c t  could  have a  p o t e n t i a l l y  h igh  impact on 
technology development and u l t i m a t e  produc t  markek.abi1- 
i t y .  The ~ c t '  r e q u i r e s  t h e  implementation o f  i n d u s t r i a l  
hygiene and s a f e t y  programs i n c l u d i n g  medical  s u r v e i l -  
l a n c e  of workers and t r a i n i n g  i n  pe r sona l  hygiene 
r e l a t i v e  t o  l i q u e f a c t i o n  m a t e r i a l s .  A d d i t i o n a l l y ,  
s t r i n g e n t  s t anda rds  r ega rd ing  exposure  t o  hazardous 
m a t e r i a l s  may a f f e c t  market  development f o r  c o a l  l i que -  
f a c t i o n  products .  

( 6 )  S i t e - S p e c i f i c  Regulatory programs May Cons t ra in  
Technology C~mmerc ' i a l ' i ' z~ t ion  and Ult imate  Market 
Development . 

S i t i n g  of  c o a l  l i q u e f a c t i o n  f a c i l i t i e s  may be 
a f f e c t e d  by t h e  implementation o f  o t h e r  Federa l  regula -  
t o r y  programs and s t a t e  and l o c a l  s t a t u t e s :  

. The Endangered Species  Act w i l l  govern t h e  
c o n s t r u c t i o n  and o p e r a t i o n  of  c o a l  l i que -  
f a c t i o n  f a c i l i t i e s .  The A c t  p r o t e c t s  c e r t a i n  



animal s p e c i e s  and a m u l t i t u d e  of  endangered 
p l a n t  s p e c i e s  may be added. 

The F i sh  a n d , W i l d l i f e  Coordinat ion Act re- 
q u i r e s  coo rd ina t ion  among a l l  Fede ra l  agenc ies  
t o  minimize w i l d l i f e  impacts.  

. The Rivers  and Harbors Act r e g u l a t e s  a c t i v i -  
t ies  i n  nav igab le  waterways and r e q u i r e s  per-  

.rnits f o r  barge  docks,  s t r u c t u r e s  ove r  w a t e r ,  
and movkment of hazardous m a t e r i a l s .  

S t a t e  r e g u l a t i o n s  w i l l  govern l a n d ,  wate r ,  
and a i r  p o l l u t i o n  a t  t h e  s t a t e  l e v e l .  

Local  p lanning  and zoning laws w i l l  r e q u i r e  
iicrue'factiorl p l a n t  sites t o  conform t o  local. * - 
zoning ordinances. Liocal communities are 

, j u s t  g e t t i n g  involved i n  p rocess  technolo'gy 
p l a n t  s i t i n g  and de l ays  may develop i n  l o -  
c a t i n g  p l a n t s  when commercia l izat ion moves 

I forward. 
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CHAPTER 6 
INSTITUTIONAL ISSUES 

There are various institutional issues that will need 
to be resolved before a large coal liquefaction boiler fuel 
market is established. Institutional constraints to the 
marketability of coal liquefaction boiler fuels may enhance, 
prevent, or delay the commercial development of the process 
technologies and subsequent market development. The factors 
and barriers that. were identified during the course of this 
study and that will affect market development can be aggre- 
gated into seven areas: 

Status of techno'logy 
Economic potential for commercialization 
End market perceptions and buyer'behavior 
Social, political, legal, and regulatory factors 
Industrial and market system barriers 
Labor union concerns 

, Pending legislatiori. 

Each of these areas is discussed. Exhibit 6-1 highlights 
these issues in greater detail. 

1. ADDITIONAL TEST BURNS' ARE NECEE'SARY TO DEMONSTRATE 
TEE COMBUSTION SU'ITAB'ILITY OF COAL-DERIVED LIQUIDS 

The basic technical feasibility and availability of 
the basic technology should be demonstrated through addi- 
tional test burns in candidate utility and industrial boiler 
fuel markets, Potential boiler fuel market representatives 
are familiar with coal liquefaction technology and its ap- 
plication to boiler fuel production. However, full-scale 
combustion suitability for each process technology must 
.still be demonstrated. Industry would like additional test 
burns conducted for each of the direct coal liquefaction 
processes. H-Coal and EDS are relative unknowns in the 
marketplace because. large-scale commercial tests have not 
yet been conducted. - 

THE ECONOMIC POTENTIAL FOR COMMERCIALIZATION MUST BE 
'SHOWN 

The competitive advantage of the technology as com- 
pared against alternative ways of burning coal, or as com- 
pared against alternative energy sources, must be demonstrated. 
The economic competitive advantage will provide the major 
force for pulling the technology through the industrial and 
market system. The potential users of coal liquefaction 



EXHIBIT 6-1 (1) 
Issues Affecting Marketability of Coal Liquefaction Products 

as Boiler Fuels Based on Perceptions of Actors 

INDUSTRIAL 
BOILER 
USERS 

Some i n d u s t r i a l  
u s e r s  have  coa: 
l i q u i d  d a t a  b u t  
d a t a  n o t  w i d e l y  
d i s s e m i n a t e d  anong 
t o t a l  b o i l e r  popu- 
l a t i o n .  Lack o f  
s u f f i c i e n t  i n f o v a -  
t i o n  by b o i l e r  
owners p r e c l u d e s  
d e c i s i o n  on use .  

Use r s  c o m f o r t a b l e  
w i t h  t e c h n i c a l  
f e a s i b i l i t y  of 
p r o c e s s e s ,  b u t  a r e  
n o t  s u r e  o f  c o m e r -  
c i a l i z a t i o n  
r e a d i n e s s .  

B o i l e r  o p e r a t o r s  
wi1.l buy b a s e d  on 
c u r r e n t  knowledge 
o f  s p e c j . f i c a t i o n s .  

UTILJ'PIES 

Most u t i l i t i e s  con- 
t a c t e d  have e x i s t -  
i n g  t e c h n i c a l  i n -  
fo rma t ion ;  Con Ed 
t e s t  p rov ided  add i -  
t i o n a l  i n f o r m a t i o n ;  
many u t i l i t i e s  do  
n o t  have t e c h n i c a l  
d a t a  on c o a l  . 
l i q u i d s .  . 

I J t i l i t i e s  i n d i c a t e  
t h a t  p r o c e s s e s  a r e  
t e c h n i c a l l y  f e a s i -  
b l e  t o  p roduce  
a c c e p t a b l e  b o i l e r  
f u e l ,  a r e  n o t  
s u r e  o f  commer- 
c i a l i z a t i o n  
r e a d i n e s s .  

U t i l i t i e s  w i l l  buy 
based on c u r r e n t  
knowledge o f  s p e c i -  
f i c a t i o n s .  

AND PROBLEM 

1. TECHNICAL 

. A v a i l a b i l i t y  
o f  t e c h n i c a l  
i n f o r m a t i o n  

. T e c h n i c a l  
f e a s i b i l i t y  
f o r  c o m e r -  
c i a l i z a t i o n  

. Market accep-  
t a b i l i t y  based 
on known s p e c i -  
i f i c e t i o n .  

? 

PROCESS 
TECHNOLOGY 
COMPANIES 

- 
A l l  companies i n d i -  
c a t e  s u f f i c i e n t  
i n f o r m a t i o n  is  
a v a i l a b l e  f o r  
d e m o n s t r a t i o n  
p l a n t  development ;  
a d d i t i o n a l  informa-  
t i o n  needed t o  g o  
commercia l .  

?111 companies 
b e l i e v e  t h a t  pro-  
c e s s e s  a r e  t ech -  
n i c a l l y  f e a s i b l e ,  
b u t  b e l i e v e  demon- 
s t r a t i o n  p l a n t s  
must be  b u i l t  t o  
p rove  commercia l i -  
z a t i o n  r e a d i n e s s .  

A l l  companies be- 
l i e v e  p r o d u c t s  w i l l  
be  a c c e p t e d  by t h e  
market .  

INDUSTRIAL 
BOILER 
~VINUFACTIIREIZS 

The majbr  i ndus -  
t r i a l  m a n u f a c t u r e r s  
have  t h e  p r o d u c t  
s p e c i f i c a t i o n s .  
They want a d d i t i o n -  
a l  t e c h n i c a l  d a t a  
a s  it is deve loped .  
The ."second t i e r "  
b o i l e r  manufactur-  
e r s  a r e  f a m i l i a r  
w i t h  t h e  l i q u e f a c -  
t i o n  p r o c e s s e s  
and p r o d u c t s .  They 
would l i k e  a d d i -  
t i o n a l  t e c h n i c a l  
i n f o r m a t i o n  t o  
e v a l u a t e .  

Majors  and "second 
t i e r "  companies be- 
l i e v e  t h a t  p roces -  
s e s  a r e  t e c h n i c a l l y  
F e a s i b l e ,  b u t  a r e  
n o t  s u r e  o f o m m e r -  
c i a l i z a t i o n  
r e a d i n e s s .  

Manufac tu re r s  cou ld  
r e t r o f i t  e x i s t i n g  
b o i l e r s  t o  a c c e p t  
c o a l  l i q u e f a c t i o n  
d i r e c t  p r o d u c t s  a s  
b o i l e r  ' f ue l s .  

- 
FINANZIAL 
COWIUNITY 

'The inves tmen t  
banke r s  c o n t a c t e d  
a r e  f a m i l i a r  w i t h  
c o a l  l i q u e f a c t i o n  
p r o c e s s e s  and prod- 
u c t s  g e n e r a l l y  
b u t  d o  n o t  have  
any t e c h n i c a l  i n -  
fo rma t ion .  They 
would l i k e  t o  have 
t e c h n i c a l  s p e c i f i -  
c a t i o n s  o f  p r c d u c t s  
t o  a n a l y z e .  

Inves tmen t  banking 
community n o t  s u r e  
o f  t e c h n i c a l  f e a s i -  
b i l i ~ y  and v e r y  
pess. imisti lc on 
c o m m e r c i a l i z a t i o n  
r e a d i n e s s .  

Inves tmen t  banke r s  
have  l i t t l a  p e r -  
c e p t i o n  o f  c o a l  
1 i q u . e f a c t i o n  
b o i l a r  f u e l  mar- 
k e t .  

REGULATORY 
AGENCIES 

EPA and NIOSH 
have t e c h n i c a l  
d a t a  and a r e  
conduc t ing  
env i ronmen ta l  
r e s e a r c h  on c o a l  
l i q u e f a c t i o n  
p r o d u c t s .  

EPA and NIOSH be- 
l i e v e  t h a t  pro-  
c e s s e s  a r e  n o t  
y e t  t e c h n i c a l l y  - 
f e a s i b l e  and be- 
l i e v e  m o r e e s e a r c h  
must be  conducted  
b e f o r e  commercial  - 
i z a t i o n  w i l l  b e  
a l l owed  t o  t a k e  
p l a c e .  

EPA and NIOSH 
b e l i e v e  t h a t  
t h e r e  a r e  t o o  
many e n v i r o n -  
men ta l  and 
h e a l t h  ques -  
t i o n s  to be  
answered b e f o r e  
marke t ing  can 
beg in .  
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PROCESS 
TECHNOLOGY 
COMPANIES 

A3D PROBLEM 

. Addi t iona l  A l l  companies be- 
Tes t ing  l i e v e  a d d i t i o n a l  

. t e s t  burns would 
be u s e f u l .  

p l a n s  f o r  a  com- 
.merc ia l  p l a n t .  

. Technica l  A l l  p rocess  technol- u t i l i t i e s  p e r c e i v e  I n d n s t r i a l  b o i l e r  Manufacturers Investment bankers  EPA and NIOSH 
coord ina t ion  ogy ccmpanies industry-government u s e r s  b e l i e v e  b e l i e v e  t e c h n i c a l  b e l i e v e  government b e l i e v e  t h a t  
between b e l i e v e  coopera t ion  coopera t i3n  a s  use- t e c h n i c a l  coopera- coopera t ion  i s  involvement i n  i n d c s t r y  and 
i n d u s t r y  and i s  good and i s  f u l .  U t i L i t i e s  t i o n  i s . v a l u a b l e  va luab le  b u t  a r e  t e c h n i c a l  a r e a s  government coopera- 
government necessary  t o  b e l i e v e  t l e  w- b u t  a r e  n o t  con- no t  convinced it w i l l  slow down t i o r  i s  u s e f u l  and 

develop technol- change of  t echni -  vinced it w i l l  w i l l  speed process  technology devel-  necessary.  NIOSH 
o g i e s .  c a l  i n f o r n a t i o n  wi lqspeed  process  development. opment . would l i k e  more 

a i d  p rocess  Qvel-  development. i n d u s t r y  d a t a  on 
opment . p r o c e s s  technolo-  

g i e s .  

UTILITIES 

U t i l i t i e s  b e l i e v e  
a d d i t i o n a l  t e s t  
burns a r e  requ i red .  
U t i l i t i e s  i n  North- 
e a s t  wouL3 l i k e  t o  
conduct H c o z l  and 
EDS t e s t s ,  a s  wel l  
a s  a d d i t b n a l  

- Technical  
development 
l e a d  t ime t o  
commercializa- 
t i o n  

Two a r e  planning 
f u l l - s c a l e  corn- 
merc ia l iza t ion ' ,  
c i t i n g  5-7 and 
10 y e a r s  a s  
r e a l i s t i c  time- 
frames. A t h i r d  
company h a s  n o t  

INDUSTRXAI. 
BOILER 
USWS 

B o i l e r  Operators  
m u l d  l i k e  t e s t  
b u r l s  conducted f o r  
SRC-11, H-coal and 
EDS. They b e l i e v e  
t e s t  burns a r e  r e -  
quized t o  e s t a b l i s h  
market s u i t a b i l i t y .  

y e t  formulated 

INDUSTRIAL 
BOILER 
MANUFACTURERS 

Manufacturers srould 
l i k e  t e s t  burns 
conducted i n  indus-  
t r i a l  b o i l e r s  Eor 
a l l  l i q u e f a c t i o n  
processes .  They 
b e l i e v e  a d d i t i o n a l  
t e s t i n c  w i l l  h e l p  

SRC-I1 tests. 
U t i l i t i e s  a d v i s e  
t h a t  more: t e s t  
burns w i l l  e s t a b -  
l i s h  markst  
s t a b i l i t y ;  

e s t a b l i s h  market 
s u i t a b i l i t y .  

B o i l e r  rnanufac- 
t u r e r s  b e l i e v e  8-10 
y e a r s  is a r e a l i s -  
t ic  lead  t ime.  

Most u t i l i t i e s  
b e l i e v e  an 8-10 
year  lead! t i n e  is  
r e a l i s t i c .  

FINANCIAL 
ZOMMUNITY 

Investment bankers  
want t o  s e e  more 
t e s t s .  The bankers  
want t o  s e e  a l l  
p rocesses  t e s t e d  
i n  t h e  commercial 
marketplace.  

BoiLer o p e r a t o r s  
b e l i e v e  8-10 y e a r s  
i s  a r e a l i s t i c  l ead  
t ime.  

RZGULATORY 
AGENCIES 

EPA and NIOSH 
want more t e s t s  
conducted. 

1 n v e s G e n t  bankers 
b e l i e v e  a t  l e a s t  
10 y e a r s  a r e  
requ i red  t o  f u l l y  
develop technology. 

EPA and NIOSH 
b e l i e v e  t h a t  
8-10 y e a r s  more 
w i l l  be r e q u i r e d  
t o  f u l l y  develop 
tect-nology . 
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. 

. 

PROCESS 
TECHNOLOGY 
COMPANIES 

AND PROBLEM 

2 .  MARKET 

. Availability ,3ne company has  
o f  market 'One extensive mar- 
i n fo rmat ion  ket  and 's 

a  
u t i l i t y  consort ium 
t o  purchase t h e  
p roduc t s  from i t s  
demons t ra t ion  l i q u e -  
f a c t i o n  p l a n t .  Two 
o t h e r  company have 
n o t  conducted n a r k e t  
s t u d i e s  and have n o t  
y e t  a s s i m i l a t e d  in -  
formation on t h e  po- 
t e n t i a l  b o i l e r  f u e l  
n a r k e t .  

UTILITIES 

U t i l i t i e s  i n d i c a t e  
t h e y  would be a  
l i k e l y  c a n d i d a t e  
market f o r  c o a l  
liquefaction 
b o i l e r  f u e l s .  Some 
utilities in the 
Northeast ere 
interested in 
forming a consor- 
tium to purchase 
products from one 
of the process 
technofogy 
companies. 

U t i l i t i e s  b e l i e v e  
t h e y  would c r e a t e  
s u f f i c i e n t  demand 
f o r  c o a l  l i q u e f a c -  
t i o n  p roduc t s .  The 
u t i l i t i e s  i n  t h e  
Nor theas t  a r e  
w i l l i n g  t o  pay a  
premium t o  o b t a i n  
c o a l  l i q u e f a c t i o n  

because t h e y  a r e  
i n t e r e s t e d  i n  secu- 
r i t y  and s t a b i l i t y  
Of 

S u f f i c i e n c y  
of  market  
demand 

I 

One p r o c e s s t e c h n o l -  
ogy company is 
c o n f i d e n t  t h a t  mar- 
k e t  demands f o r  
b o i l e r  f u e l s  a r e  
s u f f i c i e n t  t o  pro- 
ceed t o  commer- 
c i a l i z a t i o n  o f  
b o i l e r  f u e l  mode 
technology.  

One p r o c e s s  t echnol -  
ogy company be- 
lieves that market 
demand for coal 
l i q u e f a c t i o n  prod- 
u c t s  is  f o r  t r a n s -  
p o r t a t i o n  f u e l s ;  
b u t  i n  s h o r t  term,  - 
t h e  market  is  f o r  
b o i l e r  f u e l s .  

One p r o c e s s t e c h n o l -  
ogy company is  n o t  
s u r e  what t h e  mar- 
k e t  demand f o r  c o a l  
l i q u e f a c t i o n  prod- 
u c t s  w i l l  benand 
i s  t a k i n g  a  w a i t  

INDUSTRIAL 
BOILER 
USERS 

I n d u s t r i a l  b ~ i l e r  
u s e r s  b e l i e v e  they  
would be a  l i k e l y  
cand ida te  market .  

I n d u s t r i a l  t o i l e r  
owners b e l i e v e  they  
would create .  a  
demand f o r  b o i l e r  
f u e l s ,  b u t  a r e  n o t  
s u r e  about  how 
much they  would 
buy. 

and s e e "  a t t i t u d e  
b e f o r e  d e c i d i n g  how 
. t o  c o n f i g u r e  i t s  
process .  

INDUSTRIAL 
BOILER 
MANUFACTURERS 

B o i l e r  manufac- 
t u r e r s  b e l i e v e  
t h e i r  customers  
a r e  a  p o t e n t i a l  
market f o r  c o a l  
l i q u e f a c t i o n  
b o i l e r  f u e l s  . 

B o i l e r  manufac- 
t u r e r s  p e r c e i v e  
t h e i r  customers  
a s  c r e a t i n g  a  
market f o r  
b o i l e r  f u e l s .  . 

FIIJANCIAL 
COirlMUNITY 

Investment  bankers  
dc  n o t  have a  good 
a ~ p r e c i a t i o n  o f  
p c t e n t i a l  c o a l  
l i , q u e f a c t i o n  b o i l e r  
f c e l  markets .  

1r.vestment bankers  
do n o t  have an  
a p p r e c i a t i o n  o f  
p o t e n t i a l  dema'nd 
f o r  c o a l  l i q u e -  
f a c t i o n  b o i l e r  
f a e l s .  Investment  
bankers  a d v i s e  
szrong market 
demand must be 
e s t a b l i s h e d  t o  
enhance f u r t h e r  
technology 
davelopment . 

1. 

REGULATORY 
AGENCIES , 

EPA and NIOSH have 
l i t t l e  in format ion  
on t h e  p o t e n t i a l  
b o i l e r  f u e l  
market.  

EPA and NIOSH d o '  
n o t  b e l i e v e  t h a t  
market demand has  
been e s t a b l i s h e d .  



EXHIBIT  6-1 (4) 

FIYANC I.% 
COWUN ITY 

INDUSTRIAL 
BC'ILEP. 
MANUFACTURERS 

REGULATORY . 
A'ZENCIES 

IEDUSTRIAL 
BOILER 
USERS 

EPA and NIOSH do not 
believe that a need 
has been established 
for coal liquefac- 
tion facilities. 

EPA and NIOSH do not, 
believe that a satis- 
factory price has 
been established. 

EPA and NIOSH do not 
know when fuel will 
be available. 

EPA and NIOSH have 
ccnducted environ- 
mental research and 
have a continuous re- 
search ef fort under-. 
way. EPA believes 
that current known 
environmental hazards 
will not prevent 
commercialization of 
coal liquefaction 
technology. 

The EPA believes 
that with Strict 
workplace hygiene 
standards, regulatory 
compliance should not 
be a problem. EPA 
believes that re- 
laxation of new source 

UTILITI3S PROCESS 
TECHNOLOGY 

AND PROBLEM 

Boiler owners be- 
lieve that a need 
would exist for 
coal liquefaction 
facilities if the 
fuel price was 
corrtpetitive. 

Boiler owntrs be- 
lieve that a satis- 
factory price has 
not been estab- 
lished. 

Boiler owners do 
not kncw when fuel 
will be available. 

Boiler owners do 
not believe that 
environmental haz- 
ards will be "show 
sto?pers . " - 

Boiler owners be- 
lieve that regula- 
tory compliancewill 
not be a problem. 

COMPANIES 

Boiler manufac- 
turers believe that 
a need would exist 
for ccal liquefac- 
tion if the fuel 
price was competi- 
t ive . 

technol-Utilities in the 
Northeast bslieve 
that a need exists 
for coal liquefac- 
tion facilities. 

Utilities belie-~e 
that a sati.;factory 
price has not been 
established. &- 
though, some North- 
east utilities are 
willing to pay a 
premium for supply 
security. 

Utilities do not 
know when fuel will 
be available. 

Utilities do not 
believe that en- 
vironmental hazards 
will be "shcw stop- 
pers." ' 

Utilities believe 
that regulatorycom- 
pliance will not be 
a problem. 

Investment bankers 
do not believe that 
a need has been es- 
tablished for coal 
liquefaction facil- 
ities. 

ofTwo process 
ology companies be- 
lieve that a future 
need for coallique- 
faction facilities 
has been estab- 
lished. 

Coal-derived 
liquids will com- 
Pete with petro- 
leum derived 
fuels when the 
demonstration/ ' 

pioneer plants' 
are completed. 

Process technology 
companies do not 
know with certainty 
when fuel will be 
available but pro- 
ject a 6-10 year 
lead time for fuel 
to be available in 
commercial quanti- 
ties. 

Process 
coinpanies do not 
believe environ- 
mental hazards will 
be "show stoppers." 
They believe that 
environmental haz- 
ards are manage- 
able. 

Process technology 
companies fully ex- 
pect to comply with 
current regula- 
tions. 

. Determination 
future need for 
coal liquefac- 
tion facilities 

.' Satisfactory 
price 

. Fuel availabil- 
ity 

I 
1 

Boiler manufac- 
turers believe 
a satisfactoryprice'price 
has not yet been 
established. 

Boiler nanufac- 
turers do not know 
when fuel will be 
available. 

. 

Boiler manufac- 
turers do not Se- 
lieve that environ- 
mental hazards will 
be "show stoppers." 

Boiler manufac- 
turers do not be- 
lieve that regnla- 
tory compliancewillcould 
be a problem. 

i 

Investment bankers 
that,be:ieve that the 

ol coallique- 
faction 'boiler 
fuels will not be- 
come conpetitive 
for 8-1C years. 

Investmat bankers 
do not know when 
fuel will be avail- 
able but believe 
lead tire is at 
least 10 years. 

Investment bankers 
are not familiar 
with the potential 
enviromntal haz- 
ards. They be- 
lieve t k t  if EPA 
gets innlved, the 
projects will 
"never v t  moving." 

Investme.1t bankers 
believe =hat the 
environmsntalissue 

"kill" a coal 
liquefaczion indus- 
try in the early 
stages. Two large 
banks cited the 

; 3 .  ENVIRONMENTAL 
CONCERNS 

. Regulatory 
compliance 



EXHIBIT  6-1 ( 5 )  

REGULATORY 
AGENCIES 

performance standards 
for new technologies 
may be necessary to 
encourage process 
development. EPA 
has already given 
some signals that it 
is willing to do this. 
(See NSPS in June 11, 
1979 F.R.) 

EPA/NIOSH believe a 
problem could exist 
without adequate safe- 
guards. 

EPA and NIOSH believe 
that strict worker 
handling safeguards 
will be required to 
reduce health and 
safety risks. 

EPA does not believe 
private funds are 
available and believes 
government must con- 
tribute funds to 
make the technology 
ready for commer- 
ciaYization. 

EPA believes that prices 
are not competitive 
with commercial pro 
ucts. 

PROCESS 
TECENOLOGY 

UTILITIES 

, 

Utilities donot see 
a problem. 

Utilities do.not 
believe a problem 

exist withade-will 
quate safeguards. 

Utilities believe 
commercialization 
will requiregovern- 
ment assistailce in 
providing develop- 

funds. 

Utilities believe 
prices not competi- 
tive, but, some 
Northeast utilities 
will pay a premium 
for supply stabil- 
ity. 

AND PROBLEM 

. Regulatory 
compliance 
icont 'd) 

. Maintenance of 
environmental 
quality 

. Maintenaxe of 
health ar.d 
safety 

4 .  FINANCIAL 
CONCERNS 

. Availability of 
capital to de- 
velop COmmer- 
cia1 coal l i q ~ e - ~ ~  
faction facili- 
ties 

. Prices for coal 
liquefaction 
boiler fuels 

COMFANIES 

Process technology 
companies do not 
believe a problem 
will exist. 

Companies do not 
believe a problem 
will exist withade-will 
quate safeguards. 

Technological risk 
may require invest- 
ment tax credits 
and accelerated de- 
preciation to en- 
hance the viabilityment 

the first 
mercial plants. 

prices for coal- 
derived liquids 
should be compet- 
itive with petro- 
leum-derived fuels 
at the time com- 
mercial plants 
come on stream. 

INDUSTRIAL 
BOILER 
USERS 

Boiler ownersdonot 
see a problem. 

Boiler owners donot 
believe a problem 

exist with 
quate safeguards. ' 

Boiler owners be- 
lieve commerciali- 
zation will require 
government assis- 
tance in providing 
development funds. 

Boiler owners beL 
lieve that prices 
are not competitive 
with current com- 
nercial products. 

INDUSTRIAL 
BOILER 
MANUFACTURERS 

Boiler manufac-' 
turers do not see a 
problea. 

Boiler manufac- 
turers do not be- 

adelieve a problem 
will exist withade-with 
quate safeguards. 

. . 

Manufacturers be- 
lieve commerciali- 
zation will nottake 
place without gov- 
ernment funding. 

Boiler manufac- 
turers do not be- 
lieve that prices 
are competitive 
with current con- 
mercial products. 

FINANCIAL 
COMMUNITY 

Three Mile Island 
incident as an ex- 
ample of "environ- 
mental overkill." 

.Investment bankars 
do not believe a 
problem will exist. 

Investmenr bankers 
do not believe a 
problem will exist 

adequate safe- 
guards. 

Investment bankers 
will not raise 
funds until eco- 
nomics are proven. 
They believe gov- 
ernment involve- 
ment in funding 
will sour outlook 
for commercial 
success. 

Investment bankers 
believe tt-at prices 
are not competitive 
with current com- 
mercial products 
and believe com- 
mercialization will 
not take place un- 
til economics im- 
prove. 



b o i l e r  f u e l s  are n o t  convinced of  t h e  p o t e n t i a l  economic 
advantage n o r  are they  i n c l i n e d  t o  b e l i e v e  t h a t  an economic 
advantage w i l l  be  e s t a b l i s h e d  i n  f i v e  t o  t e n  years. '  

The t o t a l  s i z e  o f  t h e  b o i l e r  f u e l  market must be  su f . f i -  
c i e n t l y  l a r g e  t o  i n f l u e n c e  . t h e  p roces s  Cevelopment companies 
t o  t a k e  t h e  technology i n t o  commercia l izat ion.  There is 
some d e s p a r i t y  among t h e  views of  t h e  d i r e c t  c o a l  l i q u e f a c -  
t i o n  technology companies. One of t h e  companies appears  
ready t o  go now i n t o  t h e  b o i l e r  f u e l  mode f o r  i t s  process .  
One company a l r e a d y  b e l i e v e s  t h a t  t h e  market w i l l  b e  . fo r  
t r a n s p o r t a t i o n  f u e l s ,  .and one company i s  t a k i n g  a  "wait-  
and-see" a t t i t u d e  b e f o r e  dec id ing  how t o  con f igu re  i t s  pro- 
cess technology.  This  shows t h e  apparen t  u n c e r t a i n t y  preva- 
l e n t  among t h e  p roces s  technology companies r ega rd ing  t h e  
c o n f i g u r a t i o n  of  t h e i r  r e s p e c t i v e  t echno log ie s  t o  meet ex- 

. pec ted  markets.  

P r i v a t e  c a p i t a l  may n o t  be  a v a i l a b l e  t o  f i nance  t h e  
c o a l  l i q u e f a c t i o n  p l a n t s ,  and t h i s  w i l l  be a major b a r r i e r  
f o r  t h e  p roces s  technology companies t o  e v e n t u a l l y  develop 
a market .  Major u n c e r t a i n t i e s  a s s o c i a t e d  wi th  c o a l  l i que -  
f a c t i o n  produc ts  make investment  bankers  s k e p t i c a l .  Bankers 
are n o t  o p t i m i s t i c  about  long-term market p o t e n t i a l .  Addi- 
t i o n a l l y ,  t h e r e  a r e  t r a n s p o r t a t i o n  and handl ing  q u e s t i o n s  
y e t  t o  be r e s o l v e d ,  r e g u l a t o r y  p o l i c i e s  t o  be  e s t a b l i s h e d ,  
government f u e l s  a l l o c a t i o n  d e c i s i o n s  t o  be made, and un- 
c e r t a i n  p o l i t i c a l  f a c t ~ r s  t o  be answered. Investment bankers  
p e r c e i v e  c o a l  l i q u e f a c t i o n  a s  t o o  r i s k y  and t o o  c o s t l y  f o r  
commercial development a t  t h i s  t i m e .  

3 .  END-IIARKET PERCEPTIONS AND BUYER BEHAVIOR WILL DICTATE 
THE SPEED OF COAL LIQUEFACTION COPNERCIAL DEVELOPMENT 

' Market behavior  i n  t h e  i n d u s t r i a l  f u e l  market i s  in -  
f l uenced  by t h e  p r i c e  of t h e  ye t ru l eu~ l l  pr.udueL under can..  
s i d e r a t i o n .  I n d u s t r i a l  b o i l e r  f u e l  owners .make t h e i r  "buy" 
d e c i s i o n  based on t h e i r  pe rcep t ion  o f  t h e  l e a s t  expensive 
f u e l  a v a i l a b l e  t h a t  p rov ides  e q u i v a l e n t  h e a t i n g  va lue  t o  
t h e  nex t  incrementa l  a l t e r n a t i v e .  They do n o t  s e e  a  p r i c e  
advantage t o  c o a l  l i q u e f a c t i o n  b o i l e r  f u e l s  a t  t h e  c u r r e n t  
t i m e  .. 

U t i l i t y  pur.chasing behavior  i s  in f luenced  by l i f e  c y c l e  
economic c o n s i d e r a t i o n s  and f u e l  p r i c e .  U t i l i t i e s  d e s i r e  
s e c u r i t y  and s t a b i l i t y  of  supply over  t h e  long  term. U t i l i - .  
t i e s  do n o t  pe rce ive  c o a l  l i q u i d s  a s  being economically a t -  
t r a c t i v e  on c o s t  grounds a t  t h e  p r e s e n t  t ime ,  b u t  some 
u t i l i t i e s  i n d i c a t e d  a w i l l i n g n e s s  t o  pay a  premium ove r  t h e  
c o s t  o f  an imported b a r r e l  f o r  t h e  s e c u r i t y  of c o a l  l i q u i d  



' supply. u t i l i t i e s  b e l i e v e  t h a t  c o s t s  cou ld  b e  " r o l l e d  in1 '  
t o  t h e i r  c u r r e n t  f u e l  c o s t  ba se  r a t h e r  t h a n  c o s t i n g  on an  
i nc r emen ta l  b a s i s .  An un re so lved  i s s u e  i n  t h i s  a r e a  i s  
t h a t  s t a t e  and r e g u l a t o r y  commissions have n o t  y e t  addressed  
t h e  r a t e  s t r u c t u r e  f o r  c o a l  l i q u i d s  u t i l i z a t i o n .  

I n d u s t r i a l  ma rke tp l ace  r e p r e s e n t a t i v e s  g e n e r a l l y  b e l i e v e  
t h a t  e f f o r t s  a t  c o a l  1 ique f : ac t i on  commerc ia l i za t ion  t o  pro-  
duce b o i l e r  f u e l s  may f a i l  because  t h e  n e c e s s a r y  economic 
c o n s i d e r a t i o n s  w i l l  n o t  be  t a k e n  i n t o  accoun t  by ' t h e  F e d e r a l  
Government. 

The t h r e e  most impor t an t  f a c t o r s  t h a t  are dominant 
concern ing  end-market p e r c e p t i o n s  a r e  (1) a l a c k  of  s u f f i -  
c i e n t  i n fo rma t ion  abou t  t h e  t e c h n o l o g i e s  and t h e i r  r e s p e c t i v e  
p r o d u c t s ,  ( 2 )  a  p r e f e r e n c e  f o r  c o s t s  t h a t  a r e  c o m p e t i t i v e  
w i t h  pe t ro leum f u e l s ,  and ( 3 )  t h e  u n c e r t a i n t i e s  su r round ing  
government p o l i c i e s .  No "buy" d e c i s i o n s  w i l l  b e  made u n t i l  
the Government 's f u e l s  a l l o c a t i ~ o n  p o l i c y  s t a b i l i z e s ,  and 
t h e r e  i s  an i n t e r p r e t a t i o n  i s s u e d  f o r  i n d u s t r i a l  and u t i l i t y  
managements on how t h e  P r e s i d e n t ' s  J u l y  1 5 ,  1979 energy 
i n i t i a t i v e s  w i l l  a f f e c t -  them. 

4 .  SOCIA.L, POLITICAL,  LEGAL, AND REGULATORY ISSUES f4AY 
CONSTRAIN DEVELOPMENT O F  A COAL LIQUEFACTION BOILER 
FUELS MARKET 

(1) P o t e n t i a l  S o c i e t a l  Concerns May I n h i b i t  Market 
Growth 

There is  widespread b e l i e f  t h a t  s p e c i a l  i n t e r e s t  
groups  w i l l  u s e  t h e  h e a r i n g  and l i t i g a t i o n  p r o c e s s  t o  
d e l a y  l i q u e f a c t i o n  p l a n t  s i t i n g  and,  t h u s ,  f o r e c l o s e  
any p o s s i b i l i t y  of  any market  development.  There is  
a l s o  widespread b e l i e f  t h a t  p u b l i c  i n t e r e s t  g roups  w i l l  
n o t  a l l ow  some "new" t y p e  o f  f u e l  i n  t h e i r  "backyard ."  
Some i n t e r v i e w e e s  p r o f e s s e d  t h e  f e e l i n g  t h a t  t h e  emo- 
t i o n a l  environment might  be  s i m i l a r  t o  t h a t  which 
e x i s t e d  i n '  t h e  e a r l y  Z960s when n u c l e a r  p l a n t s  w e r e  
b e ing  s i t e d .  

( 2 )  P o t e n t i a l  P o l i t i c a l  F a c t o r s  W i l l  A f f e c t  Plarket 
Deve'l'opin'en't fo ' r  Coal  Liquef'ac'ti'on::Products 

Two a r e a s  w i l l  d e s e r v e  a t t en t ion-pend ing  l e g i s -  
. l a t i o n  and e x e c u t i v e  b ranch  i n i t i a t i v e s :  

Pending L e g i s l a t i o n .  There a r e  v a r i o u s  b i l l s  
r e c e n t l y  i n t r o d u c e d  i n  t h e  Congress t h a t  w i l l  



i n f l u e n c e  c o a l  l i q u i d s  market development. 
Two major p i e c e s  of l e g i s l a t i o n  a r e :  

- Energy.Supply Act,  which sets f o r t h  a 
n a t l o n a l  program f o r  t h e  f u l l  develop- 
ment of  t h e  United S t a t e s '  t o t a l  energy 
supply ,  i n c l u d i n g  t h e  development of  
s y n t h e t i c  f u e l s  from c o a l :  

- Amendments t o  t h e  Defense Product ion 
Act of 1950, which providea f o r  t h e  
purchase o f  s y n k h e t i c  f u e l s  and syn- 
t h e t i c  chemical f eeds tocks  by t h e  Federa l  
Government. 

' . 
A more complete d e s c r i p t i o n  o f  t h e s e  b i l l s  
can be found i n  Sec t ion  7 ,  

Although t h e s e  b i l l s . a p p e a r  t o  a s s i s t  c o a l  
l i q u i d s  market development, t h e  i n d u s t r i a l  
marketplace  pe rce ives  t h a t  t h e  c u r r e n t  p o l i t i c a l  
c l i m a t e  w i l l  d e l ay  u l t i m a t e  commercia l izat ion.  
F u r t h e r ,  it b e l i e v e s  no.:market development 
w i l l  t a k e  p l a c e  u n t i l  t h e  pending l e g i s l a t i o n  
i s  enac t ed ,  and a major emphasis i.s p laced  on 
developing an a t t r a c t i v e  economic c l ima te .  

. Execut ive  Branch I n i t i a t i v e s .  The r e c e n t  
~residentia1'"ener~y"'-initiati've r e l a t i v e  t o  
coal l i q u i d s  was d i scussed  e a r l i e r  i n  t h i s  
r e p o r t .  The Execut ive  Branch p o l i c y  i s  t o  
conve r t  o i l - f i r e d  p l a n t s  t o  coa l .  There 
a r e  q u e s t i o n s  y e t  t o  be  answered concerning 
where t h e  market f o r  e o a l  l i q u i d s  would be 
given t h e  P r e s i d e n t ' s  i n i t i a t i v e .  Discus- 
s i o n s  h e l d  wi th  marketplace  r e p r e s e n t a t i v e s  
i n d i c a t e  t h a t  technology commercia l izat ion 
and subsequent  market development w i l l  be 
delayed pending r e s o l u t i o n  o f  t h e  r e c e n t l y  
announced i n i t i a t i v e s ;  

- The Energy Mobi l iza t ion  Board w i l l  be 
au tho r i zed  t o  d e s i g n a t e  c e r t a i n  non- 
n u c l e a r  f a c i l i t i e s ,  i n c l u d i n g  c o a l  

. l i q u e f a c t i o n . . p . l a n t s ,  a s  c r i t i c a l  t o  
ach iev ing  t h e  import  r educ t ion  goa ls .  



