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EXECUTIVE SUMMARY

4

Liquid 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 the 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) II processes.

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

A large body of data has been assembled by DOE and
industry on the 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.

In 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 1985-
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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of physical, chemical, and biological issues by the Foster
D. Snell Division of Booz, Allen & Hamilton. The study
draws six major conclusions:

. Fuel Characteristics

‘The products of direct liquefaction appear-—based
on limited initial burn tests—to offer combqstion
characteristics similar to No. 6 residual fuel oil.

. Markets

Fuel oil demand for boiler fuel is forecast to
decline by 1990. However, if economically com-
patible, there is a substantial potential boiler
market opportunity for coal liquids, particularly
for electric utilities in the Northeast, Mid-
Atlantic, and South Atlantic regions.

.. Environmental and Safety

Analysis of preliminary data indicates that direct
coal liquids offer, to a degree, the potential for
greater environmental hazard than No. 6 fuel oil.

While the indicated hazards can be controlled and

managed with adequate safeguards, the lack of con-
clusive data precludes final judgment.

. Transportation and Distribution

For the anticipated locations of early markets and
initial liquefaction plants, the feasible transpor-
tation options are rail, barge, and potentially
pipelines. The need for some degree of special
handling is anticipated; however, specific require-
ments are not known at this time.

. Management and Coordination

The ultimate commercial marketability of direct
coal liquids is likely to be constrained without
a coordinated approach—by industry, utilities,
Federal and state regulatory agenciées, public in-
terest groups, and labor organizations—to the
research, testing, and verification of environ-
mental and safety characteristics. Procedures for
handling, transportation, distribution, and use
need to be designed and implemented.

' /
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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 CHARACTERISTICS SIMILAR TO NO. 6 RESIDUAL

FUEL OIL

Direct liquefaction includes two groups—catalytic and
noncatalytic hydrogenation, and the fuel oil quality and
yield is a function of the severity of the process operating
conditions.

The H-Coal process,'undér development by Hydrocarbon

" Research Inc., is an example of catalytic hydrogenation. 1In
this process, 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 residence time), the process
yield 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 hydrogenation processes include the
SRC-II 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 catalyst is added to the system. 1In
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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 o0il that can be used as a sub-
stitute for both No. 6 fuel o0il and No. 2 fuel o0il 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 o0il; 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, em1s51ons.

. EDS boiler fuel (blend of solvent and vacuum gas
oil 400°-1,000°F liquid) from Illinois No. 6 was
test burned in a 50-horsepower induslrial builer.
The results of the test burn indicated that the
400°-1,000°F coal liquid burned with less smoke
than a 2.2 percent sulfur No. 6 residual fuel oil.
The coal liquid burned with less particulates than
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°-1,000°F 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-II 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-II boiler

viii



XT

) EXHIBIT 1 -
Boiler Fuel Production Yield Fraction and Composition

: Exxon Donor No. 6 .
H-Coal Solvent - SRC-11 Fuel 0il
Distillation Range % 400 - 950 700+ 350 - 900
Yield (bb1/Ton Dry Coal) 0.6 0.7 ) 1.5
Specific Gravity 968 1. 0.99 0.9
Elemental Composition (wt %) ' |
Carbon 90 88.5 87.9 86.6
Hydrogen . 7.6 © 6.3 8.1 12.25
Sulfur . 0.22 0.79 0.3 0.28
Nitrogen 1.0° 1.1 1.0 0.24
Heating Value Btu/1b. © 17,700 16,500 7,600 19,150

SOURCE: Exxon Research and Engineering Company; Ashland 0il, Inc.; Gulf Mineral Resources Company.
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fuel were used in the test evaluation. To provide
a- comparison between characteristics for SRC-II
fuel oil and typical utility fuel oils, data were
also obtained with the No. 6 fuel o0il currently
used by Consolidated Edison. The SRC-II fuel oil
tested was low in sulfur (0.22 percent) and ash
(0.02 percent). The nitrogen content was rela-
tlvely high (1.0 percent). The major finding of
the test program was that boiler thermal efficiency
levels with SRC-II were comparable to No. 6 resid-
ual fuel.

Although there were no major operational problems
encountered during the test, the combustion of
SRC-II fuel o0il resulted in nitrogen oxide 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-II and No. 6 residual fuel oils. The
test burn also indicated that particulate matter
emissions were lower for the SRC-II 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. 1In 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 potentlal 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 o0il is forecast to decline to
1.2 million bbl/day and natural gas consumption to decline
to 250,000 bbl/day of residual o0il equivalent. Although the
utility industry will still be large enough to support a
market for coal liquids, the decline in fuel o0il 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
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Several factors are responsible for the decline in fore-
cast fuel o0il and natural gas consumption by 1990:

. Increased utilization of coal and nuclear power

. Planned and accelerated retirements of ex1st1ng
0il and gas plants

. - Conversion of exiéting oil and gas planté to coal

. Lower utilization factors of existing oil and gas
plants.

However, many utilities will encounter difficulties in
sw1tch1ng 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 bhoiler fuels based on
market size. A summary of regional data on 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 o0il consumption). The remaining five regions-—Midwest,
Southwest, Central, Northwest, and North Central-—account
for 0.26 million bbl/day (approximately 15 percent of the
national residual fuel o0il 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.

xii.
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EXHIBIT 3
Summary of Regional Data of Residual 0il Inputs
to U.S. .Electric Generation

v Regioha] Utility Consumption in Thousand Barrels/Day ‘
ea ,

r New Eng NY/NJ Mid-Atl | S. Atl. | - Midwest | S. West | Central | N. Central West N, West [ Total
1978 203 310 233 -286 115 125 17 3 316 - 1,608
1990* 191 72 116 109 98 8 11 - 596 - 1,200

~

* 1990 forecast data were obtained from supporting computer runs to Analysis Report, Energy Supply & Demand in
the Midterm: 1985, 1990, 1995, April 1979, DOE/EIA-0102/52.
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316,000 BBL/DAY

NOTES:

(1)

(2)

EXHIBIT 4 .
Regicnal Residual Fuel 0Oil Consumption
1978

203,000
BBL/DAY

310,000 BBL/DAY

233,000
BBL/DAY

286,000
BBL/DAY

SHADED AREAS REPRESENT REGIONS WHICH CONSUMED LESS
THAWN 200,000 BBL/DAY OF RESIDUAL FUEL OIL IN 1978

NON-SHADED REGIONS CONSUMED MORE THAN 200,000 BEL/DAY
IN 1978 REPRESENTING APPROXIMATELY 85% OF THE RESIDUAL
OIL NARKET OF UTILITIES



The New England and New York/New Jersey area offers the
largest potential market area for coal liquids.

. It had a residual o0il 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/New Jersey area 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
utllltles in Pennsylvania, Virginia, Maryland,
Delaware, and West 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
the Mid-Atlantic region, while deliveries to other
regions would require more extensive transportation
systems such as combination rail and barge trans-
portation.

The West région (Arizona, Nevada, California, and Hawaii)
is the single largest consuming region of boiler fuels. 1In
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-
ties for initial penetration of coal liquids.
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. Residual fuel o0il 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. 1In addition, the
DOD boiler market is not centralized or localized
in one region of the country, which would make
marketability of coal liquids difficult.

Various rcgulatory programs will affect market develop-
ment for coal liquefaction boilcer fuels as 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.

5. ANALYSES OF PRELIMINARY DATA INDICATE THAT DIRECT COAL
LIQUIDS REPRESENT A POTENTIALLY GREATER ENVIRONMENTAL
HAZARD THAN NO. 6 FUEL OIL. HOWEVER, THE INDICATED
HAZARDS CAN BE CONTROLLED WITIH ADEQUATE SAIEGUARDS.
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 operatlng 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.

xvi



EXHIBIT 5 .
Impact of Various Regulatory Programs
on Coal Liquefaction Market Development

A

Regulatory Program Impact Remarks
Clean Air Act, New Source [} Governs S0p, NO,, and particulate
Performance Standards matter emissions; permits and
waivers may be granted for coal®
liquefaction; however, additional
testing will be required to
establish regulatory compliance.
Power Plant and Industrial "N Mandates cbnversions'to coal from
Fuel Use Act - 0il and gas; temporary exemptions
may be granted for use of synthetic
fugls; however, implementing auth-
orities are not yet final, and syn-
thetic fuels are not yet available.
Long litigation is expected on
implementation,
Toxic Substances Control ’ Potential carcinogenecity of various
Act products may restrict their use.
Clean Water Act [ Controls discharges of trace metals,
phenols, aromatic hydrocarbons,
sludge, and hydrogen sulfides.
Effluent standards may constrain
commercial development.
Resource Conservation and L] Controls disposition of heavy tar
Recovery Act residues, wastewater residues, slag,
coal dust, and refuse. Hazardous
waste disposal must comply with air
and water standards.
Surface Mining Control and 0 Controi§ resoqrce‘development and
Reclamation Act may impede commercialization if coal
production cannot gear up to meet
coal liquefaction plant demands.
Occupational Safety and 0 Controls toxic substances in the
Health Act work place. Strict implementation
may constrain technology.
Site-Specific Regulations:
. Endangered Species Act 0 Not éxpected to pose a development
. barrier, .
Fish and Wildlife 0 Not expected to pose a development
Coordination Act barrier, ’ -
.‘ Rivers and Harbeors Act e Hay have some impact depending on
water shipments of coal liquids.
. State regulations e State and local regulations are
' not yet developed. It is too early
Local planning and zoning [} to determine ultimate impact although

requlations

strict zoning reguiations could
impede deveiopment.

LEGEND:

Potential nigh impact
Cound have an impact
Mot expected to have a market development impact

%xvii




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 o0il is presented in Exhibit 6. Sum-
mary results are as follows.

The environmental hazards of direct coal ligquefaction
products were assessed for both routine and episodal events
to determine air and water pollutlon 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 [rom rouline vapors and lcakc. Polycyclic
arvmaltic hydrocarbon emissionc 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 o0il and coal liquid preoducts 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
0il, 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 would
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
safety and health will be the primary potential environ-
mental concern. Dermal exposure to the products would have

¥viii
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Environmantal Area

Worker safety & Health

Air Pollution

Water Pollution

Ground Ccntamination

EXHIBIT 6 _
Summary of the Potential Hazards of Direct .
Coal Liquefaction Products Relative to No. 6 Fuel 0il

Routine Events

.

/" Poténtial Hazard
.. Relative to No. 6
Fuel 0il

® ®@ ©® ®

Source:

@ Greater Hazard Potential Than No. 6 Fuel Oil

@ Less Hazard Potential Than No. 6 Fuel 0il

-

@ Approximately Equal Hazard Potential To No. 6 Fuel 0il

Booz, Allen & Hamilton Inc.

Discussion

Controls would include
good work practice and
hygiene procedure

Current emission stan-
dards should be met-~-
sox less, Nox higher

Mandated controls
measures analogous
to No. 6 Fuel 0il
will be required

Routine c¢lean-up and
disposal of spills and
leaks similar to No. 6
Fuel 0il

Episodal Events

Potential Hazard
Relative. to No, 6
Fuel 0il

® ® @ &

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
0il



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
0il. In the early stages of commercialization, direct coal
~liqucfaction plantoc will likely bec ocited 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-
riers—principally economic—associated with each mode of
transporting coal liquids which must be resolved before full-
scale coal liquids production takes place. These barriers
would probably exist for any large-scale new "petroleum-type"
ligquids 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: :

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

. Pipelines 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 Illinois or Appalachia to the East Cost. This
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EXHIBIT 7
Evaluation of Transportation Market Barriers
for Coal Liquids

Potential Market Barriers

Transportation | . Existing
Mode Infrastructure Economics Environmental Safety Overall
1123 |4
Pipeline oo 0|0 0-¢* 0 0 0 - o¥
Barge - ejo0o| 0] O 0 © @ ]
Rail o|lo| o | @ (] ® ® @
Truck e|e| @ *] 0 ") °] (]

* Depends on economics of constructing a new p1pe11ne system spec1f1ca11y for
coal liquefaction products.

Legend:

® May pose a significant barr1er

@ May pose a. barrier
0 Does not pose a barrier

1 = A coal liquefaction plant in either Kentucky or West Virginia and candidate markets
in the Northeast and Atlantic regions :

2.= A coal liquefaction plant in Southern I1linois and candidate markets in the Northeast

and ‘Atlantic regions

3 = A coal 11quefact1on plant in the West and candidate markets in ‘the -Northeast and

Atlantic regions

4 = A coal 11quefact1on plant in the llest and candidate markets in Cq11f0rn1a
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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
mode 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 an-East 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 these
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 sités to candi-
date markets

Adeyuacy 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 timeframe.

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.
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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.

Tox1cologlcal testing programs on SRC-I products
were carried out by Industrial Bio-Test Labora-

tories. However, 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 liguefaction 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 Energ
- 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 groups

- State regulatory agencies. .

) Commercialization will be constrained by the current
lack of adequate facts to satisfy the complex approval system.
Thus, there 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 research program to idenlify Lhe

: necessary product handling 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

The Department of Energy (DOE) is currently reviewing
the potential for commercial development of téchnologies
that produce petroleum type oil and gas from coal. DOE is
interested in the commercial development of emerging tech-
nologies because they have the potential to reduce the
growing dependence on foreign energy resources and to add
to the domestic energy base. The technologies to which
DOE is focusing include coal gasification and coal lique-
faction systems.

Although first-generation coal gasification and coal
liquefaction technologies are technologically proven, the
prices for products are significantly higher than conven-
tional fuels in mid-=1979. Also, the emerging gasification
and liguefaction industries may be constrained by technical
uncertainties of advanced processes, unknown regulatory
standards, potential institutional and logistical barriers,
and potential environmental hazards. The purpose of this
study is to examine some of the details of the potential
markets for coal-derived liquids—specifically boiler fuels.

Coal liguefaclion produces fuels which include low-ash,
low-sulfur boiler fuels suitable for electric power and
steam generation and high~grade transportation fuels and
chemical feedstocks. The Federal Government and the process
technology companies are advancing direct coal liquefaction
technologies to the pilot plant stage and toward demonstra-
tion facilities. DOE's present goal is to provide useful
products for the marketplace from three processes—the Exxon
Donor Solvent (EDS) Process, the H-Coal Process, and the
Solvent Refined Coal-II Process (SRC-II). It is expected
that one or all of these processes will eventually form the
basis for a United States' coal liquefaction industry. DOE
is not currently supporting research and development pro-
grams for indirect liquefaction technologies.

Coal liquefaction market development may proceed slowly
as economic feasibility improves. Furthermore, technologi-
cal gquestions must be resolved, environmental questions
need to be answered, and institutional barriers need to be
removed. Commercial availability of coal liquefaction
products could well be on the order of 100,000 to 200,000
barrels of petroleum equivalent per day in 1990. This



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 institutional issues.

The Department of Energy asked Booz, Allen & Hamilton
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.

It 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 Booz; 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 o0ils could supplant residual
fuel o0ils 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 I-1 shows 1Y78 electrical generating dependency on
0il. 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 enviromment 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. Dependence on 0Oil for Electric Power, 1378
(By Regions, Electricity Generated By 0il as
a Percent of Total Electricity Generated)

. NEW ENGLAND 60%
EAST NORTH ,
CENTRAL 5% VMEDDLE
: _ ATLANTIC 35%
PACIFIC 55%
‘ WEST NORTH
| CENTRAL 3% N

MOUNTAIN 6%

SOUTH
ATLANTIC 22%

o’ ©°c .
- WEST SOUTH
CENTRAL 9% SOUTH
ALASKA AND ‘ CENTRAL 7% .
HAWAII 78% _ \-{ '

SOURCE: ENERGY INFORMATION ADMINISTRATION




In view of the work scope selected by DOE for this study,
an economic comparison of direct coal liquefaction products
with alternative fuels was not undertaken nor did Booz,
Allen evaluate the market potential for other types. of

fuel that could be produced with the direct coal lique-
faction technologies.

The balance of this introduction is presented in the

!

following five sections:

-

Purpose of the study

Scope of the study

Approach of the study

Overview of organizations interviewed
Overview of -the contents of the report.

THE PURPOSE OF THE STUDY WAS TO DETERMINE THE CANDIDATE

MARKETS FOR DIRECT COAL LIQUEFACTION PRODUCTS FOR

BOILERS FUELS DURING THE TIME FRAME 1985-1990

The objectives of the study were to:

Compare the boiler fuels of direct coal liguefac-
tion with residual fuel o0il (No. 6 fuel oil):

- Physical characteristics
- Environmental hazards, such as:

. Carcinogenic characteristics
. Toxic hazard characteristics. '

Determine whether a boiler fuel market would exist
for the coal liquefaction products given their
physical characteristics and potential environ-
mental hazards. )

Determine the advantages of utilizing methanol as
a boiler fuel on a continuous basis in commercial
boilers utilizing existing technology. The utili-
zation of methanol as a boiler fuel is examined

in Appendix D.

Identify the potential regional candidate markets
for direct coal liquefaction products as liquid
boiler fuels.

Determine the distributing and handling costs
associated with marketing coal liquefaction
products as liquid boiler fuels.

Determine the current regulatory issues associated

with the marketing of coal liquefaction products
as boiler fuels.

1-3



. Determine and evaluate other institutional issues
associated with the marketing of direct coal
liquefaction products as boiler fuels.

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

The study focused on utility and industrial boilers as
potential markets. Three direct coal liquefaction processes
were incorporated in the study—Exxon Donor Solvent (EDS),
H-Coal, and Solvent Refined Coal-Liquid (8SRC-I1). 'The use
of methanol as a boiler fuel was evaluated to determine
potential combustion advantages.

3. THE STUDY APPROACH WAS TO INTEGRATE PUBLIC AND PRIVATE
PERCEPTIONS OF THE UTILIZATION OF DIRECT COAL LIQULE-
FACTION BOILER FUELS AND TO DETERMINE THE LIKELY
CANDIDATE MARKET SEGMENTS FOR SUCH PRODUCTS

Data and information to support this study were ob-
tained from three main sources:

. Existing literature and reports in the public
and private sectlors

. Interviews with Department of Energy (DOE) and
other public officials

. Interviews with the process technology companies,
leading utilities involved in coal liquefaction
fuels research, industrial boiler manufacturers,
boiler owners, pipeline companies, railroad and
other transportation companies, investment bankers,
labor union officials, o0il companies, and other
cnergy organigationc.