- The Energy Mobilization Board will be 
authorized to waive procedural require- 
ments of Federal, state, or local laws 
to expedite the development of designated 
facilities: 

- Although these procedures may ultimately 
aid the commercialization of coal lique- 
faction technologies, many political 
issues will need to be resolved before 
the Board is established. 

(3) The Implementation of the Powerplant and Industrial 
Fuel Use Act of 1978 Will Have an.Impact on the 
Development of a Market for Coal Liquefaction 
Boiler Fuels 

The provisions of this Act have not yet been imple- 
mented in final form; however, the basic purpose of 
switching existing boilers away from petroleum fuels 
to coal or fuels derived from coal would appear to 
have a positive influence on the development of coal 
liquids markets. 

Although the Fuel Use Act (See Chapter 5) grants 
exemptions for coal conversion for boiler owners certi- 
fying their.intent to use synthetic fuels, industry is 
likely to await the final regulations before deciding 
whether to consider synthetic fuels. 

(4) Regulatory Issues May Impede Market Development 

Numerous companies cited the unpredictable nature 
of DOE and EPA regulations as being major barriers to 
coal liquids market development: 

. Many marketplace representatives advised 
that there is a lack of cooperation and 
coordination between the EPA and DOE on 
coal liquefaction development. Companies 
believe that closer cooperation must be 
developed to get coal liquefaction tech- 
nology to commercialization readiness. 

Investment bankers indicated that uncertain 
'regulatory policies will be a major barrier 
to commercialization due to the increased 
risk in new investments and reduced incentives 
to shift to new technologies. 



5. MARKET S YS.TEl4 BARRIERS' WILL HAVE TO BE OVERCOME TO 
ALLOW FOR 'FULL-SCALE MARKET 'DEVELOPMENT 

Exh ib i t  6-2 shows t h e  components of t h e  i n d u s t r i a l /  
market  sys tem involved i n  t h e  commercia l izat ion of  c o a l  
l i q u i d s  technology.  Market development w i l l  t a k e  p l a c e  i 'f  
t h e  fo l lowing  e lements  e x i s t :  

There is  a w i l l i n g n e s s  on t h e  p a r t  o f  each of t h e  
i n d i v i d u a l  components o f  t h e  i n d u s t r i a l ,  u t i l i t y ,  
and Governmental groups t o  t r y  a new technology 
and t a k e  t h e  corresponding r i s k s .  

The c o s t s  of  moving t h e  technology from concept ion  
t o  commerc ia l iza t ion  t o  p roduc t ion  of  p roduc t  f o r  
t h e  end-use markets  a r e  compet i t ive  w i th  a l t e r n a -  
t i v e  energy forms. 

. The t r a d i t i o n a l  sys tem i s  r e o r i e n t e d  t o  accommo- 
d a t e  new technology.  

. A coope ra t ive  environment e x i s t s  between t h e  
Government and t h e  i n d u s t r i a l  s e c t o r  t o  prov ide  
a h e a l t h y  c l i m a t e  f o r  commercia l izat ion.  

6 .  LABOR U N I O N  CONCERNS CENTErZ ON TVO ISSUES-PERCEIVED 
INCREASES I N  ADDITIONAL EMPLOYrllENT OPPORTUNITIES 
CONCOIIITANT WITH THE COf4t~IERCIALIZATION OF A SYNTHETIC 
FUELS INDUSTRY AND THE HEALTH AND SAFETY FOK PEOPLE 
IJORKING I N  THE LIQUEFACTION PLANTS AND THOSE INVOLVED 
I N  THE PRODUCT I4ARKETING CHANNELS 

Labor unions b e l i e v e  t h a t  an emerging syn- fue l s  i n d u s t r y  
w i l l  p rov ide  more jobs  and t h a t  p roces s  commercia l izat ion 
should  t a k e  p l a c e  a s  r a p i d l y  a s  p o s s i b l e .  Unions b e l i e v e  
more s k i l l e d  jobs w i l l  be a v a i l a b l e  f o r  l i q u e f a c t i o n  p l a n t  
c o n s t r u c t i o n  and t h e  development of  a s s o c i a t e d  market ing 
i n f r a s t r u c t u r e  w i l l  c r e a t e  a d d i t i o n a l  s k i l l e d  and s e m i s k i l l e d  
jobs.  A major q u e s t i o n ,  however, t h a t  needs t o  be addressed 
i s  whether o r  n o t  s u f f i c i e n t  s k i l l e d  l a b o r  w i l l  be a v a i l a b l e  
t o  a s s i s t  i n  t h e  development of  t h e  i n d u s t r y .  

I 

The AFL-CIO w a s  somewhat f a m i l i a r  wi th  t h e  p o t e n t i a l  
environmental  r i s k s  of  c o a l  l i q u e f a c t i o n  products  and would ' 

l i k e  a d d i t i o n a l  in format ion  on p o t e n t i a l  h e a l t h  hazards .  
P o t e n t i a l  h e a l t h  hazards  were n o t  perce ived  a s  beling b a r r i e r s  
t o  m a r k e t a b i l i t y  a s  it is b e l i e v e d  t h a t  s u f f i c i e n t  sa feguards  
w i l l  be  developed.  The AFL-CIO i s  i n i t i a t i n g  a r e s e a r c h  
program t o  fo l low t h e  development of  a s y n t h e t i c  f u e l s  



E X H I B I T  6-2 
Components o f  t h e  I n d u s t r i a l  Market System Involved i n  t h e  
Cornrnercializat.ion o f  Direct Coal L ique fac t i on  B o i l e r  Fue l s  
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i n d u s t r y .  The focus  w i l l  be  on h e a l t h  and s a f e t y  r e q u i r e -  
ments and on lobby ing  i n  the Execu t ive  Branch and i n  t h e  
Congress t o  e n s u r e  t h a t  adequa te  h e a l t h  and s a f e t y . p r e c a u -  
t i o n s  w i l l  b e  e s t a b l i s h e d .  

7 .  P E N D I N G  LEGISLATION WILL AFFECT COAL LIQUIDS MARKET 
DEVELOPMENT 

There a r e  two major  measures r e c e n t l y  i n t r o d u c e d  i n  
t h e  Congress.  and a r e  c u r r e n t l y  i n  Committees t h a t  a d d r e s s  
t h e  f u t u r e  marke t s  f o r  c o a l  l i q u e f a c t i o n  p roduc t i on .  Sena to r  
Jackson i n t r o d u c e d  a b i l l  (S.1308) e n t i t l e d  "Energy Supply 
Act"  t o  s e t  f o r t h  a n a t i o n a l  program f o r  t h e  f u l l  develop- 
ment o f . t h e  Uni ted  S t a t e s '  t o t a l  energy supp ly ,  i n c l u d i n g  
t h e  development o f  s y n t h e t h i c  f u e l s  from c o a l .  Representa-  
t i v e  Moorehead i n t r o d u c e d  a b i l l  e n t i t l e d  "Amendments t o  
t h e  Defense Produc t ion  A c t  o f  1950" t o  ex tend  t h e  a u t h o r i t y  
g r a n t e d  by t h e  A c t  and t o  p r o v i d e  f o r  t h e  purchase  o f  syn- 
t h e t i c  f u e l s  and s y n t h e t i c  chemical  f e e d s t o c k s  by t h e  
F e d e r a l  Government. Each of  t h e s e  b i l l s  w i l l  b e  d i s c u s s e d  
s e p a r a t e l y .  

(1) The Energy Supply A c t  (S-1308) 

The main p u r p o s e s ' o f  t h i s  a c t  s a l . a t i n g  t o  c o a l  
l i q u e f a c t i o n  a r e  t o  p r o v i d e  t h e  S e c r e t a r y  o f  Energy 
w i t h  t h e  a u t h o r i t y  t o  a s s i s t  i n  e x p e d i t i n g  and i n  
f i n a n c i n g  o f  p r o j e c t s  whkch w i l l  i n c r e a s e  domes t i c  
energy  s u p p l i e s ,  i n c l u d i n g  c o a l  l i q u e f a c t i o n  p r o j e c t s  
and t o  p rov ide  f o r  t h e  conve r s ion  o f  c e r t a i n  commercial 
and i n d u s t r i a l  f a c i l i t i e s  from pe t ro leum t o  c o a l .  S t a f f  
members o f  t h e  Committee on Energy and Na tu r a l  Resources 
i n d i c a t e  t h a t  t h e  i n t e n t  o f  t h e  1 e g i S l a t i o n  i s  t o  cover  
coa l -de r ived  l i q u i d s  a l s o .  Coal  i s  d e f i n e d  i n  t h e  A c t  
a s  a n t h r a c i t e ,  b i tuminous ,  l i g n i t e ,  and any f u e l  d e r i v e d  
from c o a l .  

The Energy Supply A c t  p r o v i d e s  f o r  prompt, 
s i m p l i f i e d ,  and e x p e d i t i o u s  p r o c e s s  f o r  F e d e r a l  a p s r o v a l  
o f  non-nuclear '  energy f a c i l i t i e s  t h a t  a r e  de te rmined  t o  
be  i n  the n a t i o n a l  i n t e r e s t , ,  which among o t h e r  c r i t e r i a ,  
would mean f a c i l i t i e s  which would reduce  the Uni ted  
S t a t e s '  dependence on impor ted  pet ro leum.  The A c t  a l s o  
p r o v i d e s  t h e  Department o f  Energy w i t h  energy p r o j e c t  . 
a u t h o r i z a t i o n s .  E f f e c t i v e  f o r  f i s c a l  y e a r  1980 (Octo- 
b e r  1, 1979 - September 30, 1 9 8 0 ) ,  and f o r  subsequen t  . 
f i s c a l  y e a r s ,  $700 m i l l i o n  would be  a u t h o r i z e d  f o r  t h e  
development o f .  the S R C - I 1  p roce s s .  Th i s  a u t h o r i z a t i o n  



i s  based on January 1979 c o s t  d a t a  developed by Com- 
mittee s t a f f  and may vary from t i m e  t o  t ime,  depending 
on e s c a l a t i o n s  i n  c o n s t r u c t i o n  c o s t s  du r ing  t h e  devel-  
opment o f  t h e  p r o j e c t .  

A p r i c e  i n c e n t i v e  p r o v i s i o n  is  inco rpo ra t ed  i n  
t he  Act which provides  t h a t  t h e  ~ o v e r n m e n t  w i l l  pay 
t o  t h e  s e l l e r  t h e  d i f f e r e n c e  between t h e  c o n t r a c t  
p r i c e  f o r  t h e  syn-fuel  and t h e  "marketplace" p r i c e  for 
t h e  syn-fuel  as determined by t h e  S e c r e t a r y  of  Energy. 
This p r o v i s i o n  may enhance t h e  economic a t t r a c t i v e n e s s  
of s y n t h e t i c  f u e l  development. 

( 2 )  The >loorehead B i l l  (H.R.  3930) 

The main p rov i s ion  of  t h e  14oorehead B i l l  r e l a t i n g  
t o  t h e  development and m a r k e t a b i l i t y  of  c o a l  l i que fac -  
t i o n  p r o d u o t ~  i s  t o  prov ide  a n a t i o n a l  produc~ticrn yva l  
of a t  l e a s t  2 m i l l i o n  b a r r e l s  p e r  day crude o i l ,  equiva- 
l e n t  of  s y n t h e t i c  f u e l s  and s y n t h e t i c  chemical f eeds tocks  
by 1990. The House Banking committee has  r epo r t ed  o u t  
a less ambi t ious  proposa l  t o  develop 500,000 b a r r e l s  o f  
s y n t h e t i c  f u e l  p roduc t ive  c a p a c i t y  by 1984. 

The b i l l  a l s o  prov ides  t h e  P r e s i d e n t  of  t h e  United 
I S t a t e s  w i th  t h e  a u t h o r i t y  t o  r e q u i r e  t h e  use  of  s y n t h e t i c  

f u e l s  and chemical f eeds tocks  i n  any c a s e  i n  which t h e  
P r e s i d e n t  deems it p r a c t i c a b l e  and necessary  t o  m e e t  
t h e  n a t i o n a l  defense  needs of t h e  United s t a t e s .  

The b i l l  p rov ides  t h a t  a government market f o r  
s y n t h e t i c  f u e l s  and s y n t h e t i c  chemical f eeds tocks  w i l l  
be e s t a b l i s h e d  and has  p r o v i s i o n s  t o  encourage t h e  
development and produc t ion  of  s y n t h e t i c  f u e l s  and .syn-  
t h e t i c  chemical  f eeds tocks  f o r  n a t i o n a l  defense  purpose. 

L a s t l y ,  t h e  b i l l  e s t a b l i s h e s  a c e i l i n g  o f  100,000 
b a r r e l s  p e r  day on t h e  amount t h a t  any one c o n t r a c t o r  
can se l l  t o  t h e  Government. 

A s  p r ev ious ly  d i scussed  i n  Chapter  3,  t h e  Federa l  
Government would n o t  be a l a r g e  b o i l e r  f u e l  market. 
This has  s i g n i f i c a n t  i m p l i c a t i o n s  on t h e  c o n f i g u r a t i o n  
of t h e  p roces s  t echnologies .  



( 3 )  Other S y n t h e t i c  Fue l  B i l l s  Have Been In t roduced  
i n  ' the  96.th Consress  

These b i l l s  r e l a t i n g  t o  t h e  commercia l iz 'a t ion o f  
c o a l  l i q u e f a c t i o n  t echnology  a r e  d e s c r i b e d  b r i e f l y  i n  
t h e  fo l l owing  paragraphs:  

. . H.R. 602 amends t h e  Defense Produc t ion  A c t  
of  1950 t o  i n c l u d e  s y n t h e t i c  f u e l s  which may 
be  used a s  f u e l s  under  T i t l e  111. I n t r o -  
duced by Rep. Wil l iam P.loorehead (D-Penna. ) 
on January  15 ,  1979. 

H.R. ,4349 amends t h e  Defense Produc t ion  A c t  
o f  1950 t o  ex t end  t h e  a u t h o r i t y  g r a n t e d  by 
such A c t  and t o  p rov ide  f o r  t h e  purchase  o f  
s y n t h e t i c  f u e l s  and s y n t h e t i c  chemical  feed-  
s t o c k s .  I n t roduced  by Rep. Moorehead on 
June 6 ,  1979. 

H.R. 4568 ex t ends  a u t h o r i t y  g r a n t e d  by t h e  
Defense Produc t  A c t  and p rov ides  f o r  t h e  
purchase  o f  s y n t h e t i c  f u e l s  and s y n t h e t i c  
chemical  f eeds tocks .  I n t roduced  by Rep. 
Moorehead on June 21, 1979. 

Note: Rep. Moorehead i n t roduced  f o u r  b i l l s .  
H.R.  3930 i s  a  c l e a n  b i l l  r e p o r t e d  by t h e  
House Banking, F inance ,  and Urban A f f a i r s  
Committee i n  l i e u  o f  t h e  o r i g i n a l  measure,  
H.R. 602. The o t h e r  two b i l l s ,  H.R. 4349 
and H. R. 4568, are i d e n t i c a l  t o  t h e  Moorehead 
B i l l  t h a t  was approved by t h e  House. They 
w e r e  i n t roduced  t o  f a c i l i t a t e  t h e  l a r g e  l i s t s  
of  co-sponsors.  

. H.R. 2428 amends t h e  I n t e r n a l  Revenue Code of  
1954 t o  p rov ide  f o r  t h e  a m o r t i z a t i o n  o f  c o a l  
convers ion  f a c i l i t i e s  based on a  12-month 
p e r i o d  and t o  e s t a b l i s h  a p r i c e  s u p p o r t  pro-  
gram f o r  s y n t h e t i c  f u e l s  produced from c o a l  
, a t  such f a c i l i t i e s .  In t roduced  by Rep. John 
Duncan (R-Tenn.) on February  26, 1979. 

H.R. 4336 amends t h e  Defense Producti 'on A c t  
Of 1950 t o  ex tend  t h e  a u t h o r i t y  g r a n t e d  by 
such A c t  and t o  p rov ide  f o r  t h e  purchase  o f  
s y n t h e t i c  f u e l s  and s y n t h e t i c  chemical  feed-  
s t o c k s .  I n t roduced  by Rep. Tom B e v i l l  ( D - A l a .  ) 
on June 6 ,  1979. 



. H.R. 4355 amends t h e  Defense Produc t ion  A c t  
o f  1950 t o  ex tend  t h e  a u t h o r i t y  g ran ted  by 
such Act and t o  p rov ide  f o r  t h e  purchase  of 
s y n t h e t i c  f u e l s  and s y n t h e t i c  chemical  feed- 
s t o c k s .  In t roduced  by Rep. Fernand S t .  G e r -  
main (D-RI,)  on June 6 ,  1979. 

H. R. 4474 'amends t h e  Energy P o l i c y  and Con- 
s e r v a t i o n  ~ c t  t o  promote commerce i n  s y n t h e t i c  
f u e l s .  In t roduced  by Rep. John Dinge l l  
(D-Mich.) on June 1 4  , 1979. 

H.R. 4484, Na t iona l  Energy Se l f -Su f f i c i ency  
Act o f  1979, imposes a du ty  on im2orted c rude  
o i l  and wou1.d use  t h e  proceeds of such duty 
t o  make l o a n s  f o r  t h e  c o n s t r u c t i o n  of  f a c i l i -  . 
t ies  f o r  t h e  produc t ion  of  s y n t h e t i c  f o s s L l  
f u e l s .  In t roduced  by Rep. Don Bai ley  (n -Penna - )  
on June 15 ,  i979.  

. H.R. 4499 sets f o r t h  a n a t i o n a l  program f o r  
f u l l  development of  energy supply.  I n t r o -  
duced by Rep. Dinge l l  on June 15,  1979. 

H.R. 4500 sets f o r t h  a n a t i o n a l  program f o r  
t h e  f u l l  development o f  energy supply.  I n t r o -  
duced by Rep. D inge l l  on June 1 5 ,  1979. 

H.R. 4514 amend T i t l e  111 of  t h e  Comprehensive 
Employment T ra in ing  Act t o  p rov ide  f o r  t h e  
assessment  o f  manpower needs f o r  t h e  f u l l  
development o f  domestic energy r e sou rces .  
. Introduced by Rep. Ca r l  Perk ins  (D-~y . 1' 

H.R. 4588, S y n t h e t i c  Fue ls  Product ion Act Of 
1979, areates a government corporat . ion t h a t  
w i l l - p r o v i d e  f i nanc ing  and o t h e r  economic a i d  
t o  t h o s e  s e c t o r s  which are impor tan t  f o r  
development of  domestic energy sou rces  and 
f o r  t h e  conse rva t ion  of  energy and a t t a inmen t  
of energy independence. The b i l l  would a l s o  
e x p e d i t e  r e g u l a t o r y  procedures  which a f f e c t  
energy development. In t roduced by Reps. 
-Thomas Luken (D-Ohio) and C e c i l  H e f t e l  (D- 
H I )  on June 2 2 ,  1979. 



H.R. 4594 r e q u i r e s  o i l  r e f i n e r i e s  t o  s e l l  a  
minimum percen tage  of t h e i r  p roduc t ion  i n  
s y n t h e t i c  f u e l s  and provides  c e r t a i n  t a x  
i n c e n t i v e s  f o r  s y n t h e t i c  f u e l s .  In t roduced 
by Rep. Robert  Walker (R-Penna.) on 
June 22,1979. 

. H.R. 4474, H.R. 4499, and H.R. 4500. These 
t h r e e  measures w e r e  in t roduced  by Rep. John 
Dinge l l ,  t h e  Chairman of t h e  Energy and 
Power Subcommittee of t h e  House I n t e r s t a t e  
and Foreign Commerce Committee. Only two . 

of t h e  t h r e e  measures a r e  bein,g cons idered ,  
however. The two b i l l s ,  H.R. 4499 and H.R. 
4500 have been r e f e r r e d  as a package t o  e i g h t  
committees, incl .uding t h e  House Energy and 
Power Subcommittee which h e l d  hea r ings  on 
June 22 and 25. The p rov i s ions  of  a  t h i r d  
k i l l ,  I-I.R. 4474, which d e a l t  e x c l u s i v e l y  
wi th  syn- fue l s  w e r e  i nco rpo ra t ed  ' in one o f  
t h e  o t h e r  two measures,  H.R. 4499, T i t l e  I. 
Rep. D i n g e l l ' s  syn-fuel  p roposa l s  a r e  s i m i l a r  
t o  Rep. 1400rehead1s wi th  one impor tan t  d i s t i n c -  
t i o n .  Rep. Dinge l l  wants t h e  syn- fue l s  l e g i s -  
l a t i o n  t o  be c o n s i s t e n t  w i t h  a p p l i c a b l e . e n -  
vi ronmental ,  conse rva t ion ,  and f u e l  conse rva t ion . .  
p o l i c i e s  o f '  t h e  United S t a t e s .  Mr. D i n g e l l ' s  
b i l l s  a r e  a l s o  cons idered  t o  be t h e  companion 
measures t o  Sen. Henry Jackson ' s  Energy Supply 
Act (S.1308).  

H.R. 2428, H.R. 4346, and H.R. 4355. These 
t h r e e  measures 'were  in t roduced  by Reps. John 
Duncan, Tom B e v i l l ,  and Fernand S t .  Germain, 
r e s p e c t i v e l y .  The t h r e e  b i l l s  are i n  com- 
m i t t e e  where no a c t i o n  i s  contemplated.  

H.R. 4514, amends t h e  Comprehensive Employ- 
ment Tra in ing  A c t  and c r e a t e s  a  quas i -  
governmental a u t h o r i t y  t h a t  could i s s u e  up 
t o  $200 m i l l i o n  i n  bonds t o  f i n a n c e  s y n t h e t i c  
f u e l s  development. The a u t h o r i t y  would a l s o  
be  charged wi th  t h e  produc t ion  o f  f i v e  m i l l i o n  
b a r r e l s  a day of  s y h t h e t i c  f u e l .  A Sub- 
committee o f  t h e  Education and Labor Sub- 
committee has  approved t h i s  b i l l  b u t  it is  
u n l i k e l y  t h a t  t h i s  measure w i l l  r each  t h e  
House Floo'r . 



. S. 1377, S y n t h e t i c  Fue l s  Product ion A c t  o f  1979, 
creates a government c o r p o r a t i o n  t h a t  w i l l  pro- 
v i d e  f i nanc ing  and, o t h e r  economic a i d  to  t h o s e  
s e c t o r s  which a r e  impor tan t  f o r  development o f  
domestic energy sou rces ,  t h e  conse rva t ion  of  
energy and a t t a i n m e n t  o f  energy independence; 
t o  exped i t e  r e g u l a t o r y  procedures  which a f f e c t  
energy development. In t roduced  by Sena to r s  
Peter Domenici ( R-NPI) and Benne t t  Johpston 
(D-LA) on June 19 ,  1979. 
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COAL LIQUEFACTION BOILER FUELS 

Booz, Al len was asked t o  i d e n t i f y  t h e  c o s t s  a s s o c i a t e d  
wi th  d i s t r i b u t i n g  c o a l  l i q u e f a c t i o n  produc ts  from l i q u e f a c -  
t i o n  p l a n t s  t o  p o t e n t i a l  consumption p o i n t s .  ~ h ' e  t r anspor -  
t a t i o n  assessment was performed based on informed judgments 
i n  f i v e  a r e a s :  

. E x i s t i n g  t r a n s p o r t a t i o n  i n f r a s t r u c t u r e  from 
l i q u e f a c t i o n  p l a n t  t o  p o t e n t i a l  consumption 
p o i n t s  

. R e l a t i v e  economics o f  t r a n s p o r a t i o n  modes 

P o t e n t i a l  environmental  impacts  

S a f e t y  s t anda rds  

Handling requirements .  

The e v a l u a t i o n  was done i n .  t h e  con tex t  t h a t  c o a l  l i q u e -  
f a c t i o n  produc ts  may be u t i l i z e d  i n  l i e u  of  r e s i d u a l  f u e l  
o i l ,  and t h e  i n f r a s t r u c t u r e  used t o ' m a r k e t  c o a l  l i q u i d s  may 
be the '  same a s  t h a t  f o r  r e s i d u a l .  Booz, Al len reviewed 
p o s s i b l e  c o a l  l i q u e f a c t i o n  p l a n t  s i t e s  and proceeded t o  
i d e n t i f y  t h e  t r a n s p 0 r t a t i o . n  system necessary  t o  t r a n s p o r t  
t h e  c o a 1 , l i q u i d s  t o  l i k e l y  cand ida t e  markets.  This  con- 
s t r u c t  proved u s e f u l  i n  i d e n t i f y i n g  p o t e n t i a l  b a r r i e r s  t o  
m a r k e t a b i l i t y  and i n  i d e n t i f y i n g  a r e a s  t h a t  w i l l  r e q u i r e  
a d d i t i o n a l  r e sea rch  and e v a l u a t i o n  b e f o r e  informed d e c i s i o n s  
can be made. A q u a l i t a t i v e  e v a l u a t i o n  o f  p o t e n t i a l  market  
b a r r i e r s  on f o u r  t r a n s p o r a t i o n  modes-pipeline, bakge, r a i l ,  
and t ruck- i s  shown i n  E x h i b i t  7-1. A s  i n d i c a t e d ,  t h e r e  are 
b a r r i e r s  a s s o c i a t e d  wi th  each mode of  t r a n s p o r t i n g  c o a l  
l i q u i d s .  Each mode has  i t s  own a s s o c i a t e d  b a r r i e r  which 
must be r e so lved  b e f o r e  f u l l - s c a l e  c o a l  l i q u i d  produc t ion  
can t a k e  p lace .  I s s u e s  p e r t a i n i n g  t o  t h e  market b a r r i e r s  
w i l l  be addressed s e p a r a t e l y .  



E X H I B I T  7-1 
Evaluat ion o f  Transpor ta t ion  Market Barriers 

f q r  Coal Liquids  

* Depends on economics o f  cons t ruc t ing  a new pipe1 i n e  system s p e c i f i c a l l y  f o r  
coal l i q u e f a c t i o n  products. 

Transportat ion 

Mode 

P i  pe l  i.ne 

Barge 

Ra i l  

Truck 
i 

Legend: 

8 Miy pose a s i g n i f i c a n t  b a r r i e r  
O May pose a b a r r i e r  
0 Does n o t  pose a b a r r i e r  

1 = A coal l i q u e f a c t i o n  p l a n t  i n  e i t h e r  Kentucky o r  West V i r g i n i a  and candidate markets 
i n  the Northeast and A t l a n t i c  regions 

2 = A coal l i q u e f a c t i o n  p l a n t  i n  Southern I l l i n o i s  and candidate markets i n  the  Northeast 
and At1 a n t i c  regions 

3 = A coal l i q u e f a c t i o n  p l a n t  i n  the West and candidate markets i n  the  Northeast and 
At1 a n t i c  regions 

Overal l  

0 - 0" 
Q 

8 

@ 
A 

Potent i  a1 Market B a r r i e r s  
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.IN THE EARLY. STAGES. OF .COMMERC.IALI.ZATION., DIRECT COAL 
LI'QUEF'ACTI'ON 'PLANTS' WI'LL LIKELY' B'E S'ITED ' I N  APPALACHIA 
AND' 'TZLINOI'S' 'AND THE BOILER FUELS' WILL B'E MARKETED I N  
'THE: NORTHEAS'T AND MID-'ATLANTIC 'AREAS'; ADD1 TI'ONAL 'MARKET 
DEVELOPMENT COULD 'TAKE 'PLACE ' I N  THE WEST AS 'ADDITIONAL 
'QIQUEFACT I'ON 'PLANTS' 'ARE S'ITED 

Booz, A l l en  i d e n t i f i e d  f o u r  t r a n s p o r t a t i . o n  networks t o  
a s s e s s ' p o s s i b l e  marke t ing  b a r r i e r s  a s s o c i a t e d  w i t h  t h e  move- 
ment o f  c o a l  l i q u e f a c t i o n  b o i l e r  f u e l s  from l i k e l y  p l a n t  
s i tes  t o  consuming a r e a s .  The two f a v o r a b l e  t r a n s p o r t a t i o n  
modes f o r  c o a l - d e r i v e d . l i q u j - d  b o i l e r  f u e l s  a r e  u n i t  t r a i n  
r a i l  c a r s  and p i p e l i n e s .  ~ d d i t i o n a l  r e s e a r c h  shou ld  be 
conducted  t o  de t e rmine  whether  c o a l  l i q u i d s  b o i l e r  f u e l s  
'could be t r a n s p o r t e d  l o n g  d i s t a n c e  by p i p e l i n e .  Cos t s  w e r e  
de te rmined  f o r  r a i l ,  p i p e l i n e ,  b a r g e ,  and t r u c k  shipments  
t o  compare t h e  d i f f e r e n t  t r a n s p o r t a t i o n  modes. The fo l low-  
i n g  f o u r  p ian t - to -marke t  sys tems w e r e  i d e n t i f i e d :  

A coal  1iquef 'ac. t i 'on p l a n t  . in  ,Cat le t t ' sburg  , 
Kentucky an'd candidate marke'ts i n  New Yo'rk, Boston,  
and B'a'l'timo're. The H - C o a l  consor t ium c u r r e n t l y  
h a s  a  p l a n t  under  c o n s t r u c t i o n  a d j a c e n t  t o  t h e  
Ashlan,d r e f i n e r y  i n  C a t l e t t s b u r g ,  Kentucky. A 
fol low-on p l a n t  i s  planned f o r  t h e  f u t u r e  and may 
b e  l o c a t e d  e i t h e r  i n  t h e  C a t l e t t s b u r g  area or  i n  
w e s t e r n  Kentucky. C a t l e t t s b u r g ,  Kentucky was 
s e l e c t e d  a s  a p o i n t  o f  r e f e r e n c e  f o r  purposes  o f  
i d e n t i f y i n g  t r a n s p o r t a t i o n  c o s t s .  

O i l - f i r e d  u t i l i t i e s  e x i s t  i n  t h e  t h r e e  c i t i e s  
ment ioned,  and t h e  u t i l i t i e s  have indica. te .d a 
w i ' l l i n g n e s s  t o  buy coal l i q u e f a c t i o l l  b o i l e r  f u e l s  
i n  t h e  f u t u r e .  

A coal l i q u e f a c t i o n  p l a n t  i n  Morgantown, W e s t  
Vi'rg'ini'a 'an'd candi 'da te '  marke'ts i n  N e w  York , Boston 
and B a l ' t i m o ' r e .  A demons t r a t i on  p l a n t  f o r  SRC-I1 
i s  p lanned  f o r  Morqantown and,  t h e r e f o r e ,  Booz, 
~ l l e n  used  t h i s  s i t e  f o r  e v a l u a t i o n .  The candi-  
d a t e  ma rke t s  a r e  s i m i l a r  t o  t h e  f i r s t  two s i t u a -  
t i o n s  d e s c r i b e d .  

. . A c o a l  l i q u e f a c t i o n  p l a n t  i n  Southern  I l l i n o i s ,  
a d j a c e n t  t o  I l l i n o ' i s  No. '6 c o a l  f i e l d s  and cand i -  
d a t a  markets '  ' i n  N e w  York', Bo'ston; and Ba l t imore .  
Exxon i n d i c a t e d  i n  d i s c u s s i o n s  w i t h  Booz, A l l en  
t h a t  it may l o c a t e  a n  EBS c o a l  l i q u e f a c t i o n  p l a n t  
i n  t h i s  a r e a .  The re fo r e ,  an I l l i n o i s  p l a n t  s i t e  
w a s  c o n s i d e r e d  a l i k e l y  p o s s i b i l i t y .  



A c o a l  l i q u e f a c t i o n  p l a n t  i n  Wyoming and a  candi-  
date.  market i n  C a l i f o r n i a  o r  i n  ' the  Nor theas t .  
This p a r t i c u l a r  s c e n a r i o  w a s  r a i s e d  du r ing  i n t e r -  
views wi th  some i n d u s t r i a l  s e c t o r  r e p r e s e n t a t i v e s  
and i s  c o n s i d e r e d ' t o  be a  l i k e l y  p o s s i b i l i t y .  The 
Exxon Donor Solvent  Process  has  used Wyoming c o a l s  
i n  t e s t s ,  and t h e  demand f o r e c a s t s  show a  p o t e n t i a l  
cand ida t e  market  £.or c o a l  l i q u e f a c t i o n  b o i l e r  f u e l s  
on t h e  W e s t  Coast. Because o f  t h e  p o t e n t i a l  f o r  
u t i l i i . i n g  Wyoming c o a l s  i n  d i r e c t  c o a l  l i q u e f a c -  
t i o n  p roces ses ,  a  Wyoming-to-San Franc isco  t r a n s -  
p o r t a t i o n  s c e n a r i o  was s e l e c t e d .  A Wyoming-to- 
Eas t  Coast  system may e v e n t u a l l y  evolve  a l s o ,  
based on comments from one of  t h e  process  t ech-  
nology companies. 

There a r e  i n f r a s t r u c t u r e  b a r r i e r s  i n  a l l  c o a l  l i que -  
f a c t i o n  t o  consumption c o n f i g u r a t i o n s  except  f o r  ' r a i l  t r a n s -  
p o r t a t i o n  i n  t h e  Nor theas t  and A t l a n t i c  reg ions .  

(1) R a i l  Transpora t ion  Is Avai lab le  i n  A l l  Svstems 

R a i l  t r a n s p o r a t i o n  e x i s t s  between t h e  s e l e c t e d  
p l a n t  sites and markets ;  however, u n i t  t r a i n  t r a n s p o r t  
i n  t h e  W e s t  may be a  b a r r i e r .  Ra i l  l i n k s  e x i s t  i n  
e i t h e r  d i r e c t i o n  from Wyoming al though r a i l  t r a f f i c  
i n  an eas tward d i r e c t i o n  may be c o s t  p r o h i b i t i v e .  

( 2 )  P i p e l i n e s  Are Not Avai lab le  Cur ren t ly  i n  t h e  
Candidate Systems 

There a r e  no p i p e l i n e s  c u r r e n t l y  a v a i l a b l e  t o  
t r a n s p o r t  c o a l  l i q u i d  b o i l e r  f u e l s  from a  Wyoming 
l o c a t i o n  t o  t h e  West Coast .  Furthermore,  t h e r e  a r e  
no e x i s t i n g  p i p e l i n e s  capable  of t r a n s p o r t i n g  c o a l  
l i q u i d s  from e i t h e r  I l l i n o i s  o r  Appalachia t o  t h e  Eas t  
Coast .  This  may pose a  marketing b a r r i e r  i n  t h e  
even t  a l t e r n a t i v e  modes of t r a n s p o r t  are no t  a v a i l a b l e  
due t o  p h y s i c a l  c o n s t r a i n t s  o r  due t o  economic con- 
s i d e r a t i o n s .  

( 3 )  Truck Transpor t a t i on  Is Not a  L ike ly  P o s s i b i l i t y  

Truck t r a n s p o r t  may be a v a i l a b l e  i n  each c a s e ;  how- 
e v e r ,  each 50,000 ba r r e l / day  l i q u e f a c t i o n  p l a n t  would 
r e q u i r e  approximately 750 tank t r u c k s .  Tank t r u c k s  
w i l l  l i k e l y  be e l imina t ed  a s  a  cand ida t e  mode because 
c o s t s  a r e  expected t o  be p r o h i b i t i v e  due t o  t h e  
d i s t a n c e  between p l a n t s  and markets.  



( 4 )  Limited Barge Shipments Could Take P lace  Along 
t h e  Eas t  Coast  . 
Barge movement.could t a k e  p l ace  between an Eas t  

Coast  p o r t  and a New York o r  New England market.  The 
c o a l  l i q u i d s  could be shipped v i a  r a i l  from t h e  l i q u e -  
f a c t i o n  p l a n t s  t o  Bal t imore  and barged t o  t h e  consump- 
t i o n  po in t .  

2. P IPELINE AND BARGE TRANSPORATION ARE THE MOST ECONOMICATl - - - - -  - - - -  
MODES O F  MOVING LARGE QUANTITIES OF PETROLEUM PRODUCTS; 
p- 

SUCH COSTS MAY BE REPRESENTATIVE OF MOVING COAL LIQUIDS 

There a r e  no d a t a  c u r r e n t l y  a v a i l a b l e  t o  s p e c i f i c a l l y  
assess t h e  c o s t  of  t r a n s p o r t i n g  c o a l  l i q u i d s .  Transpor ta-  
t i o n  c o s t s  can bp e s t ima ted ,  however, by a s s e s s i n g  t h e  c o s t s  
o t  t r a n ~ p o r t i n g  pctrolcum producks. P i p e l i n e  c o s t s  were 
determined f o r  e x i s t i n g  p i p e l i n e s ,  and c a l c u l a t i o n s  a r e  
made t o  c o s t  o u t  new p i p e l i n e s  where p i p e l i n e s  do n o t  cur- 
r e n t l y  e x i s t .  

(1) Exh ib i t  7-2 Shows t h e  Range o f  Petroleum 
T r a n s ~ o r t a t i o n  Costs Bv Various Modes 

The e x h i b i t  shows t h a t  t a n k e r  t r a n s p o r t  i s  t h e  
l e a s t  expensive mode, fol lowed i n  i n c r e a s i n g  o r d e r  of 
c o s t  by: 

P i p e l i n e  
Barge 
Ra i l  
Tr1.1ck . 

The d a t a  w e r e  de r ived  from Na t iona l  Energy Trans- 
p o r t a t i o n ,  Volume I:  Cur ren t  Systems and Movements, 
issued by t h e  Senate Committoo on Encrgy and Natura l  
Resources i n  May 1977. The d a t a  w e r e  i n f l a t e d  t o  1979 
d o l l a r s  by applg ing  a p p l i c a b l e  Consumer Price Ind ices .  

There i s  a range o f  c o s t s  f o r  each mode ind ica -  
t i v e  of  t h e  t y p e  be ing  sh ipped ,  i .e., crude and heavy 
r e s i d u a l  o i l s  woul'd f a l l  a t  t h e  lower end of  each 
spectrum, gaso lknes  a t  t h e  upper end. Coal l i q u i d s  
b o i l e r  f u e l s  would most l i k e l y  be p r i c e d  i n  t h e  lower 
end of  each range,  owing t o  i t s  s i m i l a r i t y  t o  a heavy 
f u e l  o i l .  



EXHIBIT 7-2 
Represen ta t ive  Range of Petroleum Transpor ta t ion  

Costs by Various Modes 

B A R G E  

R A I L  

T R U C K  

$/l,OOO Z A R R E L  M I L E S  

SOURCES: Assoc ia t i on  o f  O i  1  Pipe1 ines; 
Associa. t ion o f  American Rai 1  roads, 
American Truck ing  Assoc ia t ion,  
Na t i ona l  Energy Transpor ta t ion ,  
Volume I - Cur ren t  Systems and Movements- 
May. 1977. 