Nine types of information were obtained:
. Status of coal liquefaction technology development

. Anticipated markets for coal liquefaction products
to be used as boiler fuels &

. Statistical data from which boiler fuel market
forecasts were developed

. Names of process technology participants and their
respective market strategies

. Utility management perceptions on the utilization
of coal-derived liquids for boiler fuels

14



Industrial sector management perceptions on the
utilization of coal-derived liquids for boiler
fuels

Environmental data

Federal policy implications:

- Executive Branch

- " Legislative Branch

Financial institution perceptions on the develop-
ment of a commercial coal liquefaction industry.

The data and information were analyzed to forecast the

potential market for direct coal liquefaction products to
be used in boiler fuels and to identify likely candidate
markets for these fuels.

The potential environmental risks associated with

marketing direct coal liquefaction products were evaluated
in the context of whether or not such risks were manageable.

4,

THE PRIVATE SECTOR COMPANIES WHICH PROVIDED INPUT TO

THIS STUDY REPRESENT THE CORE OF THE DIRECT COAL

LIQUEFACTION PROCESS TECHNOLOGY COMPANIES

This study focused on three direct coal liqueéfaction

process technologies. These technologies are being supported
individually by three different groups:

SRC-II:

- Developed by Gulf 0il Corporation (Pittsburg
. & Midway Coal Mining Co.)

- Cosponsors are the Department of Energy (DOE),
the Electric Power Research Institute (EPRI),
and Southern Services

H-Coal:
- Developed by Hydrocafbon Research, Inc.

- Cosponsors are DOE, EPRI, Ashland 0il, Standard
0il Company (Indiana) (Amoco), Mobil, Con-
tinental 0il Company (Conoco), and the State
of - Kentucky ’



. Exxon Donor Solvent:
L
- Developed by Exxon Research and Engineering
Company '

- Cosponsors are DOE, EPRI, and Phillips
Petroleum Company.

At least 12 utilities in New England and the Mid-
Atlantic region are interested in utilizing direct coal
liquefaction boiler fuels. They include three of the
largest East Coast utilities:

. Consolidated Edison
. Boston Edison
. Baltimore Gas and Electric.

In total, 86 organizations were interviewed and pro-
vided information useful to the development of this sludy.
A list of the organizations interviewed is included as Ap-
pendix E to this report.

5. THIS REPORT PROVIDES THE DEPARTMENT OF ENERGY WITH A
MARKET FORECAST FOR THE UTILIZATION OF DIRECT COAL
LIQUEFACTION PRODUCTS AS BOILER FUELS

This study focused on three key factors which were
evaluated to assess the acceptability of the market for
coal liquefaction boiler fuels:

. Product demand to determine whether a user need

existed
. Product specification to determine likely market

acceptability of the fuel

. potential marketing costs for codal ligueflfacliun
boiler fuels compared with conventional fuels..

The study also focused on the potential environmental risks
at the end-use level that are associated with ‘the marketing
of direct coal liquefaction products. (See Appendix B.)

The study identified the potential size'of the market
for direct coal liquefaction products used as boiler fuels
and identified candidate market segments, given that coal
liquids would be economically.competitive. There are issues
that will need additional analyses before a market for coal
liquefaction boiler fuels can be established.

* * * * ’ *



The balance of this report presents the findings and
conclusions of the study:

. Chapter 2: BRBeview. of the Direct Coal Liquefaction
Processes:

- SRC-II Process
- H-Coal Process
- Exxon Donor Solvent Process

. Chapter 3: Potential Markets for Coal Liquefaction
Boiler Fuels:

~  Ttility demand forccasts
- Industrial sector demand forecasts

. Chapter 4: The Potential Environmental Hazards of
Boiler Fuels Produced From Coal Liquefaction Processes

. ~ Chapter 5: Regulatory Issues Associated With
Marketing Coal Liquefaction Products as Boiler Fuels

. Chapter €: Institutional Issues

Chapter 7: Costs of Distribution and Handling Coal
Liquefaction Boiler Fuels

) Chapter 8: The Government's Role in Accelerating
Market Development for Coal Liquefaction Product
Boiler Fuels.
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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 o0il 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 o0il to replace the large volumes of residual oil
entering the United States from offshore.

1. THE DIRECT COAL LIQUEFACTION APPROACH IS THE MAJOR
TIHIRUST OrFF TIIE DEPARTMENT O ENERGY'S COAL LIQUEFACTION
PROGRAM ‘

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-II
(SRC-II) Process. This section provides an introduction to
the technologies, based on generally available information.

Efficiencies of the direct liquefaction process range
from 65 to 70 percent. Product yields 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



very heavy o0il which can be used as a substitute for No. 6
residual fuel oil. At higher severity conditions, the pro-
cess yield can be converted to lighter distillate fractions.

The non-catalytic hydrogenation processes include the
SRC-II 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 added catalyst is used. In these pro-
cesses, pulverized coal is mixed with a recycle solvent and
hydrogen. 'The mixture is preheated and fed to the reactor:
where the coal is converted to oil by hydrogenation and hydro-
cracking. The major product from both processes is a low-
sulfur distillate fuel o0il which can be used as a substitute
for both No. 6 fuel oil and No. 2 fuel oil in utility and
industrial boilecrs. Exhibit 2-1 indicates the boiler fuel
yield and product composition from the three direct lique-
faction processes addressed by this study.

(1) The H-Coal Proceés Is a Cata;xtic Hydrogeneration

The H-Coal process concept was developed by Hydro-
carbon Research, Inc. under sponsorshlp of the Office
of Coal Research. Today.the work is sponsored by the
Department of Energy and a private consortium composed of:

. Electric Power Research Institute
. Ashland Synthetic Fuels, Inc.

. Conoco Coal Development Company

. Mobil 0il Corporation

. Standard 0il Company (Indiana)

. The Commonwealth of Kentucky.

One of the ohjectives of the H-Coal process is
to design a pilot plant capable of converting 600 tons
of coal per day into 2,000 barrels per day of low
sulfur b01ler fuel.

The specific operating conditions of the H-Coal
Process affect the type of fuel produced. The produc-
tion of synthetic crude o0il requires more hydrogen and
there is lower yield of boiler fuel type of material.
The separation of the solids, unconverted carbon and
ash, from the liquid is accompanied by vacuum distil-
lation. Low sulfur boiler fuel can be produced by
lowering the temperature and pressure in the ebullated-
bed reactor.

|




- ,  EXHIBIT 2-1
‘ ‘ Boiler Fuel Product Yield and Composition

Exxon:iDonor

H-Coal Solvent .SRE-T11

Distillation Range °F 400 - S50 700+ 350 - 900
Yield (bbls/Ton Dry Coal) ' 0.6 S 0.7 1.5
Specific Gravity : ' .968 1.1 ' 0.99
Elemental Composition (wt %)

€arbon 90 - 88.5 87.9

Hydrogen 7.6 6.3 8.1

Sulfur 0.22 0.79 0.3

Nitrogen 1.0 1.1 1.0
Heating Value Btu/1b. 17,700 16,500 17,600

{

SOURCE: U.S. Department of Energy; Gulf Mineka]lResources Company



1. Currently, a 2.5 Ton/Day H-Coal Process
Development Unit Is in Operation and a 600
Ton/Day Pilot Plant Is Under Construction
Adjacent to the Ashland 0il, Inc. Refinery
in Catlettsburg, Kentucky and Is Scheduled
To Commence Operations During the Last
Quarter of 1979

The H-Coal process worked satisfactorily in
the process development unit and during bench
scale testing. The process demonstration unit
demonstrated substained operations with many types
of . coal, including:

. Illinois No. 6

‘ Wyoming

. Five eastern coals

. Four other western coals
. Two lignites

. Two foreign coals

The H-Coal process operating in the syncrude
mode produced fuel o0il containing 0.5 percent
sulfur. Testing of the boiler fuel produced from
the H-Coal process showed that (1) the products
are high in nitrogen, (2) the high nitrogen con-
tent of the boiler fuel yield content may require
modified combustion to meet the EPA new source
performance standards, and (3) the H~Coal process
boiler fuel is not miscible with petroleum-derived
heavy 0il. . Additional testing will be required to
establish the rniscibility of H-Coal boiler fuel
with current commercial products since small scale
tests conducted so far indicate that the coal-derived
boiler fuel may not be miscible with No. 6 fuel
oil.

2. Ashland Submitted a Proposal to the Department
of Energy To Study a 20,000 Ton/Day Plant
Capable of Processing High Sulfur Coal Into
50,000 Barrels/Day of Coal-Derived Liquids

Ashland is already planning the next phase of
process development. This is indicative of recent
reports that the HRI/Ashland consortium's interest
in moving the H-Coal process into a state of com-
mercialization readiness as soon as possible. Repre-
sentatives of Ashland have reported that a 20,000
ton/day plant could be easily configured to the boiler



fuel mode or to the transportation fuel mode,
depending on the economic outlook for each fuel;
and the Government's fuel use policies which
will be established.

(2) The Exxon Donor Solvent Process is a Non-Catalytic
Hydrogenation Concept Developed by Exxon Research
and Engineering Company

Crushed coal is liquefied in a noncatalytic tubular
reactor in the presence of molecular hydrogen and the
hydrogen-donor solvent. The slurry leaving the lique-
faction reactor is separated by distillation into gas,
naptha, distillates, and a vacuum bottoms slurry, which
is coked to produce additional liguids. The EDS
precess providaes high yielda of low-sulfur liquids £from
bituminous or subhituminous coals or lignites. When
using Illinois bituminous coal, the product yield from
the EDS process yields approximately 2.6 barrels of
liquids per ton of coal. Product yield may be varied
by varying the 11quefact10n conditions or by adjustlng
the solvent properties.

The major objectives of the EDS Program adminis-
tered by the DOE are to develop the EDS process design
basis necessary to liquefy a range of different coals in
an environmentally acceptable manner, develop and demon-
strate the necessary process technology to insure a
reliable commercial design, and to conduct a product
testing program to insure that marketable products can be
produced. .
1. Currently, a One Ton/Day EDS Process Development

Unit Is In Operation and a 250 'Yon/Day Pilot

Plant. Has Been Nesigned and Is Currently Underx

Construction Adjacent to Exxon's Baytown, Texas

Refinery :

The 250 ton/day pilot plant under construction
is designed to produce 700 barrels of coal-derived
liquids per day. The plant is being built under
the sponsorship of DOE in conjunction with an in-
dustry consortium comprised of:

. EPRI

. Carter 0il Company (Exxon subsidiary)

. Phillips Petroleum Company

. Atlantic Richfield Company

. Japan Coal Liquefaction Development Company
. Ruhrkohle, A.G.




2. Exxon Has Reported That the Next Step Is the
Development of a 25,000 Ton/Day Pioneer Plant

Under normal commercial development, the pio-
neer plant would probably not be constructed until
the 250 T/D pilot plant is fully tested and the
economic environment offers assurance for commer-
cial success.

(3) The SRC-II Process is Being Developed by Pittsburgh
and Midway Coal Mining Company, a Subsidiary of
Gulf 0il Corporation, Under the Sponsorship of DOE

The process converts high-sulfur, high ash.coals to
an essentially ash free low=-sulfur fuel oil. Coal is pulver-
ized and mixed with a coal-derived solvent in a slurry.
The slurry is comblned with hydrogen and is then pumped
through a preheater and is then fed into a dissolver.
Most of the coal is converted to a heavy oil by means of
solvent extraction and solvent hydrogenation. .Increased
severity (higher pressure and temperature) of reaction
conditions cause a major part of the coal to be converted
to a liquid distillate product.

The major objectives of the SRC-II process research
are to obtain technical and economic data from the pilot
plant to validate scale-up to commercial production and
to provide samples of products from the »rocess for mar-
ket development studies.

1. Currently, a 50-Ton/Day Pilot Plant in Ft.
Lewls, Washington Is In Operation; and
Product Test Burns Seem To Have Proven the
Technological Acceptance of the Process

SRC-II boiler fuel was tested by Babcock and
Wilcox Co. in Barkerton, Ohio and KVB, Inc. in
Tustin, California. The combustion performance
was similar to No. 2 fuel oil except that NO emis-
sions were higher than No.2 fuel oil. ‘

A 4,500 barrel batch of SRC-II boiler fuel was .
test burned in a tangentially fired boiler of the
74th Street Station of Consolidated Edison Co., New
York. The test burn was judged to be very success-
ful; and although the NO, emissions were greater
than those from combustion of low-sulfur No. 6
fuel o0il, the emissions were below the limits set
by EPA for coal-derived fuels. Particulates and



unburned hydrocarbons were less than those ob-
served with the combustion of No. 6 fuel oil.
There were no major operating problems associated
with the combustion of SRC-II, boiler efficiencies
obtained during the test were comparable to those
recorded when No. 6 fuel oil was burned, and test
results show that SRC-II boiler fuel may be low
enough -in viscosity to allow pipelining, With
regard to this latter point, additional tests
will need to be conducted to establish whether
long-distance pipelining can take place.

2. Gulf Recently Submitted a Proposal to DOE
for a 6,000 Ton/Day Coal Ligquefaction Plant
Capable of Producing 20,000 Barrels/Day of
Petroleum FEquivalent Liquids

As reported in the media, Gulf's plan calls
for the development of a full-scale coal lique-
faction plant in Morgantown, West Virginia, sched-
uled to be in operation in the 1984-1985 time
period.

2, THE OUTLOOK FOR THE MARKETABLITITY OF DIRECT COAL
LIQUEFACTION PRODUCTS AS BOILEPR FUELS INDICATED
ADDITIONAL TESTING WILL BE REQUIRED TO ASCERTAIN
IMARKET ACCEPTANCE OF COAL LIQUIDS AS A COMMERCIALLY
VIABLE ALTERNATIVE TO RESIDUAL FUEL OIL

Products from the three direct coal liquefaction pro-
cesses have been tested with respect to their suitability
as boiler fuels. Although the fuels appear to offer com-
bustion characteristics similar to No. 6 residual fuel oil,
additional tests will be required to ascertain complete
market suitability. The outlook for each fuel is discussed.

(1) Additional Tests Will Be Needed To Determine
Whether H-Coal Boiler Fuel Could Be a Replacement
for No. 6 Fuel 0il

H-Coal liquids have been produced in relatively
small quantities by bench-scale systems and process
development units. A pilot plant capable of process-
ing 600 tons/day of coal into 2,000 barrels of coal-
derived liquids should be in operation by the last
quarter of 1979. 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 replacement for No. 6 oil. Ex-
hibit 2-2 compares the H-Coal boiler fuel with No. 6
residual fuel oil. As the exhibit indicates, the
higher heating value of H-Coal boiler fuel is somewhat
less than that of No. 6 fuel o0il; however, this is not
expected to be a major market entry barrier. The most
important marketability element will likely be the
nitrogen content, which is approximately 60 percent
greater than that of No. 6 fuel o0il. Large-scale com-
bustion tests of H-Coal boiler fuel will be required
to ascertain any major problems associated with NO,
emissions.

Since there have been only small amounts of H-Coal
boiler fuel material produced for testing purposes,
full-scale marketability studies have not yet been
completed.,

(2) Preliminary Tests Show That EDS Boiler Fuel Could
Be a Replacement for No. 2 Middle Distillate Fuel
or a No., 6 Residual Fuel 0il; However, Additional
Test Burns Are Required To Resolve Marketability
Questions - A ‘

Principal products incorporated in the EDS com-
mercial plant design are LPG, naphtha, and low sulfur
fuel oil. The LPG fraction is considered a finished
product for sale to established markets. The naphtha could
be an unfinished product anticipated to have maximum
value as feedstock for downstream refinery or petro-
chemical plants. The boiler fuel o0il would be suitable
‘for direct sale to commercial markets in the 1985-1990
timeframe, depending on the continued development of the
liquefaction process and satisfactory test burn results.

Physical and chemical analysis on two EDS boiler
fuel coal liquefaction products produced from Illinois
No. 6 coal are shown in Exhibit 2-3. The first product
is the 400-1000°F fuel oil product that is produced in
the liquefaction phase of the EDS process. This boiler
fuel product meets No. 4 fuel o0il specifications. The
second product is the total 400+OF boiler fuel produced
from the EDS process. This product is the yield from
both the liquefaction and coking phase. This material
would meet all No. 6 fuel o0il specifications except
sediment. Combustion tests will be required before
market suitability can be completely established. The
sediment content of the coker liquid from the existing
small pilot plant is 2 to 3 percent by weight. Exxon



EXHIBIT 2-2
 Comparison of H-Coal Boiler Fuel With No. 6 Fuel Oil

-

H-Coal No. 6
Fuel Prcperties ' Boiler Fuel Fuel 0il

Higher heating value, Btu/1b. 17,700 19,150
Gravity, API at 60°F | 14.7 | 10-18
Viscosity, 3US at 100°F 3.00 1,500

Analysis: |

Hydrogen % 7.6 12.25
Nitrogen % 1.0 0.24
Sulfur % 0.22 0,28

Oxygen % 1.5 0.6

Zardon % ' 90.0 86.6

SOURCE: U.S. Desartment of Energy




EXHIBIT Z2-3
Physical and Chemical Analysis of 400-1,000°F and 400+°F EDS
Fuel 0il Products From Illinois No. 6 Coal '

' : 5+
400-1000°F 400°F" Product
’ Liquefaction . ASTM #4 Liquefaction ASTM #6
Physical Properties Product A Specifications + Coking Specifications
Gravity, Specific 1,040 —— . 1,085 -—-
Flash, °F 198 130 Min. 196 140 Min.
pour Point, °F 20 20 Max. | a0 60 Max.
Viscosity @ 100°F, Ssu 102 45 = 125 -——— : -
viscosity @ 122°F, ssF _— B _— ' 158 40 - 300
Sediment, wt.% ©0.05 .5 Max. : (Tests cux- : .5 Max.
' rently being
conducted)
Chemical Analysis
Carbon ‘ ' 88.0 } -—- 87.9 —-——
Hydrogen B 8.4 —— i 7.0 ——
Sulfur 0.6 . (legal) 0.8 (legal)
oxygen 2.3 \ A — 3.2 : -
Nitrogen 0.7 ' -—— 1.1 -
' 100.0 ‘ 100.0

SOURCE: Exxon Research and Engineering Company
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advises that this may not be typical of commercial
coke boiler fuel products and has studies in progress
to determine the cost of removing the sediment.