* Poss ib le  c o s t  o f  a  new p i p e l i n e  

1 = Cost f o r  a  r e s i d u a l - t y p e  m a t e r i a l  
which may be r e p r e s e n t a t i v e  o f  
coal  1  i q u i d s  c o s t  



The average c o s t s  of  p i p e l i n e  t r a n s p o r a t i o n  com- 
p a r e  very f avo rab ly  wi th  barge ,  r a i l ,  and t ruck .  Pipe- 
l i n e s  a r e  economically more advantageous t o  r a i l  and 
t r u c k  t r a n s p o r a t i o n  over  s i m i l a r  rou te s .  S ince  pipe- 
l i n e s  do n o t  c u r r e n t l y  e x i s t  i n  a r e a s  where c o a l  l i q u i d s  
market ing i s  expected t o  t a k e  place;  a  new p i p e l i n e  
was cos t ed  t o  determine l i k e l y  t a r i f f s .  

( 2 )  A New 50,000 Barrel/Day P i p e l i n e  Would Re:quire 
An, Approximate $3.00/Barrel Tar. iff  

The Booz, Al len  p r o j e c t  team computed t h e  c o s t  
of a  new 50,000 ba r r e l / day  p i p e l i n e  t o  j o i n  p o t e n t i a l  
l i q u e f a c t i o n  p l a n t s  i n  Appalachia and cand ida t e  marke ts .  
i n  t h e  Eas t  Coast .  This was done t o  compare t h e  c o s t  o f  
a  new p i p e l i n e  wi th  e x i s t i n g  t r a n s p o r t a t i o n  modes. The 
t a r i f f  on a  new 50,000 ba r r e l / day  l i n e  between Morgan- 
town, West V i r g i n i a ,  f o r  ins tance . ,  and New York com- 
computed t o  be approximately $3.00/barre l  and was . 
based on t h e  fo l lowing  assumptions : 

Capi ta l .  Cost  = $150,000,000 * 
(Source:  O i l  and Gas J o u r n a l )  

P i p e l i n e  L i f e  . = 20  y e a r s  

c o s t  of  C a p i t a l  (Weighted Avg.1 = 11%"" 

Income Tax Rate (Fede ra l ,  S t a t e )  = 50% 

Proper ty  Tax R a t e  = 1% 

Insurance Rate = . 2 %  

Deprec ia t ion  - Assumed Sum-of- 
Year D i g i t s  (Acce le ra teg)  

Annualized Per  B a r r e l  Cost  of + 

Investment = $2.00/barre l  

Operat ing Costs  = $l.OO/barrel 

Cost  

* Based on cons t ruc t ion  c o s t s  of  new p i p e l i n e s  planned i n  V i rg in i a  
and West Vi rg in ia .  This f i g u r e  i s  a r e p r e s e n t a t i v e  number and is 
be l i eved  t o  approximafe what t h e  c o s t  would be. D e f i n i t i v e  cos t -  
ing  depends on a c t u a l  r i g h t s  of way s e l e c t e d ,  eLc, 

** Assumption: 50%' d e b t ,  50% equity.  



( 3 )  . E x h i b i t  '7-3 R e f l e c t s  t h e  L ike ly  Cost  of  
T ranspor t ing  a  Coal Liquid-Type Mate r i a l  Under 
'Each of t h e  Foregoing' 'Transpora'tion Ne'tworks 

Costs  w e r e  determined f o r  moving a  r e s i d u a l  o i l  
of s i m i l a r  A P I  gr .avi ty  by o b t a i n i n g  f r e i g h t  q u o t a t i o n s  
from v a r i o u s  f r e i g h t  companies. Ra i l road  i n d u s t r y  repre-  

' s e n t a t i v e s  b e l i e v e  t h a t  c o a l  l i q u i d s  w i l l  probably c o s t  
t h e  same t o  s h i p  a s  h e a v y . r e s i d u a 1  f u e l  o i l ,  which i s  
c u r r e n t l y  about  2.6C/ton m i l e ,  o r  about .4C/barrel  m i l e .  
P i p e l i n e  companies g e n e r a l l y  were n o t  f a m i l i a r  wi th  
coa l  l i q u i d s  s p e c i f i c a t i o n  and could n o t  cwmmer~t: di -  
r e c t l y  on c o s t s .  However, based upon t h e i r  l i m i t e d  . 
knowledge of c o a l  l i q u i d s  b o i l e r  f u e l  m a t e r i a l ,  pipe- 
l i n e  r e p r e s e n t a t i v e s  i n d i c a t e d  t h a t  t h e  t a r i f f  f o r  a  
heavy c rude  o i l  could be  used f o r  p re l imina ry  c o s t i n g  
purposes ,  which i s  approximately  . lC /ba r r e l  mi le .  Key 
obse rva t ions  from t h e  .exh .j.hi t. a,re : 

In  no c a s e  .is t h e  l e a s t  expensive t r a n s p o r t a -  
t i o n  mode-pipeline-currently a v a i l a b l e  t o  
t r a n s p o r t  c o a l  l i q u e f a c t i o n  b o i l e r  f u e l s  t o  
l i k e l y  cand ida t e  markets.  

Truck t r a n s p o r t a t i o n  is  g e n e r a l l y  30 pe rcen t  
h i g h e r  t han  r a i l  t r a n s p o r t a t i o n  i n  a l l  c a se s  
excep t  t h e  Wyoming t o  San ~ r a n c i s c o  rou te .  
The high  r a i l  t r a n s p o r a t i o n  f o r  . t h i s  r o u t e  
i s  due t o  t h e  mountainous a r e a  t h a t  causes  
slow f r e i g h t  movement and a t t e n d a n t  h i g h e r  
p e r  u n i t  c o s t s .  

Barges can be u t i l i z e d  t o  s h i p  c o a l  l i q u i d s  
from Bal t imore t o  New York and Boston; how- 
e v e r ,  a  r a i l / b a r g e  combinativrl is  rwre ex- 
pens ive  t h a n  rajl s h i p m e n t .  n n l y .  

R a i l  and t r u c k  shipments could pose  key 
market e n t r y  b a r r i e r s  because of  c o s t  
c o n s i d e r a t i o n s .  



EXHIBIT  7-3 
p o s s i b l e  T r a n s p o r t a t i o n  Cos t s  o f  C ~ a l  L iqu ids  Shipments- 

Based on Costs  o f  Res idua l  O i l  Shipments 
( $ /Ba r r e l )  

Truck 

1. CATLETTSBURG, KENTUCKY 
t o  : 

R a i l  

$4.10 

$4.62 

$3.90 

$5.10 

$5.62 

$4.90 . 

e New York $6.10 

Barge 

Combination BargeIRa? 1  
$4.90 

Combinat ionBarge/Rai l  
$5.60 

No D i r e c t  Waterway 

Combination BargeIRai l  
$5.90 

Combination BargeIRai l  
$6.60 

No d i r e c t  Waterway 

Pi p e l  i ne 

No p i  pe l  ines  a v a i l a b l e  

No pipe1 ines  a v a i l a b l e  

I 

No p i p e l  ines  ava i  1 able. 
( A  new p i p e l i n e  t o  New York 
City would have a t a r i f f  o f  
approx imate ly  $3.00/barrel) 

I 

No p ipe1  i nes  a v a i l a b l e  

$6.50 

$5.70 

$7.00 

$7.40 

e Boston 

Ba l t imore  

$3.49 

2. SOUTHERN ILLINOIS 
t o  : 

e New York 

e Boston 

Combination BargeIRai l  

I 

Ba l t imore  $6.60 

$4.01 

$3.29 

$4.29 

Combination BargeIRai l  
$4.99 

No D i r e c t  Waterway 

L 

3. MORGANTOWN, W .  V. 
t o  : 

e New York $5.50 

$8.58 No waterway 

Boston 

I 
--- 

$5.90 

a Ba l t imore  
r 

$5.10 

4. WYOMING 
t o  : 

San Francisco 

1 

$6.50 



( 4 )  ' Addition.a.1 Research Should Be Conducted on the 
. Technical Ouestion of Pi~e~inina Coa'l' ~iauids - - - - - - - - - - - - - - - -~ 

-A. ~ - 

Boiler Fuels ~ecause This' wou.lda~e the ~ o s t  
Economical Transportation Mode 'in 'Some' Cases 

A large pipeline company is currently conducting 
research in this area; however, it would not discuss 
its work with Booz, Allen as the company advised it was 
a proprietary job for the Department of Energy: 

. . The results of the ongoing research are ex- 
pected in the next three to six months, and 
a more informed judgment about pipelining 
can be made at that time. 

While pipelines are currently the most com- 
petitive mode, the construction of a new 
pipeline to carry coal liquids will increase 
per-barrel costs. Preliminary analyses show 
new pipelines may not be cost competitive with 
other transportation modes in some markets. 

Additional research needs to be conducted in the 
following areas to ascertain the likelihood of moving 
coal liquids by rail should Llie pipelines not bc avail- 
able by 1990: 

Availability of rail cars in the 1985-1990 
time f rame 

Adequacy of the railroad beds in the North- 
east Corridor and in the Rocky Mountain area. 

Environmental safeguards for transporting coal lique- 
faction fuels have not yet been fully designed for commer- 
cial applications; and therefore, total costs are currently 
unknown. Countermeasures may be designed to reduce accident 
probability or consequence, and such countermeasures may 
influence equipment required, transportation and handling 
procedures needed, and the accident environment. 

Costs of countermeasures to contain the environmental 
hazards of coal liquefaction products may be estimated from 



t h e  c o s t s  o f  a c c i d e n t s  i nvo lv ing  petroleum products .  The 
fo l lowing  s e c t i o n s  d e s c r i b e  t h e  c u r r e n t  means o f  moving pe- 
t roleum,  focus ing  on t h e  p h y s i c a l  f a c t o r s  o f  movement. The 
f o u r  b a s i c  modes o f  petroleum t r a n s p o r t a t i o n  a r e  addressed- 
r a i l r a a d s ,  p i p e l i n e s ,  wate r  c a r r i e r s ,  and t rucks .  

(1) Environmental Costs  Assoc ia ted  With Ra i l  Shipments 
Can Only B'e' Estimated Based on Accident Exper iences  
With Hazardous Ma te r i a l s  

Crude o i l  and petroleum produc ts  c a r r i e d  on r a i l -  
roads i n  1 9 7 8  amountod t o  575,000 b a r ~ e l a  pe:r day,  or 
approximately  2 .8  p e r c e n t  o f  t h e  t o t a l  volume o f  p e t r o l -  
eum moved . in to  United S t a t e s  commerce (Assoc ia t ion  of  
American R a i l r o a d s ) .  Expressed i n  t o n  m i l e s ,  t h e  ra i l -  
road market  s h a r e  was approximately 1 .8  percen t .  The 
r a i l r o a d s  ' s h a r e  o f  t h e  petralei .~m. t r a n s p o r t a t i o n  market 
has remained a t  about  t h e  same l e v e l  for t h e  l a s t  t e n  
yea r s .  For some p roduc t s ,  such as l i q u e f i e d  petroleum 
gases ,  r a i l  t r a n s p o r t a t i o n  i s  one of t h e  most p r a c t i c a l  
modes because o f  t h e  v o l a t i l e  n a t u r e  and low volumes' of  
commodity shipment. 

Countermeasures d i r e c t e d  a t  r a i l  a c c i d e n t s  have 
c e r t a i n  common requirements :  . 

A measure of t o t a l  c o s t  ( r i s k )  a s s o c i a t e d  
wi th  t h e  environmental  problem is  r e q u i r e d  
t o  p rov ide  a r e f e r e n c e  f o r  e s t i m a t i n g  
b e n e f i t s .  

. Assuminq a countermeasure i s  i n  place, a 
b a s i s  must be  e s t a b l i s h e d  f o r  e s t i m a t i n g  
t h e  reduced a c c i d e n t  r a t e ,  consequences, 
and r i s k .  

. The c o s t  o f  implementing t h e  countermeasure 
must be determined.  

. Cos t s  must be compared w i t h  t h e  e s t ima ted  
b e n e f i t s  o r  e f f e c t i v e n e s s .  

Approximately 9,000 t o  10,000 r a i l r o a d  a c c i d e n t s  
a r e  r e p o r t e d  each  year .  Of t h e s e ,  approximately 700 
i n c l u d e  t r a i n s  c a r r y i n g  hazardous m a t e r i a l s ;  and i n  
approximately  100 of  t h e s e  a c c i d e n t s ,  hazardous mate- 
r i a l s  a r e  r e l e a s e d .  Of t h e s e  100,  t h e  number of  acc i -  
d e n t s  i nves t igaged  by t h e  Nat iona l  T ranspor t a t i on  
S a f e t y  Board as a r e s u l t  o f  t h e i r  s e r i o u s  n a t u r e  has  
averaged about  two p e r  year .  



The t o t a l  annual  c o s t  of  r a i l r o a d  a c c i d e n t s  aver-  
ages  about  $200 m i l l i o n  p e r  yea r  ( i n  1978) .  The a c c i -  
d e n t s  i n  which hazardous m a t e r i a l s  a r e  r e l e a s e d  repre-  
s e n t  about  one p e r c e n t  of t h e  t o t a l  number of  a c c i d e n t s  
and account  f o r  about  5  p e r c e n t  o f  t h e  t o t a l  damage 
c o s t .  The c o s t  of de ra i lmen t s  i nvo lv ing  r e l e a s e  o f  
hazardous m a t e r i a l s  averaged $107,000 p e r  y e a r  ve r sus  
an' average c o s t  of $11,500 f o r  a l l  de ra i lmen t s  (Asso- 
c i a t i o n  of  American R a i l r o a d s ) .  

A s tudy  done i n  1978 f o r  t h e  Assoc ia t ion  of American 
Rai l roads  concluded t h a t  t r a i n s  wi th  one o r  more hazard- 
ous  m a t e r i a l s  c a r s  have an  a c c i d e n t  r a t e  s u b s t a n t i a l l y  
less than  t r a i n s  w i t h  no hazardous m a t e r i a l s  c a r s .  This 
i s  thought  t o  be due i n  p a r t  t o  t r a v e l  on h i g h e r  d e n s i t y  
r o u t e s  w i t h  b e t t e r  t r a c k ,  use  of  b e t t e r  equipment, and 
b e t t e r  d i s c i p l i n e  i n  handl ing  of  hazardous m a t e r i a l s  
t r a i n s .  

( 2 )  En'vi'rbnmental Safeauard  c o s t s  Assoc ia ted  With . . - - - . - - - - -- 
- 

~ - -  - 

'P'ip'el'ine 'Tr'anspo'rtat io'n o f  Coal Liqu'ids Could 
Be' 'As'ses's'e'd Bas'ed on 'Petro'leum 'Shipments 

There a r e  approximately 77,000 m i l e s  of  crude o i l  
t r unk  p ipe , l i ne s  and 76,000 m i l e s  of  r e f i n e d  produc ts  
t r u n k  p i p e l i n e s  i n  t h e  United S t a t e s  according t o  t h e  
Energy Informat ion Adminis t ra t ion  a t  DOE. C e r t a i n  
petroleum produc ts  have p r o p e r t i e s  o r  u se s  i n  common 
w i t h  o t h e r s  and cause  l e s s  s e r i o u s  contaminat ion when 
c a r r i e d  i n  conjunc t ion  wi th  each o t h e r .  Batch sh ip -  
ments i n  t h e s e  ca ses  a l l e v i a t e  c o m p a t i b i l i t y  problems. 

Gulf Mineral  and Resources Company has  had exten-  
s i v e  a n a l y s e s  performed on t h e  SRC-I1 c o a l  l i q u i d s  t o  
de te rmine  whether o r  n o t  t h i s  m a t e r i a l  could be t r a n s -  
po r t ed  by p i p e l i n e .  T e s t  r e s u l t s . i n d i c a t e  t h a t  t h e r e  
would be  no l o g i s t i c a l  b a r r i e r s  t o  pump.ting a s  much a s  
100,000 b a r r e l s  pe r  day of  SRC-I1 m a t e r i a l  through a 
1 6 ' i n c h  d iameter  p i p e l i n e .  Furthermore,  t h e  tests 
i n d i c a t e  t h a t  SRC.-I1 could be  pumped throughout  t h e  
yea r  i n  t h e  Nor theas t  w i thou t  h e a t i n g  o r  i n s u l a t i o n .  

A d a t a  base  does  n o t  e x i s t  f o r  debekmining t h e  
c o s t s  of  t r a n s p o r t i n g  a  c o a l  l i q u e f a c t i o n  b o i l e r  f u e l  
t ype  m a t e r i a l  v i a  p i p e l i n e ;  and t h e r e f o r e ,  it i s  n o t  
c u r r e n t l y  p o s s i b l e  t o  de te rmine  t h e  incrementa l  c o s t s  
a s s o c i a t e d  wi th  t r a n s p o r t i n g  c o a l  l i q u e f a c t i o n  b o i l e r  



. f u e l s  by t h i s  mode. However, c o s t s  can be  e s t ima ted  
by a s s e s s i n g  t h e  t r a n s p o r t a t i o n  of  petroleum. S ince  
heavy f u e l  o i l  does n o t  move by p i p e l i n e ,  a r e f e r e n c e  
would be  a middle d i s t i l l a t e  product  which can be 
shipped f o r  about  .06C/barrel  m i l e .  The c o s t  of  t r a n s -  
p o r t i n g  crude o i l  can a l s o  be used a s  a r e f e rence .  
crude o i l  sh ipp ing  c o s t s  a r e  approximately  . l $ / b a r r e l  
m i l e .  The enviornmental  s a f egua rd  c o s t s  a s s o c i a t e d  
wi th  long-dis tance p i p e l i n i n g  o f  c o a l  l i q u e f a c t i o n  
b o i l e r  f u e l s  should  be  no g r e a t e r  than  t h a t  f o r  o t h e r  
t ypes  o f  o i l '  shipments because p i p e l i n e  are c l o s e d  sys-  
t e m s  t h a t  cons ide rab ly  reduce t h e  r i s k  o f  human 'exposure 
t o  t h e  m a t e r i a l s  be ing  kranspor ted .  There were no i n -  
cremental  .environmental  c o n t r o l  c o s t s  a s s o c i a t e d  wi th  
p i p e l i n e  shipment of  c o a l  l i q u i d  b o i l e r  f u e l s  i d e n t i f i e d  
du r ing  t h e  course  o f  t h i s  s tudy .  An a r e a  t h a t  war ran t s  
f u r t h e r  examinat ion i s  t h e  c leanup  c o s t s  a s s o c i a t e d  
wi th  p o s s i b l e  p i p e l i n e  rup tu re s .  

. ( 3 )  Coal Liquid B o i l e r  Fue ls  May !.love by Water i n  
Some Cases and t h e  Environmental Cos ts  Assoc ia ted  
With This  Mode Could B e  Est imated by Reviewing 
Petroleum S p i l l s  

Most water  t r a n s p o r t a t i o n  of pet roleum invo lves  
t h e  l a r g e  volume of  r e s i d u a l  f u e l  o i l  imported from 
Caribbean and European r e f i n e r i e s  t o  u t i l i t i e s  and 
i n d u s t r i a l  u s e r s  a long  t h e  Eas t  Coast  where r e s i d u a l  
o i l  i s  used f o r  a b o i l e r  f u e l .  Dur ing  t h e  week  ended 
J u l y  27, 1979, 1.1 n i l l i o n  ba r r e l s /day  nf residual o i l  
was imported t o  t h e  E a s t  Coast.  I n  domest ic  coas t -  
wi se t r a f f i c ,  r e s i d u a l  f u c l  o i l  shipments dLe dpproxi-  
mately 500,000 ba r r e l s /day .  The Eas t  Coast  could have 
t h e  l a r g e s t  amount o f  c o a l  l i q u i d s  movement by water-  
burne means a s  it 1s t h i s  a r e a  t h a t  could be an e a r l y  
candi d a t ~  market. 

O i l  s p i l l  l i a b i l i t y  i s  an a r e a  i n  which cons ider -  
a b l e  expe r i ence  has  been gained.  Although minor s p i l l s  
and f u e l i n g  a c c i d e n t s  account  f o r  some o i l  l o s t  t o  t h e  
environment, t h e s e  r e l a t i v e l y  minor a c c i d e n t s  a r e  d i f f -  
i c u l t  t o  c o s t .  The major o i l  s p i l l s  and t h e  s u b s t a n t i a l  
c leanup c o s t s  a s s o c i a t e d  wi th  them a r e  o f  i n t e r e s t  f o r  
t h i s  s tudy  s i n c e  they  may ' o f f e r  some guidance t o  t h e  
c o s t s  a s s o c i a t e d  wi th  c o a l  l i q u e f a c t i o n  a c c i d e n t s  i n -  
vo lv ing  water-borne v e s s e l s .  Some major o i l  s p i l l s  
i nc lude  : 

. Torrey Canyon, Engl ish  Channel, 1967: 

- 650,000 b a r r e l s  
- Cleanup c o s t  $5 m i l l i o n  ($7.70/barre l )  



O i l  we21 blowout, Santa  Barb.ara, C a l i f o r n i a ,  
i969 : 

- 100,000 b a r r e l s  
- Cleanup c o s t  $8.5 m i l l i o n  ( $85 /ba r r e l )  

Barge , s p i l l ,  Chesapeake Bay, February 19 76 : 

- 250,000 g a l l o n s  
- Cleanup c o s t  $300,000 ($35 /ba r r e l )  

. Argo Merchant , Massachuset ts ,  ~ e c e m b e r  1976 : 

- 180,000 b a r r e l s  
- Cleanup c o s t  $5.2 m i l l i o n  ($29 /ba r r e l )  

Amoco Cadiz,  ~ r a n c e ,  1978: 

- 1,540,000 b a r r e l s  
- Cleanup c o s t  $30 m i l l i o n  ($19.50/barre l )  .. 

The t o t a l  amount of s p i l l a g e  f o r  t h e s e  f i v e  acc i -  
d e n t s  a lone  was. app rox ina t e ly  2.5 m i l l i o n  b a r r e l s  a t  a 
t o t a l  c o s t  of  $49 m i l l i o n ,  o r  approximately $19.60 p e r  
b a r r e l  on an average b a s i s .  

Coal l i q u e f a c t i o n  produc ts  would most l i k e l y  be 
shipped i n  10,000 - 20,'OOO b a r r e l  barges ,  owing t o  t h e  
amount o f  c o a l  1 i :quids  being produced i n  t h e  e a r l y  
s t a g e s  of  commerc ia l iza t ion  and t h e  l i k e l y  markets a long 
t h e  Eas t  Coast .  

The Chesapeake Bay barge  s p i l l  c i t e d  would probably 
be t h e  most s i m i l a r  t ype  of  accid:ent  t o  a  c o a l  l i q u e -  
f a c t i o n  s p i l l ,  i n  t h e  e v e n t  'a s p i l l  a c t u a l l y  took p l ace .  
A t  $35 p e r  b a r r e l ,  a  1 0 , 0 0 0 ~ b a r r e l  barge a c c i d e n t  could 
conceivably c o s t  $350,000 t o  c l ean  up. This a r e a  war- 
r a n t s  a d d i t i o n a l  r e s e a r c h  t o  .determine t h e  e x t e n t  of  
d i s s i m i l a r i t i e s  between o i l  s p i l l s  and coa l  l i q u e f a c t i o n  
s p i l l s  . 

There a r e  Fede ra l  programs designed t o  compensate 
o i l  p o l l u t i o n  v i c t ims .  Thebe programs, summarized i n  
Exh ib i t  7-4, could p o t e n t i a l l y  be  expanded t o  i n c l u d e  
a c c i d e n t s  i nvo lv ing  coal l i q u i d s  and ,' t h e r e f o r e ,  a r e  
desc r ibed  h e r e  b r i e f l y .  



E X H I B I T  7-4 
E x i s t i n g  Federa l  O i l  S p i l l  L i a b i l i t y  and Compensaticn Programs 

L 

ADMINISTR4TION 

COSTS, DAMAGES 
- 

, 

FUND 

Size 

1 Federal Water 
Pol l u t i o n  

Contro l  Act 
( PWPCA) 

Outer 
Cont i  r e n t a l  
She l f  Lands 
Act (OCSLA) 

Trans-A1 as kan 
P i  pe l  i ne 

Au tho r i za t i on  
Act (TAPA) 

Deepwater 
P o r t  Act  

(DPA) 
I 

2 cents per  b a r r e l  

I 

From a vessel w i t h i n  
the  marine s a f e t y  
zone, from a vessel 
which has rece ived 
o i  1 from another  
vessel a t  a deep- 
water po r t ,  o r  f rom 
a deepwater p o r t  

Fee 

Department 
o f  

T ranspor ta t ion  
I 

Cleanup, removal , 
m i  ti g a t i  on ; r e a l  o r  
personal proper ty ,  
na tu ra l  resources 

$100,000,000 

Department o f  
Transpor tat ion,  
Coast Guard 

Containment , d ispersa l  , 
and removal ; r e s t o r a t i  on, 
rep1 acement o f  n a t u r a l  
resources 

$35,000,000 

i 

5 cents per b a r r e l  

Our vessels engaged 
i n  t r anspo r t i ng  TAPA 
o i l  between te rmina l  
f a c i  1 i t i e s  o f  t he  
pipe1 i n e  and p o r t s  
under t he  j u r i  s d i c t i o n  
of the  U.S. 

Appropriated, f i nes ,  
penal t i e s  

3 cents per  b a r r e l  

I n  o r  on OCS waters, 
waters of ad jacent  
coasta l  s ta tes ,  
waters of c 0 n t i g l l 0 ~ ~  
zone 

JURISDICTION Navigable waters, 
cont iguous zone, 
OCS a c t i v i t i e s ,  
200-mi 1 e f i s h e r y  
conservat ion zone 

Department 3e pa r tnen t 
o f  the o f  

I n t e r i o r  Transpor tat  i o n  

Cleanup costs,  damages Removal costs  ; 
t o  n a t u r a l  resources damages to r e a l  o r  
r e l i e d  upon f o r  sub- personal p roper ty ,  
s i  s tence l oss  o f  niatural  re-  

$100,003,000 

sources, economic 
l o s s  

$200,000,000 



'The Fede ra l  Water' P o l l u t i o n  Control  Act (FWPCA) 

This  a c t  e s t a b l i s h e s  o i l  p o l l u t i o n  l i a b i l i t y  
f o r  v e s s e l s  and f a c i l i t i e s  and provides  a  c leanup  
fund. The fund i s  designed t o  f a c i l i t e  c leanup 
e f f o r t s  by gua ran tee ing  c leanup money immediately 

' fo l lowing  an a c c i d e n t  and a l lowing  s e t t l e m e n t  o f  
l i a b i l i t y  f o r  such c o s t s  between t h e  fund and t h e  
s p i l l e s .  

2. The 'Trans-Alaska P i p e l i n e  Author iza t ion  A c t  
(TAF'AA) 

TAPAA addres ses  environmental  c leanup l i a -  
b i l i t i e s  a s s o c i a t e d  w i t h  handl ing  Alaskan North 
Slope crude ail.. T h e  7 i ahi  1 i t y  and  compensation 
p r o v i s i o n s  apply t o  Alaska North Slope crude o i l  
t r a n s p o r t e d  by water-borne means. The main rea-  
son f o r  t h e  s p e c i a l  l i a b i l i t y  p r o v i s i o n s  w a s  t h e  
r o u t e  Alaskan crude o i l  would t a k e  t o  t h e  United 
S t a t e s .  There w e r e  concerns t h a t  e c o l o g i c a l l y  
f r a g i l e  c o a s t a l  areas might be s u b j e c t  t o  o i l  
s p i l l s ,  endangering f i s h i n g  and o t h e r  marine re- 
source  dependent i n d u s t r i e s .  

3 ,  The 'Outer Con t inen ta l  She l f  Lands Act Amendments 

These amendments e s t a b l i s h  l i a b i l i t y  and com- 
pensa t ion  procedures  cover ing  o f f s h o r e  o i l  and 
gas development a c t i v i t i e s :  Tlle p r o v i s i o n s  cover  
any s p i l l  i nvo lv ing  Outer Con t inen ta l  She l f  oi l ' ,  
i n c l u d i n g  s p i l l s  from o f f s h o r e  f a c i l i t i e s  and 
v e s s e l s .  

4 .  'The Deepwater P o r t  Act 

This a c t  would e s t a b l i s h  a  fund f o r  o i l  s p i l l  
c leanup o f  a c c i d e n t s  i nvo lv ing  v e s s e l s  l oad ing  o r  
d i s cha rg ing  a t  a  deepwater p o r t .  The fund is  n o t  
y e t  e s t a b l i s h e d  because no deepwater p o r t s  a r e  
y e t  i n  o p e r a t i o n .  

( 4 )  'Truck Transpor t  Does Not Appear To B e  a  
S a t i s f a c t o r y '  14o:de fo 'r  Tr:ansporti.ng Coal 'Liquids 
Over Lon'a' Dis tances  

Truck t r a n s p o r t a t j o n  accounts  f o r  approximately 
3 p e r c e n t  of t h e  c rude  o i l  and petroleum produc ts  moved. 



This  i s  i n d i c a t i v e  o f  th.e  f a c t  t h a t  t r u c k  t r a n s p o r t a -  
t i o n  i s  more p r a c t i c a l  f o r  s h o r t - d i s t a n c e  d e l i v e r y  t o  
end u s e r s  t han  f o r  l ong -d i s t ance  bu lk  t r a n s p o r t .  A l -  
though t r u c k s  have much more freedom of  movement t h a n  
any o t h e r  mode o f  t r a n s p o r t a t i o n  and can supp ly  p e t r o l -  
eum t o  any t y p e  o f  cus tomer ,  t r u c k  t r a n s p o r t a t i o n  i s  
n o t  c o m p e t i t i v e  f o r  l ong -d i s t ance  runs  due t o  lower 
u n i t  volumes o f  each  shipment .  

An a r e a  where t r u c k s  cou ld  b e  used t o  move c o a l  
l i q u e f a c t i o n  b o i l e r  f u e l s  i s  i n  d i s t r i b u t i o n  from 
bu lk  t e r m i n a l s  t o  end-use u t i l i t i e s  o r  i n d u s t r i e s .  
S p i l l s  from t r u c k s  c a r r y i n g  c o a l  l i q u i d s  would b e  
s i m i l a r  t o  heavy o i l  s p i l l s .  The a t t e n d a n t  c l e anup  
c o s t s  would be s i m i l a r  and a r e  n o t  expec t ed  t o  be  
p r o h i b i t i v e .  . 

4.  . SAFETY STAN.DARDS THAT WILL BE IMPLEM~NTED ARE NOT 
EXPECTED TO BE COST P R O H I B I T I V E  

The env i ronmenta l  a ssessment  p r e s e n t e d  i n  Chap te r  5 
i n d i c a t e s  t h a t  w h i l e  t h e  p o t e n t i a l  haza rd s  t o  workers  ex- 
posed t o  c o a l  l i q u e f a c t i o n  p r o d u c t s  w i l l  b e  g r e a t e r  t h a n  
t h o s e  o f  r e s i d u a l  f u e l  o i l ,  t h e  h a z a r d s  can be  c o n t r o l l e d  
w i t h  adequa te  cafe guard^. The main e lements  o f  worker 
s a f e t y  and h e a l t h . c o n t r o l s  would i n c l u d e  s t r i c t  hyg iene  
p rocedu re s  and min imiza t ion  o f  exposure  d u r i n g  c l eanup  
o p e r a t i o n s .  Assoc i a t ed  c o s t s  would depend on t h e  s i z e  o f  
t h e  end-use market  and number o f  pe r sonne l  employed a t  
each  end-use l o c a t i o n .  Cos t s  w e r e  n o t  de te rmined  f o r  s a f e t y  
p rocedu re s  because  e x i s t i n g  d a t a  a r e  v e r y  d i f f u s e d ,  v a r i o u s  
env i ronmenta l  h a z a r d s  may deve lop ,  and c o s t s  would depend 
on t h e  magnitude o f  t h e  c o a l  l i q u i d s  shipment.  A d d i t i o n a l l y ,  
t h e  t o t a l  c o s t s  of  t h e  30-year mon i to r i ng  program i n i t i a t e d  : 
by OSHA a r e  c u r r e n t l y  unknown. 

5. HAN.DL I N G  'REQUIREMENTS' 'OF COAL L'I QUEFACT I O N  BOILER FUELS 
'CAN BE 'AS'S'ES'S'ED FROM THE 'S'RC-'1'1' 'TEST 'BURN 'EXPERIENCE 

The c o a l  l i q u e f a c t i o n  f u e l  o i l  u t i l i z e d  f o r  t h e  
Conso l i da t ed  Edison tes t  burn was produced a t  t h e  SRC-I1 
p i l o t  p l a n t  a t  F t .  L e w i s ,  Washington and was t r a n s p o r t e d  
t o  t h e  74 th  S t r e e t  power s t a t i o n  v i a  a  combination o f  r a i l  
and b a r g e  t r a n s p o r t .  

During t h e  p roduc t i on  phase  a t  t h e  F t .  Lewis p i l o t  p l a n t ,  
t h e  SRC-I1 f u e l  o i l  was s t o r e d  under  a  n i t r o g e n  atmosphere 
a s  .a s a f e g u a r d  s i n c e  t h e r e  w e r e  u n c e r t a i n t i e s  a s s o c i a t e d  
w i t h  t h e  long-term s t o r a g e  s t a b i l i t y .  Although t h e r e  h a s  

\' 



been ve ry  l i m i t e d  s t a b i l i t y  t e s t i n g  performed t o  d a t e ,  t h e r e  
i s  no i n d i c a t i o n  t h a t  i n s o l u a b l e s  format ion is  s i g n i f i c a n t l y  
d i f f e r e n t  from t h a t  exper ienced  with  convent iona l  petroleum 
f u e l  o i l s .  No problems were encountered i n  t r a n s p o r t i n g  t h e  
SRC-I1 f u e l  o i l  from t h e  p i l o t  p l a n t  t o  t h e  power s t a t i o n  i n  
New York. 

The - SRC-I1 f u e l  o i l  was t r a n s p o r t e d  from F t .  Lewis, 
,Washington t o  Bayonne, New jersey i n  r a i l  c a r s  which w e r e  

r a t e d  f o r  100 p s i g ,  had p r e s s u r e  s a f e t y  r e l i e f  v a l v e s  set  
f o r  75 p s i g ,  and were i n j e c t e d  w i t h  a  n i t r o g e n  atmosphere 
fo l lowing  load ing ,  No problems were exper ienced du r ing  
t h e  shipment. Discuss ions  w i t h  Gulf Mineral  Resources 
Company r e p r e s e n t a t i v e s  i n d i c a t e d  no major handl ing re- 
quirements  were necessary  o t h e r  than  t o  ensu re  t h a t  human 
c o n t a c t  was minimized. 

The SRC-I1 rnateri.rzJ. W A R  t r n n s f e r u a d  f rum tl-lo r a i l  tonlc 
cars t o  a barge a t  Rayonne, New J e r s e y ,  A n  inspection of t h e  
r a i l  c a r s  was made p r i o r  t o  unloading t o  check f o r  any l e a k s  
o r  danage. No problems i n  t h i s  a r e a s  were encountered.  Next, 
t h e  r a i l  tank c a r s , , b a r g e ,  and t h e  unloading l i n e  w e r e  e l e c -  
t r i c a l l y  grounded. A supply o f  n i t r o g e n  was i n s t a l l e d  f o r  
unloading t h e  r a i l  tank c a r s .  Nitrogen and hose f i t t i n g s  
were i n s t a l l e d  t o  supply  n i t r o g e n  t o  t h e  tank  c a r s  t o  pro- 
v i d e  an i n e r t  atmosphere. 

A f t e r  a l l  load ing  l i n e  f i t t i n g s  were t e s t e d ,  a l l  va lves  
were opened and t h e  t r a n s f e r  from t h e  f i r s t  r a i l  c a r  t o  t h e  
barge  began. A f t e r  t h i s  r a i l  c a r  had been emptjed, it w a s  
r e p r e s s u r i z e d  t o  c l e a r  out any remaining SRC-I1 m a t e r i a l  i n  
t h e  l i n e s .  The c a r  was r e p r e s s u r i z e d ,  t h e  va lves  c lo sed ,  
and t h e  unloading procedure  was r epea t ed  f o r  t h e  remaining 
c a r s .  

The t ransLer  01 L11e SRC-I1 material from t h e  barge t o  
f u e l  s t o r a g e  f a c i l i t i e s  a t  t h e  74th S t r e e t  S t a t i o n  . w a s  suc- 
c e s s f u l ;  and t h e r e  were no l e a k s ,  no deg rada t ion  i n  pumping 
c a p a c i t y ,  o r  d e l i v e r y  p r e s s u r e  problems r epo r t ed .  Con Ed 
advised  t h a t  f u e l  011 p i p i n g  mod i f i ca t ions  r equ i r ed  a t  t h e  
74th  S t r e e t  power s t a t i o n  were r e l a t i v e l y  minor. 

The SRC-I1 handl ing  system was i s o l a t e d  from t h e  No. 6 
f u e l  o i l  system by us ing  i s o l a t i o n  va lues  t h a t  were a l r e a d y  
i n s t a l l e d .  The sys tem's  i n t e g r i t y  was t e s t e d  p r i o r  t o  t h e  
SRC-I1 test  burn t o  ensu re  t e a k  t i g h t n e s s ,  and s e p a r a t e  
boos t e r  pumps and . fue l  o i l  meters w e r e  i n s t a l l e d  i n  t h e  
SRC-I1 system a s  vrere f u e l  o i l  meters  c a l i b n a t e d  fo r  ISRC-I1 
f u e l  o i l  s e r v i c e .  



R e p r e s e n t a t i v e s  o f  t h e  i n d u s t r i a l  mar1:etplace i n d i c a t e d  
t h a t  a d d i t i o n a l  tests such a s  t h e  one  a t  Con Ed need t o  be 
h e l d  n o t  on ly  t o  e s t a b l i s h  combustion s u i t a b i l i t y ,  b u t  a l s o  
t o  e s t a b l i s h  whether  a d d i t i o n a l  t r a n s p o r t a t i o n  and h a n d l i n g  
requ i rements  need t o  be  developed f o r  c o a l  l i q u e f a c t i o n  prod- 
c u t s .  Attempts by Booz, A l l en  t o  q u a n t i f y  t h e  c o s t s  asso-  
c i a t e d  w i t h  t h e  Con Ed t e s t  burn  w e r e  n o t  s u c c e s s f u l  a s  
companies i n d i c a t e d  t h e  d a t a  w e r e  p r o p r i e t a r y  and n o t  a v a i l -  
a b l e  f o r  r e l e a s e .  