Exxon's laboratory tests indicated that the 400°-
1,000°F boiler fuel produced from Illinois No. 6 coal
was not miscible with several commercial petroleum
heavy fuel oils. Exxon performed hydrotreatment test-
ing of the material and determined that hydrotreating
the boiler fuel could make it compatible with traditional
petroleum fuel oils. Exxon has developed an experimental
additive that was found effective in making coal-derived
liquid boiler fuels compatible with petroleum fuel oils.
The additive would facilitate the changeover from petrol-
eum boiler fuel to coal-derived liquids boiler fuels.
The current EDS commercialization plan calls for EDS
boiler fuels to be handled and burned in segregated or
dedicated facilities to avoid compatibility problems
with petroleum fules. Exxon plans additional tests to
resolve the miscibility question. N

EDS boiler fuel (blend of solvent and vacuum
gas o0il) from Illinois No. 6 (400°-1,000°F liquid)
was test burned in a 50 horsepower industrial pass
boiler. 'The results of the test burn indicated that
the 400°~1,000°F coal liquid burned with less smoke
than a 2.2 percent sulfur No. 6 residual fuel oil.
The coal liquid burned with' less particulates than a
reference No. 6 residual fuel oil and the particulate
matter was below the EPA New Source FPerformance Stan-
dard (NSPS). '

The particulate and smoke data infer that the
400°-1,000°F EDS liquid product produced from Illinois
No. 6 coal could be operable in dedicated existing
utility and industrial boilers.

(3) SRC-I1I Boiler Fuel Was Tested in a Utility Boiler;
and Although It Appeared To Be Technically Compatible
With Residual 0il, Additional Tests Will Be Needed
To Establish Commercial Viability

A combustion demonstration test utilizing distillate
fuel o0il from the SRC-II process was conducted on a
utility boiler at the 74th Street Generating Station of
the Consolidated Edison Company of New York. Approxi-
mately 4,500 barrels of SRC-II boiler fuel were used in
the test evaluation. To provide a comparison between




characteristics for SRC-II fuel oil and typical utility .
fuel oils, data were also obtained with the No. 6 fuel
0il currently used by Consolidated Edison. The SRC-II
fuel oil tested was low in sulfur (0.22 percent) and

ash (0.02 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-II were comparable to No. 6 residual fuel.

Although there were no major operational problems
encountered during the test, the combustion of SRC-II
fuel o0il resulted in nitrogen oxide emissions levels
approximately 70 percent greater than those for No. 6
residual fuel o0il. Nitrogen oxide reductions were
achievable, however, through combustion modifications.
Nitrogen oxide reductions achievable were on the order
of 33 percent- for both SRC-II and No. 6 residual fuel
0ils. The test burn also indicated that particulate
matter emissions were .lower for the SRC-II fuel oil than
for the No. 6 residual oil.

The results of the Consolidated Edison test indi-
cate SRC-II boiler fuel may be technically compatible
with residual fuel oil. However, representatives of
Consolidated Edison indicated that the test was carried
out under test conditions and as such, additional
larger scale tests over a longer duration will need
to be conducted to establish SRC-II as a commercially
viable alternative to residual fuel oil.

A test of SRC-II at the Alliance Research Center
of Babcock and Wilcox Company indicated that SRC-II
combustion performance was similar to No. 2 and No. 5
fuel oils, and that no particular storage, handling,
or emissions problems (except for high NOyx) should be
expected when SRC-II is used in conventional combustion
equipment operated in conventional firing modes. Ex-
hibit 2-4 compares the properties of SRC-II, No. 2
fuel, and No. 5 fuel oil that were identified during
the Babcock and Wilcox test. It should be recognized,
however, that both this test and the Consolidated Edi-
son test were short term in nature; and consequently,
long=term storage and handling characteristics could
not be evaluated. ‘

The Babcock and Wilcox test included a comparison
of SRC-II handling characteristics with No. 2 and No.
5 fuel oils, and it was found that the SRC-II fuel oil
was totally miscible with petroleum fuel oils. Addi-
tional analyses indicated that the 200°F flash point
of SRC-II would be sufficiently high to allow storage
in tankage designed for No. 6 fuel. The low pour

2-9




No.

EXHIBIT 2-4
Physical Handling Properties of SRC-II,

2 Fuel 0il, and No.

5 Fuel 0il

SRC-11’ ‘No. 2 Fuel 0i1 No. 5 Fuel 011

Density

API @ 77°F 12.4 40.3 16-0

API @ 60°F 11.5 39.0 15.1

5.G. @ 67°F 0.9895 0.8299 0.9652
Viscosity - Saybolt
Universal Seconds

@77°F - 36.3 -

e 80°F 47.7 - -

@ 122°F 37.0 32.4 267

@ 145°F 34.4 32.0 143

@ 174°F - - 91

@ 204°F - - 67.2
Pour Point, °F Below -35° -29° Zero®
Sediment by Toluene
Extraction, % 0.05 None 0.10
Sediment and Water '
(ASTM D96-73) 1.0 None 1.9
Miscibility

% SRC in ‘, - Totally Miscible (Totally Miscible

% No. 2 in - - Totally Miscible

% No. 2 and No. 5 Totally _ _

Mixture in

Copper Corrosion
(ASTM D130-75)

Surface Tensi8n,
dynes/cm @ 22°C

Oxidation Stability|
mg/100 mi ‘

Miscible

Modarate, 2b-

Color: Lavender

34.1

4.0

Slight, 1b-

29.9

10.7

Color: Dark Orange

i Moderate, 2c-
Color: Multicolored

34.5

(ASTM D2274)

SOURCE: Characterization and Combustion of SRC-iI Fue1.0i1,
The Babcock & Wilcox Company, June 1979,




point (below -359F) concomitant with low viscosity
would render tank heaters unnecessary except in the -
coldest climates. As was the case in the Consolidated
Edison test, pumping from storage was not recognized

as being a problem. It was also found that water and
sediment content are no more severe for SRC~II than

for No. 6 fuel oil. The main conclusions regarding
SRC-II handling are that it can be readily pumped from
storage to the boiler, and heat tracing of lines should
‘be unnecessary. SRC~II does not appear to be any more
corrosive to metals than petroleum oils, and positive
displacement pumps designed specifically for low
viscosity fuel oils should be installed in the internal
plant transfer system.

A principal observation from the Babcock and Wilcox
test regarding combustion characteristics affecting the
use of SRC-II as a replacement for No. 6 fuel oil is
that EPA's New Source Performance Standard of 0.5 pound
NOx/million Btu could be met by the use of staged com-
bustion and by matching burner and atomizer designs.

3. THERE WERE VARIQOUS FACTORS IDENTIFIED IN THE INDUSTRIAL
ASSESSMENT THAT REQUIRE ADDITIONAL RESEARCH

The chemical and physical properties of the coal lique-
faction boiler fuels addressed in this study indicate addi-
tional research should be conducted to ascertain market
suitability of these fuels. Some of the fuels have been
more fully tested than others, such as the SRC-II boiler
fuel product. However, industrial and utility representa-
tives advise that the fuels from all three process should
be developed and fully tested so that a complete comparison
of all combustion characteristics and handling requirements
can be mad€. ‘

(1) Industrial Sector Representatives Indicate That
the Chemical Composition and Physical Properties
of Direct Coal Liquefaction Products May Require
Possible Handling and Combustion Modifications

" Before Use in Bollers )

Coal-derived liquids are more aromatic than
petroleum-derived fuel oil and may require special
storage requirements. In addition, some coal-derived
boiler fuels contain residual fractions high in asphalt-
enes and are incompatikle when blended with petroleum
derived fuel oils. Preliminary indications are that
the H-Coal process and the EDS process yield boiler




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 ligquids. Most 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 liguids 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-II fuel oil are being
planned for 1980. Some small scale tests with SRC-II,
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 1980.
The consensus of opinion from the industrial sector is
that additional test burns need to be conducted on
fuels from all three ligquefaction processes to fully
substantiate their combustion suitability.

(2) Certain Direct Coal Liquefaction Boiler Fuel
Specifications Have Significant Marketing
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 marketing
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 consumption 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 being transported and a large
spill could have a signficant cleanup problem. Addi-
t+ional research is needed in this area.

The low API gravity of each coal liquefaction
fuel o0il product does not by itself pose a logistical
barrier to the utilization of pipeline transportation.
Additional factors affecting the transportation mode
selected for coal ligquids marketing incilude viscosity,
miscibility, and product segregation. Tests on coal
liquids have been conducted in these areas, but trans-
portation companies interviewed do not perceive the
tests conducted to date as being conclusive. Additional
tests will be required to completely answer transporta-
tion mode selection criteria. Tests conducted to date
on SRC-II material indicate favorable pipeline ship-
‘ment adaptability. Additional tests on SRC-II material °*
dare planned during 1980. }

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




(3) Long-Term Combustion Affects and Maintenance
' - Requirements can not be Adequately Determined

Because There are no Commercial Liquefaction

Plants in Operation and the Data Base Needed

to Adequately Evaluate Commercial Acceptability
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 limifed testing conducted to
date. Additional test burns need to be conducted
to establish ¢oal liquids' long-term effects on
boilers and to develop maintenance guidelines.
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CHAPTER 3
POTENTIAL MARKETS FOR COAL LTIQUEFACTION BOILER FUELS

This chapter presents an analysis of the potential mar-
ket for coal liquefaction products as boiler fuels. National
and regional fuel consumption forecasts for the utility and
industrial markets are presented in this chapter. Booz, Allen
& Hamilton utilized data primarily from the Energy Informa-
tion Administration (EIZ) at DOE to develop the forecasts.
Informed judgments based on other data available to Booz,
Allen were also incorporated into the consumption forecasts.
The MFBI-DOE data base was utilized in this study to provide
consistency to the analytical effort. It is recognized that
other data bases exist which forecast boiler fuel consumption
in the utility and industrial sectors, and each data base may
reflect a somewhat different potential market for coal-derived,
liquids.

The analysis will concentrate on the near-term market
for coal liquids (1980-1990 timeframe). President Carter's
Administration has recently proposed that the Nation's
electric utilities reduce their fuel oil consumption (resi-
dual and distillate) by 50 percent during the period 1980-
1990. This would imply a substantial reduction in the DOE
forecasted residual fuel o0il market in 1990 (1.2 million
barrels/day by DOE versus 0.8 million barrels/day by Presi-
dent Carter's Administration.) A gqualitative discussion of
the President's recent proposals as they pertain to utility
and industrial demand for fuel 0il will be included; however,
no attempt has been made to alter the DOE forecasts to re-
flect this most recent event. :

A detailed presentation of the regional and national
forecasts of utility and industrial fuel consumption and
data concerning utility capacity expansion plans, oil and
gas steam plant retirements, and projected new oil and gas
steam plants appears 'in Appendix A.

1. A DECLINE IN RESIDUAL OIL, DISTILLATE OIL, AND NATURAL
GAS CONSUMPTION IN THE ELECTRIC UTILITY INDUSTRY IS
FORECASTED OVER THE NEXT TEN YEARS

The utility industry.utilizes a mix of fuels to generate
the Nation's electricity. In 1978, residual oil, distillate
oil, and natural gas fuels accounted for approximately 35
percent of primary energy source inputs to U.S. electricity
generation. Residual and distillate fuel consumption was
1.7 million bbl/day in 1978--almost 20 percent of utility
fuel consumption.




- In 1978, residual o0il consumption alone was 1.6 million
bbl/day. The substitution of coal liquids for residual fuel
0oil represents the largest near-term utility market for coal
liquids. Similarly, natural gas consumption was 1.4 million
bbl/day of residual o0il equivalent—clearly a large potential
market for coal liquids.

‘ By 1990, however, residual oil, distillate o0il, and
natural gas consumption is forecasted to decline. As illus-
‘trated in Exhibit 3-1, residual o0il is forecasted to decline
to 1.2 million bbls/day and natural gas consumption to decline
to 250,000 bbl/day of residual oil equivalent. Although the
utility industxy will still be large enough to support a
market for coal liquids, the decline in fuel oil and natural
gas consumption by 1990 may represent a market barrler to
coal liquid development as a boiler fuel, ,

Several factors are responsible for the decline in fore-
casted fuel o0il and natural gas consumption by 1990:

. Increased utilization of coal and nuclear fuels

Planned and accelerated retirements of existing oil
and gas plants

Conversion of existing o0il and gas plants to coal
and other alternate fuels

Lower utilization factors of existing oil and gas
plants.

(1) Coal and Nuclear Capacity Are Forecasted to Increase
in Base Load and Intermediate Applications But the
Impact of Three Mile Island, and Environmental
Legislation Pertaining to Coal May Slow Coal and
Nuclear Near-Term Growth

" Coal and nuclear fuels are forecasted to grow from
6 million barrels/day of residual oil equlvalent in 1978
to approximately 14 mllllon barrels/day in 1990. Of the
308 gigawatts of new ‘base load and intermediate capacity
forecasted to come on-line by 1990, coal and nuclear
account for 93 percent (287 gigawatts) while residual
0il accounts for less than 2 percent of new capacity

(5 gigawatts). A complete forecast of capacity additions
for the utility industry for 1990 is summarized in
Exhibit 3 2.

In the wake of the recent nuclear reactor accident
at Three Mile Island, it is difficult to forecast the
prospects of nuclear-generated electricity in the near




EXHIBIT 3-1
National Forecast of Primary Fuel Consumption by Electric Utilities
' 1978-1990
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EXHIBIT 3-2

National Electricity Generation Forecast

1990

Capacity in Gigawatts

Resource Base Intermediate Peak Total
Existing New Existing New Existing New Existing New

Nuclear 46.0 99.9 - - - - 46.0 99.9
Coal With Scrubbers 10.8 140.5 3.5 1.0 - - 14.3 141.5
Coal Without Scrubbers 176.7 46.1 13.5 - 4.9 - 195.1 46.1
Distillate Turbines - - - - 3.3 14,3 3.3 14.3
Combined -Cycle-Distillate 1.7 1.0 0.8 - 0.6 0.1 3.1 4.1
Gas Turbines - - - - 4.3 - 4.3 -
Gas Steam - - 3.6 - 12.9 - 16.5 -
Resiidual (0il1-Steam) 28.3 3.6 5.8 1.7 23.6 2.6 57.7 . 7.9
Hydro 23.5 4.6 17.1 1.8 22.8 0.3 63.5 6.7
Pumped Storage - - - - 9.7 18.0 9.7 18.0
Solar (including hydro- - 3.1 - - - - - 5.1

thermal, solar thermal, ,

photovoltaics, wind,

biomass, and ocean

therma1
Total 287.1 303.8 44.3 4,5 82.1 35.3 “ 413.5 343.6
Source: 1990 forecast data were obtainad from supporting computer runs to the Annual

supplied by The Energy Info-mation Administration, DOE

Report to Congress, 1979,




term. The Three Mile Island occurrence has substan-
tially eroded public and private optimism regarding
the future use of commercial nuclear power systems in
the U.S.

Already the Three Mile Island incident has affected
forecasts of nuclear power's share of the U.,S. electric
generation market. As recently as March 1979, DOE
estimated that nuclear-generated electricity would grow
from its present share of 14 percent of the market to
28 percent by 1990.  Recently, however, it has been
estimated by the utility industry that nuclear power
will account for only 20 percent of total power genera-
tion by 1990. Some experts are arguing that even this
modest growth prediction, approximately half the rate
predicted by DOE earlier this year, may be too optimistic.

The remaining power generation capacity previously
projected for nuclear is now expected to be provided by
coal. Such an immediate increase in coal utilization,
however, would be a formidable undertaking for the U.S.
coal industry. Regulations stemming from numerous laws
may restrict the supply and production of coal. These
laws include:

. The Surface Mining Control and Reclamation Act
of 1977, which affects the cost of both under-
ground and surface mining, and restricts de-
velopment of certain coal reserves

. The Federal Coal Leasing Act Amendments of
1976, which affect development of western
publicly owned coal lands, and require de-
velopers to relinquish their leases by July
1986 if developers have not yet initiated
substantial mining operations

. The Federal Coal Mine Health and Safety Act of
1969, which has affected coal productlon costs
and mining productivity.

In addition to the laws and regulations affecting coal
mining and production, there are laws affecting the con-
sumption of coal .by industries and utilities. The most
important legislation affecting coal consumption and the
law which will have the greatest negative impact on coal
utilization is the Clean Air Act and its 1977 amendments.
To implement this legislation concerning emissions from



coal-burning facilities, the Environmental Protection
Agency (EPA) has promulgated New Source Performance
Standards (NSPS). The most stringent emission require-
ments will apply to power plants built after 1978 by
requiring costly scrubbing systems to be installed to
reduce sulfur emissions,

If both coal and nuclear power generation capacity
growth are limited in the near term, then residual oil
and gas steam plants may be expected to provide the
difference. For example, the DOE forecast of 1.2 mil-
lion bbl/day of residual oil consumption will be low -
if coal and nuclear capacity growth is restricted.

(2) Planned and Accelerated 0il and Gas Retirements
and Conversions of Existing 0il and Gas Plants to
Coal Account for the Forecasted Decline in Oil
and Gas Consumption by 1990 '

In 1978, there was. a total of 106 GW of oil-fired
steam plants and 66 GW of gas steam plants in operation.
As shown in Exhibit 3-3, approximately 40 percent of
the oil- and gas-fired steam plant capacity are under ten
years old, and 75 percent were built after 1958. Most of
the plants under 20 years old are operating in base
and intermediate loads and are candidates for conver-
sion to coal. The Power Plant and Industrial Fuel Use
Act of 1978 established guidelines and regulations per-
taining to conversions to coal, The success of the
Fuel Use Act to convert existing oil and gas steam
plants to coal, for the most part, will influence the
market size for coal liquids.

In addition to coal conversions, many older oil
and gas steam plants (> 20 years) will be retired
during the next ten years. DOE has encouraged the
utility industry to accelerate o0il and gas retirements.
Many utilities are also utilizing existing plants at
lower capacity factors (switching from base to inter-
mediate load) which will also reduce residual oil
consumption.

(3) The Availability of Natural Gas in the Near Term
for Utility Consumption Will Influence the Market

In 1976, DOE encouraged utilities to burn residual
and middle distillate fuel oil to conserve natural gas
which was in short supply. Since legislation on




EXHIBIT 3-3
Total Market Size of Existing Oil-Fired
and Gas Steam Plants

1978
Plant 0il Gas Total
Age No MW No MW .No MW
0-10 100 40,000 117 31,000 217 | 71,000
10-20 225 36,000 168 22,000 393 58,000
> 20 538 30,000 398 13,000 936 43,000
Total 863 106,000 683 66,0001 1,546 172,000

Note: Includes all plant sizes,

AN

SOURCE: DOE Power Plant Listing, July 1978,




deregulatlon of natural gas was passed last year, gas
supplies are now available for utility consumption.
DOE has recently announced fuel switching plans which
would allow 21 'utilities in 14 states to burn natural
gas instead of middle distillate fuel o0il. DOE has
recently forecasted that the switch to natural gas
would reduce the need for 4.7 million bbl/year of oil
normally used by these generating stations.