S ince  o n l y  a  r e l a t i v e l y  s m a l l  amount o f  c o a l  l i q u i d s  
w e r e  t r a n s p o r t e d  t o  t h e  Conso l i da t ed  Edison Power s t a t i o n  
(4;500 b a r r e l s ) ,  t h e  l a c k  o f  a t t e n d a n t  problems may n o t  be 
i n d i c a t i v e  o f  t r a n s p o r t i n g  50,000 - 100,000 b a r r e l s / d a y ,  . 

which i s  u l t i .ma t e ly  env i s i oned .  A whole s c a l e  i n c r e a s e  i n  
c o a l  l i q u i d s  t r a n s p o r t a t i o n  ha s  marke t ing  i m p l i c a t i o n s  w i t h  
r e s p e c t  t o :  

A v a i l a b i l i t y  of  r a i l  c a r s  

Adequacy and a v a i l a b i l i t y  o f  r a i l r o a d  beds  t o  
t r a n s p o r t  c o a l  l i q u i d s  from p l a n t  s i t es  t o  candi-  
d a t e  marke t s  

. Adequacy o r  a v a i l a b i l i t y  o f  p i p e l i n e s  t o  c a r r y  
c o a l  l i q u i d s  from p l a n t  s i tes  t o  c a n d i d a t e  marke t s  

I Adequacy o f  s t o r a g e  f a c i l i t i e s  a t  end-use i o c a t i o n s .  

1 

These f a c t o r s  w a r r a n t  a d d i t i o n a l  e v a l u a t i o n  t o  comple te ly  
. a s c e r t a i n  t r a n s p o r t a t i o n  and h a n d l i n g  r equ i r emen t s  f o r  t h e  

1985-1990 t imerrame.  
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CHAPTER 8 
THE G0VERNMENT:':'S ROLE ' I 'N 'ACCELE'RATING MARKET DEVELOPMENT 

' FOR 'COAL LI'QUEFACTION 'PRODUC'T BOILER 'FUELS 

The preced ing  c h a p t e r s  addressed  t h e  c u r r e n t  s t a t u s  o f  
p roces s  technology,  f o r e c a s t e d  t h e  p o t e n t i a l  b o i l e r  f u e l  
market ,  eva lua t ed  t h e  p o t e n t i a l  environmental  hazards  and 
i n s t i t u t i o n a l  i s s u e s ,  and a s s e s s e d  t r a n s p o r t a t i o n  and hand- 
l i n g  requirements .  T h i s  chap te r  t a k e s  account  of  t h e s e  
f i n d i n g s  and c o n s i d e r s  how government could a c c e l e r a t e  mar- 
k e t  development f o r  c o a l  l i q u e f a c t i o n  produc ts  used as 
b o i l e r  f u e l s .  \ 

This - chap te r  i s  p re sen ted  i n  t h r e e  p a r t s :  

. I n t e r r e l a t i o n s h i p  of  i n d u s t r i a l  and. government 
s e c t o r s  

~ d e n t i f i c a t i o n  of  problems t o  be overcome 

. Recommendations from t h e  i n d u s t r i a l  marketplace  
on Federa l  i n i t i a t i v e s .  

1. THE PACE O F  COAL L I Q U I D S  MARKET DEVELOPMENT WILL BE 
DEPENDENT ON THE INTERRELATIONSHIP OF THE INDUSTRIAL 
AND GOVERNMENT SECTORS 

Exh ib i t  8-1 shows t h e  channe ls  of communications be- 
tween each o f - t h e  marketplace  s e c t o r s .    he e n t i r e  market ing 
system w i l l  be developed by "demand p u l l "  from t h e  end-use 
l e v e l .  This  means t h a t  t h e  end-use economic advantage of  
u s ing  a coa l -der ived  l i q u i d  as a b o i l e r  f u e l  w i l l  " p u l l "  
t h e  p roces s  technology through t o  commercia l izat ion r e a d i -  
n e s s  and subsequent ly  toward a d e l i v e r a b l e  p roduc t  i n  t h e  
marketplace .  Each of t h e  marketplace  s e c t o r s  a r e  i d e n t i f i e d  
as fo l lows  : 

. , . The p roces s  technology companies w i l l  develop 
t h e  coal-der ived l i q u i d  f c r  p o t e n t i a l  b o i l e r  f u e l  
u se  c o n s i s t e n t  w i t h  market  demands f o r  t h a t  t ype  
of  p roduc t .  

.. The DOE and EPA a r e  r e s p o n s i b l e  f o r  admin i s t e r ing  
a v a r i e t y  of r e s e a r c h  and development programs i n  
t h e  p roces s  technology a r e a  and i n  t h e  environ-  
mental  a r e a ,  r e s p e c t i v e l y .  



EXHIBIT 8-1 
Components o f  t h e  I n d u s t r i a l  Market System Involved i n  t h e  Commercial izat ion 

o f  Direct Coal L ique fac t i on  B o i l e r  Fue l s  
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DOE'administers t h e  r e s e a r c h  funding programs and 
i s  r e s p o n s i b l e  f o r  admin i s t e r ing  t h e  implementing 
r e g u l a t i o n s  o f  t h e  Powerplant and I n d u s t r i a l  Fuel  
Use A c t .  The f u e l s  mix p o l i c y  e s t a b l i s h e d  by DOE 
w i l l  i n f l u e n c e  end-use market demand. 

B o i l e r  manufacturers  w i l l  i n t e r a c t  w i th  t h e  pro- 
c e s s  technology companies and t h e  b o i l e r  owners 
t o  des ign  b o i l e r s  t h a t  can u t i l i z e  t h e  t ypes  of  
f u e l  produced and t h a t  w i l l  meet t h e  market 
requirements  a t  t h e  end-use. 

A r c h i t e c t u r e  and eng inee r ing  f i r m s  i n t e r a c t  w i t h  
t h e  p roces s  development companies t o  des ign  and 
c o n s t r u c t  t h e  l i q u e f a c t i o n  planks  and w i l l  b e  
i nc luded  i n  end-market d i s t r i b u t i o n  through t h e  
des ign  and c o n s t r u c t i o n  of t e r m i n a l l i n g  and 
s t o r a g e  f a c i l i t i e s .  

The u t i l i t y  and i n d u s t r i a l  b o i l e r  owners w i l l  b e  
t h e  end-use markets f o r  t h e  b o i l e r  f u e l s  and t h e i r  
purchase  dec i sons  w i l l  b e  i n f luenced  by l o c a l  govern- 
ment r e g u l a t i o n s  a s  w e l l  a s  by Fede ra l  Government 
p o l i c i e s .  

Local  governments w i l l  i s s u e  r e g u l a t i o n s  cover ing 
t h e  t r ea tmen t  o f  b o i l e r  f u e l  c o s t s  i n  t h e  u t i l i t y  
r a t e  s t r u c t u r e .  Another a r e a  of l o c a l  government 
concern w i l l  be  t h e  use  of  p o t e n t i a l l y  hazardous 
f u e l s  i n  popula ted  a r e a s .  There inay be some 
s o c i e t a l  o p p o s i t i o n  i n  t h i s  a r e a .  

2.  LJTILITY AND 'INDUSTRIAL BOI'LER FUEL MARKET REPRESENTATIVES 
ARE FAMILIAR WI'TH"C0AL LIQUEFACTION TECHNOLOGY AND ITS 
APPLICATION TO BOILER FUEL PRODUCTION AND CONCLUDED 
THAT COAL-DERIVED LI'QUIDS ARE NOT CURRENTLY ECONOMICALLY 
.ATTRACTIVE 

I n d u s t r i a l  s e c t o r  r e p r e s e n t a t i v e s  b e l i e v e  market de- 
velopment b a r r i e r s  w i l l  be economic c o n s i d e r a t i o n s  r a t h e r  
t han  environmental  hazards .  The m a j o r ~ c o n c l u s i o n s  drawn 
from a  s e r i e s  of  i n t e r v i e w s  he ld  w i t h  a  c r o s s  s e c t i o n  of 
i n d u s t r i a l  r e p r e s e n t a t i v e s  a r e  a s  fo l lows:  

Most of  t h e  l a r g e  b o i l e r  manufac ture rs  who would 
be i n  a  p o s i t i o n  t o  enhance m a r k e t a b i l i t y  of  c o a l  
l i q u i d s  a r e  g e n e r a l l y  knowledgeable about  c o a l  
l i q u e f a c t i o n  produc ts ;  however, t hey  do no t  s e e  
t h e s e  f u e l s  as being economically a t t r a c t i v e  
today. 



O i l - f i r e d  u t i l i t i e s  a r e  knowledgeable abou t  c o a l  
l i q u i d s  f u e l s .  They do n o t  b e l i e v e  them t o  be  
economical ly  a t t r a c t i v e  b u t  a r e  w i l l i n g  t o  pay a 
premium t o  o b t a i n  a s e c u r e  and s t a b l e  s o u r c e  o f  
f u e l .  

I n d u s t r i a l  b o i l e r  owners a r e  knowledgeable about  
c o a l  l i q u e f a c t i o n  p roduc t s  and do n o t  b e l i e v e  
them t o  be  economical ly  a t t r a c t i v e .  However, 
they  want t o  see a d d i t i o n a l  t e s t  burns  conducted 
t o  e s t a b l i s h  t e c h n i c a l  s u i t a b i l i t y .  

Indus , t ry  p e r c e i v e s  c o a l  l i q u e f a c t i o n  a s  b e i n g  a 
p o t e n t i a l  s o l u t i o n  t o  t h e  energy s h o r t f a l l  b u t  
does  n o t  b e l i e v e  markets  w i l l  deve lop  u n t i l  t h e  
economic c l i m a t e  improves f o r  p r o c e s s  technology 

. commerc ia l i za t ion .  

. The i n d u s t r i a l  s e c t o r  would l i k e  t o  see a d d i t i o n a l ,  
l a r g e - s c a l e  tests conducted and r e q u e s t s  more 
widespread d i s s e m i n a t i o n  o f  t e s t  r e s u l t s .  

t 

Although most marke tp lace  r e p r e s e n t a t i v e s  a r e  
f a m i l i a r  w i th  t h e  SRC-I1 b o i l e r  f u e l ,  l i t t l e  i s  
known about  EDS and H-Coal b o i l e r  f u e l s .  

3. THE INDUSTRIAL SECTOR RECOMMENDS THE CREATION OF AN 
ATTRACTIVE ECONOI4IC ENVIRONl.IENT, CONT'INUOUS RESEARCH 
AND DEVELOPMENT EFFORTS, AND CLARIF'ICATION OF REGULATORY 
ISSUES AS THE MEANS 'FOR DEVELOPING A COAL LIQUIDS BOILER 
FUEL MARKET 

Market development f o r  c o a l  l i q u e f a c t i o n - b o i l e r  f u e l s  
w i l l  b e  c o n s t r a i n e d  by end-use economic c o n s i d e r a t i o n s  
which cou ld  be  overcome by l e g i s l a t i v e  a c t i o n .  The una t -  
t r a c t i v e  c o s t  o f  c o a l  l i q u e f a c t i o n  p roduc t s  i s  a r e s u l t  of  
t h e  l a r g e  amount o f  c a p i t a l  r e q u i r e d  f o r  p l a n t  development 
and c o n s t r u c t i o n .  Prices f o r  c o a l  l i q u i d s  could  be reduced 
i f  t h e  economics of  l i q u e f a c t i o n  p l a n t  development cou ld  be  
improved. 

The Most E f f e c t i v e  Wav To I n c r e a s e  t h e  Economic 

Coal l i q u e f a c t i o n  p r o c e s s e s  under development pro- 
v i d e  p roduc t s  w i t h  p r i c e s  much h i g h e r  t h a n  p r i c e s  f o r  
pe t ro leum f u e l s  and, t h e r e f o r e ,  a r e  n o t  economical ly  



a t t r a c t i v e  t o  i n v e s t o r s .  Because of i n c r e a s e d  uncer- 
t a i n t y  and unfavorab le  p roces s  economics, i n v e s t o r s  
a r e  h e s i t a n t . t o  commit t h e  l a r g e  funds r e q u i r e d  f o r  
t h e  commercia l izat ion of  c o a l  l i q u e f a c t i o n  technology.  

There a r e  v a r i o u s  . i n c e n t i v e s  t h a t  could be  employed 
t o  encouraqe t h e  p r i v a t e  s e c t o r  t o  proceed w i t h  c o m e r -  
c i a 1  development: 

. Providing p r i c e  s u b s i d i e s  t o  a l l o w i n g ' c o a l  
l i q u e f a c t i o n  produc ts  t o  be  p r i c e d  competi- 
t i v e l y  wi th  marginal  supply 

. Providing f o r  h i g h e r  investm&t t a x  c r e d i t s -  
which would r e q u i r e  a  l e g i s l a t i v e  i n i t i a t i v e  

Providing f o r  more r a p i d  a c c e l e r a t e d  depre- 
ciation-which may r e q u i r e  a  l e g i s l a t i v e  
i n i t i a t i v e  i n  t h e  even t  t h e  I n t e r n a l  Revenue 
Code needs l e g i s l a t i v e  approval  f o r  mod i f i ca t ion .  

Loan gua ran tees  have a t t r a c t e d  widespread a t t e n t i o n  
as i n c e n t i v e s  f o r  commercial development, b u t  t h e  i n v e s t -  
ment community g e n e r a l l y  does  n o t  suppor t  l oan  guaran tees  
s i n c e  a l o a n  guaran tee  can n e i t h e r  r a i s e  t h e  r e t u r n  on 
investment  on a  p r o j e c t  n o r  make an uneconomic p r o j e c t  
economically v i a b l e .  The c o n d i t i o n s  f o r  p r i v a t e  , s e c t o r  
investment  appear  t o  be a  combination of  lower produc t ion  
c o s t s  and h i g h e r  p roduc t  p r i c e s .  

( 2 )  .Additioria'l' 'Te'st's Should B e  Conducted on All Three 
.Di.r.e.c.t .Li.a.u.e.f.a.c.ti.o.n. Fu.e.L.s. .To. .Co.n.f i'r.m. 'Co .*u . s . t .~~~  

A l l  marketplace  r e p r e s e n t a t i v e s ,  i n c l u d i n g  u t i l i t y  
and i n d u s t r i a l  market pe r sonne l ,  expressed  s t r o n g  in -  
terest i n  s e e i n g  a d d i t i o n a l  tcs t  burns conducted. In- 
d u s t r y  i s  very  i n t e r e s t e d  i n  conduct ing l a r g e - s c a l e  > 

t es t  burns  on H-Coal and EDS f u e l s .  Most companies are 
f a m i l i a r  w i th  t h e  SRC-I1 exper ience  b u t  a r e  n o t  con- 
vinced of  H-Coal o r  EDS combustion s u i t a b i l i t y .  

( 3 1 .EPA ' ~ r e ' a ' t ~ e n t -  o'f Coal L iaue fac t ion  Produets  W i l l  

r e p r e s e n t a t i v e s  do no t  b e l i e v e  t h a t  
p o t e n t i a l  environmental  hazards  w i l l  be market e n t r y  
b a r r i e r s  f o r  c o a l  l i q u i d s .  Nonetheless ,  i n d u s t r y  per-  
c e i v e s  E P A ' s  heavy handedness a s  de l ay ing  market 



development.  Most b o i l e r  f u e l  market  r e p r e s e n t a t i v e s  
b e l i e v e  t h a t  commerc ia l i za t ion  r e a d i n e s s  w i l l  b e  
ach ieved  on ly  i f ' t e c h n o l o g y  development p roceeds  absen t  
f i n a l  conc lu s ions  on env i ronmenta l  q u e s t i o n s .  

Exh ib i t .  8-2 i s  a m a t r i x  o f  Government a c t i o n s  t h a t  
cou ld  b e - t a k e n  t o  enhance c o a l  l i q u i d s  market  development.  
I t  i s  based on t h e  s t u d y ' s  f i n d i n g s  i n  t h e  t e c h n i c a l ,  mar- 
k e t i n g ,  env i ronmenta l ,  and f i n a n c i a l  a r e a s .  
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SUPPORTING DATA TO UTILITY AND 
INDUSTRIAL IIARICET FORECASTS 

Th is  appendix  p r e s e n t s  r e g i o n a l  and n a t i o n a l  f o r e c a s t s  
o f  u t i l i t y  and i n d u s t r i a l  f u e l  consumption from 1980 t o  1990 
and d a t a  concern ing  u t i l i t y  c a p a c i t y  expansion p l a n s ,  e x i s t -  
i n g  o i l  and ga s  s t eam p l a n t s ,  and p r o j e c t e d  new o i l  and g a s  
s t eam p l a n t s .  

The f o r e c a s t s  and d a t a  w e r e  based  on i n fo rma t ion  s u p p l i e d  
t o  ~ o o z ,  A l l en  by t h e  Energy In format ion  Admin i s t r a t i on  o f  
DOE. I n  a l l  c a s e s ,  t h e  most r e c e n t  p u b l i s h e d  f o r e c a s t s  and 
d a t a  w e r e  used.  The impacts  o f  t h e  P r e s i d e n t ' s  r e c e n t  energy 
p r o p o s a l s ,  Three Mile I s l a n d ,  and t h e  o i l  p r i c e  e s c a l a t i o n  
imposed by OPEC a r e  n o t  d i r e c t l y  i n c o r p o r a t e d  i n t o  t h e  f o r e -  
c a s t s .  These f o r e c a s t s ,  t h e r e . f o r e ,  may d i f f e r  from more 
r e c e n t  s t a t e m e n t s  and announcements made by t h e  Administra-  
t i o n  and DOE. The g e n e r a l  conc lu s ions  and d i s c u s s i o n s  con- 
c e r n i n g  t h e  u t i l i t y  and i n d u s t r i a l  f o r e c a s t s  d i s c u s s e d  i n  
Chapter  I11 w i l l  n o t  be  markedly a f f e c t e d  by r e c e n t  f o r e -  
c a s t  revisions. 

The s u p p o r t i n g  d a t a  and f o r e c a s t s  a r e  p r e s e n t e d  i n  
f o u r  pa r t s . :  

E l e c t r i c  U t i l i t y  Fue l  Consumption F o r e c a s t s  

E l e c t r i c  U t i l i t y  Capac i ty  Expansion F o r e c a s t s  

E l e c t r i c  - U t i l i t y  O i l  and Gas Steam P l a n t  I la rket  
Data 

~ n d u s t r i a l  Fue l  Consumption F o r e c a s t s  



ELECTRIC U T I L I T Y  FUEL CONSU!.IPTION FORECASTS 



E X H I B I T  A-1  
Summary of Primary Energy Source Inputs  

t o  U. S. E l e c t r i c i t y  Generation 

Sources: 1978 cons~mpt ion  da ta  a r e  preliminary est imates  supplied t o  
Booz, A113n by t h e  Coal & f l e c t r i c  Power Analysis Division, 
Bureau of Applied Analysis of  DOE. 

Primary Fuels 

Coa 1' 

Residual Oi 1 

D i s t i l l a t e  Oil 

Natural Gas 
I 

Nuciear 

Total 
J 

1985 and '1990 f o r e c a s t  da t a  were obtained from supporting 
computer runs t o  t h e  Analysis Report, Energy Supply & 
Demand i n  t h e  Midterm: 1985, 1990, 1995, April 1979, 
DOEIEIA-0102/52 ., 

Annual Growth Rates 

1978 - 1990 
I 

6.1 

-2.3 

2.4 
-14.5 

10.0 

4.3 

Cluadri 1 l i-3n Btu 's  

1990 

22.1 

2.8 

0.4 

0.5 

9.4 

35.1 

1978 

10.8 

3.7 

0.3 

3 . 3  

3.0 

21.1 

19E5 

1 5 .,4 
4 .,O 

0.5 

2.1 

6.6 

28.6 



EXHIBIT A-2 
Summary of P r i m a r y  E n e r g y  S o u r c e  

I n p u t s  t o  U.  S. E 1 e c t r i c i . t ~  G e n e r a t i o n  
1 9 7 8 - 1 9 9 0  

COAL 

SOURCE: (1) 1978 COUSUMPTION OATA ARE PRELIMINARY ESTIMATES SUPPLIED TO 8002 .  ALLEN 
BY THE COAL 8 ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS 
AT DOE. 

(2) 19858 1990 FORECAST OATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNSTO . . -  

ANALYSIS REPORT. ENERGY SUPPLY 8 DEMANDS IN  THE MIDTERM: 1985,1990,1995. 
APRIL 1979,OOEEIA-0102152. 



EXHIBIT A-3 
Summary o f  Regional  Data  o f  Primary Energy Source I n p u t s  t o  U.S. E l e c t r i c i t y  Genera t ion  

19 78 

Note: Standard Federal  reg ions  a r e  c l a s s i f i e d  as fo l lows :  

L 

Pr imary Fuel 

r 

Coal 

Residual  O i  1 

D i s t i  1 l a t e  O i l  

Na tu ra l  Gas 

Nuc lear  

To ta l  

New England: Maine, Massach~se t t s  , New Hampshire, Connect icut ,  Rhode I s 1  and, Vermont 
New York/New Jersey: New York, New Jersey 
M i d - A t l a n t i c :  Pennsylvan- a, West V i r g i n i a ,  V i r g i n i a ,  Maryland, Delaware, D i s t r i c t  o f  Columbia 
South At1 a n t i c :  Kentucky, Tennessee, No r th  and South Caro l ina,  Georgia, Alabama, M i s s i s s i p p i ,  F l o r i d a  
Midwest: Ohio, Michigan, Ind iana,  I l l i n o i s ,  Wisconsin, Minnesota 
Southwest: Louis iana,  Arkansas, ~lk lahcma, Texas, New Mexico 
Cent ra l  : Kansas, M issour i ,  Iowa, Net rcska  
Nor th  Cent ra l :  Colorado, Utah, Wyoming, Montana, South and N x t h  Dakota 
West: Ar izona, Nevada, C a l i f o r n i a ,  kawa i i  
Northwest:  Idaho, Oregon, Washingtor, Alaska 

Source: 1978 consumption da ta  a r e  p -e l im inary  est imates supp l i ed  t o  Boaz, A l l e n  by t h e  Coal & E l e c t r i c  Power 
Ana lys is  Di .v is ion,  Bureau o f  Appl ied .  ArLalys is ,  DOE 

Fegional  U t i l i t y  Consumption i n  T r i l l i o n s  o f  Btu/Yr  - 
New Eng. 

18 

466 

5 

2 

308 

799 

NY/NJ 

19 1 

7 10 

2 7 

2 

329 

1,259 
2 

Mid  A t i .  

1,626 

534 

3 5 

4 

509 

2,708 
- 

S, At1 . 
2,580 

657 

84 

225 

795 

4,341 

Midwest 

3,534 

263 

6 9 

S. West 

813 

286 

4 

Centra l  

870 

4 0 

2 0 

77 1 2,326 170 
-..- 

-- 
H. Cent ra l  , N. West j To ta l  

1 

-- 

855 

7 

3 

39 1 
790 

4,733 

6.6 

910 

248 

725 

2 9 

386 

57 98 

10,836 

3,688 

282 

3,256 

8 5 

1,473 3,486 

3,040 
1 

21,102 1,198 



E X H I B I T  A-4 
. Summary o f  Regional  F o r e c a s t s  o f  Primary Energy Source I n p u t s  t o  U.S. E l e c t r i c i t y  Genera t ion  

1985 

Source: 1985 f o r e c a s t  da ta  were ob ta ined  f rom suppor t ing  computer runs t o  Ana lys is  Report, Energy Supply & 
Demand i n  t h e  Midterm: 1985, 1990,. 1995, A p r i l  1979, DOE!EIA-0102/52. 

Regional U t i l i t y  Consumption i n  T r i l l i o n s  o f  Btu/Yr  

Primary New Eng. NY/NY 
- a 

450 
Residual  O i  1 1,067 

D i s t i l l a t e  O i l  69 

Na tu ra l  Gas - - 
Uranium Fuel  289 594 

To ta l  
.. . 

I., 104 2,180 

Mid. A t l .  

2,092 

118 

3 1 
- 

833 

3,074 

S. At1 . 
3,,888 

685 

3 5 

7 

1,768 

6,383 

Midwest 

1,501 

296 

6 3 

N. Cen t ra l  
i 

632 
- 
- 

S. West I Cent ra l  

0.5 

1;607 

6,468 

N. West 

215 
- 
- 

West 

632 

1,225 

133 

1,900 
- 
2 8. 

To ta l  . - 

15,442 

3,993 

473 
- 

243 

458 

. 1,192 

40 

19 

2,047 

6,567 
I 

28,522 

- 
460 

2,232 

'2,040 

486 

4,454 

- 
263 

- 
24 

1,514 656 



E X H I B I T  A-5 
. S m a r y  o f  Regional  F o r e c a s t s  of Primary Energy Source . Inputs  t~ U.S. E l e c t r i c i t y  Genera t ion  

1 9 9 0  

Source: 1990 f o r e c a s t  data were ob ta ined  f rom suppor t ing  computer runs t o  Ana lys is  Report, Energy Supply & 
Demand i n  t he  Midterm: 1985, 1990, 1995, Ap r i  1 1979, DOE/EIA-0102/52. 

Regional U t i l i t y  Consumption i n  T r i l l i o n  o f  Btu/Yr  

N. West -- 
215 
- 
- 
- 

504 

719 

T o t a l  
-r 

22,051 

2,758 

410 

510 

9,428 

35,157 

S. A t l .  ----- 
4,915 

251 

2 7 
- 

2,732 

7,925 

Mid. A t l .  

2,245 

266 

3 8 
- 

1,139 

3,688 

Primary New Eng. NY/NJ 
' 

Coal 

Residual  O i l  

D- s t i  1 l a t e  O i  1 

Na tu ra l  Gas 

Uranium Fuel 

To ta l  
i 

Midwest 

5,636 

225 

2 7 

- 24 

1,850 

7,762 

405 

439 

2 7 
- 

515 

1,386 

1,444 

166 

4 2 
- 

931 

2,583 

S. West West 

4,312 583 

18 1,367 

5 6 170 

446 

786 

5,618 

40 - 
266 

- 
23 683 

1,815 859 
-- -- 

2,802 



E X H I B I T  A-6 
Summary o f  F o r e c a s t e d  Energy 

Source  I n p u t s  t o  Region 1 
New England . 

UTILITY SECTOR 
1 1 

GROWTH RATES 1978-1990 
---- 

8 OVERALL 4.7 
r COAL 29.6 
r NUCLEAR 4.4 
r RESIDUAL OIL -0.5 
r DISTILLATE OIL 15.0 

NUCLEAR 

SOURCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO 0002, ALLEN 
BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS 
AT DOE. 

(2) 1985 & 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNS TO 
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS I N  THE MIDTERM: 1985,1990,1995, 
APRIL 1979, DOEIEIA-0102152. 



\ 

EXHIBIT A-7 
Summary o f  F o r e c a s t e d  Energy 

Source I n p u t s  t o  Region 2 . 
N e w  York/New J e r s e y  

1 .  

UTILITY SECTOR 

r COAL I 

\ 

SOURCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO BOOZ, ALLEN 
BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS 
AT DOE. 

(2) 1985 & 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNS TO 
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS IN THE MIDTERM: 1985,1990,1995, 
APRl L 1979, DOEIEIA-0102152, 



EXHIBIT A-8 
Summary o f  F o r e c a s t e d  Energy 

Source I n p u t s  t o  Region 3 
Mid-Atlant ic  

r RESIDUAL OIL 
r DISTILLATE OIL 

. NUCLEAR 

COAL 

SOURCE: (11 1978 CONSUMPTION OATA ARE PRELIMINARY ESTIMATES SUPPLIED TO BOOZ, ALLEN 
BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS 
AT DOE. 

(2) 1985 & 1990 FORECAST OATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNS TO 
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS I N  THE MIDTERM: 1985,1990,1995, 
APRIL 1979. OOEIEIA-0102152. 



EXHIBIT A-9 
Summary o f  F o r e c a s t e d  Energy 

Source  I n p u t s  t o  Region 4 
South A t l a n t i c  

UTILITY SECTOR 
t 

SOURCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO 1002, ALLEN , ,  
BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS 
ATDOE. 

2,000 

(2) 1985 & 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNS TO 
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS I N  THE MIDTERM: 1985,1990,1995, 
APRIL 1979, DOEIEIA-Ol02/52. 

- 
COAL 

v I I I I 1 I I I I 1 I 
78 79 80 81 82 83 84 85 86 87 88 89 90 



EXHIBIT A-10 
summary of  Fo recas t ed  Energy 

Source'  I n p u t s  t o  Region 5 
. Midwest 

COAL 

SOURCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO BOOZ, ALLEN 
BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS 
AT  DOE. 

(2) 19(1& 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTIWG COMPUTER RUNS TO 
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS !il THE MIOTERM: 1985;1990,1995, 
APRIL 1979, DOEIEIA-0102152. 



E X H I B I T  A-11 
Summary of  F o r e c a s t e d  Energy 

Source  I n p u t s  t o  Region 6 
Southwest  

UTILITY SECTOR 

GROWTH RATES 1978-1990 

8 OVERALL 4.1 
8 COAL 14.9 
r NUCLEAR 24.4 
8 RESIDUAL OIL -20.5 
• NATURALOAS -12.9 
r DISTILLATE OIL 24.6 

NATURAL 

SOURCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO BOOZ, ALLEN 
BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS 
AT DOE. 

(2) 1985 & 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNS TO 
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS IN THE MIDTERM: 1985,1990,1995, 
APRIL 1979, DOEIEIA-0102152. . 



E X H I B I T  A-12 
Summary of F o r e c a s t e d  Energy 

Source I n p u t s  t o  Region 7 
C e n t r a l  

UTILITY SECTOR 
I 

COAL 

SOURCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO BOOZ, ALLEN 
BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS 
AT DOE. 

(2) 1985 & 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING C0MPUTER:RLINS TO 
. - - -  

ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS I N  THE MIDTEBM: 1985,1990,1995, 
APRIL 1979, DOEIEIA-0102152. 



EXHIBIT A-13 
Summary o f  Fo reca s t ed  Energy 

Source  I n p u t s  t o  Region 8 
North C e n t r a l  

UTILITY SECTOR 

/ 
7 

GROWTH RATES 1971-1990 -- 

8 OVERALL -0.5 
COAL -0.2 
NUCLEAR 11.0 

1,600 - 

1,400 - 

1,200 - NATURAL GAS 

INTERREGIONAL 
POWER TRANSFER 

800 - FROM COAL 

COAL 

SOURCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIEO TO BOOZ, ALLEN 
BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS , 

AT DOE. 

(2) 198581 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNSTO 
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS IN THE MIDTERM: 1985,1990,1995, 
APRIL 1979, DO EIEIA-0102162. 



E X H I B I T  A-14 
S u m a r y  o f  F o r e c a s t e d  Energy 
' Source I n p u t s  t o  Region 9 

W e s t  

UTILITY SECTOR 

GROWTH RATES 1978-1990 

OVERALL 5.5 
' COAL 7.4 

NUCLEAR 18.9 
RESIDUAL OIL 5.4 
NATURAL GAS -39.1 
DISTILLATE OIL 15.9 

SOURCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO 6002, ALLEN 
BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS 
AT DOE. 

(2) 1985 & 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING .COMPUTER RUNS'TO 
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS IN THE MIDTERM: 1985,1990,1995, 
APRIL 1979, DO EIEIA-0102152. ' 



EXHIBIT A-15 
Summary o f  Fo reca s t ed  Energy 

Source  I n p u t s  t o  Region 1 0  
Northwest 

SOURCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO BOOZ, ALLEN . 
BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS 
ATDOE. 

(2) 1985 & 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNS 
TO ANALYSIS'REPORT, ENERGY SUPPLY & DEMANDS I N  THE MIDTERM: 1985,1990,1996, 
APRIL 1979, DOEIEIA-0102152. ' 



ELECTRIC UTILITY CAPACITY EXPANSION FORECASTS 



EXHIBIT A-16 
Nat iona l  E l e c t r i c i t y  Generation Forecas t  

1 9 8 5  

Source: 1985 f o r e c a s t  data  were obtainec from support ing computer runs t o  Analysis Report, Energy Supply & 
Demand i n  t h e  Midterm: 1985, 1990, 1995,. Apri 1 1979, DOE/EIA-0102/52. 

Coal W i t h  Scrubbers 

Coal Without Scrubbers 

Dis t i  11 a t e  Turbines 

Combined Cyc le -Dis t i l l a t e  
i 

Gas TurbSnes 

177.3 
- 

1.3 
- 

41.3 
- 

4.0 
- 

Gas Steam f 24.0 0.7 

3.6 

2.1 
- 

2.8 

136.4 

Residual (Oi 1 -Steam) 

16.0 
- 
- 
- 

48.0 

9.5 

4.6 

20.3 
- 
- 

53.0 

1.7 

i - 1 
0.7 

0.6 
- 
- 

5.5 

23.7 
- 
- 

330.4 

Hydro I 

Pumped Storage 

2 .O 

I 

i 

0.3 
- 
- 

11.1 

28.4 

19.4 

9.9 
- 

84.8 

S o l a r  ( inc luding  hydro- 
thermal , s o l a r  thermal,  
photovol t a i  cs  , wind, 
biomass, and ocean 
thermal 

Total 

- 
11.1 

0.5 

2.2 

0.1 
I 

3, L 

- 
10.3 

- 

21.4 

lC5.3 

7.? 

0.1 
- 

I 

43.0 

L4.6 

81.0 

63.4 

9.9 
- 

468.9 

0.8 

7.4 

2.7 

10.4 

2.8 

163.3 

11.1 

1.8 

2.2 

8.0 

4.1 
- 



EXHIBIT A-17 
National Electricity Generation Forecast 

1 9  9 0 

Source: 1990 forecast data were obtained from support ing computer runs t o  Analysis Report, Energy Supply & 
Demand i n  the  Midterm: 1985, 1990, 1995, Apr i  1 15.79, DOEIEIA-0102152. 

/ 

Resource 

Nuclear 

Coal With Scrubbers 

Coal Wi thout  Scrubbers 

D i  s t i l l  a t e  Turbines 

Combined Cycle-Di s t i  1 l a t e  

Gas Turbines . 
Gas Steam 

I Resi dual (Oi 1 -Steam) 

Hydro 

Pumped Storage 

So la r  ( i n c l u d i n g  hydro- 
thermal , s o l a r  thermal , 
photovol t a i c s ,  wind, 
biomass, and ocean 
thermal 

Tota l  

- 

Base 

Exi s t i n g  

46.0 

10.8 

176.7 
- 

1.7 
- 
- 

28.3 

23.6 
- 
- 

287.1 

New 

99.9 

140.5 

46.1 
- 

4.0 
- 
- 

3.6 

4.6 
- 

5.1 

303.8 ' 

Capacity i n  - 

In termediate 

E x i s t i n g  

- 
3.5 

13.5 
- 

0.8 
- 

3.6 

5.8 

17.1 
- 
- 

44.3 

New 

- 
1.0 
- 
- 
- 
- 
- 

1.7 

1.8 
- 
- 

4.5 

Gigawatts 

Peak 

E x i s t i n g  

- 
- 

4.9 

3.3 

0.6 

4.3 

12.9 

23.6 

22.8 

9.7 
- 

. 

82.1 

Tota l  

New 

- 
- 
- 

14.3 

0.1 
- 
- 

2.6 

0.3 

18.0 
- 

35.3 

E x i s t i n g  

46.0 

14.3 

195.1 

3.3 

3.1 

4.3 

16.5 

57.7 

63.5 

9.7 
- 

413.5 

i 

New 

99.9 

141.5 

46.1 

14.3 

4.1 
- 
- 

7.9 

6.7 

18.0 

5.1 

343.6 
L 



. 
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EXHIBIT A-18 
T o t a l  Market  S i z e  o f  E x i s t i n g  O , i l  and G a s  

Steam P l a n t s  T a b u l a t e d  by DOE R e ~ i o n  

Note: (1 )  Includes a1 1 plant  s i ze ,  fron 1 t o  1,028 MW. 
( 2 )  Includes plant  commercial s t a r t  dates ,  1908 through 1977. 

F'l ant  Type 

O i  1 Steam 

Gas Steam 

Total 

source: DOE Inventory of Powerplants, July 1978 

Market Size (MW) 

New Eng. 

10,392 
- 

10,392 

NY/NJ 

22,786 

6 5 

22,851 

Mid. Atl. 

14,417 

10 

14,427 

S. Atl. 

18,877 

1,303 

20,180 

Midwest 

9,413 

369 

9,782 

S. West 

4,243 

57,961 

62,204 

Central 

385 

4,941 

5,326 

N. Central 

302 

301 

503 

West 

,25,047 

1,232 

26,279 

N. West 

223 

51  

274 

Total 

106,085 

66,233 

172,318 



EXHIBIT A-19 . 

T o t a l  Xarke t  S i z e  of E x i s t i n g  O i l  and Gas 
Steam P l a n t s  by F u e l  and Timeframe 

Note: Includes a l l  p l a n t  sizes. 

Source: DOE Powerplant L i s t j n q ,  J u l y  1978. 

' 

Timeframe 

1978-1968 
1967-1958 
1957-1948 
1947-1938 
1937-0 
Tota l  

1978-1968 
1967-1958 
1957-1948 
1947-1938 
1937-0 
Tota l  

1978-1968 
1967-1958 . 

1957-1948 
1947-1938 
1937-0 
Tota l  

1978-1968 
1967-1958 
1957-1948 
1947-1938 
1937-0 
To ta l  

7 

1978-1968 
1967-1958 
1957-1948 
1947- 1938 
1Y3?-U 
Tota l  
~p 

1978- 1968 ' 

No. 

11 
46 
38 
14 
10 

119 

17 
41 
47 
11 
77 

138 

16 
14 
35 
17 
16 
98 

28 
48 
63 
10 
3 

152 

12 
15 
44 
45 
44 

160 

102 

Region 

1 
(New Eng.) 

2 
(NYINJ) 

3 
(Mid-At1 .) 

4 
(S. A t l )  

5 
(Midwest) 

G 

Tota l  

MW 

4,573 
. 3,366 

1.903 
361 
189 

10,393 

7,161 
9,181 
4,717 

604 
1.188 

22,851 

7,835 
2,013 
2,994 
1,018 

567 
14,427 

9,768 
7,104 
2,846 

379 
83 

20.180 

3.086 
1.319 
2.768 
1,500 
1,109 
9,782 

32,504 

No. 

11 
46 
38 
14 
10 

119 

17 
41 
47 
10 
27 

137 

16 
14 
35 
17 
15 
97 

27 
41 
49 

7 
1 

125 

7 
11 
39 
41 
34 

132 

7 
11967-1958 

1957-1948 
1947-1938 
1937-0 
To ta l  

1978-1968 
1967-1958 
1957-1948 
1947-1938 
1937-0 
Tota l  

1978-1968 
1967-1958 
1957-1948 
1947-1938 
1937-5 
Tota l  

1973-1965 
1967-1958 
1957-1948 
1947-1938 
1937-0 
To ta l s  

1978-1968 
1967-1958 
1957-1948 
1947-1938 
1937-0 
Tota l  

Grand Tota ls  
1978-1968 
1967-1958 
1957-1948 
1947-1938 
1937-0 

Combined Tota ls  

No. 

- 

1 

1 

1 
1 

1 
7 

14 
3 
2 

27  
5 
4 
5 
4 

10 
28 

95 

Oi 1 

MW 

4,573 
3,366 
1,903 

361 
189 

10,392 

7,161 
9,181 
4,717 

539 
1,lRR 

22,786 

7,835 
2,013 
2,994 
1,018 

557 
14,417 

9,733 
6.609 
2,204 

271 
60 

18.877 

3,009 
1,250 
2,732 
1,452 

9 70 
9,413 

3,401 
125 1 19,585 

Gas 

MW 

65 

65 

10 
10 

35 
495 
642 
108 
23 

1.303 ' 

7 7 
69 
36 
48 

139 
369 

29,103 
124 
150 
32 
38 

439 

10 
28 
68 
19 
18 

143 

2 
0 
9 
5 

10 
26 

4 
4 
2 , 
0 
0 

10 

0 
1 
4 
0 
3 
8 

117 
168 
252 

64 
82 

683 

162 
, 33 

38 
460 

10 
28 
81  
23 
2 5 

167 

2 
1 

13 
7 

11 
34 

19 
79 
81 
16 
7 

197 

0 
1 
5 
0 

15 
2 1 

217 
. 393 

569 
176 
191 

1,546 

19,535 
8,030 

626 
667 

57,961 

1,083 , 
1,995 
1,447 

233 
183 

4,941 

4 1 
0 

108 
45 

107 
301 

827 
290 
115 

0 
0 

1,232 

0 
5 

10 
0 

36 
51 

31.166 
22,389 
10,388 

1.125 
1,165 

66.233 

8,788 
660 
667 

62,204 

1,083 
1,995 
1.680 

289 
air! 

5,326 

4 1 
75 

302 
53 

132 
603 

5,023 
13,622 
6,981 

437 
216 

26,279 

0 
5 

35 
0 

234 
274 

71,074 
58.265 
33,014 

5,301 
4,665 

172,318 

50 
758 
34 
0 

4,243 

0 
0 

233 
56 
96 

385 

0 
75 

194 
8 

2 5 
352 

4,196 
13,332 
6,866 

437 
216 

25,042 

' 0  
0 

25 
0 

198 
223 

39,908 
35.876 
22,626 
4,176 
3,499 

106,085 

(S.West) I 1 

7 
(Cen t ra l  ) 

8 
(N. Cent ra l  ) 

9 
(West) 

10 
(N. West) 

A l l  10 
Regions 

12 
1 
0 

21 

' 0 
0 

13 
4 
7 

24 

0 .  
1 
4 
2 
1 

. ii 

15 
70 
79 
16 
7 

187 

0 
0 
1 
0 

12 
13 

100 
225 
317 
112 
109 

863 



EXHIBIT A-20 
T o t a l  Market S i z e  o f  E x i s t i n g  O i l  and Gas 

Steam P l a n t s  by Fue l  and U n i t  S i z e  

Note]  I nc ludcs  a l l  p l a n t  ~ i a o s .  

Source: DOE Powerp lant  L i s t i n g ,  J u l y  1978 

U n i t  S i z e  
MW 

0- 100 
101-200 
201-400 
401+ 
T o t a l  

0-100 
101-200 
201-400 
400+ 
T o t a l  

0-100 
101-200 
201-400 
401+ 

, T o t a l s  

0- 100 
101-200 
201-400 
401+ 
To ta l  

0-100 
101-200 
201-400 
400+ 
T o t a l  

0-100 
101-200 
201-400 
400+ 
Totti1 

3- 130 
101- 200 
201-400 
400+ 
To ta l  

0-100 
101-200 
201 -400 
400+ 
To ta l  

0- 100 
101-200 
201-400 
401+ 
T o t a l  

0- 100 
101-200 
20 1-400 
400+ 
T o t a l  

Grand T o t a l  
0-100 

10 1-200 
20; -400 
401+ 

Combined 

Region 

1 

2 

3 

. 

4 

5 

6 

No. 

92 
13 

7 
7 

119 

75 
29 
20 
13 

137 

60 
21 

7 
9 

-_97 
81 
15 
9 

20 
125 

114 
9 
4 
5 

132 

12 
3 

No. 

0 
0 
0 
0 
0 

1 
0 
0 
0 
1 

1 
n 
0 
0 
1 

2 4 
2 
1 
0 

27 

20 
0 
0 
0 

28 

273 
78 

7 

8 

9 

iO 

A l l  10 
Regions 

T o t a l s  

O i  1  

MW 

2,697 
1,743 
2,421 
3,531 

10,392 

3,863 
4,211 
6,775 
7,937 

22,786 

2,844 
3,353 
2,029 
6,171 

14,417 

3,447 
2,240 
2,403 

10,787 
18,877 

3,049 
1,426 
1,349 
2,789 
9,413 

573 
429 

Gas 

MW 

0 
0 
0 
0 
0 

65 
0 
0 
0 

65 

10 
n 
0 
0 

10 

844 
220 
239 

0 
1,303 

369 
0 
0 
0 

369 

9,385 
11,240 

T o t a l  

No. 

92 
13 

7 
7 

119 

76 
29 
20 
13 

138 

61  
21 

7 
9 

98- 
105 

17 
10 
20 

152 

142 
9 
4 
5 

160 

285 
81 

MW 

2,697 
1,743 
2,421 
3,531 

10,392 

3,928 
4,211 
6,775 
7,937 

22,851 

2,874 
3,353 
2,029 
6,171 

14,427, 
4,291 
2,460 
2,642 

10,787 
20,180 

4,218 
1,426 
1,349 
2,789 
q ,782 
9,958 

11,669 
0 

- 6  
21 

2 4 
0 
0 
0 

24 

8 
0 
0 
0 
8 

101 
49 
28 

9 
187 

13 
0 
0 
0 

13 

580 
139 

75 
69 

863 

45 
43 

439 

131 
10 
1 
1 

143 

26 
0 
0 
0 

2 6 

6 
3 
0 
1 

10 

8 
0 
0 
0 
8 

498 
93 
47 
45 

683 

0 1 
3,241 
1,243 

335 
0 
0 
0 

385 

302 
0 
0 
0 

302 

4,664 
6,507 
7,965 
5,911 

25,047 

223 
0 
0 
0 

223 

22,867 
19,909 
22,942 
40,367 

106,085 

13,141 
24,195 
57,961 

2,809 
1,339 

390 
403 

4,941 

301 
0 
0 
0 

30 1  

405 
330 

0 
497 

1,232 

51 
0 
0 
0 

5 1 

14,239 
13,129 
13,770 
25,095 

66,233 

45 
49 

460 

155 
10 
1 
1 

167 

34 
0 
0 
0 

34 

107 
52 
28 
10 

197 

21 
0 
0 
0 

21 

1,078 
232 
122 
114 

1,546 

13,141 
27,436 
62,204- 

3,191 
1,339 

390 
403 

5,326 ---- 
603 

0 
0 
0 

603 

5,069 
6,837 
7,965 
6,408 

26,279 

274 
0 
0 
0 

274 

37,106 
33,038 
36,712 
65,462 

172,318 



EXHIBIT A-21 
P r o j e c t e d  N e w  O i l  and  G a s  Steam P l a n t s  

By DOE Region 
1978-1987 

Note:. ( 1 )  Includes a l l  p l a n t  s i z e s .  
( 2 )  Inventory does n o t  l i s t  any p ro j ec t ed  o i l  and gas steam 

p l a n t s  i n  DOE Regions 2 (NY/NJ) ,  7 ( C e n t r a l ) ,  and 10 (N. West). 

Source : DOE Powerpl a n t  Inventory,  December 1977 

Region 

1 - New Eng. 

3 - Mi d-At1 . 
4 - S. Atl. 

5 - Midwest 

6 - S. West 

8 - N. Central  

9 - West 

Total 

Total 
. .. 

No. 

1 

3 

5 

1 

6 

1 

6 

2 3 

Gas 
, 

M W 

600 ' 

1,820 

2,645 

60 

1,213 

30 

654 

7,022 

No. 

- 
- 

- 
- 

5 

- 
- 
5 

Oi 1 

MW 

- 
- 
- 
- 

706 

- 
- 

706 

No. 

1 

3 

5 

1 

1 

1 

6 

18 

MW 

600 

1,820 

.2 ,645  

60 

507 

3 0 

6 54 

6,316 



EXHIBIT A-22 
P r o j e c t  New O i l  and G a s  Steam P l a n t s  

by Region and U t i l i t y  Company 

. 
Co~npany Name 

Central  Maine 
Power. Co. 

Bal t imore Gas & 
L l e c t r i c  

Bal t imore Gas & 
E l e c t r i c  

Potomac E l e c t r i c  
Power 

F l o r i d a  Power Corp. 

F l o r i d a  Power Corp. 

F l b r l  da Power & 
L i g h t  

F l o r i d a  Pow& & 
L i g h t  

~avannHh E l e c t r i c  & 
Power Co. 

C i t y  o f  D e t r o i t  

Monroe U t i l i t i e s  
Commission 

C i t y  o f  Ponca, OK 

Aust in  ~ l e c t r i  c 
Dept. 

C i t y  of Bryan . 

Gul f  States 
U t i l i t i e s  

C i t y  o f  Lubbock 

Montana-Dakota 
U t i l i t i e s  

San Oiego Gas & 
E l e c t r i c  Co. 

Ci t izens U t i l i -  
t i e s ,  Hawaii 

. C i t i z e n  u t i l i -  
t i e s ,  Haiaraii 

Hawaiian E l e c t r i c  
Company 

Hawaiian E l e c t r i c  
Company 

Hawaiian E l e c t r i c  
Cnmpany 

Region 

1 

3 

4 

5 

6 

8 

9 

Pro jcctcd 
Date 

12-78 

3-81 

1-83 

12-81 

4-78 

10-80 

1980 

1981 

3-79 

6-78 

1979 

1-78 

1-78 

2-78 

9-79 

6-78 

5-79 

10-78 

6-83 

, 
7-80 

7-80 

12-86 

10-82 

U n i t  ID & No. 

W.F. Wyman No. 4 
- 

Brandon Shorcs Nn. 1 

Brandon Shores No. 2 

Chalk Point  No. 4 

Anclote No. 2 

Unknown No. 2 

Mar t in  County No. 1 

Mar t in  County No. 2 

Effingham No. 1 

M i  s tersky 

Monroe No. 14 

Ponca Stm. No. 2 

Decker No. 2 

Roland Dansby No. 1 

Sabine No. 5 

H o l l y  Ave. No. 2 

Glcndive No. 1 

Encina No. 5 

P o r t  A l len,  52 

P o r t  A l len,  S3 

Kahe, 6 
.. 

Kahe, 7 

W.H. H i l l  No. 7 

rue1 
Type . 

O i l  
.. 

O i l  

O i l  

F06 ' 

F06 

F06 

F06 

F06 

O i  1 

F06 

NG 

NG ' 
Gas 

Gas , 

Oi 1 

Gas 

O i  1 

O i  1 

O i  1 

O i  1 

O i  1 

O i  1 
. . 

O i  1 

Sizc 
MW 

600 

610 

610 

600 

556 

200 

863 

863 

163 

60 

100 

43 

400 

105 

507 

58 

30 

298 

10 

2 5 

135 

163 

2 3 
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EXHIBIT A-23 
Summary of Fuel Consumption by Industrial SectGr 

Source: 1975, 1985, and 1990 data were ob ta ined  f rom The Annua-! Report  To 
Conqress, 1977, supp l i ed  by The Energy I n fo rma t i on  Admin i s t r a t i on ,  
DOE 

Primary Fuel 

E l e c t r i c i t y  

D i s t i l l a t e  O i l  

Residual O i l  

L i q u i d  Gas 

Coa 1 

Met Coal 

Naptha 

Natu ra l  Gas 

To ta l  

Annual Growth Rates 

1975 - 1990 

6.0 

10.1 

6.9 

10.8 

5.3 

1.2 

E..1 

I .O 

3.5 

T r i l l i o n s  o f  B tu ' s  

1975 

2,179 

476 

793 

314 

1,391 

2,294 

281 

7,937 

15,665 

1985 

4,181 

1,527 

1,679 

1,084 

2,429 

2,587 

452 

8,193 

22,135 

1990 

5,195 

2,905 

2,143 

1,453 

3,006 

2,724 

592 

9,163 

26,281 



EXHIBIT A-24 
Summary of Fuel Consumption 

By Industrial Section 
1975-1990 

- 

ELECTRICITY 

COAL B MCT OOAL 

10,000 - 
LIOUID GAS& NAPHTHA 

NATURALGAS 

SOURCE: 1975.1985& 1990 DATA WERE OBTAINEO FROM THE ANNUAL REPORT TO CONGRESS, 1977 
SUPPLIED BY THE ENERGY INFORMATION AOMlNlSTRATlON AT DOE. 



EXHIBIT A-25 
Summary of Regional Data of Fuel Consumption in the Industrial Sector 

1975 

Source: 1975 data were ob ta ined  from t h e  Annual R e ~ o r t  t o  C o n a r u ,  1977, supp l i ed  by The Energy Admin i s t r a t i on ,  DOE I 
I, 

Primary 

E l  e c t r i  c i  ty 

D i s t i l l a t e  O i l  

Res i dua,l OS 1  

L i q u i d  Gas - 

Coal 

Met Coal 

Naptha 

Na tu ra l  Gas 

T o t a l  

Regional. Indus t r ia l .Consumpt ion  i n  T r i l l i o n s  o f  Btu/Yr  

New 

6 4 

15 

109 

15 

5 
- 
12 , 

5 7 

276 

Eng.'NY/NJ 

142 

29 

72 

10 

6 6 

94 

3 0 

168 

612 

M i d A t l . r ~ .  

2 44 

5 7 

124 

2 2 

333 

833 

9 

424 

2,046 

Midwest 

519 

9 5 

101 

6 4 

579 

979 

6 8 

1,547 

3,950 

A t l .  

5 15 

7 4 

15 1 

45 

2 11 

22 1 

6 

843 

2,066 

5 .  West 

253 

7 0 

109 

84 

3 7 

2 6 

143 

3,318 

4,041 

Cent ra l  

8 5 

2 1 

6 

3 7 

7 6 

7 

1 

439 

672 

N. Cen t ra l  

44 

3 5 

3 ? 

; ,? 

5 0 

83 
- 

242 

500 

West 

165 

4 6 

46 

28 

9 

50 

11 

682 

1,035 

N. West 

148 

3 6 

37 

1 

2 6 
- 
- 

216 

464 

T o t a l  

2,179 

476 

793 

314 

1,391 

2,294 

281 

7,937 

15,665 - 



1 EXHIBIT A-26 
Summary o f  Regional Data of Fuel  Consumption i n  t h e  I n d u s t r i a l  Sec to r  

19 85 

Source: 1985 data were obtained from t . ie  Annual Report t o  Conqress, 1977, supp l ied  by The Energy Adminis t rat ion,  DOE 

Primary 

Ei  e c t r i  c i  t y  

D f s t i l  l a t e  O i  1 

Residual O i l  

L - q u i d  Gas 

b a  1 

Met Coal 

Naptha 

Natura l  Gas 

To ta l  

-I 

Regiona: I n d u s t r i a l  Consumption i n  - r i l l i o n s  o f  Btu/Yr 

Central  

189 

68 

2 5 

119 

123 

9 

2 

254 

738 

Tota l  

4,181 

1,527 

1,679 

1,084 

2,429 

2,587 

452 

8,193 

22,135 

N. West 

276 

139 

85 ' 

10 

8 3 
- 
- 
63 

657 

N. Cent ra l  

109 

116 

3 4 

41 

212 

92  
- 

166 

769 

S. A t l .  

1,032 

165 

224 

108 

307 

242 

10 

808 

2,894 

Mid-At l .  

457 

223 

155 

5 6 

3 a2 

1,009 

84 

413 

2,678 

' New Eng. 

10 5 

2 6 

205 

49 

3 
- 
18 

8 0  

484 

' West 

239 

9 4 

7 6 

80 

45 

60 

16 

833 

1,443 

NY/NJ 

247 

68 

110 

34 

70 

157 

50 

214 

950 

Midwest 

969 

461 

222 

382 

1,178 

.998  

101 

521 

4,832 

S. West 

559 

179 

545 

206 

95 

2 1 

242 

4,831 

6,678 



E X H I B I T  A-27 
Summary o f  Regional  ' ~ a t a  o f  F u e l  Consumption i n  t h e  I n d u s t r i a l  S e c t o r  

15 '90  

Source: 1990 data were obta ined from the  Annual Report t o  Consress, 1977, supp l ied  by The Energy In fo rma t i on  
Admin is t ra t ion ,  DOE. 

Primary Fuel 

E l e c t r i c i t y  

D i s t i l l a t e  O i l  

Residual O i  1  

L i q u i d  Gas 

Coal - 
Met Coal 

Naptha 

Nafura l  Gas . 

Tota l  

Regional Indus tri a1 Consumption i n  T r i  11 ions  o f  BTU/Y r 

New Eng. 

124 

30 

242 

6 2 

3 
- 

23 

89 

572 

Mid-At l .  

574 

2 57 

174 

69 

3 56 

1,057 

18 

445 

2,951 

NY/NJ 

300 

80 

123 

4 2 

80 

165 

64 

236 

1,089 

S. A t l .  

1,331 

235 

306 

156 

426 

257 

13 

752 

3,474 

West 

278 

110 

8 5 

98 

56 

64 

2 1 

981 

1,693 

Midwest 

1,221 

546 

Central  

241 

117 

4 1 

207 

203 

10 

2 

139 

961 

S. West 

695 

238 

N. Centra l  

127 

186 

43 

67 

332 

9 7 
- 
6 1 

914 

N. West 

303 

205 

111 

2 1 

114 
- 
- 
- 

754 

Tota l  

5,195 

2,005 

2,143 

1,453 

3,006 

2,724 

592 

9,163 

25,281 

238 779 

455 1 277 

1,308 

1,052 

12 7 

568 

5,516 

129 

22 

324 

5,893 

8,358 



EXHIBIT A-28 
Summary o f  F o r e c a s t e d  . I n d u s t r i a l  

Fue l  Consumption t o  Region' 1 
New England 

GROWTH RATES 19711990 

a OVERALL 5.0 - r tLt 'clt i iC1TY 4.5 
m RESIDUAL & OlSTlLL4TF 5.4 
a COAL & MET COAL CONSTANT 

- a NATURAL GAS 3.0 
a LIQUID GAS & NAPHTHA 7.9 

- 
_1 

C 400 ELECTRICITY 

SOURCE: 1975,1985& 1990 DATA WERE OBTAINED FROMTHE ANNUAL REPORTTO CONGRESS, 1977 
SUPPLIEO BY W E  ENERGY INFORMATION ADMINISTRATION AT DOE. 



/ 

I 

EXHIBIT A-29 
I Surnmary o f  F o r e c a s t e d  I n d u s t r i a l  

F u e l  Consumption t o  Region 2 
N e w  York/New J e r s e y  

INDUSTRY SECTOR 
I 1 

OROWTll RATES 1976~1990 

r OVERALL 3.9 
r ELECTRICITY 5.1 
r RESIDUAL & DISTILLATE 4.7 
r COAL & MET COAL 2 9  
r NATURAL GAS 23 
• LI(1UIO GAS & NAPHTHA 6.7 

I / ELECTRICITY 

COAL & MET COAL I 

SOURCE: 1975,1985& 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977 
SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE. 



E X H I B I T  A-30 
Summary o f  F o r e c a s t e d  I n d u s t r i a l  

F u e l  Consumption t o  Region 3 
!lid-At1.ant.i c 

INDUSTRY SECTOR 

GROWTH RATES 

ELECTRICITY 
RES~BUAL & B ~ S P I L L A ~ E  

3,000 
NATURAL GAS 
LIQUID GAS & NAPHTHA 
COAL & MET COAL 

2,700 

2,400 

g 2,100 .* 
3 
b 

m 
i,enn 

3 - 
a 

600 - Ll?UlO GAS & NAPHTHA 

r - . 300 - 
NATURAL GAS 

SOURCE: 1975,1985tl1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977 
SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE. 



E X H I B I T  A-31 
Summary of  'Forecas ted  I n d u s t r i a l  

Fue l  Consumption t o  Region 4 
South A t l a n t i c  

I 

INDUSTRY SECTOR 

GROWTH RATES 1975-1990 

OVERALL 3.5 
,ELECTRICITY 6.5 
RESIDUAL & DISTILLATE 6.0 
COAL & MET COAL 3.1 
NATURAL GAS -0.8 
LIQUID GAS & NAPHTHA 8.3 

COAL & MET COAL 

900 - LIQUID GAS & NAPHTHA 

.. 
I 

I NATURAL GAS I 

SOURCE: 1975,1985& 1990 DATA WERE OBTAINED FROMTHE ANNUAL REPORT TO CONGRESS, 1977 
SUWLILB BY THE ENERGY INFORMATION ADMINISTRATION AT DOE. 



E X H I B I T  A-32 
Summary of Forecas ted  I n d u s t r i a l  

F u e l  Consumption t o  Region 5 
lvlidwes t 

INDUSTRY SECTOR 

GROWTH RATES 1 9 7 5 1  990 

r OVERALL 2.3 
5,500 r ELECTRICITY 5.9 

r RESIDUAL & DISTILLATE 9.7 
r COAL & MET COAL 2.8 

5,000 r NATURAL GAS -6.5 
a LIQUID GAS & NAPHTHA 10.4 

4.500 

. ELECTRICITY 
4,000 

a 3 3,5flr 
5 
I- m 

3,000 
C) 

COAL & MET COAL 

SOURCE: 1975,1985& 1990 DATA WERE OBTAINED FROMTHE ANNUAL REPORT TO CONGRESS, 1977 
SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE. 



EXHIBIT A-33 
Summary of Forecasted Industrial 

Fuel Consumption to Region 6 
Southwest 

INDUSTRY SECTOR 
I 1 

GROWTH RATES 19751990 

r OVERALL 5.0 
r ELECTRICITY 7.0 
r RESIDUAL & DISTILLATE 12.3 
r COAL & MET COAL 6.0 
r NATURALGAS 3.9 
r LI(1UIO GAS & NAPHTHA 6.7 

SOURCE: 1876,1086& 1080 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977 
SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE. 

3000 

2000 

1000 

- 
- NATURAL GAS 

- 1 I 

I I I I I I I I I I I I I 1 
75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 



EXHIBIT A-34 
Summary of Forecas ted  I n d u s t r i a l  

Fuel  Consumption t o  ' Region 7 
C e n t r a l  

INDUSTRY SECTOR / 

GROWTH RATES 19751990 

r OVERALL 2 4  
r ELECTRICITY 7.2 

. r RESIDUAL & DISTILLATE 12.5 
r COAL & MET COAL F S  
r NATURAL CAS .7.4 
r LIQUID GAS & NAPHTHA 7.2 

SOURCE: 1975,1985& 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS. 1977 
.SUPPLIED B,Y THE ENERGY INFORMATION ADMINISTRATION AT DOE. 



EXHIBIT A-35 
Summary, o f  F o r e c a s t e d  I n d u s t r i a l  

Fue l  Consumption t o  Region 8 
North C e n t r a l  

INDUSTRY SECTOR 

GROWTH RATES - 1975.1980 

OVERALL 4.1 
ELECTRICITY 7.3 
RESIDUAL & DISTILLATE 8.1 
COAL & MET COAL 8.0 
NATURAL GAS -8.8 . 
LIQUID GAS & NAPHTHA 13.6 

COAL & MET COAL 

SOURCE: 1975,1985 & 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977 
SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE. 



EXHIBIT A-36 
Summary o f  F o r e c a s t e d  I n d u s t r i a l  

Fue l  Consumption t o  Region 9 
W e s t  

INDUSTRV SECTOR 

GROWTH RATES 1975-1990 I 
r OVERALL ' 3.3 
r ELECTRICITY 3.5 
m RC318UAL & DI3TlLLATC 5.1 
r COAL & MET COAL 4.6 
r NATURAL GAS 2.5 
r LIQUID GAS & NAPHTHA 7.7 

NATURAL GAS . 

SOURCE: 1975,1985& 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS;1977 
SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE. 



/ E X H I B I T  A-37 
Summary o f  F o r e c a s t e d  I n d u s t r i a l  

Fue l  Consumption t o  Region 10 
Northwest  

I 

INDUSTRY SECTOR 

- 

GROWTH RATES 1975-1990 

r OVERALL 3.3 
8 ELECTRICITY 4.9 
r RESIDUAL & DISTILLATE 10.3 
r COAL & MET COAL 10.4 
8 NATURALGAS -3.0 
8 LIQUID GAS & NAPHTHA 2 2 5  

ELECTRICITY 

NATURAL GAS 

SOURCE: 1975,1985& 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977 
SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE. 



APPENDIX B 

THE POTENTIAL ENVIRONMENTAL HAZARDS OF B O I L E R  FUELS 
PRODUCED FROM COAL LIQU&k'AC11'lUN PROCESSES 



APPENDIX B 

THE POTENTI'AL ENVI'RONMENTAL HAZARDS' OF BOILER FUELS 
'PRODUCED FROM COAL 'LI'OUEFAC'TI'ON PROCES'SES 

This appendix presents an assessment of the potential 
environmental hazards of boiler fuels produced from coal 
liquefaction processes. The study thrust is an assessment 
of the products as they will leave the coal liquefaction 
plant (not with Yhe plant itself) and as they would be used 
in the boiler fuel market. This assessment is presented on 
a relative,basis to the product it would most likely replace, 
No. 6 fuel oil. 

The appendix is structured first, to present the various 
data available on the products. The three processes under 
review are at different stages of development and the avail- 
able data were limited and not on a consistent basis. There- 
fore, independently, a methodology to assess the environmental 
hazards was developed by evaluating the basic chemical com- 
position. The findings reached on the environmental hazards 
represent a combination of: currently available data; inter- 
views with government, industry and union representatives; 
and judgments reached by the study team in evaluating the 
chemical composition. 

1. THE ENVTRONMENTAL HAZARDS'OF THE PRODUCTS OF DIRECT 
COAL LI'QUEFACTI'ON PROCESSES WERE ASSESSED IN RELATI'ON 
TO NO. 6 FUEL OIL 

(1) Three Direct Coal Liquefaction Processes Were 
Examined Using Illinois No. 6 Coal As The 
Feedstock 

The Department of Energy (DOE) is sponsoring 
the development of several direct coal 
liquefaction processes as part of a 
national effort to gain energy independence. 

Our study was targeted at analyzing the 
environmental hazards for three of these 
direct coal liquefaction processes: 

- Solvent Refined Coal (SRC-11) * 
- H-Coal **  
- *** Exxon Donor Solvent (EDS). 

-- -. 
* Pittsburgh and Midway Coal Co. (PAMCO) 

** Hydrocarbon ~esearch, Inc. (HRI)  
*** Exxon, Inc. 



These processes are approaching the 
pilot demonstration limit or "mini- 
pilot" stage of development. The 
plants will produce a synthetic crude 
oil, parts of which are targeted for 
%use as boiler fuels by utilities. 

~ilinois No. 6 coal was selected 
as the coal feedstock for evaluation 
in this study. 

- The composition of the 
product of direct lique- 
faction processing will 
depend to a great degree 
on the type of coal 
feedstock. 

- Illinois No. 6 is a 
promising feedstock. 
because of availability 
and compatability. 

- Much of the development 
work to date has been 
performed using Illinois . 

No. 6 coal in the a 

.feedstock. 

- Analyses of ~ 1 l . i n o i s  No. 
6 coal are well documented, 
as shown in the Supplement 
to this Appendix. 

No. 6 fuel oil would be the primary - 
competing product (No. 6 fuel oil 
is also commonly called Bunker C Or' 
PS-400 fuel oil). 

The handling procedures and environ- 
menta'l safeguards required in the 
boiler fuel market for No. 6 fuel 
oil are established. 



. . The assessment of environmental hazards 
of direct liquefaction products in this 
study is compared in relation to No. 6 
fuel oil. 

- The purpose of our assess- 
ment is to determine if 
safeguards above and beyond 
those already in place 
are required. 

- No. 6 fuel oil is 
accepted in the market- 
place at its current 
level of risk. 

- A hazard assessmenton 
-an absolute basis would 
raise questions that are 
presently being studied 
by NIOSH,, petroleum com- 
panies, and others on 
No. 6 fuel oil. 

(3) The Composition Of No. 6 Fuel Oil Is Variable 
Because Specifications Are Based on Functional 
1 

No. 6 fuel oil represents a blend 
of distillation cuts at the refinery 
to satisfy customer specifications 
(with viscosity and sulfur 'content 
usually being by specifications) . The 
actual.composition of No. 6 fuel oil 
will therefore depend on: 

- Crude oil source 
- Customer specifications 
- Available distillation cuts 
- Refinery processing 
- Blend selected. 

The residual fuels are largely byproducts 
of operations aimed at maximizing the 

-. yield or quality of other petroleum 
products. As an example, Texaco mixes 
the heavy vacuum still residuum with 
off-specification cutter 'stock (dis- 

. tillate fuel oil) to produce No. 6 fuel 



oil, which meets the ASTM* standards 
.for Saybolt Fur01 viscosity and flash 
point. . 

Exhibit B-1, on the following page., 
presents the three commonly used 
standards and specifications for 
No. 6 fuel oil. 

- ASTM standard 
- Pacific standard 
- Trade standard 

These standards are based on physical 
rather than compositional analyses. 

In practice, there is no one composi- 
tion of Number 6 fuel oil. Exhibit 
B-2, following Exhibit B-1, presents 
typical metallic impurities that exist in 
different types of No. 6 fuel oil from 
two companies. 

Exhibit B-3, following Exhibit B-2, 
presents chemical group compositional 
data for a No. 6 fuel oil. Although, 
this analysis can vary for the oil 
selected, the study.team selected 
this analysis as a benchmark for No. 
6 f,uel ail. In practice, there would 
be a range of each of the chemical 
groups with the range constantly 
changing. 

- The composition of No. 6 fuel 
oil can vary depending on the 
crude oils used, the refinery, 
and day -of production. 

. - Oil companies have not performed 
detailed chemical analyses on 
residual fuel oil because of 
the great variation in product 
composition. 

- Many analyses that have been 
done are considered proprietary 
information. 

* American Society for  Test Materials. 

B-4 



Speci f ica t ion  Unit of Measure 

Flash 'point  O~ahrenhe i t  

Water and sediment Volume percent  

Viscosi ty 
Saybolt Universal Sec @ lOOOF Min 

M a x  
Saybolt Fyrol Sec @ 122OF Min 

M a x  
~ i n e m a t i c  CST @ 122OF Min 

M a x  

Gravity OAPI , 

S p e c i f i . ~  g rav i ty  lb .  /gal. 

Heat content  . BTU/gal 

I 
Sources: ASTM Standards 

Petroleum Products Handbook 

EXHIBIT B - 1  
Department of Energy 

THRF,E COMMONLY USED STANDARDS AND 
SPECIFICATIONS FOR NUMBER 6 FUEL OIL 

STANDARDS 
' ASTM P a c i f i c  Trade 

P e r r y ' s  Chemical Engineers Handbook 



M e t a l l i c  
Impur i ty  

S u l f u r  

* Vanadium 

Nickel 

I r o n  

Sodium 

Company A . 
Low S u l f u r  Reguler Domestic 

EXHIBIT B-2 
Department of Energy 

TYPICAL \'ARIATIONS I N  METALLIC IMPURITIES 
AND SULFUR CONTl3NT I N  NUMBER 6 FUEL OILS 

Company B 
Low S u l f c r  Regular Domestic 

~ u e l  O i l  Fue l  O i l  Fue l  O i l  Fuel O i l  

( P P ~ )  ( P P ~ )  ( P P ~ )  ( P P ~ )  

5,000-10,000 39', OOO* 15,000-30,000 29, OOO* 

Calcium 10- 50 

* Expressed as 2.9 w t .  % 

Source: Oak Ridge Nat iona l  Laboratory Report ORNb/TM-5529. Impact of  A l t e rna t e  Fue ls  
on Indus t r ia l1  R e f r a c t o r i e s  and Refrzictory I n s u l a t i o n  Applicatiosls,  An Assessment, 
September 1976 



EXHIBIT B-3 
Department of Ener'gy 

TYPICAL COMPOSITIONAL DATA FOR 
BUNKER C FUEL 

CHEMICAL GROUP ANALYSES 
< 

source: . National Oceanic and Atmospheric Administration report 
ERL MESA-17, October 1977 
API Report AID. 1BA.. 74, February 1974 



( 4 )  Products From Two Indirect Coal Liquefaction 
Processes Are Inherently Clean 'And Therefore 
Are Not Analyzed In Relation To Direct Coal 
Liquefaction.Products Or No. 6 Fue'l Oil 

The two indirect processes currently 
in use today are: Fischer-Tropsch 
and Methanol synthesis. Both of these 
processes yield a liquefied product 
after gasification of the coal. 

The Fischer-Tropsch process has been 
commercially operated in Germany and 
South Africa. 

- The Fischer-Tropsch process 
produces a synthesis gas 
from coal by gasification . 

with steam and oxygen. The 
gas is then purified and 
converted largely to ali- ' 

phatic hydrocarbons over an 
iron or cobalt catalyst. 

- In addition to being 
operated by Germany during 
World World I1 and South 
Africa since 1956, the 
process has been applied 
in the United States at: 

. . Louisiana, 
Missouri--U. S. 
Bureau of Mines 
pilot plant 
operated in the 
early 1950's. 

. . Brownsville, 
Texas--Corn- 
mercial plant 
operated in 
the 1950's. 



- The product of the Fischer- , 

Tropsch process largely 
contains aliphatic hydro- 
carbons which are relatively . !. 

safe from an environmental 
hazard perspective. ' 

. . Concentrations of 
potentially hazardous 

\ components such as 
heavy nrnmat?i r: cnmpnnnds 
in the product would be 
less than in No. 6 fuel 
oil. 

.. In addition, the product 
would be essentihlly free 
from sultur and nitrogen, 
presen'ting less air pol- 
lution concern on burning. 

Methanol synthesis from coal pro- 
duces a product with known hazards: 

- There are a number of methanol 
synthesis processes utilizing 
various catal'ysts commercially 
available. 

- Thc product is methanol, The 
hazards associated with methanol 
are well documented and are pre- 
sented in Exhibit B-4 on the 
fol 1 nwing page. 

- Methanol is considered en~Ir0n- 
- mentally safe when handled 

properly. 

- The amount of impurities. in 
methanol produced from coal 
in comparison to methanol 
produced from petroleum 
should be determined to 
assess the relative hazards. 



\ Hazard TYPe 

Biological Toxic 

Ingestion 

Inhalation 

Dermal 

Eyes 

carcinogenicity 

Envirognental Air pollution 

Water/ground 
pollution 

Physical and ~xplosion/fire 
Chemical 

EXHIBIT B-4 ' 

Department of Energy 
PUBLISHED HAZARDS ASSOCIATED 

WITH METHANOL 

Explanation 

Poisonous-regulated by Federal 
Hazardous Substances Act. "Cannot 
be made nonpoisonous. Vapor 
harmful, may be fatal or cause 
blindness if swallowed" 

50-100 ml usually fatal dose 
Individual tolerances vary 

1000 ppm causes irritation to 
eyes and mucous membranes ' ' 

50,000 ppm causes deep narcosis, 
possibly death . 

200 ppm is estimated upper 
to1eranc.e limit for. steady exposure 

Usual effects are removal of 
grease and drying of the skin . 

Methanol can be absorbed through 
the skin 

Can cause blurring of vision, 
extreme sensitivity to light 
and inflamation 

Lower than those of petroleum 
products due to absence of 
polynuclear aromatics 

Combustion products are lower 
than those of petroleum fuels - 
reduced carbon monoxide and hydro- 
carbon emissions, somewhat increased 
emissions of aldehydes 
No sulfur oxides or soot are formed 

Soluble in water, can be diluted, 
biodegradable with some bacteria 
(i.e. Pseudomonas fluorescens) 

Flanmability limits in air 7.3 - 
36% at STP; 
Saturated vapor at.68OF contains 
139 methanol-explosive; flame 
arrestors and inert gas blankets 
may be necessary in handling 



EXHIBIT B-4 
Department of  Energy 

Hazard Type Explanat ion 

React ive 

Regulatory Agencies 

Reacts v igorous ly  wi th  ox id i z ing  
agen t s  

Coast Guard, Department of  Trans- 
p o r t a t i o n ,  I n t e r n a t i o n a l  A i r  
Trarlsport Associat ion 

Sources: SAX: Dangerous P r o p e r t i e s  of I n d u s t r i a l  Mater ia l s ;  
Soc ie ty  of Automotive Engineers;  
Booz, Al len  & Hamilton, Inc.  



2. LIMITED 'ANALYTICAL OR QUANTITATIVE DATA ARE AVAILABLE 
FOR 'STUDYING THE PRODUCTS OF THE DIRECT LI'QUEFACTION 
PROCESSES ' 

In order to assess the hazard potential of direct coal 
liquefaction products, literature searches and personal 
interviews were conducted to obtain: 

Chemical .analyses of the products 

Epidemiological data from previous 
or similar plants 

. Biological data for the complete . 

product mixture 

Analyses of combustion products. 

It has been found that much work has been done on 
characterizing the hazardous properties of coal tars, runoff 
from coal wastes and coal residues of traditional coal 
processing plants. 

Since the coal liquefaction industry is new, and the 
technology is developmental, the data used in this assessment 
of hazards are limited and at times incomplete. 'Judgments 
maae are based on interviews with government, industry and 
union representatives and the best publicly available 
information. 

(1) Chemical- Analyses Of The Products From Each 
Pr.o'ces's' Are 'Genera'lly' Unava'ilable - 

The chemical components of coal 
liquids contain numerous.complex molecules, 
with high boiling points, which are 
difficult to analyze.. 

- There are estimated to 
be over 10,000 individ- 
ual compounds in coal 
liquefaction products 
and also in No. 6 fuel 
oil. 

- Compounds are presently 
characterized by their 
solubility and polarity. 