Most energy experts agree that, in the long term,
utilities should be encouraged to switch from natural
gas to alternate fuels such as coal. In the near term,
however, the availability of natural gas supplies has
led to fuel switching plans by DOE to reduce fuel oil
consumption. The availability of natural gas in the
near term for utility consumption, therefore, will
influence the market for fuel o0il and substitute coal
liquids.

2. THE ADMINISTRATION HAS RECENTLY PROPOSED THAT THE
NATION'S ELECTRIC UTILITIES REDUCE THEIR FUEL OIL
CONSUMPTION BY 50. PERCENT DURING THE PERIOD 1980-1990

The Nation's utilities currently consume 1.6 million
barrels/day of fuel oil in their boilers for generation of
electric power. The President is proposing legislation to
Congress which would require utilities to reduce current
usage by 50 percent by 1990. This would translate to a
reduction in. fuel o0il consumption from current levels of
1.6 million barrels/day to 800,000 barrels/day by 1990.

- Incentives in the form of grants and/or loan guarantees
would be provided to encourage utilities to invest in new
non-oil-fired generators, thereby retiring existing oil-~
fired plants earlier than would otherwise occur., This
initiative covers oil-burning plants which are capable of
burning coal as well as those which are not.

Grants and loan guarantees of $5 billion over the
period 1980-1990 will be made available to assist in finan-
cing this switch away from oil to sources such as coal,
nuclear, or where possible, solar and conservation.



(1) A Market Reduction in Fuel 0il Consumption of
50 Percent by 1990 Would Pose a Market Barrier
to Coal Liquids Development as a Boiler Fuel by
Private Industry

Interviews with utility industry representatives
concerning the Administration's oil consumption goals
indicate that if such a reduction were achievable,
it would reduce the national need to develop a coal
ligquids industry to supply boiler fuels. For example,
if the 1990 target of 800,000 bbls/day for fuel oil
consumption by utilities were again reduced by 50 per-
cent by 2000, fuel oil consumption would be 400,000 bbl/
day. Assuming that a coal liquids industry would be
available for commercial production by 1990, 400,000
bbl/day would support, at most, eight 50,000 bbl/day
coal liquids plants, with each yielding only boiler
fuels.

(2) Many Utilities Will Encounter Difficulties in
Switching From Oil to Such Sources as Coal,
Thereby Increasing the Attractiveness of Coal
Liguids 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. Under the President's program, "tickets"
or rights to burn o0il will be distributed to utilities.
No utility may use oil in excess of the amount of the
tickets which it holds. These tickets may be traded
between utilities according to their varying abilities
to substitute other fuels. These transferable rights
to burn o0il will permit the utilities themselves to
determine where to make replacements for current oil-
fired capacity. For example, utilities in areas where
environmental constraints make replacement uneconomic
(such as the Northeast) would be permitted to buy tickets
from other regions which could convert to coal, It is
expected that these tickets will have a maximum value
to any utility company equivalent to the cost-of con- -
version or replacement of oil-fired capacity versus
continued use of oil..

If coal liquids as a boiler fuel were available
in significant quantities before 1990, then utilities
in areas which could not comply with the President's
program (i.e.,, utilities unable to convert to coal)




would be willing to pay a price for coal liquids equiva-
lent to the value to tickets. This would act as an in-
centive to develop commercial coal liquid plants to
supply boiler fuels to various regions of the country.

3. FIVE DOE UTILITY REGIONS HAVING RESIDUAL OIL CONSUMPTION
ABOVE 200,000 BARRELS/DAY ARE CANDIDATE MARKETS FOR COAL
LIQUIDS IN THE NEAR TERM

A summary of regional data on residual oil inputs to
U.S. electrical generation is shown in !Exhibit 3-4. Five
DOE utility regions have been selected as probable regional
markets for coal liquids as boiler fuel based on market
size, The five regions and their 1978 residual fuel oil
consumption is graphically shown as Exhibit 3-5,

These five regions account for 1.35 million bbl/day

(approximately 85 percent of the national residual fuel oil
- consumption). The remaining five regions—Midwest, Southwest,

Central, Northwest, and North Central-—account for 0.26 mil-
lion bbl/day (approximately 15 percent of the national
residual fuel oil consumption). Although the Midwest 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 did not appear to be likely "first"

markets for coal liquids based on several interviews with
representatives in each region.

(1) The New England and New Yofk/New-Jersey Area

for Coal Liquids as Boiler Fuels

The New England and New York/New Jersey area repre-
sents the largest potential market area for coal liquids
with a residual o0il consumption of 513,000 bbl/day in
1978, By 1990, the region is forecast to require
263,000 bbl/day—still a large market area for coal
liquids.

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

Interviews with utility industry representatives

in the New England and New York/New Jersey area con-
cerning the potential use of coal liquids as boiler
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EXHIBIT 3-4
Summary of Regional - Data of Residual 0il Inputs
Electric Generation

Ye Regional Utility Consumption in Thousand Barrels/Day

ar e — - - —r -

' New Eng NY/NJ Mid-Atl | S. Atl. | Midwest | S. West |Central | N. Central.| West N. West [ Total
1978 203 310 233 286 115 125 17 3 316 - 1,608
1990* 191 72 116 109 98 8 11 - 596 - 1,200

* — 1990 forecast data were obtainec from supporting computer runs to Analysis Report, Energy Supply & Demand in

the Midterm: 1985, 1990, 1995, April 1979, DOE/EIA-0102/52.




EXHIBIT 3-5

Regional Residuel Fuel 0il Consumpt:-on
1978

203,000
8BL/DAY

310,000 BBL/DAY

233,000
BBL/DAY

286,000
BBL/DAY

316,000 BBL/DAY

NOTES: (1) SHADED AREAS REPRESENT FEGIONS WHICH CONSUMED LESS
_THAN 200,000 BBL/DAY OF RESIDUAL FUEL OIL IN 1978

(2) NON-SHADED REGIONS CONSUMED MORE THAN 200,000 BBL/DAY

IN 1978 REPRESENTING APPROXIMATELY 85% OF THE RESIDUAL
OIL MARKET OF UTILITIES

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




fuels indicated strong interest in the successful and
economic development of commercial coal liquids-as
boiler fuels.

1. Coal-Derived Liquids May Be a Commercially
Viable Alternative Fuel by the Late 1980s
in the Northeast, particularly for Existing
Oil-Fired Utility Units; These Are the
Findings of a Study Recently Completed by
the Northeast Coal Utilization Program (NECUP) .

Because of Government efforts to reduce utility
0il consumption—plus the uncertainty of both the
cost and supply of imported oil—Bustun Ediscn,

Long Island Lighting Company, New England Gas and
Electric Association, New England Power Service
Company, Northeast Utilities Service Company, and
Stone and Webster Engineering Corporation (S&W)
conducted a study to evaluate the technical and
economic feasibility of using coal liquids in
Northeast oil-fired utility plants. The Electric
Power Research Institute provided advisory services.

The initial study reviewed liquefaction
processes, evaluated coal-o0il mixtures as a pos-
sible interim fuel, assessed potential operating
problems, and considered sites for coal conversion
plants. A supplemental economic analysis of coal
ligquids was also conducted.

NECUP then authorized a second phase study
which includes the development of plans to obtain
coal liquid supplies for testing. The program will
continue to review developments in coal liquefaction
technology and to identify process schemes that
vield a technically acceptable fuel=-oil product
at the least cost to utilities.

Several conclusions can be drawn from the
NECUP study:

The majority of existing oil-fired steam
plants cannot be economically converted
to coal use

. Environmental restrictions will limit
the use of coal in the Northeast region




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, Northeast
plants will consume approximately

180,000 bbl/day by 1990

. In new plants, coual liquids may be
competitive 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
bustion control may be required
satisfy NO, regulations.

com-
to

. Product sulfur content can be tailored

to meet current regulations.

. Particulate emission characteristics
are expected to be lower than heavy

fuel oil.

The second phase of the study is 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
fuels that will be suitable for firing in
boilers—in existing oil-fired boilers as

* new peaking and intermediate load service

near term.

boiler .
utility
well as
in the




2, A Successful Combustion Demonstration
Utilizing Distillate 0Oil From the SRC-II
Process Was Conducted on. a Utility Boiler
Located in New York——More Combustion
Demonstrations Will Be Required to Determine
the Suitability of Coal Liquids for Utility
Boilers '

A combustion demonstration utilizing distillate
fuel o0il from SRC-II process was conducted on a
utility boiler located at Consolidated Edison
Company in New York. Con Fd as well as other
Northeast utilities have supported coal liquid
development, because of. their large dependence
on imported residual o0il. The test boiler was
a corner-tired, Combustion Engineerihg, Inc. unit
with a rated steam flow of 450,000 lbs/hr. Emis-
sions and boiler performance were investigated at
full load, half load and three-quarter load for
baseline and low NOy (staged combustion) conditions,.
Approximately 4,500 barrels of SRC-II fuel oil were
utilized during the program. Measurements of nitric
oxides, oxygen, carbon monoxide, polycyclie organic
matter, total unburned hydrocarbons, sulfur, par-
ticulate mass and particulate size distribution
. were obtained. The performance of the fuel oil
was also examined with respect to conbustion
characteristics and adaptation to existing boilex
hardware. The No. 6 fuel o0il currently burned in
the test boilers was also tested to compare with
the SRC-II fuel oil.

In general, no major operational problems or
adverse boiler perforimance effects were encountered
due to the combustion of SRC-II fuel oil. Nitrogen
oxide emissions were nominally 70 percent greater
than those obtained for the No. 6 fuel oil.
Reductions in NOy levels on the order of 35 percent
were demonstrated through combustion . modifications
with both fuels. Particulate mass emissions were
lower with the SRC-II fuel oil while the other
emissions measured were essentially equivalent.

Although no major operational problems or
adverse boiler performance effects were encountered,
more combustion demonstrations will be required
to determine the suitability of coal liquids under
continuous burn conditions.
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(2) The Mid-Atlantic, South Atlantic' and West Regicns
Also Consume Large Amounts of Boiler Fuels and Would
Be Attractive Markets for Coal Liquids

The Mid-Atlantic region, like the Northeast, con-
sumes a sizeable amount of boiler fuels. 1In 1978,
233,000 barrels/day of boiler fuels were consumed by
utilities in Pennsylvania, Virginia, Maryland, Delaware
and West Virginia. By 1990, the Mid-Atlantic region
is forecast to require 116,000 barrels/day—a market
large enough to support several coal liquid plants.

The Mid-Atlantic region is an attractive market
for coal liguids because of its proximity to coal in
Virginia and West Virginia. For éxample, an .Appalachia
mine-mouth coal liquids facility would réquire only
train transporation to utilities in the Mid-Atlantic
region, while deliveries to other regions would require
more extensive transporation .systems such as barges.
This would lend to lower cost and ease of delivery of
coal ligquids to utilities in this region.

Interviews with utility industry representatives

in the Mid-Atlantic region, such as Baltimore Gas and
Electric Company and Piiiladelphia Electric, indicated
that coal liquids could be a potential fuel substitute
for residual fuel o0il in existing oil-fired steam plants.

Similarly, the South Atlantic region consumes a
sizeable amount of boiler fuels. 1In 1978, 286,000 bar-
rels/day of boiler fuels were consumed by utilities in
this region. By 1990, the South Atlantic region is
forecast to require 109,000 barrels/day—a market large
encugh to support several ccal liquid plants.

Interviews with the Tennessee Valley Authority
(TVA) indicated that TVA would be a candidate utility
to purchase coal liquids in cooperation with DOE and coal
liquid producers. Florida Power and Lighting Company
also has been active in the cocal liquids area, and in-
dicated its desire to support coal liquids development.

The West region (Arizona, Nevada, California and
Hawaii) 1is the single largest consuming region of
boiler fuels. 1In 1978, 316,000 barrels/day of boiler
fuels were consumed by utilities in this region, mostly
in California. By 1990, the West region is forecast to
require 596,000 barrels/day—a market which will grow -
over 250,000 barrels/day in the next 10 years.




4. THE UTILITY MAPKET FOP COAL LIQOUIDS IN THE MNEAR TERM
WILL BE TO DISPLACE RESIDUAL OIL USED IN EXISTING
BOILERS BUT THE LONG-TERM MARKET WILL BE AS A
LIQUID FUEL FOR INTERMEDIATE AND PEAK CAPACITY

In 1978, there was a total of 106 GW of oil-fired
steam plants and 66 GW of gas steam plants in operation.
A majority of the fuel o0il consumption in 1278 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 o0il 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
barrels/day by 1290. Further reductions are anticipated by
2000. The reduction in fuel o0il consumption will oeccur,
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 Market for Coal Liquids Will Be to
Displace Imported Pesidual 0il Used in Existing
Boilers in the Northeast, Mid-Atlantic, and
South Atlantic Regions

\

In 1978, approximately 75 percent of all residual
0il consumption by electric utilities was imported.
Most of those imports went Lo east coatt utilities,
particularly in the Northeast. As discussed earlier,
the Northeast, Mid-Atlantic, and South Atlantic regions
represent the largest and most attractive near-term

- markets for coal liquids as a boiler fuel. . Since these
regions mostly coneume imported 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. Most of this oil will go to east coast
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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 o0il reduction goals.
This market can be expected to decline even further
by 2000.

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

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

Direct-firing with scrubbing
. Direct-firing, fluidized bed combustion
. Direct-firing, solvent refined coal
. Liquid-firing, 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 which
.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 dévelopment and
cost to commercialization

. 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

Pd




industry was that coal liquids in a combined-cycle
plant and coal liquids with a combustion. turbine appear
to be competitive options in intermediate and peak load
service, respectively. However, coal liquids did not
appear to be competitive in base load applications with
coal gasification and direct firing of coal with scrub-
bing., The Electric Power Research Institute (EPRI) has
been actively involved in evaluating new technology
options for utilities.

As an illustration, Exhibit 3=~6, show hypothetical
generation expansion alternatives (1985-2005) for a
"synthetic" electric utility. Only the most economically
viable technologies appear; that is, only those genera-
tion alternatives by fuel type that have the minimum
energy costs for some span of capacity factors appear.

- As shown, petroleum-type fuel (combined-cycle) appears
tu be competitive at intermediate load (3,000 hours per
year). This also appears to be competitive in the last
1980s. This penétrationy of course, is based on a coal

. liquids price of $25/barrel (in 1979 dollars). At $35/

“barrel, coal liquids for intermediate load does not
become competitive until the late 1990s.

This example demonstrates the economic uncertain-
ties and its impacts on determining the potential market
for coal ligquids in new technologies. Based on discus-
sions with EPRI and other utility representatives, there
appears to be a substantial and growing electric utility
market potential for coal liquids in new technology ap-
plications if present coal liquid development costs are
met and imported petroleum prices escalate as projected.

5. RESIDUAL FUEL OIL CONSUMPTION IN INDUSTRIAL BOGILERS IS
SMALL BUT 15 FORECAGTED TO GROW FROM APPROXIMATELY
100,000 BARRELS/DAY IN 1975 TU BETWEEN 200,000 AND
250,000 BARRELS/DAY BY 1990

In 1975, residual and distillate fuel oil consumption
was approximately 550,000 barrels/day—approximately 9 per-
cent of total industrial fuel consumption. A summary of fuel
consumption forecasts for the industrial sector is shown in
Exhibit 3-7, According to discussions with staff personnel
at the Energy Information Administration, about 25 percent
of the total residual fuel oil consumption in 1975 was used
as a boiler fuel; and negligible amouts of distillate were
used as a boiler fuel. The remaining residual and distillate
fuel oil was for thermal process heat and feedstock applica-
tions, This information was based on a Major Fuel-Burning
Installation (MFBI) data base compiled by EIA,




EXHIBIT 3-6

Conceptual Generation Expansion Alternatives
1985-2005
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MILLION BARRELS/DAY OF RESIDUAL OIL EQUIVALENT

EXHIBIT 3-7
Summary of Fuel Consumption
by Industrial Sector
1975-1990
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In 1975, 86,000 barrels/day of residual fuel was con-
sumed as a boiler fuel. This market is forecasted to grow
to between 200,000 and 250,000 barrels/day of residual fuel
oil by 1990. A forecast of industrial fuel consumption by
application is shown below:

+

Forecast of Industrial Fuel Consumption (bbl/day)
1975 ’ 1985 1990
Process Process . Process
Primary Boiler Heat or Boiler Heat or Boiler Heat or
Fuel Fuel Feedstock Fuel Feedstock Fuel Feedstock
N EAEANLANNY] S ¥ 7 7 A
Residual 0il 86,000 260,000 183,000 /349,000 234,000 700,000 /
: yAVIRS 20 72 2 2 2/ /2
: 4 77 7 . 7 7 7 7 . 7 7 /
Distillate 0il | 'Negligible /207,000 | Negligible qee,ooq/ Negligible 874,000//
//// VAV 4 /1//r
Total 86,000 4 467,000 4 183,000 l,sz,OOO 234,000 k1,574,000
Yy ¢t £ 227 AR YYA

The 1990 forecasts of residual o0il and distillate oil
consumption have recently been updated by EIA, but detailed
regional forecasts were not available to Booz, Allen in
time to be incorporated in this study, 1990 forecasts. of
residual oil used as boiler fuel were revised from 234,000
barrels/day to approximately 200,000 barrels/day. 1990,
distillate 0il consumption was revised from 874,000 barrels/
day to 218,000 barrels/day. Revised distillate oil fore-
casts will not affect the market for coal liquids since
only a negligible amount of distillate oil is used in in-
dustrial boilers. : '

(1) The Northeast Region, the Mid- and South Atlantic,
Midwest, -and Southwest Regions Are Likely Candidate
Markets for Coal Liquids

Six DOE regions have been selected as probable
regional markets for coal liquids as a boiler fuel
based on market size of growth. A summary of regional
data of total residual oil consumption and boiler fuel
consumption in the industrial sector is shown in
Exhibit 3-8. The six attractive DOE regions and
their forecasted 1990 boiler fuel consumption of resid-
ual oil is summarized on page 3-16.
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EXHIBIT 3-8

Summary of Regional Data cf Total Residual 0il

Consumption and Boiler Fuel Consumption
in the Industrial Sector

and Booz, ‘Allen & Hamilton Inc.

Year .New Eng. NY/NJ |Mid-Atl. | S. Atl. Midwest S: West| Central N. Ceatral | West | N, West Total
48 32 54 66 a4 48 3 16 20 16 346
1975 _
12 8 14 17 11 12 .75 4 5 4 86
105 54 76 132 104 340 18 18 37 48 933
1990
26 14 19 .33 26 85 5. 5 10 12 234
Legend:
= Represents total regional residual oil consumption
= Represents regional boiler fuel consumption of residual oil
* Source: Data were obtained from Annual Report to Congress, 1977, Energy Information Administration, DOE




Candidate Regions for Coal Liquids
Region 1990 Quantity
New England ! 26,000 barrels/day
New York/New Jersey 14,000 barrels/day
Mid-Atlantic 19,000 barrels/day
South Atlantic 33,000 barrels/day
Midwest 26,000 barrels/day
Southwest 85,000 barrels/day

Total ' 203,000 barrels/day

As shown, these six regions account for 203,000 barrels/
day (approximately 85 percent of the total forecasted
industrial boiler consumption of residual fuel oil).

The four remaining regions--Central, North Central,
West, and Northwest--account for a total of 32,000
barrels/day of residual boiler fuel (approximately

15 percent of the total boiler fuel -market).

The New England and New York/New .Jersey area is
forecasted to consume 40,000 barrels/day of residual
boiler fuel., This area is attractive because of the
large consumption of residual o0il by electric utilities
in this region. Similarly, the Mid-Atlantic, South
Atlantic, and Midwest are attractive market regions
for coal liquids because of their large boiler fuel
consumption (large relative to industrial consumption
in other regions) and because of the large consumption
of residual oil by electric utilities in these regions.

The Southwest region represents the largest poten-
tial market area for coal liquids. Although 1975 '
residual boiler fuel consumption was 12,000 barrels/day,
by 1990, the Southwest is forecasted to require 85,000
barrels/day (approximately 35 percent of the total
residual boiler fuel market). This translates into a
14 percent per year growth rate in the Southwest for
residual boiler fuels. However, residual o0il consump-
tion in the Southwest will be dependent on the avail-
ability of natural gas.

(2) The Near-Term Industrial Market for Coal Liquids
Strongly Depends on the Relative Economics of
Coal Liquids, the Impact of Government Policies,
and the Availability of Natural Gas

The near-term industrial market for coal liquid
strongly depends on the relative economics of coal
liquids when compared to residual fuel oil. 1Interviews




with several industrial boiler owners who -use residual
0il, and the Council of Industrial Boiler Owners (CIBO)
1nd1cated that the key issue relevant to the industrial
market for coal liquids, was the prlce of coal liquids
relative to No. 6 fuel oil. When the price for coal
liquids and residual oil become the same, the industrial
boiler owners will consider coal liduid purchases. The
impact of technical, environmental, regulatory, and
institutional barriers on the industrial market for

coal liquids will be discussed in detadil in subsequent
sections,

A key factor which will influence the market for
coal liquids is the impact of government policies.
The Power Plant and Industrial Fuel Use Act of 1978
established guidelines and regulations pertaining to
the use of coal in new industrial boilers and also
specified guidelines pertaining to conversion of exist-
ing petroleum-fired boilers to coal. The success of the
Federal Government to enforce the PIFUA will also strongly
determine the market potential for coal liquids. If
PIFUA is effective in requiring new industrial boilers
to burn coal, then the market for residual oil and thus
coal liquids will decrease proportionately,

Finally, the availability of natural gas in the
near term for industrial consumption will influence the
market for residual oil and substitute coal liquids.
Current DOE policy has been to encourage industrial
users of residual oil to switch away from oil to natural
gas. If this policy continues for several years, then
the market for residual oil and thus coal liquids will
decrease.

(3) The Long-Term Industrial Market for Coal Liquids
Depends on the Impacts of New Technology Development,
Including Combined-Cycle Systems and Cogeneratlon
Systems

The long-term industrial market for coal liquids
strongly depends on the development of new technologies
applicable to industrial boilers. Several studies have
been conducted which examine the economics of coal
‘liquids in advanced industrial boiler systems. Most of
the advanced industrial boiler systems show the potential
for greatly improved ‘efficiencies and performance, but




a key obstacle in their development has been the de-

pendence on liquid fuels,

not' limited to):

Combined~-cycle systems
Diesel engines

Fuel cells (molten carbonate)
Advanced gas turbines.

These systems include (but are

If these new industrial systéms are successfully devel-
oped, there would be a growing, long-term.markpf for
coal liquids to fuel these systems.

A Cogeneration Technology Assessment Study (CTAS)
conducted by General Electric and United Technologies
for DOE examined the technical and economic advantages
of cogeneration systems for industrial use. The study
concluded thalt Lhe potential market tor coal 11qu1ds
in cogeneration systems could be substantial in the

this market would most llkelv
be for turbine fuels,

long term; however,

6. 'THE'DEPARTMENT OF DEFENSE CONSUMES A RELATIVELY SMALL

PORTION OF ITS TOTAL PETROLEUM ‘CONSUMPTION AS" BOILER

FUELS

The Department of Defense (DOD) consumes approximately
35,000 barrels/day of residual fuel oil and 60,000 barrels/

day of middle distillates.
petroleum products in the U.S.

A summary of DOD consumption of
in 1978 is as follows:

Summary of U.S. DOD Petroleum Consumption
Fuel Category Consumption 8 0f Total
: (barrels/day) =
Jet Fuel 256,000 70
Aviation Gasoline 2,300 0.5
Motor Gasoline 12,400 3.5
Middle Distillates 60,200 16.5
Residual 0il 34,700 9.5
Total 365,600 100.0
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The implication of the DOD market segmentation is ‘that
approximately 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 consumption is for residual boiler
fuel, 1In addition, the DOD boiler market is not centralized
or localized in one region of the country which would make
marketability of coal liquids difficult.

DOD has expressed concern about its vulnerability to
energy shortages in Congressional testimony before the Com-
mittee on Banking, Finance, and Urban Affairs. But that
vulnerability will seriously affect DOD's transportation
fuel requirements.

The "Moorehead Bill" has been proposed in Congress to
establish a DOD-guaranteed market for the output of synthetic
fuels plants. Based on the fuel consumption breakdown shown
earlier, if the "Moorehead Bill" is enacted, 'the coal lique-
faction processes currently under development will need to
be configured to manufacture transportation fuels and not
boiler fuels. The "Moorehead Bill" and similar legislation
designed to guarantee a DOD market for coal liquids may serve
to limit the market for coal liquids as a boiler fuel since
the DOD market is largely for transportation fuels.
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CHAPTER ¢4
THE POTENTIAL ENVIRONMENTAL HAZARDS OF BOILER FUELS
PRODUCED FROM COAL LIQUEFACTION PROCESSES

This chapter presents a summary of the assessment of
potential environmental hazards of boiler fuels produced
from coal liquefaction processes, compared with the hazards
of No. 6 fuel o0il, the product the coal-derived fuels would
most likely replace. Further details are presented in
Appendix B of this report.

Booz, Allen has analyzed the environmental hazards of
the products from three direct coal liquefaction processes:

. Solvent Refined Coal (SRC-II)
. Exxon Donor Solvent (EDS).

Booz, Allen did not analyze the products from two indirect
coal liquefaction processes—Fischer-Tropsch and Methanol
Synthesis. Both of these processes yield a liquefied prod-
uct after gasification of coal. Because of the gasification
processing, these products are inherently clean in relation
to direct coal liquefaction products and No. 6 fuel oil.

Data on the coal liquefaction products are limited and
inconsistent, as the various technologies are at different
stages of development. Therefore, the evaluation of environ-
mental hazards was made by combining currently available data,
interviews with Government and industry representatives,
and judgments made by the study team from evaluatlng the
chemical composition of the products.

The findings represent a prejudgment of current and
future testing to determine the environmental hazards of
coal liquefaction products. Our analyses show that worker
safety and health will be a potential environmental concern.
Dermal exposure to the products will have to be reduced in
relation to normal handling procedures for conventional
fuels. Additionally, there are several areas identified
for further evaluation such as biological testing of prod-
ucts, additional utility test burns, and detailed composi-
tional data. The completion of these tests will further
define the potential environmental hazards of coal lique-
faction products. :




1. THE ENVIRONMENTAL HAZARDS OF PRODUCTS OF THREE DIRECT
COAL LIQUEFACTION PROCESSES WERE'ASSESSED IN RELATION
TO NO. 6 FUEL OIL

Three direct coal liquefaction processes were analyzed:
SRC-II, H-Coal, and EDS. The two indirect processes in use
today, Fischer-Tropsch and methanol synthesis, were not
analyzed for environmental hazards because they are inher-
ently clean. Fischer-%ropsch is essentiallv free from sul-
fur and nitrogen and has lower concentrations of heavy
aromatic compounds than No. 6 fuel oil. Methanol has known
hazards but is considered environmentally safe when handled
properly.

No. 6 fuel oil is the primary competing substitute
product for boiler fuels produced by coal liquefaction.
This fuel was chosen because it has been accepted in the
markctplace at ites current level of risk, and its handling
prooeduree and environmental safequards are estahlished.

The specifications for No. 6 fuel oil are functional
rather than compositional requirements. Therefore, the
composition of No. 6 fuel oil varies according to crude
0il source, customer specifications, available distillation
cuts, refinery processing, and the blend selected. Exhibit 4-1
illustrates a typical No. 6 fuel oil used in the analysis,
which is composed of 45 percent cyclic alkanes (naphthenes),

15 percent alkanes, 25 percent aromatics, and 15 percent
polar compounds containing nitrogen, oxygen, or sulfur.

Illinois No. 6 coal was used as a feedstock for each
of these three processes because of its availability and
compatibility. This coal has been commonly used for pre-
vious development work, so that analyses of Illinois No. 6
coal are well documented.

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

In order to assess the hazard potentlal of direct
coal liquefaction products, literature searches and personal
interviews were conducted to obtain the current state of the
art. It has been found that much work has been done on
characterizing the hazardous properties of coal tars, run-
off from coal wastes, and coal residues of traditional coal




- EXHIBIT 4-1

Typical Compositional Data for Bunker C Fuel
(No. 6 Fuel)

CHEMICAL GROUP ANALYSES

45% Cyclic Alkanes

(Naphthenes) 15% Alkanes

15% Polar Compounds
Containing Nitrogen,
Oxygen or Sulfur

25% Aromatics

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




processing plants. Limited quantitative data are available
relating to products of direct coal liquefaction processes:

. The epidemiological data available from the
Institute, West Virginia Liquefaction Plant
(operated during 1952 to 1960) may not be appli-
cable to the products of current direct coal ‘
liquefaction processes.,

. Toxicological testing programs on SRC-I products

' were carried out by Industrial Bio-Test Laboratories.
This laboratory is virtually shut down and the
program status cannot be reported.

. Other toxicological studies are just being started.
An extensive toxicological program on both SCR-I
and SRC-II materials was sent in 1979 to nine
laboratories as an Invitation to Bid on environ-
mental research. The bids are currently being
evaluated. The research program includes acute,
dermal, inhalation, teratogenic, and mutagenic
studies.

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

The approach used to determine the 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.
Then, based on the effect of similar chemical groupings
found in products in other industries where hazards are
known, preliminary conclusions can be drawn. These four
levels of analysis were chosen because:

. Combustion products can be predicted from the
ultimate analyses and can be used to develop
comparative emission data.

. Groups of known or suspected carcinogens and
toxic chemicals can be identified and compared
by relative concentrations.

. 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.




3. HAZARDS RELATED TO THE THREE TYPES OF DIRECT COAL
LIQUEFACTION PRODUCTS ARE SIMILAR BECAUSE SIMILAR
COAL, PROCESSES, AND OPERATING CONDITIONS ARE USED

There are basic similarities between the processes
and their operating conditions. Unit operations are simi=-
lar., Operating temperatures, pressures, and yields are
basically the same 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 liquefaction processes cannot
be differentiated well enough to cite differences among
the individual processes.

The composition of the direct liquefaction products
is likely to vary more wilh Lhe source of cval selecled
than with process differences. The anglysis was based on
one coal source, Illinois No. 6. Therefore, the three
processes presented similar relative hazards. If a differ-
ent feedstock coal was selected for analysis of each pro-
cess, the potential environmental hazards would have minor
differences. However, the findings presented in this chapter
probably would not change.

4, THE ENVIRONMENTAL HAZARDS OF DIRECT COAL LIQUEFACTION
PRODUCTS WERE ASSESSED FOR BOTH ROUTINE AND EPISODAL
EVENTS TO DETERMINE AIR AND WATER POLLUTION AND
GROUND CONTAMINATION

Environmental impact judgments were made for routine
tasks such as loading and unloading, cleanup, storage,
transporation, processing, sampling, and analysis of pro-
ducts and for episodal events occuring during routine tasks
such as accidents, spills, leaks, or incomplete combustion.

The analysis shows few air pollution problems during
routine operation, but good maintenance practices should
be implemented to ensure employee safety from routine
vapors and 'leaks. A test burn conducted at Consolidated
Edison in September 1978, showed that the higher nitrogen
content SRC-II fuel met all of the current emission stan-
dards for conventional petroleum-derived fuel oil. It is
possible that sulfur and nitrous oxide emissions for direct
coal liquefaction products may not differ from those of No. 6
fuel o0il because of the variable nature of both products.
Polycyclic aromatic hydrocarbon emissions from coal liquids
will be nominally higher than for No. 6 fuel oil but will
be within acceptable limits. Polycyclic aromatic hydro-
carbon emissions from coal liquids will be a function
of combustion efficiency. An incomplete combustion




emission of polycyclic hydrocarbons could present problems.
Test burns comparing No. 6 fuel oil and liquefied coal prod-
ucts 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 to be certain.

Water pollution problems, caused by spills and disasters,
are similar for coal liquefaction products and No. 6 fuel oil.
Control measures used by Con Ed in transporting SRC-II liquid
by barges and tankers can be used as a model for worker and
environmental protection. These procedures include steam
cleaning and drying barges before use; electrically grounding
tank cars, barges, and unloading lines; and flushing empty
tank cars and lines with nitrogen to clear lines and to avoid
spills when loading barges.

Ground contamination is not expected to become a major
problem because products could be transported and stored in
closed systems. Leaks, pipeline breaks, and road and rail
tanker accidents can be handled with current petroleum in-
dustry practices. The clean-up techniques to remove prod-
ucts involve physical containment—blocking and trenching,
removal and recovery, disposal, and restoration of the area.
These techniques prevent the risk of explosion, fire, and
toxic effects from an uncontrolled release of liquids.

5. DIRECT COAL LIQUEFACTION PRODUCTS ARE POTENITALLY MORE
" HAZARDOUS TO WORKERS THAN NO. 6 FUEL OIL

Analyses of the products of direct coal liquefaction,
in terms of both chemical groups and chemical compounds,
show that there are greater concentrations of hazardous
components when compared to No. 6 fuel oil:

. The comparatively greater amounts of polycyclic
aromatic hydrocarbons are primarily responsible
for the judgment of increased toxicity of direct
coal liquefaction products. There are approxi-
mately two to three times more polycyclic aromatic
hydrocarbons in coal liquids than in No. 6 fuel oil.

. In addition, coal liquids contain:
- Approximately two to three times the con-

centration of Indans/tetralins as No. 6
fuel oil. '




- Approximately three times the concentration
of Pyrenes as No. 6 fuel oil

- Over 7 percent chrysenes; no chrysenes were
found in the No. 6 fuel oil tested.

The danger to individuals comes from dermal contact
with the coal products. Maintenance workers and materials
handlers would have the greatest exposure to liquid products,
from maintenance and cleanup of loading, unloading, storage,
and transporting equipment. A NIOSH criteria document for
control measures in coal gasification plants has been issued
and can be used as a guideline for handling coal liquefaction
products. The NIOSH coal gasification criteria document
provides recommendations for health and safety standards
for occupational exposures, including:

. Safety procedures

. . Engineering control objectives

. . Work practices

. Work place monitoring

. * Medical surveillance

. ' Personal protective clothing and eguipment
. Sanitation '

. Labeling and posting

. Informing employees of potential hazards.

The document discusses biological effects of health hazards
of the Institute, West Virginia Coal Liquefaction Pilot
Plant. ‘

The Institute plant sludy (published in Lhe Archives
of Environmental Health) states that the statistical evalua-
tion showed only an increased incidence of skin tumors. The
study showed that skin cancer incidence was at least 20 times
as high as the expected incidence. However, this factor
assumed a worst-case situation using data on all skin ab-
normalities observed, whether or not there was agreement _
among the pathologists that they were cancers. NIOSH recom-
mends a comprehensive employee protection program that may
be applicable to handlers of direct coal liquefaction products.
This program includes:

. Medical surveillance:
- Preplacement medical examination
- Periodic examination

- Records of employee exposures to coal
products.




Personal protective clothing and equipment:

Impervious gloves

Protective clothing for protection from

specific hazards

Eye protection, including full face shields
and respirators, when applicable

Sanitation:

Clean change rooms with storage for street

clothes

Separate storage facilities for work garments,
protective clothing, and equipment

Clean and dirty change rooms separated
partially by a shower facility and partially
by one-way doors

Cleaning, laundering, or disposal of contami-
nated protective clothing

Prohibition 'against food or beverages in
potential areas of exposure

Employees' use of soap and water, not chemical
solvents, to remove materials from skin

Employee training:

Instruction in good hygiene practices and
potential hazards of job

Continuing éducation and personnel monitor-
ing program.

IN SUMMARY, THE PRODUCTS OF DIRECT COAL LIQUEFACTION

PROCESSES REPRESENT A SLIGHTLY GREATER ENVIRONMENTAL

HAZARD THAN NO, 6 FUEL OIL, BUT THESE HAZARDS CAN BE

CONTROLLED WITH ADEQUATE SAFEGUARDS

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 prod-

ucts'

carcinogenicity and toxicity. Work place controls

must be employed to minimize dermal exposure to direct coal
liquefaction products. A summary of the hazards of direct
coal liquefaction products relative to No. 6 fuel oil is
presented in Exhibit 4-2.