Analytical techniques are still being 
developed to analyze the chemical 
groups and compounds found in coal 

Q liquefaction products. ,These techniques 
. use the following advanced analytical . 

methods : 

- . Gradient elution chrom- 
atography 

- .Nuclear magnetic resonance 

- Gel permeation ,.chroma- 
tography 

Data are reported,in formats that are 
based on analyses developed for. crude 
oil. These formats cannot be consis- 
tently used for comparison of coal 
liquefaction products as they usually 
specify only: 

- Elemental analyses 
e 

= ABI gravity 

- Other physical parameters 

In general, analyses for polycyclic 
aromatics, sulfur compounds, nitrogen 
heterocyclics, monocyclic aromatics, 
~IIOL yaliics dlld il~suluLles ILLUS L be 
interpreted from other data and are 
only qualitative in nature or are 
unavailable. The data are generally 
inconsistent. For example: 

- An Exxon EDS analysis reports 
data on several different 
bases. 

.. Sulfur, X-Ray, 
Wt. percent 

. . Mercaptan No. 
mg/100 ml -- 
proprietary test 



.. PhenolNo. 
mg/100 ml--pro- 
prietary test 

. . Aromatics, 
Wt. percent 

. . Olefins, Wt. 
percent 

. . Saturates, Wt. 
percent. 

- An HRI H-Coal analysis 
gives' a detailed 
analysis of two adjacent 
boiling point fractions 
400-650°F and 650-919°~ 
in a different format. 

.. Saturates, with 
chemical components 
in wt. percent 

.. Unsaturated, non- 
aromatics, with 
chemical components 
in wt. percent 

.. Aromatic compounds, 
' with chemical com- 
ponents in wt..percent 

.. Phenols, with chemical 
components in wt. percent 

.. Non-hydrocarbon in wt. 
percent. 

- A 'PAMCO S R C - I 1  analysis 
shows the'qualitative pre- 
sence of individual polycyclic 
aromatic compounds, thiophenes 
and phenols.. Other analyses 
are provided on an elemental 
basis. 



The coal liquefaction giants are in the 
pilot stage which limits the amounts and 
consistency of product available fnr 
analysis. 

- Operating conditions are 
experimental and still 
changing. 

- P ~ O ~ U C ~  availability is 
limited. 

Difficulties in analysis also arise 
from the need for pure analytical chemical 
standards for compound identificatiorl. 

- obtaining analytical 
standards is difficult 
with the great number of 
estimated compounds, 

- Some compounds may be 
unique to coal lique- 
faction products and 
analytical standards 
may not exist. 

(2) The Limited Epidemiological Data Available May 
Not Re Applicable To The Products Of Current 
Direct -..- - Coal Liquefaction Processes 

Egidemioloqical data for coal liquefaction 
processes are available from the Institute, 
West Virginia liquefaction plant operated by 
Union Carbide during 1952-1960. 

The products of current direct liquefaction 
processes are expected to differ from the 
products produced by the Institute plant. 

- Operating conditions (tem- 
perature and pressure) were 
more severe than current 
processing. 

.. This generally 
produced more poly- 
cyclic aromatic 
hydrocarbons. 



.. The more aromatic 
product from t h e  
I n s t i t u t e  p l a n t  i s  
l i k e l y  t o  be more 
hazardous than 
c u r r e n t  products.  

- Data c o l l e c t e d  was more 
r e l e v a n t  t o  t h e  p l a n t  
environment a s  a whole, 
r a t h e r  than t h e  product. 

Worker hygiene programs i n  t h e  c u r r e n t  
p l a n t s  a r e  expected t o  begin wi th  t h e  
p l a n t  design and involve s tr ict  en- 
forcement of personnel hygiene r u l e s .  

The worker hygiene program a t  t h e  I n s t i t u t e ,  
W e s t  V i rg in ia  p l a n t  d i d  n o t  s t a r t  u n t i l  1954, 
two yea r s  a f t e r  t h e  p l a n t  s t a r t e d  up. 

Exhib i t  B-5, on t h e  following page, 
presents  epidemiological  d a t a  a t  t h e  p lant (  
showing t h e  incidence of s k i n  l e s i o n s .  
The r e p o r t  from t h e  p l a n t  medical d i r e c t o r ,  
D r .  Richard Sexton, M.D., on t h e  c o n t r o l  
program and c l i n i c a l  e f f e c t s ,  no tes  t h e  
following l i m i t a t i o n s :  

- 359 men worked r e g u l a r l y  i n  
t h e  p i a n t  from May, 1952 t o  
February, 1960. This i s  a 
small  sample s i z e  

- Eight  men of t h e  359 men 
working i n  t h e  p l a n t  had 
n ine  cancers  

- Some tumors were n o t  
pa tho log ica l ly  examined 

- Some t i s s u e  blocks w e r e  
destroyed 

- Consulting physicians 
disagreed concerning 
t h e i r  diagnoses 

- Some tumors w e r e  excised 
poorly because of e a r l y  
d e t e c t i o n  and t h e i r  small  
s i z e .  



EXHIBIT B-5 
Department of Energy 
SKIN CANCER HISTORY 

INSTITUTE, WEST VIRGINIA LIQUEFACTION PLANT 

Incidence of Skin Lesions Diagnosed in Coal Hydrogenation Process 
Workmen with Nine Months' or More Exposure Between 1954 and 1959 

Incidence/100,000/Year 
No. of Cases Probable ) 

Age Groups No. of Workers Precancer Probable Cancer Verified Cancer Plus Verified Verified Only 

Source.: 

Crude 
Age-adjusted, West Virqinia 
Age-adjusted, United states 

Mean Incidence 
1,116 667 
1,061 661 
1,112 664 

Precursors of Skin Cancer Cases 

Mean Aye . Le.ng* .o.f' . . . xposure' 
No. of Cases, in Years Minimum . Maximum Diagnoses 

30 10 no.- 6 yr. 2 mo. Pitch acne 
39 3 yr. 5 mo. Calcifying 

Epithelioma 
Malherbes 

40 9 yr. 8 mo. Keratoscanthoma 
3 3  3+mo. - 3 yr. 6 mo. Chondrodermatitis 

helicis 
39 10 mo.- 9 yr. 8 mo. Karatoses 
44 1 yr. 5 mo.- 8 yr. Keratoses 
40 4 mo.- 9 yr. Actboses and 

hyperkeratoses. 

Archives of Environmental Health, Sexton, R.J. "Tile Hazard to Health in the Hydrogenation of Coal,;" 
Volume 1, 1960. 



Epidemiologica-1 data are available for 
workers in the coal pitch and tar industries, 
but these data may not be applicable to. 
direct coal liquefaction products. 

- Coal pitches and tars have 
known health hazards. 

- Some components in fhe products 
are similar, but concentrations 
are different. 

- Handling characteristics of 
the produc,ts are different-- 
solids and heavy oils vs. 
liquid for direct liquefac- 
tion products'. 

Similar epidemiological surveys for pe- 
troleum workers are currently underway. 
This will be useful for a future com- 
parative hazard assessment. 

Present coal liquefaction plants have 
operated for too short a time to gener- 
ate epidemiologioal . . data. 

- Cancer has been known to develop 
from7 to 65 years after exposure 
to coal tar and pitch. 

- The SRC plant at Tacoma 
Washington has been in opera- 
tion since January, 1974. 

- No cancer traceable to the 
SRC plant operations has been 
reported. 

- Epidemiological data would be ap- 
plicable to the processing plant. 
The product itself could not be 
judged on the basis of this data 
alone regarding'end-use hazards. 

(3) Biological Test Data Are Limited 'fo'r Coal 
Liquefaction Products 

No information is currently available 
on the carcinogenic potential of .the 
product as a whole. 



Biological data for coal liquefaction 
products are most applicable when the 
product as a whole is used for tests. 

The Pittsburgh and Midway Coal Mining 
Company (PAMCO) has developed a 
toxicological evaluation program 
consisting of: 

- Acute tests to provide in- 
sight into the effects of 
short term exposures and to 
serve as a guide for further 
tests 

- Inhalation and dermal car- 
cinogenesis surveys which 
evaluate the potential skin 

;* and respiratory cancer hazard 
associated with long term 
exposures to SRC materials 

- Subacute and special in- 
termediate tests which 
evaluate potential terato- 
genic effects. 

Unfortunately, this program was to be 
carried out at Industrial Bio Test 
Laboratories (IBT) , which is virtually 
shut down because of action by the 
EPA, based on questionable validity of 
previous tests performed. The SRC-I1 
program status is un,kriown. 

/ 

The Department of Energy is sponsoring 
biostudies at ~attelle-Pacific North- 
west Laboratories, using SRC products. 

The AF'L-CIO and the OCAWU are only now 
beginning to study the effects of the 
products on worker safety and health. 
Their prime concern is for workers in 
the plant and the effects of accidents 
such as valve blowouts on worker exposure. 

. Preliminary biotesting is being per- 
formed by Oak Ridge National Labora- 
tories on H-Coal and EDS Liquids. The 
products being tested are not considered 
representative of the final product. 



( 4 )  Tes.t Burn Data are Available but Limited 
Bec'ause o'f Short 'Test Duratio'n a'nd Brief 
Anal'vse's. Fer fo'rmed 

Two test burns have been conducted on 
SRC-11 coal liquids. 

- The .Pittsburgh Energy Re- 
search Center conducted pre- 
liminary tests on a 100 
horsepower fire tube bwiler. 

- The Electric Power Research 
Institute, Consolidated 
Edison Company of New York, 
and the New York State ERDA 
(in cooperation with the U.S. 
Department of Energy) conducted. 
a five-day test burn,*using 4,500 
barrels of SRC-I1 fuel oil in a 
commercial tangentially fired 
utility boiler. 

A detailed report on the Consolidated 
Edison test burn notes several limitations 
for pr'ojecting data- from the test. . 

- The test was based on the 
characteristics.of the SRC-I1 
composite fuel used--it was a 
compos.itse made from t h . r e e  r 

separate coals. 

- The test results relate 
specj-f .i..ca.l.l.y t.n the type o f  
tangentially fired boiler used 
by Con Ed. 

- The-limited number of poly- 
cyclic organic matter (POM) 
samples and uncertainties 
in the combined sampling/ 
extraction/analysis show 
the need for caution in 
interpreting results. 

The limited amount of SRC-I1 fuel used 
in the test burn did not allow time 
to optimize the combustion hardware. 
Differences anticipated from a more 
optimum design were judged to be 
relatively minor. 



3. OUR APPROACH TO DETERMINING TEE POTENTIAL HAZARDS OF 
DIRECT COAL LIQUEFACTION PRODUCTS WAS TO COMPARE 
CHEMICAL GROUPINGS AT FOUR LEVELS OF ANALYSIS: 
ULTIMATE ANALYSIS; CHEMICAL GROUPS; CHEMICAL COMPOUNDS; 
AND TRACE ELEMENTS 

Though.existing analyses of the products are few and sub- 
ject to the limitations previously. discussed, a step-wise, 
four-level review using the best available data allows in- 
formed judgments to be drawn on worker safety and health 
and environmental impacts of direct coal liquefaction 
products. These conclusions are drawn from the knowledge 
of the effects of similar chemical groupings found in 
products from other industries where hazards are known. 
The levels of analysis were chosen because information is 
available for direct liquefaction products in those formats. 
Identical analyses £or each of the three processes under 
review are unavailable in the same format when compared to. 
similar analyses of No. 6 fuel oil. 

We chose these four levels of anaSysis because: 

Combustion products.can be predicted 
from the ultimate analyses and can be 
used to develop comparative enlissivr~ 
data. 

Groups of known or suspected carcinogens 
and toxic chemicals. can be identified 
and compared by relative concentrations. 

I 

Toxicity and carcinogenic potentials 
of direct coal liquefaction products 
and No. 6 fuel oil can be compared 
by determining the relative concentra- 
'tions in each product of the more 
common hazardous chemical compounds 
that are usually identified with coal 
conversion products. 



(1) Worker Safety And Health Effects Can Be 
Appro'ximated Based 'On The Four Levels Of 
Analvses 

The four.l.evels of analysis, as illustrated 
in Exhibit B-6, can be used to assess the 
potential biological hazards of direct coal 
liquefaction products for: 

- Toxicity 

- Carcinogenicity 

- Mutagenicity 

A description of the biological effects specified 
by these tern is found in Appendix B-3. 

Ultimate analyses (sometimes called 
e,lemental.) for carbon, hydrogen; 
nitrogen, sulfur and oxygen can be 
used to determine some general char- 
acteristics of the products. 

- The'carbon to hydrogen ratio 
gives an indication of the 
high or low boiling nature of 
the product. 

- High sulfur, nitrogen and oxygen 
~ontents~generally indicate more 
toxic and carcinogenic properties 
of the products. 

- Sulfur and nitrogen can be 
used to assess SO and NOx 
emissions. x 

A general characterization of the probable 
hazards from chemical groups is described 
in Exhibit B-7. This,type of analysis pro- 
vides a method for associating direct coal 
liquefaction products with known hazards of 
various chemical grouping., 



EXHIBIT B-6 
DEPARTMENT OF ENERGY 

ANALYSIS GROUPINGS AND THEIR POTENTIAL FOR 
ESTIMATING HAZARDS TO WOFXER HEALTH AND SAFETY 

Ultimate analysis (elemental 
composition) 

Trace elements 

Chemical' groups 

Chemical compounds 

Source: Booz, Allen & Hamilton Inc. 

Hazard Estimating Potential 

Emissions from combustion 
--SOx, NOx and particulates > 

Toxicity, reactivity and 
corrosivity 

Carcinogenicity, toxicity 
mutagenicity 

Carcinogenicity, toxicity, 
mutagenicity, teratogenicity 
particulate emissions 



EXHIBIT B -7 
Department of Energy 

CHARACTERIZATION OF PROBABLE CHEMICAL 
HAZARDS IN BOILER FUELS FROM COAL 

LIQUEFACTION PRODUCTS 

Chemical 
Group Examples Effects 

Polycyclic aromatics Naphthalenes, anthra- Toxic, carcinogen 
cenes, benzanthra- 
cenes, pyrenes, benzopy- 
renes, indenopyrenes 
chrysenes, benzofluor- 
anthenes , * 

Sulfur compounds Mercaptans, thiophenes Irritant, toxic, sus- 
thioureas, sulfonic pected carcinogen, 
acids mutagen 

Nitrogen heterocyclics Pyridines, indoles, Toxic, carcinogen 
carbazoles benzcar- 
bazules , yuirlulines, 
morpholines, diben- ' 
zacridines, phena- 
zines 

Nonheterocyclic nitro- Amines, amides, imines Toxic, carcinogen, 
gen compound hydrazines, semicarba- mutagen 

zides azo compounds 

Monocyclic aromatics Phenols, xylenols, Irritant, toxic, 
cresols suspected carcinogen 

Inorganics--elements Arsenic, bromine, Toxic,. irritant, 
eesium, lanthanum, carcinogen 
cobalt, mercury, 
iodine, sulfur, 
yttrium, ytterbium 

Pnorganics--compounds Antimony trioxide Carcinogens, toxlc, 
Diarsenic trioxide irritant, corrosive 
Barium carbonate 
Boron oxide 
Cadmium sulfide 
Cyanide 

' Metal chromates 
Copper sulfate 
Gold salts 
Lead chromate 
Potassium chromate 
Selenium metal complex 
Silver salts 
Sodium vanadate 
Zinc sulfide 

Source: U.S. Department of Energy, Contract No. Ex-76-C-01-1795, Assessment, 
Selection and ~evelopment of Procedures for Determining the Environ- 
mental Acceptability of Synthetic Fuel Plants based on Coal, May 1977 



- Many polycyclic aromatics are known 
to be carcinogenic. It has been 
noted that the heavier molecules, 

' particularly the 4, 5 and 6 
ring aromatics, have the strongest 
carcinogenic .properties. 

- Nitrogen heterocyclics and 
sulfur compounds can contain . 
some known or suspected 
carcinogens and are moderately 
toxic. Since these nitrogen 
and sulfur compounds 
are generally more water soluble 
than polycyclic aromatics, only 
small concentrations are expected 
in the products. 

- ~onoc~clic compounds can be 
classified as moderately to 
very toxic, (ratings by 
Gosselin et al. 1976) and 
contain some carcinogens. 

- Inorganic elements and compounds 
have known fndividual toxicity ar~d 
carcinogenicity. ratings. Some are 
non-toxic and non-carcinogenic. 

Health hazards fbr some individual chemical 
compounds found in direct coal liquefaction 
products are known. Exhibit B-4 provides 
the potential health effects for several of 
these compounds and can be used qualitatively 
to assess the comparative hazardous nature 
of the products. The quantities involved, 
however, are often small. 

The inorganic compound analysis is also 
useful in assessing the toxicity and 
carcinogenicity o'£ coal liquefaction prod- . .  -. . 
UC~S. ' Exhibits B-4 and B-5 ''pro&d& in- 
sight into hazards of par'ticular elements 
and compounds that can be found. in coal 
liquefaction products. Some of these compounds 
are among the most toxic known to man ( e , . ~ . ,  
cyanide). These compounds are, however, 
usually Eound only in trace quantities 
(less than - 500 ppm). Their presence is 
related to the presence of trace elements 
in the mother coal. 



Trace elements are found in coal liquefaction 
products in extremely small quantities. Many 
of the elements found have been known to 
cause toxic symptoms in humans who are ex- I 

posed to larger quantities. Some of these 
trace elements, or compounds associated with 
them,. have also been known to accumulate in 
various organs and cause disease. 

(2) Environmental Effects Can Also Be Approximated 
From These Analvses 

. Air pollution effects can be estimated 
by the ultimate chemical compound and 
trace element analyses assessed relative 
to No. 6 fuel oil. 

- SO, and NOx emissions can be approximated 
hy t:he elemental analysis of sulfur and 
nitrogen. 

NOTE: SOx and NO, emissions approximated 
by the elemental analysis of sulfur and 
nitrogen may not be completely representa- 
tive since: 

NOx is a function of fuel'nitrogen, 
thermal conversion of N2 to NO, in 
the hot flame zone,:.% excess U2 in 
the boiler and boil-es design. 

Assuming NOx emissions on fuel N2 
i s  not completely representative. 

- Particulate emissions can be approximated 
by the Carbon to Hydrogen ratio. 

-  shes will depend on trace elements 
found in the product. 

- Polycyclic aromatic hydrocarbon emissions 
may depend on polycyclic aromatics in 
the product. , , 

- vapors released by the product depend on 
the chemical compounds .and physical 
characteristics of the product which can 
be approximated from the ultimate 
analysis. 



Water pollution effects can be assessed by 
evaluating the chemical compounds in the 
products and the trace elementqand inorganic 
analyses of the products relative to 
No. 6 fuel oil. 

. . Ground contamination will also be assessed 
by the chemical compounds, trace element and 
inorganic.analyses of the products rela- 
tive to No. 6 fuel oil. 

Exhibit B-6 shows the significance of some . 
elements known to cause problems in utility 

. boiler operations. 

4. ' THE ENVIRONMENTAL HAZARDS FOR DIRECT COAL LIQUEFACTIO N 
PRODUCTS' WERE ASSESSED FOR BOTH 'ROUTINE 'AND EPISODAI, 
EVENTS 

To evaluate $he environmental hazards associated 
with coal.liquefaction products, we studied each 

I 

of the routine tasks and potential episodal events 
that could be associated with the product once it 
left the liquefaction plant ga-te. This analysis 
was performed only for the boiler fuel product, 
not byproducts, refinery streams, or waste streams. 

Exhibit B-8, on the following page, presents routine 
tasks that were evaluated and the potential environ- 
mental impact areas associated kith each task. 

Exhibit B-9, following Exhibit B-8, presents 
episodal events that were evaluated and the po- 
tential environmental impact areas associated 
with. .each event. 



Routir~e Tasks 

Loading 
. 'I 

Transport 

Unloading I 
Storage I 

Cleanup and maintenance 
of equipment used above 

EXHIBIT B-8 
Department of Energy 

ROUTINE TASKS AND THE POTENTIAL ENVIRONMENT 
IMPACTS OF USING COAL LIQUIDS 

Sampling and analysis 

Precombustion processing 

Combustion 

Residue disposal--oil ash, 
furnance deposits 

Chemical cleaning 

Potential 
Environmental Impact 

Worker exposure to liquids 
and vapors 

Worker exposure to liquids, 
vapors and residues. 

Worker exposure to liquids and 
vapors 

Minimal--closed system 

Worker and population exposure 
due to fly ash, incombustible 
organics, inorganics and trace 
elements 

Worker exposure to solid deposits 
of incombustible organics, inor- 
ganics and trace elements 

Worker exposure to liquids, 
vapors, residues and incombustible 
organics, lnorganics and trace 
elements 

Worker exposure to liquids, 
vapors, residues and solvents 

NOTE: It is assumed that disposal of wastes from the cleaning 
and res2due disposal operations is performed in accordance 
with approved procedures. 

Source: Booz. Allen & Hamilton Inc. 



Routine Task 

! 
Loading 

Transport 

Unloading I 
Storage I 

EXHIBIT B-9 
Department of Energy 

EPISODAL EVENTS AND THE POTENTIAL 
ENVIRONMENTAL IMPACTS OF 

USING COAL LIQUIDS 

Potential 
~pisodai Event Environmental Impact 

Worker exposure 
Air pollution 

Accidents/spills/ Water pollution 
disasters Ground pollution 

Fire/explosion 
Public health 

Cleanup and maintenance Accident/spills 
of equipment used above 

Sampling and analysis Accident 

Precombustion processing Leaks/ruptures 

Combustion 

Residue disposal-- 
oil ash, furnace 
deposits 

Maintenance 

Chemical cleaning 

Incomplete com- 
bustion 

Accident 

Accident 

Accident 

Worker exposure 
Water pollution 
Ground contamination 

Worker exposure 

Worker exposure 
Air pollution 
Water pollution 
Ground con tamj.na t.i,nn 
Fire/explosion 

Air pollution 
worker exposure 
Public Health 

Worker exposure 
Ground contamination 
Water pollution 

Worker exposure 
Ground contamination 
Water pollution 

Worker exposure 
Ground contamination 
Water pollution 
Air pollution 
Fire/explosion 

Source: Booz, Allen & Hamilton Inc. 



5. GIVEN 'THAT THE COAL LIQUEF'ACTION' PRODUCTS START WITH 
A SIMILAR COAL AND BECAUSE OF PROCES'S' SI'MILA'RI'TIES . 
THEY PRESENT SIMILAR RELATIVE HAZARDS 

(1) There Are Basic Similarities Among The processes 
And Their O~eratina Conditions 

The H-Coal process is a-catalytic 
hydroliquefaction process developed 
by Hydrocarbon Research Inc. The 
plant can operate in either of 
two modes: a fuel oil mode or a 
synfuel mode. The differences be- 
tween the modes are primarily in 
the severity of operating conditions 
and the degree of hydrogenation. 
A plant under construction in 
Cattletsburg, Kentucky, expects the 
ebv1.l.a ting hed react .0~  process 
operating conditions to be 2,600 
psi at a temperature of 3700C. 

The EDS process is a noncatalytic 
coal liquefaction process (cata- 
lysts are used for saturating the 
solvent and upgrading products) de- 
veloped by Exxon, Inc. Dried and 
ground coal is mixed with donor 
solvent recovered £ram the process. 
The slurry is reacted with a 
hydrogen-rich gas at about 380°c 
and 2800 psi. This reaction . 
produces a mixture of gaseous, 
liquid and solid products which 4 

are further processed. The 
products are separated and the 
liquids are further hydrotreated. 
The donor solvent is also regen- 
erated in this step. 



The SRC-I1 process is a noncata- 
lytic hydroliquefaction process 
under development by the Pittsburgh 
and Midway Coal Mining Company, a 
subsidiary of Gulf Oil Corporation. 
The process involves slurrying the 
coal in a process-derived solvent 
and hydrogenating the mixture at a 
temperature of 457O~ and at pressure 
of 2,000 psi. Hydro treating of the 
liquid product is continued to remove 
sulfur and other impurities. Irhe 
severity of conditions and variances 
in hydrogen consumption can change 
the characteristics of the product. 

Exhibit B-10, on the following page, 
shows the similarities of the three 
processes, operating conditions and 
yields. Important similarities to 
note are: 

- The reactor operating 
temperature spans a 
range of only 8 7 O ~  
of a high of. 4570C. 

- Operating pressures 
span only 800 psi 
out of 2,800 psi. 

- All three processes are still 
under development; there- 
fore operating conditions 
are subject to change and 
will probably overlap each 
other at times. 

Exhibit B-11, following Exhibit B-10, 
compares the "traditional" unit operations 
of the three processes. 

- Five of the eight unit 
operations noted are the 
same. 



EXHIBIT B-10 
Department o f  Energy 

HYDROLIQUEFACTION OPERATING CONDITIONS 
OF THE THREE DIWCT COAL LIQUEFACTION PROCESSES 

Process  
Condit ion H-Coal SRC-I1 Exxon Donor Solvent  

Reactor temperature ,  OC 370 457 380 

Reactor  p r e s s u r e ,  p s i  2,600 2,000 2,800 

Yie ld  (Bbls/ ton d ry  koal) 1 .7  1.7 

, 

Source: EPA Report No. EPA-600/7-78-1849; Environmental Assessment 
D a t a  B a s e  f o r  Coal L iquefac t ion  Technology, Volume I ,  
Systems f o r  14 Liquefac t ion  Processes ,  U.S. Department. 
o f  Energy, Booz, Al len  & Hamilton Inc . ,  August 1978 



EXHIBIT B - l l  \ 

Department of Enerqy 
lROCCCS Si>IILJ.RITIES CF THE THREE 

DIRECT CGAL LIQLEF.iCTION PROCFSSES- GNDEX 2EVIZiJ ' 

Coal 3repsration 

1 Hylrogenation 

Catalytic synthesis 

Phase separation 

Fracticnaticn 

Hydroqen,/synthesis 
gas generation 

In c 1 uded in prcce s s 

::lodified process 

Source: EP.\ Report No. EPA-600/7-78-184a; Environmental Assessment 
Data Bas2 for Coal Liqusfaction Technology, -Jolume I, 
Systems f3r 14 Liquefaction Processes, Acgust 197!3;'3ooz 
Allen 6 Hainilton Inc. 



- Though hydr.otreating is 
noted only for the EDS 
process, the degree of 
hyd-rogenat'ion for each of 
the processes' is variable. 

- ~hough the SRC-11 process 
uses no additional cat- 
aly'st, recycle of the 
product stream causes 
the impurities of the 
coal itself to be a 
catalyst. 

\ 

- 
. .  ' 

Because of the dual mode 
operation capability of 
the H-Coal plant, a product 
fractionation unit is 
not included. However, .:. . ,  
streams are distilled 

' into heavy and light ends. . . 

(2) Analyses Of ,The Products Are Limited, But 
Similarities Can Be Seen Among The ~vail- 
able Information 

. Ultimate analyses have been provided 
by the Department of Energy for the 
various dil-ec L liquef ac Lion prodcrc Ls . 
Graphic representation of these analyses 
is shown in ~xhibit B-12, on the following 
page. Basic similarities exist for the 
coal liquefaction products' elements 
shown, even thsugh the SRC-TI anal s i s ,  
in this case is based on ~entucky /l4 
coal. 

5 

Detailed chemical group and compound 
analyses are available only for . . 

H-Coal. 

A s,imilar chemical group and compound 
analysis (ERDA Contract No. W-7405- 
eng-26, Environmental Health and Control 
Aspects of Coal Conversion, April 1977) 
gives only qualitative data for .chemical 
groups and compounds found in SRC-I1 fuels; 
it also notes the presence of many of the 
same compounds. 



 ist till at ion R a n g e  

No. 6 f u e l  o i l  

H - C o a l  

S R C - I 1  

EDS 

S p e c i f i c  G r a v i t y  

No.. 6 f u e l  o i l  

H - C o a l  

S R C - I 1  

EDS 

E l e m e n t a l  C o m p o s i t i o n  
C a r b o n  

No. 6. f u e l  o i l  

H - C o a l  

EDS 

H y d r o g e n  

No. 6 f u e l  o i l  

H - C o a l  

S R C - I 1  

EDS 

EXHIBIT B-12 ( l j  
D e p a r t m e n t  of E n e r g y  

SPECIFICATIONS AND ELEMENTAL ANALYSES 'OF 
THE THREE COAL LIQUEFACTION PROCESSES 

.AND NO. 6 FUEL O I L  

. ( 8 . 5 8  9 . 0 1  R a n g e )  - I  



Sulfur 

No. 6 fuel oil 

H-Coal 

SRC-I1 

EDS 

Nitrogen 

No. 6 fuel oil 

H-Coal 

SRC-I1 

EDS 

EXHIBIT B-12 .(2) 
Department of Energy 

NOTE: H-Coal produced fr,om Kentucky 9/14 coal. 

Source: Americas. @"tr&sm B m t d t e  !' . 

U. s . ~epar&&;.df: Biiergy 
! E1eat;rfi Power Research Institute , 

Booz, Allen & Hamilton Inc. Analysis' 



M a s s  spectrometry  has  been done by 
PAMCO on t h e  l i g h t  o i l  f r a c t i o n ;  

- 

ana lyses  of t h e  l i s h t  o i l  a l s o  show 
s i m i i a r  chemical  g;oups and compounds. 

No s i m i l a r  ana lyses  are a v a i l a b l e  f o r  
t h e  EDS product .  

( 3 )  The U s e  Of The Same Source Of Coal   or Each 
Process  Provides A Common B a s i s  For'Compar'ison 
Of D i r e c t  Coal Liquefact ion '  Produc ts  To No. 6 
Fiael O i l  

The composit ion of t h e  d i r e c t  l i q u e f a c t i o n  
produc ts  i s  l i k e l y  t o  vary  wi th  t h e  source  
of c o a l  s e l e c t e d .  

The composit ion of s u l f u r  a n d , t r a c e  e lements  
i n  t h e  d i r e c t  c o a l  l i q u e f a c t i o n  produc ts  w i l l  
be t h e  most g r e a t l y  a f f e c t e d  by v a r i a t i o n s  
i n  t h e  f eed  coa l .  

- These t r a c e  e lements  can a f f e c t . t h e  
carc inogenic i . ty  and t o x i c i t y  of c o a l  
l i q u e f a c t i o n  produc ts .  

- The s u l f u r  con ten t  can a f f e c t  c o a l  
l i q u e f a c t i o n  p r o d u c t . t o x i c i t y  a n d ' t h e  
emiss ions  from produc t  combustion. 

More d a t a  a r e  needed t o  compare produc ts  from 
t h e  v a r i o u s  p roces ses  u s ing  d i f f e r e n t  c o a l s .  

I n  ou r  op in ion ,  t h e  r e l a t i v e  ranking  of t h e  
p o t e n t i a l  environmental  hazards  of t h e  t h r e e  
processes  i s  probably r e l a t e d  more t o  t h e  c o a l  
feeds tock  than t h e  t h r e e  p roces ses  themselves.  
However, t h e  f i n d i n g s  p re sen ted  i n  t h i s  c h a p t e r  
probably would n o t  change i f  ano the r  type  of 
c o a l  were s e l e c t e d  a s  a feedback.  

( 4 )  ~ a s e d  On    he Avai lab le  Data, The Hazards Of 
The Three Processes  Canno't Be' Judqe'd' R e l a t i v e  
To Each Other ,  But Onlv In' Re la t ion '  To' No'. 6 .. - - 

Fuel  O i l  

The s i m i l a r i t i e s  among p roces ses  and 
t h e i r  p roduc ts  i n d i c a t e .  t h a t  t h e  
hazards  from t h e  produc ts  of t h e  d i r e c t  



liquefaction processes cannot be differ- 
entiated well enough to cite differences 
among the individual products. 

The combined analyses of the products from 
the three proce.sses yield enouqh information 
to provide a basis for comparison with No. 6 
fuel oil. 



6.  DIRECT 'COAL LIQUEFACTION PRODUCTS ARE POTENTIALLY 
MORE HAZARDOUS TO WORKERS THAN NO. 6 FUEL O I L  

Analyses o f ' t h e  produc ts  ,of d i r e c t  c o a l  l i q u e f a c t i o n ,  
i n  terms o f  both component chemical groups and chemical 
compounds, show t h a t  t h e r e  a r e  g r e a t e r  concen t r a t i ons  of 
hazardous components when compared t o  No. 6 f u e l  o i l .  
Based on t h i s  f i n d i n g ,  c o a l  l i q u i d s  can be r e l a t i v e . c l a s s i -  
f i e d  more carci r iogenic  t han  No. 6 f u e l  o i l .  

The s i g n i f i c a n c e  of t h i s  a n a l y s i s  must be tempered 
by r e s t a c i n g  t h a t  ana lyses  f o r  No. 6 f u e l  o i l  a r e  based 
on wide v a r i a t i o n s  i n  conpos i t i on  and l i m i t e d  d a t a .  
A d d i t i o n a l l y ,  i n t e rv i ews  collducted aric? sor::r..: of  t h e  l i t e r a -  
t u r e  reviewed i n d i c a t e  t h a t  -the c o a l  ILL,-uefaction produc ts  
i n  t h e i r  e n t i r e t y  a r e  l e s s  t o x i c  and tumorigenic  t han  would ' 
be expected from an examination of  t h e i r  components. 

B i o l o g i c a l  s t u d i e s  on t h e  coa l  l i q u e f a c t i o n  p roduc t s ,  
i n  t h e i r  e n t i r e t y ,  a r e  needed t o  confirm ou r  a n a l y s i s .  

(1) D i r e c t  Coal Liquefacbion Products  May Be Judqed 
To Be More Carcinogenic  Than No.- 6 Fuel O i l  --- .-"" - . - 

Comparison o f  t h e  chemical groups found i n  
coa l  l i q u e f a c t i o n  produc ts  t o  t h o s e  con- 
t a i n e d  i n  No. 6 f u e l  o i l ,  Exh ib i t  B-13, 
on t h e  fo l lowing  page, shows t h a t :  

- There are approximately  two t o  
t h r e e  t i m e s  more p o l y c y c l i c  a romat ic  
hydrocarbons i n  c o a l  l i q u i d s  t han  
i n  No. 6 f u e l  o i l .  

- Polyaromatic hydrocarbons c o n t a i n  
known carc inogens  such a s  benz (a )py rene  
and v a r i o u s  chrysenes .  

E x h i b i t  B-14 p r e s e n t s  a comparison of  
chemical  compounds which provides  a f u r t h e r  
b a s i s  f o r  t h e  judgement t h a t  d i r e c t  c o a l  
l i q u e f a c t i o n  produc ts  could be  more ca rc inogen ic  
t han  No. 6 f u e l  o i l :  

- D i r e c t  c o a l  l i q u e f a c t i o n  produc ts  
have approximately  t w i c e  t h e  con- 
c e n t r a t i o n  of  a l k y l  benzenes as 
t h e  No. 6 f u e l  o i l  has  benzenes. 



P o l y c y c l i c  
A r o m a t i c s  

M o n o c y c l i c s  
a n d  D i a r o m a t i c  

EXHIBIT B-13 
D e p a r t m e n t  c f  Ener.gy 

CllEMICAL GROUFS FOUND I N  ' 
COAL LIQUEFACTXOF; PRODUCTS A N D  

NO. 6 FUEL O I L  

1-1 No. 6 F u e l  O i l  

I n s o l u b l e s  
Range 13-148 

Range 11 ..97-13.8% (a) 

1.. 1 D i r e c t  l i ~ u s f a c t i o n  P r o d u c t  

S a t u r a t e s  F.ange 2 1-318 

Range . 04-9 . 31 % 

( a )  N o n h y d r o c a r b o n s  W e i g h t  P e r c e n t  

S o u r c e s :  EPA R e p o r t  EPA 600/7-79-184b: E n v i r o n m e n t a l  A s s e s s m e n t  D a t a  Base  f o r  C o a l  L i q u e f a c t i o n  T e c h n o l o g y ,  Volume I1 
S e p t e m b e r ,  1978;  1- lohi le  R e s e a r c l l  a n d  Deve lopment  C o r p o r a t i o n - - A n a l y s i . s  by Booz., A l l e n  & H a m i l t o n  I n c . :  API r e p o r t  
A I D  IBA.74 F e b r u a r y  1974;  H a t : i o n a l  O c e e n i c  a n d  A t n o s p h e r i c  , r \dminis t . ra t ion- ' repor t  ERL :IESA-17 O c t o b e r ,  1 9 7 7 ;  
B a r t l e s v i l l e  E n e r g y  R e s e a r c h  C e n t e r  



EXHIBIT B-14 
Department of Energy 

ANALYSES OF COAL LIQUEFACTION PRODUCTS 
AND NO. 6 FUEL OIL FOR CHEMICAL COMPOUNDS 

Compound 

Aromatics and cyclic alkanes 
Benzenes 
Alkyl benzenes 
Indans/tetralins 
Indenes 

,ems Dinaphthene ben- 
Naphthalenes 
Acenaphthenes 
Acenaphthalenes 
Phenanthrenes 
Benzphenanthrenes 
Pyrenes 
Chrysenes 

Thiopheiles 
Benzothiophenes 
Dibenzothiophenes 
Indanu thiophenes 

Phenols 

Insolubles (inorganics) 

Note: ND--NO Data 

No. 6 Fuel Oil 
(Wt. % I  

Direct Liquefaction 
Products 
(Wt. %) 

Sources: American Petroleum Institute Report, No. AID. ~BA. 74, 
ERDA contract No. W-7405-eng-26, April 1977 
EPA Report EPA-600/7-78-1846; Environmental Assessment 
Data Base for Coal Liquefaction Technology: Volume 11, 
September 1978 Booz, Allen & Hanilton Inc .  



- Approximately two to three times 
the .concentration of Indans/tetralins 
as No. 6 fuel oil. 

- Approximately t.hree times the - 
concentration of Pyrenes as No. 6 
fuel oil. 

- Coal liquid products contain over 
seven percent chrysenes; no chrysenes 
were found in the No. 6 fuel oil 
tested. 

(2) Direct Coal Liquefaction Products -.- Are Probably 
More Hazardous Than No. 6 Fuel Oil ---,. ---.- . . . 

The comparatively y~eaLer amounts of poly- 
cyclic aromatic hydrocarbons are primarily 
responsible for the judgment of increased 
toxicity of direct coal liquefaction prod- 
ucts. Approximately 70 percent of direct 
coal liquid products are made up of poly- 
cyclic aromatic hydrocarbons compared to 
approximately 25 percent for No. 6 fuel 
oil. 

A small contradiction exists because the 
liigher elemental sulfur compo~ition of 
No. 6 fucl oil indicates that it may be. 
more hazardous than direct coal liquid 
products. Fuel oil contains app~uxi~nalely 
two to ten times the amount of sulfur as 
t h e  coal liquids. Wswever, the low 
absolute concentration of three percent is 
less sigiiifleant than the pulycyclis: aro- 
matic hydrocarbon concentration differences. 

A comparison of trace elements, indicates 
that : 

- A higher Vanadium content exists 
in No. 6 fuel oil. 

- Minimal health effects would result 
from the low concentration of 
Vanadium. 