EXHIBIT 4-2 .
Capsule Summary oz the Potential Hazards of Direct
Coal Liquefaction Products Relative to No. 6 Fuel 0il

Environmental Area

worker safety & Health

Air Pollution

Water Pollution

Ground Contamination

Foutine Everts

Potential Hazard
Relative t> No. 6
Fuel 0il

® O O© &

Discussion

Controls would inclade
good work practice and
hygiene procedure

Current emission stan-
dards should be met--
sox less, ch higher

Mandated controls
measures analogous
to No. 6 Fuel 0il
will be required

Routine clean-up anc
disposal of spills and
lezks similar to No. 6
Fuel 0il

Episodal Events

Potential Hazard
Relative to No.
Fuel 0il

6

® ® @ &

Discussion

Dermal exposure
during clean-up
operations will
have to ke 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
0il

@ Greater Hazard Potential Than No. 6 Fuel 0il
@ Less Hazard Potential Than No. 6 Fuel oil

@ Approximately Equal Hazard Potential To No. 6 Fuel Dil A

Source: Booz, Allen & Hamilton Inc.
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CHAPTER 5 .
REGULATORY ISSUES. ASSOCIATED WITH MARKETING
TCOAL LIQUEFACTION PRODUCTS AS BOILER FUELS

The Environmental Protection Agency and the Department
of Energy administer the major programs that will affect
the commercial development of coal liquefaction products as
boiler fuels. The Environmental Protection Agency adminis-
ters the New Stationary Source Performance Standards for
electric utility steam generating units. The Department of
Energy administers the Power Plant and Industrial Fuel Act
of 1978. While the provisions of these regulatory programs
may offer encouragement to coal liquids market development,
the industrial sector is not sure how they will be imple-
mented, and this will delay purchasing decisions.

The development of coal liquefaction technologies may
be additionally constrained by other regulations imposed to
protect health, safety, and the environment. Various regu-
latory programs may involve higher ¢apital 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
currently in progress,

The major régulatory programs affecting coal lique-
faction to market development are shown in Exhibit 5 1 and
are discussed below. :

1. NEW STATIONARY SOURCE PERFORMANCE STANDARDS FOR ELECTRIC
UTILITY STEAM GENERATING UNITS GOVERN NOy AND SOy
EMISSIONS AND WILL AFFECT THE UTILIZATION OF COAL-
DERIVED LIQUIDS

Coal liquefaction boiler fuels appear to meet the
New Source Performance Standards but additional large-scale
testing will be required to completely ascertain regulatory
compliance. There are some waivers granted for the use of
coal liquefaction boiler fuels. The major provisions of
the New Source Performance Standards regarding the use of
coal liquids are:

. SO> emissions to the atmosphere are limited to
1.20 lb/mllllon Btu heat input, and a 90 percent
reduction in potential SO, emissions is required
at all times except when emissions to the atmo-
sphere are less than 0.60 1lb/million Btu heat
input. Tests to date indicate that coal lique-
faction products should meet this standard.




EXHIBIT 5-1 !

Impact of Various Regulatory Programs
on Coal Liquefaction Market Development

reguiations

Regulatory Program Impact Remarks
Clean Air Act, New Source U} Governs S0z, NOy, and particulate
Performance Standards matter emissions; permits and
waivers may be granted for coal
liquefaction; however, additional
testing will be required to
establish requlatory compliance.
Power Plant and Industrial * Mandates conversions to coal from
Fuel Use Act oil and gas: temporary exemptions
may be granted for use of synthetic
fuels; however, implementing auth-
orities are not yet final, and syn-
thetic fuels are not yet available.
Long Titigation is expected on
implementation.
Toxic Substances Control ) Potential carcihogenecity ef various
Act products may restrict their use.
Clean Water Act ) Controls discharges of trace metals,
phenols, aromatic nydrocarbons,
sludge, and hydrogen sulfides.
Effluent standards may constrain
commercial development,
Resource Conservation and ] Controls disposition of heavy tar
Recovery Act residues, wastewater residues, slag,
coal dust, and refuse. Hazardous
waste disposal must comply with air
and water standards.
Surface Mining Control and L Controis resource development and
Reclamation Act may impede commercialization i7 coal
production cannot gear up to meet
coal tiquefaction plant demands.
Occupational Safety and L] Controls toxic substances in the
Health Act work.place. Strict implementation
may constrain technology.
Site-Specific Regulations:
. Endangered Species Act 0 Mot expected to pose a development
barrier.
Fish and Wildlife 0 Not expected to pose a development
Coordination Act barrier,
Rivers and Harbors Act L} fiay have some impact depending on
water shipments of coal liquids.
State regulations e State and local regulations are
not yet developea. It is too early
Local planning and zoning 9 tc determine ultimate impact although

strict zoning regulations could
impede development.

LEGEMD:

® = Potential nigh impact
¢ = Courd have an imjact

0 = Hot expected to have a market development jmpect



. The Particulate Matter Standard limits emissions
to 0.03 1lb/million Btu heat input. Coal lique-
faction products are expected to meet this criteria.

. The NO, Standard is 0.50 lb/million Btu heat
input from the combustion of liquid fuels derived
from coal. Additional testing of coal liquefac-
tion products, particularly the EDS and H-Coal
boiler fuels, will be required to substantiate
coal liquids' ability to be in regulatory compli-
ance in this area.

(1) Commercial Demonstration Permits May Be Granted
for Certain Technologies, Including Coal
Ligquefaction

The EPA Standards include provisions that allow
the granting of commercial demonstration permits for
less stringent air quality requirements. These pro-
visions provide that facilities using coal liquefaction
fuels would be subject to the emission limitation and
percentage reduction requirement Jf the SO, Standard
and to the Particulate Matter Standards. The NOy emis-
sion limitation allowed under a commercial demonstration
permit for the initial full-scale demonstration plants
using coal liquefaction products as boiler fuels, how-
ever, would be relaxed to allow 0.70 lb/million Btu
heat input. This may encourage the use of coal lique-
faction boiler fuels.

(2) Emissions Waivers for a Period of Up to Seven Years
lMay Be Granted

These waivers would be in effect from the date of
issuance for a period of seven years or for a period of
four years from the start of operation of a facility,
whichever is less. The provisions are designed to
mitigate the potential impact on emerging technologies
such as coal liquefaction and to ensure that the standards
do not preclude the development of such emerging tech-
nologies. The EPA will issue commercial demonstration
permits for the initial demonstration facilities using
coal liquefaction products.

2. THE POWER PLANT AND INDUSTRIAL FUEL USE 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 LIQUEFACTION BOILER FUELS

The Economic Regulatory Administration is authorized
to prohibit or restrict the use of petroleum and natural

5-2



gas by electric powerplants and major fuel-burning instal-
lations. The prohibitions and exemptions provided for in
the Fuel Use Act apply to four major categories of users,

(1) New Powerplants

New powerplants may be granted an exemption from
the requirements of the Fuel Use Act based upon the
future use of a synthetic fuel derived from coal. The
temporary exemption may be granted for a period of up
to five years and may be extended for an additional
five years, not to exceed a total of ten years.

(2) New Installations

New installations may be granted a temporary
exemption from the provisions of the Fuel Use Act
" based upon the future use of a synthetic fuel derived
from coal. As in the case of new powerplants, the
temporary exemption may be granted for a period of
up to five years and may be extended for an additional
five years, not to exceed .ten years.

(3) Existing Powerplants

A temporary exemption from the provisions of the
Fuel Use Act may be made for existing powerplants based
upon the future use of a synthetic fuel derived from
coal. A temporary exemption may be granted for a
period of up to five years and may be extended for an
additional five years. The total exemption may not be
for a period greater than ten years.

Existing powerplants which used an alternate fuel
as a primary energy source at any time during 1977 may
not use petroleum as a primary enerdy source in excess
of the amounts used in 1977. The DOE may prohibit an
existing power plant from using natural gas or petrol-
eum as a primary energy source provided the powerplant
has the technical capability to use an alternate fuel
as a primary energy source, that the powerplant could
have such capability without substantial physical
modification or ‘substantial reduction in its rated
capacity, and that- the powerplant is financially able
to use an alternate fuel.




-(4) Existing Installations

A temporary exemption from the provisions of the
Fuel Use Act may be granted for existing installations
based upon the future use of a synthetic fuel derived
from coal. A temporary exemption may be granted for
a period of up to five years and may be extended for
an additional five years. The total exemption may not
be for a period greater than ten years.

Existing installations may be prohibited from
using petroleum or natural gas as a primary energy
source provided that the installation has or had the
technical capability of using an alternate fuel as a
primary energy source, that the installation could have
such capability without substantial physical modifica-
tion or substantial reduction in its rated capacity,
and that it is financially fteasible to use an alternate
fuel.

COAL LIQUEFACTION MARKET DEVELOPMENT MAY BE IMPACTED
BY ADDITIONAL REGULATIONS DESIGNED TO PROTECT HEALTH,
SAFETY, AND THE ENVIRONMENT

Development of commercial coal liquefaction facilities

and subsequent product market development will be affected
by a variety of additional regulatory programs administered
by the Environmental Protection Agency.

(1) The Toxic Substances Control Act May Delay
Deployment of Coal Liguefaction Technologies

Coal liquefaction products may require treatment
ae toxic chemicals. (See Chapter 4 and Appendix B.)
Additionally, catalysts containing heavy metals used
in the process technologies may be restricted. ‘hese
factors may constrain technology commercialization.

(2) The Clean Water Act Will Govern Watexr Pollution
Found in the Net Discharge From Wastewater

Coal liquefaction plants. should be sited to
minimize environmental impacts. Research to assess
water quality is underway in the regions where develop-
ment of coal liquefaction facilities is anticipated.
Results will provide data on which informed judgments
can be made regarding plant siting.




(3) The Resource Conservation and Recovery Act Will

Research on solid wastes and solvent extracts to
evaluate carcinogenicity and toxicity is currently in
progress.  The solid residuals include mineral residue,
sludge from water treatment, char, heavy tar residues,
and process reagents. Waste management practices for
these residual compounds will need to comply with emerg-
ing Resource Conservation and Recovery Act standards,
(4) The Surface Mining Control and Reclamation Act Is

Not Applicable Directly to Liquefaction Processes

The regulatory programs under this Act control
coal mining impacts. This Act may potentially have a
high impact on process technology development. A large
scale-up to commercialization will be dependent upon
the ability to significantly increase coal production.
Strict application of the Surface Mining Control and
Reclamation Act will constrain coal liquefaction
commercialization.

(5) The Occupational Safety and Health Act Controls

This Act could have a potentially high impact on
technology development and ultimate product marketabil-
ity. The Act requires the implementation of industrial
hygiene and safety programs including medical surveil-
lance of workers and training in personal hygiene
relative to liquefaction materials. Additionally,
stringent standards regarding exposure to hazardous
materials may affect market development for coal lique-
faction products.

(6) Site-Specific Regulatory Programs May Constrain
Technology Commercialization and Ultimate Market
Development '

Siting of coal liquefaction facilities may be
affected by the implementation of other Federal regula-
tory programs and state and local statutes: '

. The Endangered Species Act will govern the
construction and operation of coal lique-
faction facilities. The Act protects certain




animal species and a multitude of endangered
rlant species may be added.

The Fish and Wildlife Coordination Act re-
quires coordination among all Federal agencies
to minimize wildlife impacts.

The Rivers and Harbors Act regulates activi-

ties in navigable waterways and requires per-
.mits for barge docks, structures over water,

and movement of hazardous materials.

State regulations will govern land, water,
and ailr pollution at the state level.

Local planning and zoning laws will require
liquefaction plant gites to conform to local
zoning ordinances. ILocal communities are
just getting involved in process technology
plant siting and delays may develop in lo-
cating plants when commercialization moves
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. 1Institutional 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 technology

. 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 legislation.

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

1. ~ ADDITIONAL TEST BURNS ARE NECESSCARY TO DEMONSTRATE
THE COMBUSTION SUITABILITY 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.

2. . 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 agalnst 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 Liguefaction Products
as Boiler Fuels Based on Perceptions of Actors

ACTORS3

ISSUE CATEGORY
AND PROBLEM

PROCESS
TECHNOLOGY
COMPANIES

UTILITIES

INDUSTRIAL
ROILER
USERS

INDUSTRIAL
BOILER
MANUFACTURERS

FINANZIAL
COMMUNITY

REGULATORY
AGENCIES

1. TECHNICAL
Availability All companies indi-[Most utilities con-|Some industriail The major indus- The investment EPA and NIOSH
of technical cate sufficient tacted have exist- fusers have coal trial manufacturers]bankers contacted have technical
information information is ing technical in- liquid data but have the product are familiar with data and are
available for formation; Con Ed data not widely specifications. coal liquefaction conducting
demonstration test provided addi-|disseminated among |They want addition-|processes and prod-|environmental
plant development; {tional information;|total boiler popu- |al technical data ucts generally research on coal
additional informa-{many utilities do lation. Lack of as it is developed. }but do not have liguefaction
tion needed to go not have technical [sufficient informa-|{The "second tier"” any technical in- products.
commercial. data on coal tion by boiler boiler manufactur- |formation. They
liquids. ’ owners precludes ers are familiar would like to have
decision on use. with the liquefac- [technical specifi-
tion processes cations of prcducts
and products. Theylto analyze.
would like addi-
. tional technical
information to
evaluate.
. Technical hll companies Utilities indicate JUsers comfortable Majors and "second [Investment banking |EPA and NIOSH be-
feasibility believe that pro- that processes are |[with technical tier" companies be-|community not sure |lieve that pro-

for commer-
cialization

cesses are tech-
nically feasible,
but believe demon-
stration plants
must be built to
prove commerciali-
zation readiness.

technically feasi-
ble to produce
acceptable boiler
fuel, but are not
sure of commer-
cialization
readiness.

feasibility of
processes, but are
not sure of commer-
cialization
readiness.

lieve that proces-
ses are technically
feasible, but are
not sure of commer-
cialization
readiness.

of technical feasi-
bilizy and very
-
pessimistic on
commercialization
readiness.

cesses are not

yet technically -
feasible and be-
lieve more research
must be conducted
before commercial -
ization will be
allowed to take
place.

. Market accep-
tability based
on known speci-
ification.

All companies be-
lieve products will
be accepted by the
market.

Utilities will buy
based on current
knowledge of speci-
Eications.

Boiler operators

will buy based on
current knowledge
of specifications.

Manufacturers could
retrofit existing
boilers to accept
coal liquefaction
direct products as
boiler fuels.

Investment bankers
have littlz pexr-
ception of coal
liquafaction
boilar fuel mar-
ket.

EPA and NIOSH
believe that
there are too
many environ-
mental and
health ques-
tions to be
answered before
marketing can
begin.




EXHIBIT 6-1 (2)

ACTORS
PROCESS UTILITIES INDUSTRIAL INDUSTRIAL FINANCIAL REGULATORY
TECHNOLOGY BOILER BOILER COMMUNITY AGENCIES
COMPANIES USERS MANUFACTURERS

IS55UE CATEGORY
AD PROBLEM

. Additional
Testing

All companies be-
lieve additional

Jtest burns would

be useful.

Utilities believe
additional test
burns are reguired.
Utilities in North-
east would like to
conduct H-coel and
EDS tests, ac well
as additional
SRC-II tests.
Utilities advise
that more: test
burns will estab-
1lish mark=t
stability.

Boiler operators

would like test

buras conducted for
SRC-II, H-coal and
EDS. They believe
test burns are re-
quired to establish
market suitability.

Manufacturers would
like test burns
conducted in indus-
trial boilers Eor
all liquefaction
prccesses. Theay
believe additional
testinc will help
establish market
suitability.

Investment bankers
want to see more
tests. The bankers
want to see all
Processes tested

in the commercial
marketplace.

EPA and NIOSH
want more tests
conducted.

. Technical
development
lead time to
commercializa-
tion

Two are planning
full-scale com-
mercialization,
citing 5-7 and
10 years as
realistic time-
frames. A third
company has not
yet formulated
plans for a com-
mercial plant.

Most utilities
believe an 8-10
year lead time is
realistic.

Boiler operators
believe 8-10 years
is a realistic lead
time.

Boiler manufac-
turers believe 8-10
years is a realis-
tic leac time.

Investment bankers
believe at least
10 years are
required to fully
develop technology.

EPA and NIOSH
believe that
8-10 years more
will be required
to fully develop
teck.nology.

Technical
coordination
between
industry and
government

All process technol-
ogy ccmpanies
believe cooperation
is good and is
necessary to
develop technol-
ogies.

Utilities perceive
industry-gjovernment
cooperation as use-
ful. Utilities
believe the ex-
change of techni-

cal information will

aid process devel-
opment .

Industrial boiler
users believe
technical coopera-
tion is. valuable
but are not con-
vinced it will
speed process
development.

Manufacturers
believe technical
cooperation is
valuable but are
not convinced It
will speed process
development.

Investment bankers
believe government
involvement in
technical areas
will slow down
technology devel-
opment.

EPA and NIOSH
believe that
industry and
government coopera-
tior is useful and
necessary. NIOSH
wculd like more
industry data on
process technolo-
gies.
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ISSUE CATEGOR
AND PROBLEM
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TECHNOLOGY
COMPANIES

UTILITIES

INDUSTRIAL
BOILER
USERS

INDUSTRIAL
BOILER
MANUFACTURERS

FINANCIAL
COMMUNITY

[REGULATORY
AGENCIES

2. MARKET

Availability
of market
information

One company has

done extensive mar-
ket analyses and is
trying to develop a
utility consortium
to purchase the
products from its
demonstration lique-
faction plant. Two
other company have
not conducted market
studies and have not
yet assimilated in-
formation on the po-
tential boiler fuel
market.

Utilities indicate
they would be a
likely candidate
market for coal
liquefacticn
boiler fuels. Some
utilities in the
Northeast are
interested in
forming a consor-
tium to purchase
products from one
of the process
technology
companies.

Industrial boiler
users believe they
would be a likely
candidate market.

Boiler manufac-
turers believe
their customers
are a potential
market for coal
liquefaction

boiler fuels.

Investment bankers
dc not have a good
appreciation of
pctential coal
liquefaction boiler
frel markets.

EPA and NIOSH have
little information
on the potential
boiler fuel
market.

. Sufficiency
of market
demand

One process technol-
ogy company is
confident that mar-
ket demands for
boiler fuels are
sufficient to pro-
ceed to commer-
cialization of
boiler fuel mode
technology.

One process technol-
ogy company be-
lieves that market
demand for coal
liquefaction prod-
ucts is for trans-
portation fuels;
but in short term,
the market is for
boiler fuels.

One process technol-
ogy company is not
sure what the mar-
ket demand for coal
liquefaction prod-
ucts will be and

is taking a "wait
and see" attitude

to configure its
process.

before deciding how|.

Utilities believe
they would create
sufficient demand
for coal liquefac-
tion products. The
utilities in the
Northeast are
willing to pay a
premium to obtain
coal liquefaction
boiler fuels
because they are
interested in secu-
rity and stability
of supply.

Industrial koiler
owners believe they
would create a
demand for boiler
fuels, but are not
sure about how
much they would
buy.

Boiler manufac-
turers perceive
their customers
as creating a
market for
boiler fuels.

Irvestment bankers
do not have an
appreciation of
potential demand
for coal lique-
faction boiler
fuels. Investment
bankers advise
s=rong market
demand must be
established to
enhance further
ta2chnology
davelopment.

EPA and NIOSH do’
Inot believe that
market demand has
been established.
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. Determination of]
future need for
coal liquefac-
tion facilities

ology companies be-
lieve that a future
need for coal ligue-
faction facilities
has been estab-
lished.

Two process technol-

Utilities in the
Northeast believe
that a need exists
for coal liguefac-
tion facilities.

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

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

Investment bankers

do not believe that
a need has been es-
tablished for coal

liquefaction facil-
ities.

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

." Satisfactory
price

Coal-derived
liquids will com-
pete with petro-
leum derived
fuels when the
demonstration/ ’
pioneer plants
are completed.

Utilities balieve
that a satisfactory
price has not been
established, al-
though, some North—
east utilities are
willing to pay a
premium for supply
security.

Boiler own=rs be-
lieve that a satis-
factory price has
not been estab-
lished.

Boiler manufac-
turers believe that
a satisfactory price
has not yet been
established.

Investment bankers
lbe_ieve that the
[price o1 coal lique-
faction boiler
fuels will not be-
core conpetitive
for 8-1C years.

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

. Fuel availabil-
ity

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.

Utilities do not
know when fuel will
be available.

Boiler owners do
not kncw when fuel
will be available.

Boiler manufac-
turers do not know
when fuzl will be
available.

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

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

13. ENVIRONMENTAL

CONCERNS

Process

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

Utilities dc not
believe that en-
vironmental hazards
will be "shcw stop-
pers."” ’

Boller owners do
not believe that
environmental haz-
ards will be "show
stoopers."

Boller manufac-
turers do not be-
lieve that environ-
mental hazards will
be "show stoppars."”

Investment bankers
are not familiar
with the potential
environmental haz-
ards. They be-
lieve that if EPA
gets involved, the
projects will
“never g=t moving."

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

. Regulatory
compliance

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

‘Utilities believe
lthat regulatory com-
lIpliance will not be
a problem.

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

Boilexr manufac-
turers do not be-
lieve that regula-
tory compliance will
be a problem.

Investment bankers
believe that the
environmantal issue
could "kill" a coal
liquefaczion indus-
try in the early
stages. Two large

banks cited the

The EPA believes

that with strict
workplace hygiene
standards, regulatory
compliance should not
be a problem. EPA
believes that re-

laxation of new source
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. Regulatory
compliance
{cont'ad)

-

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

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.)

Maintenance of
environmental
quality

Process technology
companies do not
believe a problem
will exist.

Utilities donot see
a problem.

Boiler owners do not
see a problem.

Boiler manufac-’
turers do not see a
problem.

Investment bankers
do not believe a
problem will exist.

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

. Maintenar.ce of
health ard
safety

Companies do not
believe a problem’
will exist with ade-
quate safeguards.

Utilities do' not

believe a problem
will exist with ade-
quate safequards.

Boiler owners donot
believe ‘a problem
will exist with ade—|

quate safeguards.

Boiler manufac-
turers do not be-
lieve a problem
will exist with ade-
quate safeguards.

Investment bankers
do not believe a
problem will exist
with adequate safe-
guards.

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

FPINANCIAL
CONCERNS

. Availability of
capital to de-
velop commer-
cial coal lique-|
faction facili-
ties

Technological risk
may require invest-
ment tax credits
and accelerated de-
preciation to en-
hance the viability-
of the first com-
mercial plants.

Utilities believe’
commercialization
will require govern-
ment assistaince in
providing develop-
ment funds.

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

Manufacturers bes-~
lieve commerciali-
zation will not take]
place without gov-
ernment funding.

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.

EPA does not believe
private funds are
available and believes
government must con-
tribute funds to

make the technology
ready for commer-
cialization.

. Prices for coal
liquefaction
boiler fuels

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

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

Boiler owners be-
lieve that prices
are not competitive
with current com-
mercial products.

Boiler manufac-
turers do not be-
lieve that prices
are competitive

Investment bankers
believe that prices
are not competitive
with current com-

with current com-
mercial products.

mercial products
and believe com-
mercialization will
not take place un-
til economics im-
prove.

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




boiler fuels are not convinced of the potential economic
advantage nor are they inclined to believe that an economic
advantage will be established in five to ten years.

The total size of the boiler fuel market must be suffi-
ciently large to influence the process development companies
to take the technology into commercialization. There is
some desparity among the views of the direct coal liquefac-
tion technology companies. One of the companies appears
ready to go now into the boiler fuel mode for its process.
One company already believes that the market will be for
transportation fuels, and one company is taking a "wait-
and-see" attitude before deciding how to configure its pro-
cess technology. This shows the apparent uncertainty preva-
lent among the process technology companies regarding the
configuration of their respective technologies to meet ex-
pected markets.

Private capital may not be available to finance the
coal liquefaction plants, and this will be a major barrier
for the process technology companies to eventually develop
a market. Major uncertainties associated with coal lique-
faction products make investment bankers skeptical. Bankers
are not optimistic about long-term market potential. Addi-
tionally, there are transportation and handling questions
yet to be resolved, regulatory policies to be established,
government fuels allocation decisions to be made, and un-
certain political factors to be answered. Investment bankers
perceive coal liquefaction as too risky and too costly for
commercial development at this time.

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

" Market behavior in the industrial fuel market is in-
fluenced by the price of the petruleum producl under con-
sideration. 1Industrial boiler fuel owners -make their "buy"
decision based on their perception of the least expensive
fuel available that provides equivalent heating value to
the next incremental alternative. They do not see a price
advantage to coal liquefaction boiler fuels at the current
time.

, Utility purchasing behavior is influenced by life cycle
economic considerations and fuel price. Utilities desire
security and stability of supply over the long term. Utili-
ties do not perceive coal liquids as being economically at-
tractive on cost grounds at the present time, but some
utilities indicated a willingness to pay a premium over the
cost of an imported barrel for the security of coal liquid




supply. Utilities believe that costs could be "rolled in"
to their current fuel cost base rather than costing on an
incremental basis. An unresolved issue in this area is

that state and regulatory commissions have not yet addressed
the rate structure for coal liquids utilization.

Industrial marketplace representatives generally believe
that efforts at coal liquefaction commercialization to pro-
duce boiler fuels may fail because the necessary economic
considerations will not be taken into account by the Federal
Government. )

The three most important factors that are dominant
concerning end-market perceptions are (1) a lack of suffi-
cient information about the technologies and their respective
products, (2) a preference for costs that are competitive
with petroleum fuels, and (3) the uncertainties surrounding
government polic¢ies. No "buy" decisions will be made until
the Government's fuels allocation policy stabilizes, and
there is an interpretation issued for industrial and utility
managements on how the President's July 15, 1979 energy
initiatives will affect them. '

4. SOCIAL, POLITICAL, LEGAL, AND REGULATORY ISSUES MAY
CONSTRAIN DEVELOPMENT OF A COAL LIQUEFACTION BOILER
FUELS MARKET '

(1) Potential Societal Concerns May Inhibit Market
Growth

There is widespread belief that special interest
groups will use the hearing and litigation process to
delay liquefaction plant siting and, thus, foreclose
any possibility of any market development. There is
also widespread belief that public interest groups will
not allow some "new" type of fuel in their "backyard."
Some interviewees professed the feeling that the emo-
tional environment might be similar to that which
existed in the early 1960s when nuclear plants were
being sited.

(2) Potential Political Factors Will Affect Market

Two areas will deserve attention—pending legis-
lation and executive branch initiatives:

. Pending Legislation. There are various bills
recently introduced in the Congress that will




\

influence coal liquids market development.
Two major pieces of legislation are:

- Energy Supply Act, which sets forth a
national program for the full develop-
ment of the United States' total energy
supply, including the development of
synthetic fuels from coal.

- Amendments to the Defense Production
Act of 1950, which provides for the
purchase of synthetic fuels and syn-
thetic chemical feedstocks by the Federal
Government. '

A more complete description of these bills
can be found in Section 7,

Although these bills appear to assist coal
liquids market development, the industrial
marketplace perceives that the current political
climate will delay ultimate commercialization,
Further, it believes no market development

will take place until the pending legislation

is enacted, and a major emphasis is placed on
developing an attractive economic climate,

Executive Branch Initiatives., The recent
Presidential energy initiative relative to
coal liquids was discussed earlier in this
report. The Executive Branch policy is to
convert oil-fired plants to coal. There
are questions yet to be answered concerning
where the market for coal liguids would be
given the President's initiative, Discus-—
sions held with marketplace representatives
indicate that technology commercialization
and subsequent market development will be
delayed pending resolution of the recently
announced initiatives:

- The Energy Mobilization Board will be
authorized to designate certain non-
nuclear facilities, including coal
liquefaction plants, as critical to
achieving the import reduction goals.




- The Energy Mobilization Board will be
authorized to waive procedural require-
ments of Federal, state, or local laws
to expedite the development of designated
fac111t1es.

- 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 1nfluence 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 requlations 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 SYSTEM BARRIERS WILL HAVE TO BE OVERCOME TO
ALLOW FOR FULL-SCALE MARKET DEVELOPMENT

Exhibit 6-2 shows the components of the industrial/
market system involved in the commercialization of coal
liquids technology. Market development will take place if
the following elements exist: A

. There is a willingness on the part of each of the
individual components of the industrial, utility,
and Governmental groups to trv a new technology '
and take the corresponding risks.

. The costs of moving the technology from conception
to commercialization to production of product for
the end-use markets are competitive with alterna-
tive energy forms.

. The traditional system is reoriented to accommo-
date new technology.

. A cooperative environment exists between the
Government and the industrial sector to provide
a healthy climate for commercialization.

6. LABOR UNION CONCERNS CENTER ON TWO ISSUES—PERCEIVED
INCREASES IN ADDITIONAL EMPLOYMENT OPPORTUNITIES
CONCOMITANT WITH THE COMMERCIALIZATION OF A SYNTHETIC
FUELS INDUSTRY AND THE HEALTH AND SAFETY FOR PEOPLE
WORKING IN THE LIQUEFACTION PLANTS AND THOSE INVOLVED
IN THE PRODUCT MARKETING CHANNELS

Labor unions believe that an emerging syn-fuels industry
will provide more jobs and that process commercialization
should take place as rapidly as possible. Unions believe
more skilled jobs will be available for liquefaction plant
construction and the development of associated marketing
infrastructure will create additional skilled and semiskilled
jobs. A major question, however, that needs to be addressed
is whether or not sufficient skilled labor will be available
to assist in the development of the industry.

The AFL-CIO was somewhat familiar with the potential
environmental risks of coal liquefaction products and would
like additional information on potential health hazards.
Potential health hazards were not perceived as being barriers
to marketability as it is believed that sufficient safeguards
will be developed. The AFL-CIO is initiating a research
program to follow the development of a synthetic fuels




Components of the Industrial Market System Involved in the
Commercialization of Direct Coal Liquefaction Boiler Fuels
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industry. The focus will be on health and safety require-
-ments and on lobbying in the Executive Branch and in the
Congress to ensure that adequate health and safety precau-
tions will be established.

7. PENDING LEGISLATION WILL AFFECT COAL LIQUIDS MARKET
DEVELOPMENT

There are two major measures recently introduced in
the Congress- and are currently in Committees that address
the future markets for coal liquefaction production. Senator
Jackson introduced a bill (S.1308) entitled "Energy Supply
Act" to set forth a national program for the full develop-
ment of.-the United States' total energy supply, including
the development of synthethic fuels from coal. Representa-
tive Moorehead introduced a bill entitled "Amendments to
the Defense Production Act of 1950" to extend the authority
granted by the Act and to provide for the purchase of syn-
thetic fuels and synthetic chemical feedstocks by the
Federal Government. Each of these bills will be discussed
separately. :

(1) The Energy Supply Act (S-1308)

The main purposes of this act relating to coal
liquefaction are to provide the Secretary of Energy
with the authority to assist in expediting and in
financing of projects which will increase domestic
energy supplies, including coal ligquefaction projects
and to provide for the conversion of certain commercial
and industrial facilities from petroleum to coal. Staff
members of the Committee on Energy and Natural Resources
indicate that the intent of the legidglation is to cover
coal-derived liquids also. Coal is defined in the Act
as anthracite, bituminous, lignite, and any fuel derived
from coal.

. The Energy Supply Act provides for a prompt,
simplified, and expeditious process for Federal approval
of non-nuclear energy facilities that are determined to
be in the national interest, which among other criteria,
would mean facilities which would reduce the United
States' dependence on imported petroleum. The Act also
provides the Department of Energy with energy project
authorizations. Effective for fiscal year 1980 (Octo-
ber 1, 1979 - September 30, 1980), and for subsequent
fiscal years, $700 million would be authorized for the
development of.the SRC~II process. This authorization




is based on January 1979 cost data developed by Com-
mittee staff and may vary from time to time, depending
on escalations in construction costs during the devel-~
opment of the project. '

A price incentive provision is incorporated in
the Act which provides that the Government will pay
to the seller the difference between the contract
price for the syn—-fuel and ‘the "marketplace" price for
the syn-fuel as determined by the Secretary of Energy.
This provision may enhance the economic attractiveness
of synthetic fuel development.

(2) The Moorehead Bill (H.R. 3930)

The main provision of the Moorehead Bill relating
to the development and marketability of coal liquefac-
tion productg is to provide a national production goal
of at least 2 million barrels per day crude oil, equiva-
lent of synthetic fuels and synthetic chemical feedstocks
by 1990. The House Banking Committee has reported out
a less ambitious proposal to develop 500,000 barrels of
synthetic fuel productive capacity by 1984,

The bill also provides the President of the United
States with the authority to require the use of synthetic
fuels and chemical feedstocks in any case in which the
President deems it practicable and necessary to meet
the national defense needs of the United States.

The bill provides that a government market for
synthetic fuels and synthetic chemical feedstocks will
be established and has provisions to encourage the
development and production of synthetic fuels and syn-
theétic chemical feedstocks for national defense purpose,

Lastly, the bill establishes a ceiling of 100,000
barrels per day on the amount that any one contractor
can sell to the Government,

As previously discussed in Chapter 3, the Federal
Government would not be a large boiler fuel market.
This has significant implications on the configuration
of the process technologies.




(3) Other Synthetic Fuel Bills Have Been Introduced
in the 96th Congress _

These bills relating to the commercialization of
coal liquefaction technology are described briefly in
the following paragraphs:

. ~ H.R. 602 amends the Defense Production Act
of 1950 to include synthetic fuels which may
be used as fuels under Title III. Intro-
duced by Rep. William Moorehead (D-Penna.)
on January 15, 1979.

. H.R. 4349 amends the Defense Production Act
of 1950 to extend the authority granted by
such Act and to provide for the purchase of
synthetic fuels and synthetic chemical feed-
stocks. Introduced by Rep. Moorehead on
June 6, 1979.

. H.R. 4568 extends authority granted by the
Defense Product Act and provides for the
purchase of synthetic fuels and synthetic
chemical feedstocks, Introduced by Rep.
Moorehead on June 21, 1979.

Note: Rep. Moorehead introduced four bills.
H.R. 3930 is a clean bill reported by the
House Banking, Finance, and Urban Affairs
Committee in lieu of the origimal measure,
H.,R. 602. The other two bills, H.R. 4349

and H.R. 4568, are identical to the Moorehead
Bill that was approved by the House. ThLey
were introduced to facilitate the large lists
of co-sponsors.

. H.R. 2428 amends the Internal Revenue Code of
1954 to provide for the amortization of coal
conversion facilities based on a 12-month
period and to establish a price support pro-
gram for synthetic fuels produced from coal
.at such facilities. Introduced by Rep. John
Duncan (R-Tenn.) on February 26, 1979.

. H.R. 4336 amends the Defense Production Act
of 1950 to extend the authority granted by
such Act and to provide for the purchase of
synthetic fuels and synthetic chemical feed-
stocks. Introduced by Rep. Tom Bevill (D-Ala.)
on June 6, 1979,




H.R. 4355 amends the Defense Production Act
of 1950 to extend the authority granted by
such Act and to provide for the purchase of
synthetic fuels and synthetic chemical feed-
stocks. Introduced by Rep. Fernand St. Ger-
main (D-RI) on June 6, 1979.

H.R. 4474 amends the Energy Policy and Con-
servation Act to promote commerce in synthetic
fuels. 1Introduced by Rep. John Dingell
(b-Mich,) on June 14, 1979,

H.R. 4484, National Energy Self-Sufficiency

Act of 1979, imposes a duty on imported crude
0il and would use the proceeds of such duty

to make loans for the construction of facili-
ties for the production of synthetic fossil
fuels. Introduced by Rep. Don Bailey (ND-Penna.)
on June 15, 1979.

H.R. 4499 sets forth a national program for
full development of energy supply. Intro-
duced by Rep. Dingell on June 15, 1979.

H.R. 4500 sets forth a national program for
the full development of energy supply. Intro-
duced by Rep. Dingell on June 15, 1979.

H.R. 4514 amend Title I1I of the Comprehensive
Employment Training Act to provide for the
assessment of manpower needs for the full
development of domestic¢ energy resources.
Introduced by Rep. Carl Perkins (D-Ky.)

H.R, 4588, Synthetic Fuels Production Act of
1979, oreates a government corporation that
will provide financing and other economic aid
to those sectors which are important for
development of domestic energy sources and
for the conservation of energy and attainment
of energy independence. The bill would also
expedite regulatory procedures which affect
energy development. Introduced by Reps.
‘Thomas Luken (D-Ohio) and Cec11 Heftel (D-
‘HI) on June 22, 1979.

[eo]
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H.R. 4594 requires oil refineries to sell a
minimum percentage of their production in
‘synthetic fuels and provides certain tax
incentives for synthetic fuels. Introduced
by Rep. Robert Walker (R-Penna.) on

June 22,1979.