The insoluble fractions of both direct 
coal liquefaction products and No. 6 
fuel oil are approximately the same 
concentration. This fraction contains 
trace elements and inorganic compounds 
that would contribute to the product 
toxicity. 

(3) Dermal Contact Will Be The Primary Exposure 
'Route o'f Concern 

Coal liquefaction products used for boiler 
fuel are the high boiling fractions of the 
synthetic fuel mixtures. The distillation 
temperature range varies from 350-850°~. 

The known carcinogens in the products are 
primarily the polycyclic aromatic hydro- 
carbons which have low vapor pressures 
and do not volitalize rapidly. Thus, 
dermal contact as opposed to inhalation 
becomes the primary concern. 

The .nitrogen heterocyclics and sulfur 
compounds also have relatively low vapor 
pressures; only small concentrations 
of these compounds would be present. 

Exposure of individuals will most likely 
come from dermal contact with the product. 

Ths epidemiological study done on the 
Institute, West Virginia plant noted no 
.incidence of systematic cancer. This 
indicates that vapors and liquids, prop- 
erly controlled will not present internal 
health hazards. 

Dermatitis, lesions and latent carcinogenic 
tumors can result from continued dermal 
exposure to direct coal liquefaction products. 



Suitable protection and good hygiene 
practices will be necessary to protect 
workers from exposure to direct 
liquefaction products. 

( 4 )  A NIOSH Criteria Document For Coal Gasification 
Plants Has Been Issued 'And Ca'n Be Used As A 
Guideline For Handling of Coa.1 Liquefaction Products 

NIO3H is currently studying coal 
liquefaction plants and will issue 
either a criteria document or a position 
paper. 

The NIOSH coal gasification document is 
based in.part on, control measures taken 
in previous coal liquefaction plants. 
Also many similarities exist between 
coal liquefaction and gasification plants. 
Therefore, procedures recommended by the 
gasification. document can be used as a 
guideline for handling of direct coal 
liquefaction products. 

The NIOSH coal gasification criteria 
document provides recommendations for 
health and safety standards for occupa- 
tional exposures. It includes: 

- Safety procedures 
7 

I 

- Engineering control objectives 

- Work practices 

- Workplace monitoring 

- Medical surveillance 

- Personal protective clothing 
and equipment 

- Sanitation 

- .Labeling and posting 

- Employee awareness. 



The document also presents a review of the 
biological effects of potenital health 
hazards, including: 

- A discussion of 'the coal 
liquefaction pilot plant at 
Institute, West Virginia. 

- A followup study done on 
workers from the plant. 

The study of the coal liquefaction plant 
indicates that "SKIN cancer incidence was 
at least 20 times as high as the expected 
incidence". 

The followup study noted that the .group 
was not at an increased risk of SYSTEMIC 
cancer. 

. According to NIOSH, no other report of 
increased skin cancer has been found in coal 

' gasification or liquefaction plants. 

NIOSH recommends a comprehensive employee 
protection program that may be applicable 
to handlers of direct coal liquefaction 
products. This program follows: 

- Medical Surveillance 

.. Preplacement medical examination 

.. Periodic examination 

.. Records of employee exposures 

- Personal protective clothing and 
equipment. 

. . Impervious gloves 

. . Eye protection as required -- 
including full face shields and 
respirators when applicable. 



S a n i t a t i o n  

.. Clean change rooms with s t o r a g e  
f o r  s t r e e t  c l o t h e s .  

.. Separate  s t o r a g e  f a c i l i t i e s  f o r *  
work garments, p r o t e c t i v e  c lo th ing  
and equipment. , 

.. Clean and d i r t y  change rooms 
separated p a y t i a l l y  by a shower 
f a c i l i t y  and p a r t i a l l y  by one-way 
doors.  

.. Contaminated p r o t e c t i v e  c l o t h i n g  
should be dry cleaned,  laundered 
o r  disposed o f ,  

The presence,  consumption o r  dispensing 
of food and beverages i s  t o  be discouraged 
i n  p o t e n t i a l  a r e a s  of exposure. 

Employees must wash hands thoroughly 
with soap o r  mild de te rgen t  and 
water before  using t o i l e t  f a c i l i t i e s  
o r  e a t i n g .  

Chemical so lven t s  should n o t  be used 
f o r  removing m a t e r i a l s  from s k i n ,  a s  
they may enhance dermal absorpt ion .  

Any employee whose c l o t h i n g  o r  person 
becomes contaminated with hazardous 
substances should wash, shower, 
shampno and change i n t n  c l e a n  work 
c l o t h i n g  promptly. 

Employees must be i n s t r u c t e d  i n  t h e  
p o t e n t i a l  hazards of t h e i r  employment 
and good hygiene p r a c t i c e s .  

Employers should i n s t i t u k e  a cont inuing 
educat ion program. 

'Work p lace  and personnel monitoring 
s h a l l  be r e t a i n e d  f o r  t h e  dura t ion  of 
t h e  employment and a t  l e a s t .  30 years  
a f te rwards .  



(5) The Potential Hazards To Worker's Exposed 
To Coal Liquefaction Produc'ts Thr'ough 
Routine Handling And Operations Will Be 
Greater Than Those Of No. 6 Fuel Oil 

Worker protection and hygiene programs 
will be needed to minimize worker contact 
and contamination with.the product. 
It is -expected that the NIOSH recom- 
mended coal gasification program will 
be adopted by those companies using 
aoal Liquefaction products.' 

Workers involved in loading, transport, 
unloading and storage of the direct 
coal liquefact'ion products will be 
potentially exposed to spills and leaks. 
The probable increased carcinogenicity 
of coal liquefaction products relative 
to No. 6 fuel oil previously discussed 
makes 'these--operations relatively more 
hazardous with the direct liquefaction 
products. 

Cleanup and maintenance operations 
provide the greatest probability 
of exposure and hazard to workers. 

- Six of the ten reported 
skin cancers at the 
Institute, West Virginia 
plant were found in 
maintenance workers., 

- Dermal contact during nain- 
tenance operations is likely 
unless suitable protective 
equipment is worn, as workers 
will be exposed to "wetted" 
equipment parts. 

- High boiling residues, rich 
in polycyclic aromatic hydro- 
carbons, are likely to be 
left in tank bottoms and in 
equipment to be repaired. 



Sampling and analyses of the direct 
coal liquefaction products will involve 
direct exposure of the product 
to workers. This exposure will 
take place both in the plant and 
the laboratory from lengthy handling 
of small quantities of the product. 
Dermal contact and vapor exposure will 
be the routes of exposure. 

Based on compariscns of trace elements 
found in No. 6 fuel oil and coal 'lique- 
faction products Exhibit B-15, on the 
following page, and the analyses uf the 
fuels used for the Con Ed test burn, 
Exhibit B-7'; the hazards of worker 
exposure to ashes and furnace deposjts 
of direct coal liquefaction products 
should be less than or the same as those 
from exposure to ashes and deposits from 
No. 6 fuel oil, 

- Trace elements analyzed are 
all under 39 ppm in the Con- 
solidated Edison SRC-I1 analyses. 

- The trace element analysis ' 

done by the ~lectric Power 
Research Institute, Exhibit 
B-15, on the following 
page, shows only three e1.e- 
ments with major differences. 

.. Vanadium and Nickel 
are greater in No. 6 
fuel oil than in 
direct liquefaction. 



Trace Elements 

Sodium 
Magnesium 
Aluminum 
Potassium 
Titanium 
Vanadium 
S i l i c o n  
Lead 
I r o n  
Nickel  
Calcium 

Elements Not Detected 

Mercury 
Cadmium 
S i l v e r  
Zinc,  
Lithium 
Phosphorous 
Arsenic  
Antimony 
Bismuth 
Molybdenum 

EXHIBIT B-15 
Department of  Energy 

TRACE ELEMENTS FOUND I N  PRODUCTS 
FROM DIRECT LIQUEFACTION PROCESSES VS. 

NO. 6 FUEL OIL 

E l  P a l i t o  
No. 6 Fuel  O i l  

( P P ~ )  

Di rec t  
Liquefac t ion  

Products  

Source: E l e c t r i c  Power Research I n s t i t u t e  Report EPRI 361-1: 
Upgrading of  c o a l  Liquids f o r  U s e  a s  Power Generation 
Fuels ,  January i976 



. . Iron in direct coal 
liquefaction prod- 
ucts is greater 
than in No. 6 fuel 
oil. 

- Great variation* in trace 
elements is expected in all 
products, based on different 
crude oils, coals and re- 
finery/production processes. 

Chemical cleaning of fireside surfaces 
on boilers and auxiliary equipment is 
expected to present an increased 
hazard with coal liquefaction products 
as solvents used may promote skin 
penetration of the polycyclic aromatic 
hydrocarbons and also be carcinogenic 
promoters. Worker exposure to liquids 
and vapors during this process should 
be minimized. 

The main hazards to workers from 
episodal events will be physical 
in nature. 

- Fire 
- Explosion 
- Burns 
- Injuries 

These immediate hazards are similar 
for both No. 6 fuel oil and direct 
liquefaction products. Additional 
precautions will probably not be 
necessary. 

Cleanup of the results of the episodal 
events will be somewhat more hazardous 
than from No. 6 fuel oil as described 
in the previous section. 



7. THE PRODUCTS OF DIRECT COAL LIQUEFACTION PROCESSES WILL 
PRESENT FEW AIR POLLUTION PROBLEMS 

(1) Control Of Routine Vapors And Leaks Will Be 
Ne'e'de d 

The general properties of high boiling 
distillates with low vapor pressures are 
not expected to create wide range ex- 
posure problems to the general population. 

Workers will be exposed to routine vapors 
and leaks in the vicinity of equipment . 
used in normal operations, inhalation, exposure 
will probably be minimal due to the low 
vapor pressures. 

. Good maintenance practices, as outlined in 
the coal gasification criteria document, 
should be implemented to ensure employee 
safety. 

(2) Exposure To Workers And The General Population 
From Combustion Products Is Not Expected To Present 
A Hea'l th Threat Greater Than Already Exists 
With No. 6 Fuel' Oil 

Limited combustion tests have shown no major 
problems associated with using coal liquefac- 
tion products for utility boilers even under 
variable load conditions. . 

The test burn conducted at Consolidated 
Edison, in September 1978, demonstrated 
that "it was possible to substitute this 
higher nitrogen content SRC-I1 fuel for 
petroleum-derived fuel oil in a tangentially- 
fired utility boiler over a range of normal 
operating loads without sacrificing boiler 
efficiency, while meeting all of the current 
emission standards for c'onventional petro- 
leum fuel oil." Exhibit B-16, on the fol- 
lowing page presents the results and signifi- 
cance of the test parameters. 



EXHIBIT B-16 (1) ' 

Department of Energy 
SIGNIFICANCE OF EMISSIONS FROM COMBUSTION OF 
SRC-I1 FUE' OIL COMPARED TO NO. 6 FUEL OIL 
CONDUCTED AT CONSOLIDATED EDISON TEST 

BURN--SEPTEMBER 1978 ' 

Parameter 

Nitrogen oxide 

Particulates 

Results 

NOx values for SRC-I1 
fuel oil are nominally 
70% higher than for 
No. 6 fuel oil 

Total mass emissions 
for both fuels low. 
SRC-I1 fuel oil nom- 
inally lower than 
emissions from No. G 
fuel oil under all 
operating conditions 
with exception of 
the full load baseline 
test 

Increased NOx emis- 
sions due to higher 
nitrogen content of 
SRC fuel oil. Abso- 
lute emissions will 
probably .be within 
acceptable limits 

Particulate emissions 
roughly equival'ent to 
or lower than those 
obtained with No. 6 
fuel oil 

Polycyclic organics  missions with SRC-I1 Emissions of polycyc- . 

fuel oil were nominally lic organic matter 
higher than No. 6 oil will be greater than 
levels. All analyses with No. 6 fuel oil. 
lower than 6 x However, absolute. 
lb. /lo6 BTU cpncentrations are 

very low. More 
testing and analysis 
needed 

Smoke tendency Smoke points generally Smoking tendencies 
occurred, between 2 and of both' fuels are 
2.5% oxygen operation similar 
for both fuels 



Parameter 

Total hydrocarbon 
emissions (gaseous) 

Sulfate emissions 

Results 

EXHIBIT B-16 (2 ) 
Department of Energy 

Emissions for SRC-I1 
and No. 6 fuel oil 
both ranged from 1-2 
ppm with SRC-11 occa- 
sionally at 0.0 

SO emissions for SRC- 
X I1 fuel oil were 

measured at 0.3-0.9 ppm 
Nu daLa are provided 
for No. 6 fuel oil 

Siqnificance 

Gaseous total 
hydrocarbon emis- 
sions for both fuels 
similar 

SO emissions for 
s$-11 fuel oil , 

should be lower than 
for No. 6 fuel oil 
based on the chemical 
'analysis. More test- 
ing and analysis 
necessary for confir- 
mation 

Source : Electric power Research Institute, Combustion Demonstration of 
SRC-I1 Fuel Oil in a Tangentially Fired Boiler, FP-1029, May 1979 
Booz, Allen & Hamilton Inc. 



chemical  comparison o f  t h e  d i r e c t  c o a l  
l i q u e f a c t i o n  produc ts  supp l i ed  by DOE, 
E x h i b i t  B-12 ,  p r ev ious ly  noted and addi-  
t i o n a l  ana lyses  performed by Consoli- 
d a t i o n  Edison, E x h i b i t  A-7, p rov ide  a  
f u r t h e r  b a s i s  f o r  concluding t h a t  c o a l  
l i q u e f a c t i o n  produc ts ,  under r o u t i n e  opera- 
t i n g  c o n d i t i o n s  should have emiss ions  s i m i -  
l a r  t o  o r  i n  some c a s e s ,  even less than  
No. 6 f u e l  o i l .  

I t  i s  p o s s i b l e  t h a t  s u l f u r  and n i t r o g e n  oxide 
emiss ion may be no d i f f e r e n t  f o r  d i r e c t  c o a l  
l i q u e f a c t i o n  produc ts  and some N o .  6,fuel 
o i l s .  This  p o s s i b i l i t y  e x i s t s  because of t h e  
v a r i a b l e  n a t u r e  o f  bo th  produc t  types--pro- 
duced from va r ious  c rude  o i l s  and c o a l s .  

- S u l f u r  emiss ions  u s ing  c o a l  
l i q u e f a c t i o n  p roduc t s  may 
a c t u a l l y  be  lower t han  wi th  
NO. 6 f u e l  o i l .  

. . S u l f u r  c o n t e n t  o f  t h e  
No. 6 f u e l  o i l  used i n  
t h e  tes t  burn w a s  less 
than  0 . 3  p e r c e n t ,  due 
t o  New York C i t y  s t a t u t e s .  

.. N o .  6  f u e l  o i l  can be 
burned, i n  many a r e a s  
w i th  s u l f u r  c o n t e n t  
approaching 2.2 pe rcen t .  

- Nit rous  ox ides  emiss ions ,  based 
on comparable p r o d u c t . a n a l y s e s ,  
w i l l  be marg ina l ly  h ighe r  f o r  
d i r e c t  c o a 1 . l i q u e f a c t i o n  p roduc t s ,  
b u t  t h e  o v e r a l l  e f f e c t s  may n o t  
be s i g n i f i c a n t .  

. . DOE n i t r o g e n  a n a l y s i s  of  
t h e  d i r e c t  c o a l  l i que fac -  
t i o n  p roduc t s ,  Exh ib i t  B-12, 
i n d i c a t e s  a  range of  0.67- 
0.86 pe rcen t .  



.. The nitrogen content of 
El Palito No. 6 Fuel Oil 
analyzed was 0.41 percent. 

. .. The nitrogen content of 
the SRC-I1 product used 
in the test burn varied 
from 0.87-1.16 percent. 

.. The nitrogen content of 
Con Edison No. G Fuel Oil 
analyzed at 0.17-0.31 
percent. 

Emissions of polycylic aromatic hydrocar- 
bons from direct coal liquefaction products 
under routine operating conditions will be 
nominally higher,than for No. 6 fuel oil; 
however the absolute concentrations will be 
within acceptable limits for No. 6 fuel oil. 

- Polycyclic aromatic hydro- 
carbons. normally result from 
the combustion of No. 6 fuel 
oil. 

- Many of the polyaromatic hydro- 
carbons in direct coal lique- 
faction products will be burned 
in the combustion process and 
converted to other combustion 
products; however some polyaromatic 
hydrocarbons are not destroyed until 
flame temperatures reach 33000F. 

- Utilities operace boilers at 
flame temperatures of appr0x.i- 
mately 3 , 2 0 0 ~ ~  - 3,600°~. 

- The Con Edison test burn noted 
increased emissions of polycyclic 
organic hydrocarbons; however, the 
report noted that emissions were as 
(within acceptable limits) low as 
expected. 

Particulate emissions, except for the full 
load test at Con Edison, were a-ctually lower 
for the SRC-I1 product than .for No. 6 fuel 
oil. As a result of this test, no difference 
betr2een the products is anticipated. 



(3) Epis'odal Events Of Incomplete Combustion Could 
'Pre's'e'n't Probl'ems 'And Further Testing Is Required 
For Scoping 

Ashes, particulates and trace elements emitted 
from episodes of incomplete combustion should 
be 'similar in nature, due to the similar 
inorganic and trace elements analyses of 
products as can .be seen. in Exhibits 
B-12, and B-13, previously mentioned, 
and analyses of the products used durins 
the Con Edison test burn, Exhibit B-7; 
therefore no increase,in risk is antic- 
ipated. However, these tests are limited 
and do not fully test the question of in- 
complete combustion. 

. Emissions of polycylic aromatic hydro- 
carbons due to process upsets and the 
potential carcinogenic risk associated 
with them are not anticipated to be 
significantly greater with coal lique- 
faction products. 

- The 3.59 to 5.47 percent oxygen 
content in SRC-I1 fuel oil, . . .. . . . 
Exhibit 33-8, will aid in the 
combustion of coal liquefaction 
boiler fuels when' excess air is 
limited to the burners-promoting 
combustion efficiency of the 
coal liquefaction fuel product. 

- Volatilization of polycyclic 
aromatic hydrocarbons will 
occur both in coal liquefaction 
fuels and No. 6 fuel oil--the 
magnitude of volatiles emitted 
during incomplete combustion 
must' be determined. 

- Comparison of the two products 
under upset conditions must be 
conducted to provide definitive 
answers to this issue. 



Increased particulate emissions and smoke 
may be produced by incomplete combustion of 
both No. 6 fuel oil and coal liquefaction , 

products. Coal liquefaction products may 
produce more particulates under normal con- 
ditions--but further testing is necessary to 
assess this problem. 



8. THE PRIMARY CONCERN W I T H  WATER POLLUTION WILL BE 
RELATED TO SPILLS AND DISASTERS 

(.1) Routine Events Related To Water P o l l u t i o n  W i l l  --- 
Require Control Measures S imi la r  To Those Used 
For No. 6 Fuel O i l  

Water p o l l u t i o n  w i l l  come mainly from barges 
and tankers  and w i l l  be r e l a t e d  t o  small  
s p i l l s  and l eaks  from normal handling. 

Operat ional  d ischarges  r e s u l t i n g  from tanker  
opera t ions  a r e  c l o s e  to '  being e l iminated ,  
Methods d e v e 1 o p e d . b ~  indus t ry  such a s  load- 
on-top, crude o i l  washing and p o l l u t i o n  
avoidance opera t ing  procedures a r e  e i t h e r  
recognized by i n t e r n a t i o n a l  conventions,  
o r  have been enacted i n t o  law by t h e  
United S t a t e s .  

Control  measures used by Consolidated 
Edison i n  t r a n s p o r t i n g  SRC-I1 l i q u i d  
product by barge can be used as  a model 
f o r  environmental and worker p ro tec t ion .  
The Con-Edison procedures a r e  l i s t e d  below: 

- Barge steam cleaned and d r i e d  p r i o r  t o  
use.  

- Tank c a r s ,  barge and unloading l i n e  
e l e c t r i c a l l y  grounded. 

- Transfer  l i n e s  from tank c a r  t o  barge 
pressur ized  wi th  n i t rogen t o  check f o r  
l eaks .  

i Tank c a r s  and l i n e s  f lushed with 
n i t rogen when empty t o  c l e a r  l i n e s  
and avoid s p i l l s ,  when loading t h e  barge.  

- I n  unloading, r e g u l a r  pumping opera t ions  
w e r e  used, without  n i t rogen  purges. 



I n  g e n e r a l ,  t h e  h igh ly  aromatic.  n a t u r e  o f  t h e  
c o a l  l i q u e f a c t i o n  produc ts  w i l l  have detr imen- 
t a l  e f f e c t s  on marine organisms i n  a r e a s  where 
s p i l l s  occur.. I f  t h e s e . m a r i n e  organisms e n t e r  
t h e  food c h a i n  and reach  'people t h e  p o s s i b i l i t y  
of  t o x i c  and ca rc inogen ic  sys temic  e f f e c t s  
cannot  be  overlooked.  Some t o x i c  and ca rc in -  
ogenic  compounds and e lements  can be biocon- 
c e n t r a t e d  i n  organisms. I t  i s  n o t  p o s s i b l e  
t o  a s c e r t a i n  t h e  r i s k  o f  t h i s  p o s s i b i l i t y  
r e l a t i v e  t o  t h e  s a m e  r i s k  w i t h  No. 6 f u e l  o i l .  

(2) Ep'i'sbdal Events Such A s  Tanker D i s a s t e r s  A r e  
'Co'mpa'r'abl'e' 'To 'The' P o t e n t i a l  Hazards Crea ted  .B . .Tr.a.n. sp'o'rting. Crude O i l  

- .  Major d i s a s t e r s  w i l l  b r i n q  q r e a t  harm t o  t h e  
environment, s i m i l a r  t o  t hose  p rev ious ly  
exper ienced w i t h  t a n k e r s  c a r r y i n g  c rude  o i l .  

A t  p r e s e n t ,  t h e  use  o f  supe r t anke r s  o r  
extremely l a r g e  t a n k e r s  i s  n o t  cons idered  
l i k e l y ,  owing t o  t h e  s i z e  and probable  
l o c a t i o n s  o f  t h e , c o a l  l i q u e f a c t i o n  p l a n t s .  

On a smaller scale, t h e  s i n k i n g  of a l a r g e  
o r  s m a l l  t a n k e r  c a r r y i n g  c o a l  l i q u e f a c t i o n  
produc ts  cou ld  have s e r i o u s  e f f e c t s  on t h e  
marine environment. 

. .   he s p e c i f i c  g r a v i t y  of coal liquefaction 
produc ts  spans t h a t  of water .  I t  i s  con- 
c e i v a b l e  t h a t  t h e  m a t e r i a l  w i l l , f l o a t ,  
weather ,  .and s i n k ,  , and therefore,  po1l.u.k 
bo th  t h e  wate r  s u r f a c e  and t h e  bottom o f  
t h e  r i v e r ,  bay,  o r  ocean.  

The l a r g e  c o n c e n t r a t i o n  of  p o l y c y c l i c  
a romat ics  and i n s o l u b l e s  could have a 
t o x i c  e f f e c t  on marine organisms.  
~ a r c i n o g e n i c i f y  from l i m i t e d  ex- 
posures  i s  unpred ic t ab l e .  

. The p o l y c y c l i c  a roma t i c s  are g e n e r a l l y  
h igh  b o i l e r s  and can be c l e a r e d  up 
us ing  convent iona l  techniques .  

- Containment 
- Skimming 
- ~ i s p e r s a n t s .  



GROUND CONTAMINATION IS NOT EXPECTED TO BECOME.A MAJOR 
PROBLEM . I .  

(1) Products Are Rowtinely Transported And Stored In 
Closed Systems Such As' Pipel'ine's And ,Roa'd And Rail 
Tankers 

Under routine conditions.only small volume 
spills and leaks from transferring direct 
liquefaction products are expected to occur. 

These leaks should not present a major ground 
contamination hazard if cleaned'up immedi- 
ately. 

- Containment of leaks is 
necessary. 

- Sorbent materials should 
be used. 

- Residue should be disposed 
of propcrly. 

. . Proper employee hygiene and work practices 
should be used to limit dermal exposure to 
the product. 

and Railca~ 
(2) Episodal - - Events Such as Pipeline Breaks, Road 

r Tanker Accidents Can Be Handled Using 
Current Petroleum Industry Practices 

The physical and chemical characteristics of 
coal liquefaction products permit them to 
be handled using conventional spill clean up 
techniques.. 

- Their specific gravity is 
similar to No. 6 fuel oil. 

- Their viscosity is similar to 
No. 2 fuel oil. 

- Their combustion character- 
istics are similar to No. 6 
fuel oil. 



Three primary r i s k s  a r e  involved with .a pipe- 
l i n e  break o r  road o r  r a i l  tanker  acc ident .  

- explosion 

- f i r e  

- t o x i c  e f f e c t s  from uncon- 
t r o l l e d  r e l e a s e  of l i q u i d s .  

I n  o rde r  t o  l i m i t  t h e  e x t e n t  of hazard from 
c o a l  l i q u e f a c t i o n  product t h e  products must . 

be removed with c u r r e n t l y  a v a i l a b l e  tech- 
niques.  

- Physica l  containment 

. . blocking 

. . t renching 

- Removal and recovery 

- Disposal 

- Restora t ion  of t h e  a rea .  

Workers involved i n  t h e  Cleanup opera t ion  
must be protected and yuud pe~soncil  hy- 
g iene  p r a c t i c e s  w i l l  have t o  be c a r r i e d  
out - - th is  w i l l  be d i f f i c u l t  i n  emergency 
s i t u a t i o n s  and some worker/public c o n t a c t  
i s  probable.  



10.  I N  SUMMARY, THE PRODUCTS OF DIRECT COAL LIQUEFACTI'ON 
PROCESSES REPRESENT A SLIGHTLY GREATER ENVIRONMENTAL 
HAZARD THAN NO. 6 FUEL O I L .  THE HAZARDS' CAN BE CON- . 

TROLLED W I T H  ADEQUATE SAFEGUARDS. 

The t h r e e  c o a l  l i q u e f a c t i o n  p r o c e s s e s  s t u d i e d  (H-Coal, 
. SRC and EDS) a r e  i n  developmenta l  s t a g e s  and e p i d e m i o l o g i c a l ,  

a n a l y t i c a l  and q u a n t i t a t i v e  t o x i o l o g i c a l  d a t a  on t h e i r  prod- 
u c t s  a r e  l i m i t e d .  Given t h e  l i m i t e d  d a t a  a v a i l a b l e ,  o u r  
approach was t o ' d e t e r m i n e  t h e  p o t e n t i a l  haza rd s  o f  d i r e c t  
c o a l  l i q u e f a c t i o n  p r o d u c t s  by comparing chemical  g roup ings  
a t  f o u r  l e v e l s  o f  a n a l y s e s ;  u l t i m a t e  a n a l y s i s ;  chemica l  
g roups ;  chemica l  compounds; and t r a c e  e lements .  S e v e r a l  
key conc lu s ions  w e r e  r eached :  

. Given t h a t  each  o f  t h e  t h r e e  d i r e c t  c o a l  l i q u e -  
f a c t i o n  p r o c e s s e s  s t a r t  w i t h  a  s i m i l a r  c o a l ,  t h e  
p roduc t s  produced would r e p r e s e n t  s i m i l a r  env i ron-  
menta l  haza rd s :  

- I l l i n o i s  No. 6 c o a l  was used a s  t h e  f e eds tock .  

- The haza rd s  o f  t h e  t h r e e  p r o c e s s e s  a r e  
s i m i l a r  and canno t  be  judged r e l a t i v e  t o  
each  o t h e r ,  b u t  o n l y  i n  r e l a t i o n  t o  No. 6 
f u e l  o i l .  

. The p r o d u c t s  o f  t h r e e  d i r e c t  c o a l  l i q u e f a c t i o n  
p r o c e s s e s  w i l l  c o n t a i n  . a  h i g h e r  c o n c e n t r a t i o n '  
o f  high '  b o i l i n g  p o i n t  .components ( i n  r e l a t i o n  
t o  No. 6 f u e l  o i l ) .  The h i g h e r  b o i l i n g  f r a c - .  
t i o n s  r e p r e s e n t  h i g h e r  c o n c e n t r a t i o n s  o f  poten- 
t i a l l y  env i ronmen ta l l y  hazardous  m a t e r i a l s ,  
such  a s  p o l y c y l i c  a roma t i c  compounds, t h a t  a r e  
p r e s e n t  i n  t h e  p r o d u c t s .  

The pr imary a r e a s  o f  concern  w i t h  d i r e c t  c o a l  
l i q u e f a c t i o n  p r o d u c t s  a r e  l i k e l y  t o  be worker  
s a f e t y  and h e a l t h :  

- There w i l l  b e  i n c r e a s e d  c o n c e n t r a t i o n  
o f  compounds t h a t  a r e  t o x i c  and/or  
c a r c i n o g e n i c  (known o r  s u s p e c t e d )  
i n  n a t u r e  

- Dermal c o n t a c t  w i l l  be  t h e  pr imary 
r o u t e  o f  exposure .  



Work practice controls should be more 
stringent than for No. 6 Fuel Oil to 
minimize dermal exposure to products. 

Additional research is required to 
make preliminary judgments on the 
potential environmental hazards re- 
lated to the burning of the fuel. 
Possible end-user siting constraints 
may be required. 

Exhibit B-17 on the following page presents a cap- 
sule summary of the relative environmental hazards of direct 
coal liquefaction products and their implications in relation 
to No. 6 Fuel Oil. 

Areas for further testing and development include: 

~iological studies on the coal lique- 
. faction products. 

Biological studies on Number 6 Fuel 
Oil--to be used as a baseline for 
evaluating coal liquefaction products. 

Compositional analysis of products. 

Additional test burns of coal lique- 
faction products comparing results 
to Number'6 Fuel Oil data. These 
Lest  burns should be performed at: 

- Normal' conditions 

- upset. condi. tions--to deter- 
mine the potential environ- 
mental effect during ep-isu- 
dal events. 



E X H I B I T  B-17  
D e p a r t m e n t  of E n e r g y  

CAPSULE SU!4l"lI'.IARY OF THE POTENTIAL HAZARDS O F  DIRECT 
COAL LIQUEFACTION PRODUCTS RELATIVE TO NO. 6 FUEL O I L  

Environmental Area 

Worker safety & Health 

Air Pollution 

Water pollution 

Ground Contamination 

Routine Events Episodal Events 

Potential Hazard Fotential Hazard 
Relative to No. 6 F.elative to No. 6 

Fuel oil Discussion Fuel Oil 

@ Greater Hazard Potential Than No. 5 Fuel Oil a Less Hazard Potential Than No. 6 Fuel Oil 
@ Approximately Equal Hazard Potential To No. 6 Fuel Oil 

Controls would in'clude 
good work practice and 
hygiene procedure 

Current emission stan- 
dards should be met-- 
SO less, NO higher 

X X 

Mandated controls 
measures analogous. 
to No. 6 Fuel Oil 
will ke required 

Routine clean-up and 
disposal of spills and 
leaks similar to No. 6 
Fuel Oil 

Discussion 

Dermal exposure 
during clean-up 
operations will 
have to be con- 
trolled to mini- 
mize hazard 

possible increase 
in polycylic 
aromatic compounds 
and particulates-- 
more testing is 
needed 

Tanker or barge 
accidents could 
have major envi- 
ronmental impact-- 
similar to crude 
oil 

Severe exposures 
must be controlled 
more stringently 
than No. 6 Fuel 
Oil 

Source: Booz, Allen & Hamilton Inc. 



APPENDIX C 

SUPPLEMENTAL ANALYSIS AND DATA 
ON ENVIRONMENTAL CHARACTERISTICS 



EXHIBIT C - 1  
ANALYSIS OF ILLINOIS NO. 6 COAL 

Moisture 
Ash 
Volatile 
Fixed carbon 
Sulfur 
Alkalies as N a p  
Higher heating value 
mega joules/kg 

Proximate Analysis 

As Received Dry 
Percent Percent 

Ultimate Analysis 

As Received 
Percent 

Moisture 
Carbon 
Hydrogen 
Nitrogen 
Chlorine 
Sulfur 
Ash 
Oxygen 

D r y  
Percent 

* Ash Analysis 

Percent 

Phosphorous, P205 
Silica, Si02 
Ferric Oxide, Fe203 
Alumina, A1203 
Titanium, Ti02 
Lime, CaO 
Magnesia, MgO 
Sulfur, Trioxide, SO3 
Potassium Oxide, K20 
Sodium Oxide, Na2O 
Undetermined 

Source: EPA Report No. EPA-600/7-78,-184B-Environmental Assess- 
ment Data Base for Coal Liquefaction Technology, September, 
1978 



Element 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Bromine 
Cadmium 
Calcium 
Cerium 
Cesium 
Chlorine 

\ 
Chromium 
Cobalt 
Copper 
Dysprosium 
Europium 
Fluorine 
Gallium 
~ermanium 
Hafnium 
Indium 
Iodine 
Iron 
Lanthanum 
Lead 
~utetium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel. 
Phosphorous 
Potassium 
~ubidium 
Samarium 
Scandium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Tantalum 

E X H I B I T  C-2 (1) 
TYPICAL TRACE ELEMENT COMPOSITION 

OF ILLINOIS NO. 6 COAL 

Typical 
Analysis 
PPm 

13,500 
0.98 
5.9 
111.0 
1.5 
135.0 
15.0 
4.0 
7,690.0 
13.0 
1.2 
1,600.0 
20.0 
6.6 
13.0 
1.0 
0.25 
63.0 
3.1 
5.6 
0.52 
0.14 
1.9 
18,GOO.O 
*7. 0 
27.0 
0.08 
510.0 
53.0 
0.18 
9.2 
22.0 
45.0 
1,700.0 
16.0 
1.2 
2.6 
2.2 
26,800.0 
0.03 
660.0 
36.0 
0.16 



E bement 

Thallium 
Thorium 
Tin 
Terbium 
Titanium 
Tungsten 
Uranium 
Vanadium 
Ytterbium 
Zinc 
Zirconium 

Symbol 

Typical 
Analysis 
ppm 

Source: EPA Report No. EPA-600/7-78-846 Environmental Assessment 
Data Base for Coal Liquefaction Technology, September, 1978 



Effect Description 

Acute toxicity The ability of a chemical 
or physical agent to in- 
due a deleterious ,phisio- 
logical effect aft.er a 
short exposure period-- 
generally less than P6 
hours . 

EXHIBIT C-3 (1) 
DESCRIPTION O F  HEALTH EFFECTS O F  HAZARDOUS 
MATERIALS BY PHYSIOLOGICAL HAZARD CATEGORY 

Complicating Factors Measurement 

Limited knowledge of toxicities I,&0--the median lethal 
for humans. Rats, mice and dose for a test popula- 
ratbits generally used for tests. tion. 
Given substances may vary in 
toxicity for each species. How- 
ever, response are generally 
extrapolated directly to humans. 

Dose relationship--generally 
acute toxicity is a curve 
linear function of a long 
dose. Therefore the greater 
the. dose the more perforned 
the toxicity. 

T i m a  relationship--generally 
the time of onset is related 
to the available dose. The 
effects of lower doses may 
never be observed in acuce 
tes~ing . 

LC5 --a lethal concen- 
tration of a substance 
in air or water, expo- 
sure to which, for a 
specified length of 
time, results in the 
death of 50% of 'the 
experimental popula- 
tion. 

,-. 

There are individual differ- Local tissue damage-- 
ences in response to a toxic skin and eye irritation 
substance among members of generally conducted 
a slngle species. with rabbits or pigs. 



EXHIBIT C-3 ( 2 )  

Effect 

Biomagnif ication 
or bioaccumu- 
lation 

carcinogenicity 

Description, 

The acciunulation of a 
xenobiotic in one or 
more tissues of a 
living organism. 

The ability of a substance 
to cause cancer in an 
organism.. Carcinogenic- 
ity has been defined by 
agencies as the ability 
to induce: 

Frank cancer 
Increased incidence of 
benign neoplasms 

A decreased latency per- 
iod for all neoplasms 

Complicating Factors 

Can result in tissue concen- 
trations several thousand 
times greater than in ambient 
environment . 

Is a normal process but can 
lead to pathologic responses. 

More evident in organisms 
high on the food chain. 

The expression of toxicity 
due to bioamplification can 
occur without warning since 
exposure t,o the hoxions agents 
is not evi,dent. 

Tests generally conducted on 
rats and mice by various routes 
of administration. 

Measurement 

Concentration in appro- 
priate organ/species. 

"Short-term" tests are 
being developed based 
on the relationship be- 
tween mutagenicity and 
carcinogenicity. These 
are tests for potential '; 
damage to genetic material 
which are conducted using 
bacteria, yeast, and 
mammalian cells in culture, 
in-vivo mammalian tests are 
aiso part of this battery. 



EXHIBIT C-3 ( 3 )  

Effect 

Carcinogenicity 
(continued) 

Description Complicating Factors 

Conclusions regarding carcin- 
ogenicity of a substance for 
humans are generally drawn 
from animal tests. 

Some substances have been 
proven carcinogenic to humans 
on.the basis of prior human 
exposure via the food chain 
or industrial resources. 

A dose response to carcinogenicity 
is more difficult to establish 
because of potentially long delays 
between exposure and onset of. 
symptoms and/or the low incidence 
of cancers thus induced. 

Kutagenicity The ability of a substance Genetic changes in germ cells 
to induce changes ln :he may be transmitted to the 

I hereditary materia, of a next generation. 
I cell (DNA). 

Measurement 

Exposure through various 
routes i.e. dermal, feeding 
or inhalation and at various 
concentrations to selected 
species and examining the 
tissues for neoplasms. Con- 
centrations usually ex- 
pressed as.mg/kg of body 
weight. 

The "Microbial TestsM--based 
on reverse mutations of 
sensitive mutant strains of 
bacteria and yeasts. The 
tests however, give false 
positives and negatives. 



I 

EXBIBIT C-3 ( 4 )  

Effect 

Mutagenicity 
(continued) 

Description Complicating Factors 

Genetic changes in somatis cells 
may be transmitted to daughter 
cells. 

Most cells or individuals that 
result from mutations do not 
live long enough to be recog- 
nized, those.that do may be 
anatomically'and/or function- 
ally imparred. 

Teratogenicity The ability of a substance 
to induce' a developmental 
abnormality in an embryo 
or fetus. 

A genetic change may not be ex- 
pressed for several generations 
if the affected gene is recessive. 

Abnormalities may be due to 
genetic changes (somatic muta- 
tations) or to direct.toxicity 
(injury) to maternal or fetal 
tissues. 

Measurement 

Tissue culture tests-- 
based on forward mutations 
of mammalian cells in cul- 
ture. Incidence of false 
positives less than bacterial 
tests. 

Tests involve exposing 
pregnant laboratory animals 
during organogeneses to the 
substance and examining 
the offspring fox anatomical 
abnormalities or increased 
intrauterine mortality. 

Source: (1) United States Energy Research and qevelopment Administration Report FE-2495-6, Design and 
Implementation of an Environmental Monitoring Program for ERDA Fossil Fuel Activities--Task 
Summary Report 111, Contract No. Ex-76-C-01-2495. February, 1977 

1 (2) NIOSH Registry of Toxic Effects of Chemical Substances--1976. 



Component 

Inorganic compounds and 
elements 

Health - Effect 

Known carcinogens 

EXHIBIT  C-4 (1) 
POTENTI.= HEALTH EFFECTS OF SOME COMPONENTS 
OF BOILER FUELS FROM DIRECT COAL LIQUEFACTION 

PROCESSES AND NO. 6 FUEL OIL 

Example 

Diarsenic Trio,xj.de AS4 O6 
Cobalt Oxide 200 
Cobalt Sulf i,de CoS 
Nickel Carbcnyl Ni(C0I4 
Nickel Oxide Ni02 
Ammonia NH3 
Silicon Dioxide Si02 
Thorium oxiCes ~h(oxides1 

Tumorigenic (tumor causing) Aluminum oxide A12 0 
also possibly terat~genic Cobalt Co (elemental? 

Gold Au 
Lead Chromate Pb Cr04 
Mercury Hg (elemental) 
Ozone O3 
Thallium T1 (elemental) 
Ytterbium Yb (elemental) 

Super toxic - Lethal dose Diarsenic Trioxide As406 
less zhan 5 mq/kg Cyanide CN 

Hydrogen Cyanide HCN 

extremely toxic - Lethal Diantimony Trioxide Sb406 
dose 5-53 mg/kg Tricalcium Arsenate Ca3(ASO4J2 

Arsenic Vapor As4 
Barium Carbonate Ba C03 
Cadmium ~ u l f  ide CdS 
Iodine I2 
Thallium Th Salts 
Sodium Vanadate NaVO 3 



EXHIBIT C-4 ( 2 )  

Component Health - Effec t  

Very tox ic  - Lethal  dose 
50-500 mg/kg 

Al iphat ic  compounds Moderately tox ic  
alkanes p a r a f f i n s ,  alkenes , 0.5-5 &/kg 
o l e f i n s ,  alkynes ( t r i p l e  
bonded compo.mds) 

Monocyclic compounds 

Tumorigenic, te ra togenic  

very tox ic  

Boron Oxide B203 
Calcium Su l f ide  CaS 
Thiocyanide SCN 
Chrornates (M++) C r 0 4  
Copper S u l f a t e  CuS04 
Gold S a l t s  Au S a l t s  
Lead Chromates Pb Cr04 
S i l v e r  S a l t s  Ag S a l t s  
Zinc Sulf ide  ZnS 

Methyl chlor ide  CH3C1 
Methylene ch lo r id  CH2C1 
Chlorof orm CHC1 
Methyl Mercaptan CH2SH 
Ethyl Mercaptan CH3CH2SH 
Propane CH3CH2CH3 
Pentane CH3CH2CH2CH2CH3 

Chloroform CHC13 
Ethyl-  Sul f ide  (CH3 CH2) 2S 
Methyl-N- 
Nitro-N- 
Nitrosoquanidine C H N 0 

2 5 5 3  

U.S. Occupational Health Standards. 
regula te  the  following: 
Benzene C6H6 
4-dimethyl Amino Azobenzene C14H15N3 
Phenol C ~ H ~ O H  
Biphenyl C12H10 
~ i ~ h e G ~ l  Oxide C12Hg0 
Cres0l C6HqOH (CH3) 
Toluene C6H5 (CH3) 
Xylene C ~ H ~  (CH3) 



EXHIBIT C-4 ( 3 )  

Component Health - Effect 
Tumoricenic agents 

Example 

Benzene C6H6 
4-Methyl Amino Azobenzene C14H15N3 
1,3,5-tr i phenyl benzene C24H18 
Phenol C6H50H 
2,s dimethyl phenol C6H30H (CH3) 
2,6 dimethyl phenol C6H30H (CH3) 2 
.3,4 dimethyl phenol C6H3H(CH3) . 

3.5 dimethyl phenol C6H30H (CH3f 
O-Ethyl phenola C6H5 (CH2M3) 
O-cresOla C6H40H (CH3) 
 re re sol^ C6H40H (CH3) 
P - c ~ ~ s o ~ ~  C6H40H (CH3) 

~ Polycyclic aromatic Very tcxic 
Hydrocarbons -- primarily 
4, 5 and 6 ring compounds 
(also referred to as 
polynuclear compounds) 

a. Carcinogenic with 7, 12-dimethyl b~z(a) anthracene 
b. U.S. occupationai health standards regulate these compounds 

Naphthaleneb C10H8 (.more hazardous than 
its methylated forms) 
b-Naphthol C10H70H 
Anthracene CllHIO 
Phenanthrene C14H10 
Naphthalamineb CloH7NH2 . 

2-Naphthalamineb C ~ O H ~ N H ~  
2-~cetyl Amino' Fluorene c ~ ~ H ~  (CH2C02H) N H ~  



EXHIBIT C-4. ( 4 )  

Carcinogenic 
NIOSH 
Suspected/Known Tumoriaenic Mutagenic Teratogenic 

Naphthalene 
Acenaphthene 
Naphthalamine 
2-Naphthalamine 
Indole 
Anthracene 
9-Methyl Anthracene 
9,lO-Dihydroanthracene 
Benz (a) Anthracene 
1,2 Benz Anthracene 
Dibenz (a, h) Anthracene 
1,2,5,6 Dibenzo Anthracene 
7,12-~imethyl Benz(a) 
Anthracene 

Dibenzo (a, i) Phenanthrene 
Benzo (a) Phenanthrene 
2-Methyl Chrysene 
3-Methyl Chrysene 
6-Methyl Chrysene 
1,2-Benzo Fluorene 
2-Acetyl Aminofluorene 
Benzo (b) Fluoranthene 
Benzo ( j ) Fluoranthene 
Benzo (k) ~luoranthene 
Pyrene 

X Benzo (a) Pyrene (1,2) 
Benzo (e) Pyrene (3,4) 
0-Phenylene Pyrene 
Dibenzo (a, e) Pyrene 
Dibenzo (a,h) Pyrene 
Dibenzo (a, i) Pyrene 
Indeno ( 1,2,3-od) 
Pyrene 



Carcinogenic . 
NIOSH 
~uspected/Known Tumorigenic 

EXHIBIT C-4 (5) 

~uta~enic Teratogenic 

Hetrocyclic Compounds 

Carcinogenic 
Suspected/Known 

Source: ERDA Design and impl2mentatior- of an environmental monitoring Frogran for ERDA fossil fuel 
activities FE2495-6 

Moderetely toxic 

Tumorigenic 

3,4,9,80-Dibenzo 
Pyrene 

Perylene ' 

Cholanthrene , 

3-Methyl Cholanthrene 
20-Methyl Cholanthrene 

Pyridene b 

Indole 
4-Nitrc ~uinoline-N-Oxide 

C9H7N 
CgHgN (.NO3) 

11 H-Benzo (a) Carbazole C12H7N :NC4H4 
, Benz (c)  Acridine 33N7N (.C4H4) 
Dibenz (a, h) Acridine ., wl3H5N CC4H4) 2 

NIOSH - Registry of Toxic Effects cf Chemical Substances 



EXHIBIT C-S 
SYNDROMES PRODUCED IN HUMANS BY 

VARIOUS INORGANIC ELEMENTS 

Element 

Antimony 
Arsenic 
Beryllium 
Cadmium 
chromium 
Cobalt 
Copper 
Fluorine 
Hydrogen sulfide + 
Iron 
Lead + 
Manganese + 
Mercury + 
Nickel + 
Nitrate 
Selenium + 
Thallium + 
Vanadium 
Zinc 

Source: EPA Report EPA-600/7-78-723a; SRC Site-Specific Pollutant Evaluation, Volume I, May 1978 



Properties 

Ash 

EXHIBIT C-6 (1) 
SIGNIFICANCE OF ELEMENTS KNOWN TO CAUSE 
PROBLEMS IN UTILITY BOILERS @ID TURBINES 

Effect on Performance 

Ash is the noncombustible material in 
a fuel and is limited to prevent excess 
deposition. 

Vanadium Vanadium can form low melting compounds, 
such as vanadium pentoxide, which melts 
at 1,275'~ and, in the molten state, 
causes severe corrosion. 

Sodium and Potassium, Sodium and potassium can combine with 
vanadium to form eutectics, which melt at 
temperatures'as low as 1,0500F and are 
also very corrosive. 

Calcium 

Lead 

Copper 

Sulfur 

Nitrogen 

,Calcium is not harmful from a corrosion . 
standpoint, but it can form hard-bonded 
deposits which are difficult to remove.' 

Lead deposits can be cor>osive. Also, ' 

lead inhibits the beneficial effect of 
magnesium additives sometimes used.to 
control vanadium corrosion: 

Copper is an oxidation catalyst which 
can cause poor thermal stability. 

Sulfur combines with oxygen during 
combustion to form sulfur oxides. These 
combine with sodium or potassium present 
to form alkali sulfates which are corro- 
sive. In many areas, the sulfur content 
is regulated as a control of sulfur oxide 
emissions in the exhaust gases. 

Chemically bound nitrogen in the fuel 
will contribute to the total nitrogen 
oxide pollutants in the exhaust gases, 
adding to the nitrogen oxides formed 
from the. direct combination of ahos- 
pheric nitrogen and oxygen in the gas . 

turbine combustion reaction. 



Hydrogen 

EXHIBIT  C-6 ( 2 )  

Low-hydrogen-content fuels are more 
difficult to burn without producing smoke 
because of incomplete combustion. Also, 

'they tend to burn with a greater portion 
of the chemical energy in a fuel released 
as thermal radiation. This car1 cause 
overheating and a reduction in the life 
of combusion chamber parts. 

-- 
Source: U.S. Department Of Energy, Preparation of a coal conversion 

systems technical Data Book, contract no. EX-76-C-01-2286, 
May 1978 



Parameter 

Specific gravity 
M I  

0 
Boiling point range ( F) 
SSU - 100°F 
SSU - 122OF 
Pour Point OF 
Plash Point OF 

Ultimate Analysis 

Ash 
Water 
Carbon 
Hydrogen 
Nitrogen 
oxygen 
Sulfur 

~~U/gal. (approximate) 

Trace Elements (ppm) 

Nickel ' 
Copper 
Iron 
Manganese 
Bariam 
Potassium 
Lead 
Aluminum 
Calcium 
Vanadihn 
Magnesium 

Number 6 

EXHIBIT C-7 
COMPARISON OF ANALYSES OF SRC-I1 FUEL 
AND NUMBER 6 FUEL OIL - BASED ON 
SRC-I1 TEST BURN AT CON EDISON 

SEPTEMBER 1978 

a. One sample 2.4% water out of 16 samples . 

b. One sample 50% water, one 2.5% out of 25 samples 

Sources: Electric Power Research Institute, 
Booz, Allen & Hamilton, Inc. 



Parameter 

Particulate Matter 

Sulfur Dioxide 

Nitrogen oxides 

EXHIBIT .C-8 
SIMPLIFIED FEDERAL NEW SOURCE 

PERFORMANCE STANDARDS FOR FOSSIL FUEL 
FIRED STEAM GENERATORS -(a) 

Standards (b) 

A. Not more than 0.18 g/106 calories 
heat input (0.10 lb/106 BTU) 

R. Not more than 20% opacity except that 
a maximum of 40% is permitted for not 
more than. 2 minutes in any hmir 

A. Not more than 1.4 g/106 calories heat - 
input (0.80 lb/106 BTU) derived from 
liquid fuel 

B. Not more than 2.2 g/106 calories heat 
.~nput (1.2 lb/ loG BTU) derived from. 
solid fuel 

C. If a mixture of fuels is burned, the . 

standard is calculated by thc formula 
that proportions the heat input. 

A. Not more than 1.4 g/166 calories 
(0.80 lb/106 BTU) heat input derived 
from gaseous fuel 

B. Not more L l ~ a r i  0.54 g/l~6 calories 
(0.30 1b/loG DTU) dexived from liquid 
fuel 
I 

6 C. Not.more than 1.26 g/10 calories.heat 
input (0.7 l h/1 n6 RTU) derived from' 
solid fuel 

D. If a solid fuel' contains .mor.e than 
25% coal refuse the standard does not 
apply. 

E. Coal-derived liquids proposed regula- 
tion is 0.5 lbs/106 Btu. . 

a. Standard applies only to steam generators with a higher heating value 
heat input greater than 250 million BTU/hr. 

b. Testing to be done by EPA approved methods 

Source: U.S. Department of Energy Contract No. EX-76-C-01-2286 
Preparation of a coal conversion systems technical data book. 



A P P E N D I X  D  
T H E  U T I L I Z A T I O N  O F  METHANOL AS A  B O I L E R  F U E L  



THE U T I L I Z A T I O N  OF METHANOL AS A BOILER FUEL 

The Department of Energy asked Booz, Al len & Hamilton 
t o  a s s e s s  t h e  u se  o f  methanol. a s  a  b o i l e r  f u e l  i n  an e f f o r t  
t o  a s c e r t a i n  long-term economic advantages a s s o c i a t e d  wi th  
such use. Booz, Al len  reviewed e x i s t i n g  l i t e r a t u r e  on t h e  
s u b j e c t  and in te rv iewed a  c r o s s  s e c t i o n  of u t i l i t y  and i n -  
d u s t r i a l  s e c t o r  r e p r e s e n t a t i v e s  t o  ga in  an i n s i g h t  i n t o  
marketplace  a c c e p t a b i l i t y  of  methanol used as a  b o i l e r  f u e l .  
A number of  obse rva t ions  can be drawn from t h e  i n d u s t r i a l  
assessment ,  t h e  most impor tan t  of which i s  t h a t  methanol i s  
perce ived  as an advantageous turbine f u e l  i n  combined-cycle 
o p e r a t i o n s  r a t h e r  than  a s  a  b o i l e r  f u e l .  

This  c h a p t e r  focuses  on t h e  use  of  methanol a s  a . b o i l e r  
f u e l .  The market ou t look  f o r  methanol u t i l i z a t i o n  i s  pre-  
s e n t e d  i n  f o u r  p a r t s :  

Overview o f  methanol p roduc t  s p e c i f i c a t i o n s  

Review o f  r e s e a r c h  and development e f f o r . t s  
add res s ing  methanol u t i l i z a t i o n  a s  a  b o i l e r  f u e l  

I n d u s t r i a l  assessment of methanol u t i l i z a t i o n  

B a r r i e r s  t o  market development. 

1. BASED ON KNOWN SPECIFICATIONS, IslETHANOL HAS POTENTIAL 
APPLICATIONS AS A FUEL FOR POWER GENE,RATION I N  STATIONARY 
BOILERS .-.. 

Methanol i s  a  s y n t h e t i c  f u e l  and chemical  feeds tock  t h a t  
can be manufactured from a  v a r i e t y  o f  sou rces  and app l i ed  t o  
a v a r i e t y  of  u se s .  Methanol can be  e x t r a c t e d  from natural 
p l a n t s  o r  manufactured commercially from c o a l  o r  n a t u r a l  
gas .  IlIost methanol manufactured c u r r e n t l y  i s  made by pass -  
i n g  a  s y n t h e s i s  gas  con ta in ing  hydrogen and carbon monoxide 
o r  carbon d i o x i d e  ove r  a c a t a l y s t  under p r e s s u r e  a t  e l e v a t e d  
tempera tures .  

(.I) The Phys i ca l  and Chemical P r o p e r t i e s  of  Methanol 
I n d i c a t e  Methanol Would B e  a Clean-Burning Fue l  

Methanol c o n t a i n s  very  l i t t l e  s u l f u r  and n i t r o g e n ,  
as i n d i c a t e d  by Exh ib i t  D-1, and consequent ly  a  c l e a n e r  
s t a c k  emiss ion is p o s s i b l e .  Methanol combustion tests 



EXHIBIT D-1 
Physical and Chemical Properties of Methanol 

Storage and Handling Properties 

Vapor pressure, psi at lOOF 
Specific gravity 
Density, lb/cu ft at 60F 
Pour point (freezing point), F 
Flash point (open cup), F 
Solubility in water, % a t  6bF 
Static charge 
Toxicity 

Fuel Characteristics 

Higher heating value, Btu/lb 
Kinematic viscosity, cs at 77F 
Volatility: 50%, vaporized at this .temperature, F 
~toichiometric mixture ?f fuel and air, lb air/lb 
methanol 

Methanol (CH30H), % 

Moisture, % 

Higher alcohols, % 

Ash, % 

Sulfur, 90 
Nitrogen, % 

Theoretical flame temperature, F 

Source: Gilbert Associates 

Moderate 



a t  F l o r i d a  Power C o r p o r a t i o n ' s  Bayboro S t a t i o n  showed 
t h a t  n i t r o g e n  o x i d e  emi s s ions  w e r e  74 p e r c e n t  less 
t h a n  t h o s e  from No. 2  f u e l  o i l .  Reasons c i t e d  w e r e  
no n i t g r o g e n  c o n t e n t  i n  methanol  and a  f lame tempera- 
t u r e  lower  t h a n  t h a n  f o r  d i s t i l l a t e  which minimizes  
t he rma l  NOx emiss ions .  

The C h a r a c t e r i s t i c s  o f  Methanol A r e  Such 'lahat I t  . 
Can B e  F i r e d  D i r e c t l y  i n  Steam Gene ra to r s  With 
Minimal Changes t o  t h e  Equipment and With Only a  
S l i a h t  Loss o f  E f f i c i e n c y  

A 1972 test a t  t h e  P a t e r s o n  S t a t i o n  o f  t h e  N e w  
Or leans  P u b l i c  S e r v i c e  Inc .  was conducted  on an o i l -  
f i r e d  b o i l e r  o p e r a t i n g  on chemical  g r ade  methanol .  
During t h e  t e s t ,  "Y" sh.aped bu rne r  nozzLes w e r e  used 
t o  e n a b l e  complete  combustion. The o n l y  o t h e r  modi- 
f i c a t i o n  made was t o  i n s t a l l  a c e n t r i f u g a l  pump because  
t h e  f u e l  o i l  pumps cou ld  n o t  hand l e  t h e  low v i s c o s i t y  
of  methanol .  These w e r e  t h e  o n l y  changes made i n  t h e  
b o i l e r  and h a n d l i n g  system. 

During t h i s  1972 t e s t ,  it was found t h a t  t h e  
methanol  f l ame  was less luminous t h a n  t h a t  o f  f u e l  o i l  
o r  n a t u r a l  g a s ,  and methanol  had a  lower f l ame  tempera- 
t u r e .  Th i s  r e s u l t e d  i n  a  t h r e e  p e r c e n t  lower  b o i l e r  
e f f i c i e n c y  t h a n  n a t u r a l  g a s  a t  e q u a l  l o a d s .  I t  shou ld  
be n o t e d ,  however, t h a t  t h i s  1972 test  took  p l a c e  l o n g  
b e f o r e  t h e  r e c e n t  widespread  i n t e r e s t  i n  methanol  u t i -  
l i z a t i o n ;  and t h e r e f o r e ,  a d d i t i o n a l  tests i n  b o i l e r s  
shou ld  be conducted  t o  s u b s t a n t i a t e  t h e s e  e a r l y  f i n d i n g s .  

( 3 )  I l e t h a n o l ' s  Hea t ing  Value Is ~ p p r o x i m a t e l y  Half 
That  o f  No.' 6 Res idua l  Fue l  O i l  VJhich 1 n d i c a G s  
Methanol.' Mi l s t .  Have an  A t t r a c t i v e  De l i ve r ed  P r i c e  
To Gain t l a rke t  Acceptance 

The h e a t i n g  v a l u e  o f  methanol  i s  approx imate ly  
9,760 Btu/ lb .  o r  2.72 m i l l i o n  B t u / b a r r e l .  To d i s p l a c e  
r e s i d u a l  f u e l  o i l  i n  i n d u s t r i a l  o r  u t i l i t y  b o i l e r s ,  
methanol  must be  p r i c e d  c o m p e t i t i v e l y  on a  Btu equiva-  
l ency  b a s i s  w i t h  r e s i d u a l .  Based on a n  e x t e n s i v e  
l i t e r a t u r e  review and on d i s c u s s i o n s  w i t h  i n d u s t r i a l  
s e c t o r  r e p r e s e n t a t i v e s ,  t h e r e  a r e  d i s p a r a t e  p r i c e s  
i n d i c a t e d  f o r  methanol .  Price d i s p a r i t i e s  a r e  i n f l u -  
enced by t h e  manufac tu r ing  p r o c e s s  employed and t h e  
t y p e  o f  end u s e  a n t i c i p a t e d ,  whether  i t  be  f o r  b o i l e r  
f u e l s ,  t u r b i n e  f u e l s ,  o r  as a  g a s o l i n e  b l end .  



The marketplace  r e p r e s e n t a t i v e s  d i d  n o t  b e l i e v e  methanol 
could be  brought  i n  on a Btu-equivalent  b a s i s  and i n d i -  
c a t e d  t h i s  would d e f e r  purchase  dec i s ions .  

2 .  THERE ARE FEW RECENT BOILER FUEL TESTS USING METHANOL 
AND I CONSEQUENTLY I ONLY L1:IITED TEST RESULTS ARE 
AVAILABILITY FOR REVIEW 

(1) A T e s t  Burn Using flethanol a s  a B o i l e r  Fuel  Was 
Conducte'd a t  ' the Coen Compan'y , Burlingame, 
C a l i f o r n i a  i n  1971 

The t e s t  r e s u l t s  w e r e  s a t i s f a c t o r y  from a combus- 
t i o n  s u i t a b i l i t y  p o i n t  of  view. NOx emiss ions  were a 
q u a r t e r  and a t e n t h  of  n a t u r a l  gas  and No. 6 r e s i d u a l  
f u e l  o i l ,  r e s p e c t i v e l y .  

( 2 )  The P.revious1.y Mentioned T e s t  a t  New Orleans  
Pub l i c  Se rv i ce  Inc.  Prov ides  Some Guidance 
on Methanol Use. But t h e  Research Sho'u'ld B e  
Updated 

The methanol w a s  handled i n  t h e  same manner a s  
o t h e r  petroleum f u e l s  used by t h e  New Orleans  Pub l i c  
S e r v i c e  Company. The tes t  program c o n s i s t e d  o f  a 
combustion comparison of  methanol w i th  n a t u r a l  gas  
and No. 5 fueL o i l .  'l'he r e s u l t s  of t h e  tes t  w e r e  as 
fo l lows  : 

Gross power g e n e r a t i o n -  from methanol i s  . 
s i m i l a r  t o  No. 5 f u e l  o i l  and n a t u r a l  gas .  

t 

T e s t  r e s u l t s  i n d i c a t e d  a c e n t r i f u g a l  pump 
would be  needed i n  p a r a l l e l '  t o  e x i s t i n g  
pumps due t o  methanol ' s  low v i s c o s i t y .  

Stack emiss ions  were monitored du r ing  t h e  
tes t  bu rn . '  The fo l lowing  r e s u l t s  were ob ta ined :  

- No p a r t i c u l a t e s  were observed.  

- NO, emiss ions  i n  t h e  f u e l  gas  were less 
than  t h o s e  from n a t u r a l  gas  and much 
l e s s  t han  NO, emiss ions , f rom f u e l  o i l  
combustion. 

- There w e r e  low l e v e l s  of  a ldehydes ,  o r g a n i c  
a c i d s ,  and hydrocarbons i n  t h e  f u e l  gas .  



Carbon monoxide concen t r a t i ons  from t h e  
methanol burn tes t  w e r e  l e s s  t han  t h o s e  ob- 
s e rved  f o r  t h e  f u e l  o i l  and n a t u r a l  gas  
tests,  which may be i n d i c a t i v e  of  more com- 
p l e t e  co&ustion. 

There were no SO2 emiss ions  r epo r t ed .  

The foregoing  tests i n d i c a t e  t h a t  methanol h a s  
combustion c h a r a c t e r i s t i c s  s u i ' t a b l e  . f o r  b o i l e r  use.  
However, t h e  tests a r e  somewhat da ted .  In t e rv i ews  
conducted by Booz, Al len  wi th  b o i l e r  manufac ture rs ,  
i n d u s t r i a l ,  and u t i l i t y  r e p r e s e n t a t i v e s  suppor ted  
methanol ' s  combustion s u i t a b i l i t y  b u t  i n d i c a t e d  l a rge -  
s c a l e  tes ts  should  be  conducted t o  determine long- 
t e r m  t e c h n i c a l  s u i t a b i l i t y  and economic i m p l i c a t i o n s .  
In te rv iewees  i n d i c a t e d  methanol u t i l i z a t i o n  depended 
p r i m a r i l y  on i t s  economic advantages and on emiss ion 
r e g u l a t i p n s  governing b o i l e r  f u e l  combustion. 

( 3 )  Transpora t ion  and Handling Requirements f o r  
Methano'l Do Not Seem To Be Harket  Entry  B a r r i e r s  

Research conducted i n  suppor t  of t h e  tests de- 
s c r i b e d  earl ier  i n d i c a t e  methanol can be  p i p e l i n e d ,  
sh ipped ,  t r a n s f e r r e d ,  and s t o r e d  i n  a manner now 
provided f o r  o t h e r  p roduc ts  t h a t  a r e  c u r r e n t l y  a v a i l -  
a b l e  i n  t h e  marketplace .  Methanol should be a b l e  t o  
be s t o r e d  and shipped i n  convent iona l  carbon s t e e l  
t anks  and v e s s e l s .  F l o a t i n g  roof- type s t o r a g e  t a n k s  
would be  needed t o  reduce evapora t ion  l o s s e s  and 
p o l l u t i o n .  This l a t t e r  f a c t o r  owes t o  methanol ' s  
v o l a t i l i t y .  

Research data i n d i c a t e  t h a t  a s e p a r a t e  f u e l  
handl ing system would be  necessary  when methanol 
1s used a s  a  supplement t o  f u e l  o i l .  This would i n -  
c lude  independent  s t o r a g e ,  p i p i n g ,  and pumps t o  segre-  
g a t e  methanol from a  f u e l  o i l  system. These r equ i r e -  
ments a r e  d i c t a t e d  p r i m a r i l y  by t h e  s o l v e n t  n a t u r e  
of methanol and methanol ' s  low f l a s h  p o i n t  (52OF) . 
There i s  no s p e c i a l i z e d  equipment necessary-only 
seg rega t ed  f a c i l i t i e s  of  t h e  same v a r i e t y  used f o r  
f u e l  o i l  u t i l i z a t i o n .  

Add i t i ona l  obse rva t ions  about  methanol handl ing  
can be drawn from p rev ious  r e s e a r c h  e f f o r t s :  

. The r e s e a r c h  and development e f f o r t s  t o  
d a t e  i n d i c a t e  t h a t  where a  b o i l e r  i s  equipped 



w i t h  g a s  and o i l  b u r n e r s ,  t h e  o i l  b u r n e r s  can 
b e  e a s i l y  modi f i ed  t o  u s e  methanol .  B o i l e r s  
equ:ipped t o  burn  g a s  o n l y  can b e  equipped w i t h  
a c e n t e r - f i r e d  methanol  bu rne r .  B o i l e r  manu- 
f a , c t u r e r s  i n d i c a t e  t h e  b u r n e r  m o d i f i c a t i o n  
r e q u i r e d  f o r  methanol  i n  t h i s  c a s e  is  a s imple  
p rocedure .  

. I4ethanol and ' f u e l  o i l  cou ld  be  used s imul-  
t a n e o u s l y  on b o i l e r s  e q u i p p e d ' w i t h  m u l t i p l e  
b u r n e r s  and a i r  r e g i s t e r s .  S i n g l e  b u r n e r  
u n i t s  u s i n g  f u e l  o i l  cou ld  be conve r t ed  t o  
methanol  u s e  w i t h o u t  f l u s h i n g  o u t  t h e  e n t i r e  
system. 

3 .  AN INDUSTRIAL ASSESSMENT OF METHANOL U T I L I Z A T I O N  
INDICATES THAT UTILITIES AND INDUSTRIAL BOILER OWNERS 
MAY BE INTERESTED I N  USING 14ETHANOL AS A BOILER FUEL 
I F  PIETHANOL BECOME ECONOE4ICALLY ATTRACTIVE 

In t e rv i ews  w i t h  u t i l i t i e s ,  b o i l e r  manu fac tu r e r s ,  and 
b o i l e r  owners i n d i c a t e  t h a t  t h e  b o i l e r  f u e l  market  i s  re- 
c e p t i v e  t o  t h e  u t i l i z a t i o n  o f ' m e t h a n o l  a s  a f u e l .  The 
i n t e r v i e w s  y i e l d e d  s e v e r a l  c o n s i s t e n t  f i n d i n g s  abou t  t h e  
u s e  o f  methanol .  The ' in ter+i :ews a l s o  shed  some l i g h t  on 
p o t e n t i a l  b a r r i e r s  t h a t  may r e s t r a i n  t h e  l a r g e - s c a l e  e n t r y  
o f  methanol  i n t o  t h e  b o i l e r  f u e l  market .  

(I) ,  Methanol Appears To B e  T e c h n i c a l l y  S u i t a b l e  A s  a 
Boi ' ler Fue l ;  However, Lack o'f Cu'r'rent In fo rmat ion  
and T e s t  Burn Data Elav Pose a Near-Term Market 

4 
- - 

B a r r i e r  To I n d u s t r i a l  and U t i l i ' t v '  U s e  

Companies a r e  aware o f  methanol  a s  a p o t e n t i a l  
f u e l  b u t  exp re s sed  concern  ove r  t e c h n i c a l  f i t  and 
combustion c h a r a c t e r i s t i c s .  Th i s  is  p r i m a r i l y .  due 
t o  a l a c k  o f  r e c e n t  i n fo rma t ion  and t e s t  burn  d a t a .  
They p e r c e i v e  methanol  as a c lean-burn ing  f u e l  and 
b e l i e v e  t h a t  l i t t l e  maintenance would b e  r e q u i r e d  f o r  
i t s  u se .  companies a r e  w e l l  aware o f  t h e  minimum en- 
v i ronmenta l  r i s k s  commonly a s s o c i a t e d  w i t h  methanol  
u t i l i z a t i o n .  



R e l i a b i l i t y  o f  Supply a t  a  Compet i t ive  Price Is 
o f  Paramount Impor tance  f o r  Plethanol To ~ n t r o d u c e  
and S u s t a i n  I t s e l f  a s  a  V iab l e  Replacement f o r  
Other  A v a i l a b l e  B o i l e r  F u e l s  

The major  f i n d i n g s  o f  t h e  i n d u s t r i a l  a s sessment  
are t h a t  methanol  i s  a  t e c h n i c a l l y  s u i t a b l e  f u e l  b u t '  
p r i c e  i s  n o t  economical ly  a t t r a c t i v e .  Fue l  s p e c i f i -  
c a t i o n s  as t o  t y p e  and composi t ion  impact  b o i l e r  
s e l e c t i o n  and de s ign .  Fue l  combustion c h a r a c t e r i s t i c s  
a r e  t h e  major  concern  o f  bu rne r  manufac tu re r s .  Buyer 
behav io r  w i l l  b e  i n f l u e n c e d  by a v a i l a b i l i t y  o f  supp ly  
and c o s t s  t h a t  a r e  compe t i t i ve  w i t h  a l t e r n a t i v e  f u e l s  
i n  terms o f  p r i c e ,  h a n d l i n g  c o s t s ,  and e f f i c i e n c y .  
Burners  c an  b e  des igned  t o  haridie almost any corrhust i-  
b l e  f u e l ,  :and p o t e n t i a l  buye r s  do n o t  p e r c e i v e  r e t r o -  
f i t t i n g  t o  b e  a market  b a r r i e r .  

I n d u s t r y  i s  i n t e r e s t e d  . i n  o b t a i n i n g  menthanol  
f o r  combustion t e s t i n g .  The i n d u s t r i a l  marketpl  ace i s  
f a m i l i a r  w i t h  t h e  tests* conducted  t o  d a t e ,  b u t  b o i l e r  
manu fac tu r e r s  a r e  i n t e r e s t e d  i n  more t es t s  t o  conf i rm 
market  s u i t a b i l i t y .  

4 .  THE I'.IAJOR MARKET BARRIER FOR LARGE-SCALE METHANOL 
U T I L I Z A T I O N  AS A B O I L E R  FUEL I S  P R I C E  

(1) Price Is Not Pe r ce ived  A s  Being Economical ly 
A t t r a c t i v e  

!le:thanol i s  p e r c e i v e d  a s  b e i n g  a t  a ' compet i t ive  
c o s t  d i s advan t age  r e l a t i v e  t o  o t h e r  b o i l e r  f u e l s  
a v a i l a b l e  i n  t h e  marke tp lace .  A s  such ,  t h e  economics 
of  m c t h c l n ~ l  w i l l  have  t o  improve b e f o r e  th.e m a r k e t .  
becomes r e s p o n s i v e  t o  l a r g e - s c a l e  u t i l i z a t i o n  o f  
methanol  as a  b o i l e r  f u e l .  

( 2 )  A d d i t i o n a l  Research Should Be Undertaken Tn 
Determine Long-Term Economic Advantages o f  
Using Methanol a s  a  B o i l e r  Fue l  

Recent  r e s e a r c h  a d d r e s s e s  methanol  a s  a  t u r b i n e  
f u e l  i n  combined-cycle o p e r a t i o n s .  To adequa t e ly  
answer t h e  q u e s t i o n  abou t  t h e  economic advan tages  o f  
u s i n g  methanol  a s  a b o i l e r '  f u e l ,  l a r g e - s c a l e  t es t  bu rns  
conducted  f o r  a  l o n g  p e r i o d  n e e d ' t o  be  under taken .  
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ORGANIZATIONS INTERVIEWED 



ORGANIZATIONS INTERVIEWED , 

B o i l e r  Manufacturers 

American B o i l e r  Manufacturers A s s o c i a t i o n .  
ABCO I n d u s t r i e s ,  Inc.  
AERCO I n t e r n a t i o n a l ,  Inc.  
ALPHA Steam Generator  Corporat ion 

Applied Engineer ing Company 
Babcock and Wilcox Company 
Bryan Steam B o i l e r  Company 
Brasch ~ a n i l f  ~uc tu r ing  Co. , Inc .  

Combustion Engineer ing,  Inc .  
Deltak Corporat ion 
Enerex Incorpora ted  
E-Tech, Inc .  

F o s t e r  Wheeler Energy Corporat ion 
John Zinc, Inc. 
Ncbraska B o i l e r  Company , 

Ocean Shore I ron  Works, Inc .  

Fower Flame, Inc. 
process  Combustion Company 
Ray Burner Company. 
R i l ey  S toker  Corporat ion 

The Coen Company 

B o i l e r  Owners 

Council  o f  I n d u s t r i a l  B o i l e r  Owners 
F a i r f a x ,  V i r g i n i a  

Dow Chemical Company 
F reepor t ,  Texas 

Dupon t 
Wilmington, Delaware 

General  E l e c t r i c  Company 
~ c h e n e c t a d ~ ,  New York 

Monsanto Company 
S t .  Louis,  Missour i  



U t i l i t y  Companies and Organiza t ions  

American E l e c t r i c  Power 
Bal t imore  Gas and E l e c t r i c  Co. 
Boston Edi son 
Consol idated Edison 

Edison E l e c t r i c  I n s t i t u t e  
E l e c t r i c  Power Research I n s t i t u t e  
F l o r i d a  Power & Ligh t ing  Co. 
Houston L igh t ing  & Power Co. 

Long I s l a n d  L igh t ing  Co. 
Middle South Se rv i ces  
Nor theas t  u t i l i t i e s  
Potomac E l e c t r i c  Power Co. 

P h i l a d e l p h i a  E l e c t r i c  ?o. 
Southern C a l i f o r n i a  Edison 
Tennessee Valley Author i ty  

Investment Communi t v  

Di l lon  Reed 
Morgan S tan l ey  
Salomon Bro the r s  

Government Orqaniza t ions  

Defense Supply Agency 
Department of Energy 
Environmental Protection Agency 
Nat iona l  I n s t i t u t e  of Occupat ional  Sa fe ty  and Heal th  

New York Energy Research and Uevelopment ~ u t h o r i t y  
Occupat ional  S a f e t y  and Heal th  Administra. t ion 

Coal L ique fac t ion  Process  Technology Companies 

Ashland O i l ,  Inc .  
C a r t e r  o i l  Company 
Dynalectron 
Gulf Mineral  Resources Company 

Mobil O i l  Corporat ion 



Non-Government Organiza t ions  

American petroleum I n s t i t u t e  
washington,  D. C. 

Enviro Con t ro l ,  Inc.  
Bethesda,  ~ a r y l a n d  

Hittman ~ s s o c i a t e s  
Columbia, Maryland 

Oak Ridge Na t iona l  Labora to r i e s  
Oak Ridge, Tennessee 

Pacific Northwest T,aborat.nr.i es 
Richmond, Washington 

Suntech Corporat ion 
Marcus Hook, Pennsylvania 

Un ive r s i t y  o f  Arizona 
Tuscon, Arizona 

Un ive r s i t y  of  C i n c i n n a t i  
C i n c i n n a t i ,  Ohio 

Labor Unions 

P i p e l i n e  Companies 

Amoco P i p e l i n e  Company 
Chicago, I l l i n o i s  

Co lon ia l  P i p e l i n e  Company 
Houston, Texas 

P l a t e a u  P i p e l i n e  Company 
Alburqueque , New Mexico 

Texas Eas t e rn  Transmission Company 
Houston, Texas 

Will iams Bro thers  p i p e l i n e '  Company- 
Tulsa ,  Oklahoma 



- O i l  Companies 

Arnoco O i l  Company 
Chicago, I l l i n o i s  

Kuwait Na t iona l  Petroleum Company 
New York, New York 

Sca l lop  Corporat ion 
New York, . New York 

Standard O i l  company o f  C a l i f o r n i a  
San Franc isco ,  C a l i f o r n i a  

U n i v e r s a l  O i l  P roduc ts ,  Tnc. 
Des P l a i n e s ,  I l l i n o i s  

Other  Enerav Oraan iza t ions  

Energy T r a n s i t i o n ,  Inc.  
Washington, D. C. 

Rocky Mountain Energy Co .  
Denver, .Colorado 

Western S t a t e s  Energy Council  
Denver, Colorado 

Railroads 

Bur l i n g t o n  Northern 
Chessie  Systems 
Norfolk and Western 
Southern P a c i f i c  

A r c h i t e c t u r a l  and Ena inee r in s  Firms 

Dravo Corp. 
F l o r i d a  Power Corp. 
F luor  Corp. 
KVB Assoc i a t e s  

Stone and Webster 
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