H.R. 4474, H.R. 4499, and H.R. 4500. These
three measures were introduced by Rep. John
Dingell, the Chairman of the Energy and

Power Subcommittee of the House Interstate

and Foreign Commerce Committee, Only two

of the three measures are being considered,
however. The two bills, H.R. 4499 and H.R.
4500 have been referred as a package to eight
committees, including the House Energy and
Power Subcommittee which held hearings on

June 22 and 25, The provisions of a third
bill, H.R. 4474, which dealt exclusively

with syn-fuels were incorporated in one of

the other two measures, H.R. 4499, Title I.
Rep. Dingell's syn-fuel proposals are similar
to Rep. Moorehead's with one important distinc-
tion. Rep. Dingell wants the syn-fuels legis-
lation to be consistent with applicable en-
vironmental, conseérvation, and fuel conservation .
policies of the United States. Mr. Dingell's
bills are also considered to be the companion
measures to Sen. Henry Jackson's Energy Supply
Act (S.1308).

H,R, 2428, H.R. 4346, and H.R. 4355. These
three measures were introduced by Reps. John
Duncan, Tom Bevill, and Fernand St. Germain,
respectively. The three bills are in com-
mittee where no action is contemplated.

H.R. 4514, amends the Comprehensive Employ-
ment Training Act and creates a quasi-
governmental authority that could issue up

to $200 million in bonds to finance synthetic
fuels development. The authority would also
be charged with the production of five million
barrels a day of synthetic fuel. A Sub-
committee of the Education and Labor Sub-
committee has approved this bill but it is
unlikely that this measure will reach the
House Floor.



S. 1377, Synthetic Fuels Production Act of 1979,
creates a government corporation that will pro-
vide financing and other economic aid to those
sectors which are important for development of
domestic energy sources, the conservation of
energy and attainment of energy independence;

to expedite regulatory procedures which affect
energy development. Introduced by Senators
Peter Domenici (R-NM) and Bennett Johnston
(D-LA) on June 19, 1979,
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CHAPTER 7
COSTS OF DISTRIBUTION AND HANDLING
COAL LIQUEFACTION BOILER FUELS

Booz, Allen was asked to identify the costs associated
with distributing coal liquefaction products from liquefac-
tion plants to potential consumption points. The transpor-
tation assessment was performed based on informed judgments
in five areas:

. Existing transportation infrastructure from
liquefaction plant to potential consumption
points

. Relative economics of transporation modes

. Potential environmental impacts

. Safety standards

. Handling requirements.

The evaluation was done in the context that coal lique-
faction products may be utilized in lieu of residual fuel
0il, and the infrastructure used to market coal liquids may
be the same as that for residual. Booz, Allen reviewed
possible coal liquefaction plant sites and proceeded to
identify the transportation system necessary to transport
the coal liquids to likely candidate markets. This con-
struct proved useful in identifying potential barriers to
marketability and in identifying areas that will require
additional research and evaluation before informed decisions
can be made. A qualitative evaluation of potential market
barriers on four transporation modes—pipeline, barge, rail,
and truck—is shown in Exhibit 7-1., As indicated, there are
barriers associated with each mode of transporting coal
liquids. Each mode has its own associated barrier which
must be resolved before full-scale coal liquid production
can take place. Issues pertaining to the market barriers
will be addressed separately.




EXHIBIT 7-1
Evaluation of Transportation Market Barriers
for Coal Liguids

Potential Market Barriers

Transportation Existing
Mode Infrastructure Economics Environmental Safety Overall
{1123 |4 ‘
Pipeline oo 0|0 0-¢&* 0 0 0o - o*
Barge " N B ) 0 ) [») [~)
Rail o|lo| ® e 0 ) [a] (=)
Truck @9 | O “] ¢ *] (o) )

*  Depends on economics of constructing a new pipeline system specifically for
coal liquefaction products.

Legend:

May pose a significant barrier

0
@ May pose a barrier
0 Does not pose a barrier

pu—
il

in the Northeast and Atlantic regions

2 = A coal Tiquefaction plant in Southern I11inois and candidate markets in the Northeast
and Atlantic regions

A coal liquefaction plant in either Kentucky or West Virginia and candidate markets

3 = A coal liquefaction plant in the West and candidate markets in the Northeast and

Atlantic regions

4 = A coal liquefaction plant in the West and candidate markets in California




1. ~IN THE EARLY STAGES OF COMMERCIALTZATION, DIRECT COAL
" LIQUEFACTION PLANTS WILL LIKELY BE SITED IN APPALACHIA
AND TLLINQOIS AND THE BOILER FUELS WILL BE MARKETED IN
‘THE NORTHEAST AND MID-ATLANTIC AREAS; ADDITIONAL MARKET
DEVELOPMENT COULD TAKE PLACE IN THE WEST AS ADDITIONAL
LIQUEFACTION PLANTS ARE SITED

Booz, Allen identified four transportation networks to
assess possible marketing barriers associated with the move-
ment of coal liquefaction boiler fuels from likely plant
sites to consuming areas. The two favorable transportation
modes for coal-derived liquid boiler fuels are unit train
rail cars and pipelines. Additional research should be
conducted to détermine whether coal liquids boiler fuels
could be transported long distance by pipeline., Costs were
determined for rail, pipeline, barge, and truck shipments
to compare the different transportation modes. The follow-
ing four plant-to-market systems were identified:

. A coal liquefaction plant in Catlettsburg,
Kentucky and candidate markets in New York, Boston,
and Baltimore. The H-Coal consortium currently

. has a plant under construction adjacent to the
Ashland refinery in Catlettsburg, Kentucky. A
follow-on plant is planned for the future and may
be located either in the Catlettsburg area or in
western Kentucky. Catlettsburg, Kentucky was
selected as a point of reference for purposes of
identifying transportation costs.

Oil-fired utilities exist in the three cities
mentioned, and the utilities have indicated a
willingness to buy coal liquefaction boiler fuels
in the future.

or,

A coal liquefaction plant in Morgantown, West

and Baltimore. A demonstration plant for SRC-II
is planned for Morgantown and, therefore, Booz,
Allen used this site for evaluation. The candi-
date markets are similar to the first two situa-
tions described.

. A coal liquefaction plant in Southern Illinois,
adjacent to Illinois No. 6 coal fields and candi-
data markets 1n New York, Boston, and Baltimore.
Exxon indicated in discussions with Booz, Allen
that it may locate an EDS coal liquefaction plant
in this area. Therefore, an Illinois plant site
was considered a likely possibility.




. A coal liquefaction plant in Wyoming and a candi-
date market in California or in the Northeast.
This particular scenario was raised during inter-
views with some industrial sector representatives
and is considered to be a likely possibility. The
Exxon Donor Solvent Process has used Wyoming coals
in tests, and the demand forecasts show a potential
candidate market for coal liquefaction boiler fuels
on the West Coast. Because of the potential for
utilizing Wyoming coals in direct coal liqguefac-
tion processes, a Wyoming-to-San Francisco trans-
portation scenario was selected. A Wyoming-to-
East Coast system may eventually evolve also,
based on comments from one of the process tech-
nology companies.

There are infrastructure barriers in all coal lique-
faction to consumption configurations except for rail trans-
portation in the Northeast and Atlantic regions,

(1) Rail Transporation Is Available in All Systems

Rail transporation exists between the selected
plant sites and markets; however, unit train transport
in the West may be a barrier. Rail links exist in
either direction from Wyoming although rail traffic
in an eastward direction may be cost prohibitive.

(2) Pipelines Are Not Available Currently in the
Candidate Systems

There are no pipelines currently available to
transport coal liquid boiler fuels from a Wyoming
location to the West Coast. Furthermore, there are
no existing pipelines capable of transporting coal
liquids from either Illinois or Appalachia to the East
Coast. This may pose a marketing barrier in the
event alternative modes of transport are not available
due to physical constraints or due to economic con-
siderations.

(3) Truck Transportation Is Not a Likely Possibility

Truck transport may be available in each case; how-
ever, each 50,000 barrel/day liquefaction plant would
require approximately 750 tank trucks. Tank trucks
will likely be eliminated as a candidate mode because
costs are expected to be prohibitive due to the
distance between plants and markets.




(4) Limited Barge Shipments Could Take Place Along
the East Coast

~

Barge movement could take place between an East
Coast port and a New York or New England market. The
coal liquids could be shipped via rail from the ligue-

faction plants to Baltimore and barged to the consump-
tion point.

PIPELINE AND BARGE TRANSPORATION ARE THE MOST ECONOMICAL
MODES OF MOVING LARGE QUANTITIES OF PETROLEUM PRODUCTS;
SUCH COSTS MAY BE REPRESENTATIVE OF MOVING COAL LIQUIDS

There are no data currently available to specifically

assess the cost of transporting coal liquids. Transporta-
tion costs can be estimated, however, by assessing the costs
ot transporting petroleum products. Pipeline costs were
determined for existing pipelines, and calculations are

made to cost out new pipelines where pipelines do not cur-
rently exist,

(1) Exhibit 7-2 Shows the Range of Petroleum
Transportation Costs By Various Modes

The exhibit shows that tanker transport is the
least expensive mode, followed in increasing order of

cost by:
. Pipeline
. Barge
. Rail

. Truck,

The data were derived from National Energy Trans-
portation, Volume I: Current Systems and Movements,
issued by the Senate Committeo on Encrgy and Natural
Resources in May 1977. The data were inflated to 1979
dollars by applying applicable Consumer Price Indices.

There is a range of costs for each mode indica-
tive of the type being shipped, i.e., crude and heavy
residual oils would fall at the lower end of each
spectrum, gasolines at the upper end. Coal liquids
boiler fuels would most likely be priced in the lower
end of each range, owing to its similarity to a heavy
fuel oil.




EXHIBIT 7-2

Representative Range of Petroleum Transportation

Costs by Various Modes

TAWNKER |
|

BARGE

“RATIL

TRUCK

0 sl 82 63 sl
$/1,000 DARREL MILES

SOURCES: Association of 0il1 Pipelines,
Association of American Railroads,
American Trucking Association,
National Energy Transportation,
Volume I - Current Systems and Movements-
May 1977.

$6 $7 $3

* Possible cost of a new pipeline

f- Cost for a residual-type material
which may be representative of
coal liquids cost



The average costs of pipeline transporation com-
pare very favorably with barge, rail, and truck. Pipe-
lines are economically more advantageous to rail and
truck transporation over similar routes. Since pipe-
lines do not currently exist in areas where coal liquids
marketing is expected to take place, a new pipeline
was costed to determine likely tariffs,

. (2) A New 50,000 Barrel/Day Pipeline Would Require

An Approximate $3.00/Barrel Tariff

The Booz, Allen project team computed the cost
of a new 50,000 barrel/day pipeline to join potential
liquefaction plants in Appalachia and candidate markets"
in the East Coast. This was done to compare the cost of
a new pipeline with existing transportation modes. The
tariff on a new 50,000 barrel/day line between Morgan-
town, West Virginia, for instance, and New York com-
computed to be approximately $3.00/barrel and was
based on the following assumptions:

Capital Cost = $150,000,000%
(Source: 0il and Gas Journal)
Pipeline Life . = 20 years
Cost of Capital (Weighted Avg.) = 1]g**
' Income Tax Rate (Federal, State) = 50%
Property Tax Rate : = 1%
Insﬁrance Rate = .2%

Depreciation - Assumed Sum-of-
Year Digits (Accelerated)

Annualized Per Barrel Cost of

Investment - = $2,00/barrel
Operating Costs = $1.00/barrel
Cost = $3.00/barrel

*k

Based on construction costs of new pipelines planned in Virginia
and West Virginia. This figure is a representative number and is
believed to approximate what the cost would be. Definitive cost-
ing depends on actual rights of way selected, elc,

Assumption: 50% debt, 50% equity.
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(3)  Exhibit 7-3 Reflects the Likely Cost of
Transporting a Coal Liquid-Type Material Under
Each of the Foregoing Transporation Networks

Costs were determined for moving a residual oil
of similar API gravity by obtaining freight quotations
from various freight companies. Railroad industry repre-
" sentatives believe that coal liquids will probably cost
the same to ship as heavy residual fuel o0il, which is
currently about 2.6¢/ton mile, or about .4¢/barrel mile.
Pipeline companies generally were not familiar with
coal ligquids specification and c¢ould not comment di-
rectly on costs. However, based upon their limited
knowledge of coal liquids boiler fuel material, pipe-
line representatives indicated that the tariff for a
heavy crude oil could be used for preliminary costing
purposes, which is approximately .l¢/barrel mile. Key
observations from the exhibit are:

In no case is the least expensive transporta-
tion mode—pipeline—currently available to
transport coal liquefaction b01ler fuels to
likely candidate markets.

Truck transportation is generally 30 percent
higher than rail transportation in all cases
except the Wyoming to San Francisco route.
The high rail transporation for this route
is due to the mountainous area that causes
slow freight movement and attendant higher
per unit costs,

Barges can be utilized to ship coal liquids
from Baltimore to New York and Boston; how=
éver, a rail/barge combination is moure ex-

pensive than rail shipment only. :

Rail and truck shipments could pose key
market entry barriers because of cost
considerations.
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, EXHIBIT 7-3
Possible Transportation Costs of Coal Liquids Shipments—
Based on Costs of Residual 0il Shipments

($/Barrel)
Truck | Rail Barge o Pipeline
1. CATLETTSBURG, KENTUCKY
to:
o New York $6.10 | $4.10 ACombinat;Xnggarge/Rail No pipelines available
e Boston $6.50 $4.62 Combination Barge/Rail
A $5.60
e Baltimore | $5.70 $3.90 | No Direct Waterway
2. SOUTHERN ILLINOIS
to:
o New York $7.00 $5.10 | Combination Barge/Rail
: $5.90 No pipelines available
e Boston $7.40 $5.62 | Combination Barge/Rail
$6.60
e Baltimore : $6.60 $4.90 4 No direct Waterway
3. MORGANTOWN, W. V.
- to: :
o New York $5.50 | $3.49 | Combination Barge/Rai1 | NO PiPelines available,
$4.29 (A new pipeline to New York
' . : City would have a tariff of
¢ Boston $5.QQ $4.01 Combinat%zng?arqe/Rai] approximately $3.00/barrel)
e Baltimore $5.10 | $3.29 | No Direct Waterway
4, WYOMING
to:
e San Francisco $6.50 | $8.58 | No waterway No pipelines available




(4) ~ Additional Research Should Be Conducted on the
. Technical Question of Pipelining Coal Liquids
Boiler Fuels Because This Would Be the Most
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 raill should LUie pipelines not bc avail=
able by 1990: .

. Availability of rail cars in the 1985-1990
timeframe .
. Adequacy of the railroad beds in the North-

east Corridor and in the Rocky Mountain area.

3. ENVIRONMENTAL SAFEGUARDS WILL BE REQUIRED TO ALLEVIATE
THE POTENTIAL RISKS ASSOCIATED WITH ACCIDENTIAL SPILLS
OF COAL LIQUEFACTION PRODUCTS AND ADDITIONAL RESEARCH
IS NEEDED TO THOROUGHLY EVALUATE THE INCREMENTAL COSTS

Environmental safeqguards 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

\



the costs of accidents involving petroleum products. The
following sections describe the current means of moving pe-
troleum, focusing on the physical factors of movement. The
four basic modes of petroleum transportation are addressed—
railroads, pipelines, water carriers, and trucks. :

(1) Environmental Costs Associated With Rail Shipments
Can Only Be Estimated Based on Accident Experiences

With Hazardous Materials

Crude oil and petroleum products carried on rail-
roads in 1978 amounted to 575,000 barrels per day, or
approximately 2.8 percent of the total volume of petrol-
eum moved ‘into United States commerce (Association of
American Railroads). Expressed in ton miles, the rail-
road market share was approximately 1,8 percent. The
railroads' share of the petroleum transportation market
has remained at about the same level for the last ten
years. For some products, such as liquefied petroleum
gases, rail transportation is one of the most practical
modes because of the volatile nature and low volumes of
commodity shipment. '

Countermeasures directed at rail accidents have
certain common requirements:

. A measure of total cost (risk) associated
with the environmental problem is required
to provide a reference for estimating
benefits.

. Assuming a countermeasure is in place; a
basis must be established for estimating
the reduced accident rate, consequences,
and risk.

. The cost of implementing the countermeasure
must be determined.

. Costs must be compared with the estimated
benefits or effectiveness.

Approximately 9,000 to 10,000 railroad accidents
are reported each year. Of these, approximately 700
include trains carrying hazardous materials; and in
approximately 100 of these accidents, hazardous mate-
rials are released. Of these 100, the number of acci-
dents investigaged by the National Transportation
Safety Board as a result of their serious nature has
averaged about two per year.




The total annual cost of railroad accidents aver-
ages about $200 million per year (in 1978). The acci-
dents in which hazardous materials are released repre-
sent about one percent of the total number of accidents
and account for about 5 percent of the total damage
cost. The cost of derailments involving release of
hazardous materials averaged $107,000 per year versus
an’ average cost of $11,500 for all derailments (Asso-
ciation of American Railroads).

A study done in 1978 for the Association of American
Railroads concluded that trains with one or more hazard-
ous materials cars have an accident rate substantially
less than trains with no hazardous materials cars. This
is thought to be due in part to travel on higher density
routes with better track, use of better equipment, and
better discipline in handling of hazardous materials
trains.

(2) Environmental Safeguard Costs Associated With

‘ There are approximately 77,000 miles of crude oil
trunk pipelines and 76,000 miles of refined products
trunk pipelines in the United States ac¢cording to the
Energy Information Administration at DOE. Certain
petroleum products have properties or uses in common
with others and cause less serious contamination when
carried in conjunction with each other. Batch ship-
ments in these cases alleviate compatibility problems.

Gulf Mineral and Resources Company has had exten-
sive analyses performed on the SRC-II coal liquids to
determine whether or not this material could be trans-
ported by pipeline. Test results- indicate that there
would be no logistical barriers to pumpting as much as
100,000 barrels per day of SRC-II material through a
1l6'inch diameter pipeline. Furthermore, the tests
indicate that SRC-II could be pumped throughout the
year in the Northeast without heating or insulation.

A data base does not exist for déetermining the
costs of transporting a coal liquefaction boiler fuel
type material via pipeline; and therefore, it is not
currently possible to determine the incremental costs
associated with transporting coal liquefaction boiler




-fuels by this mode. However, costs can be estimated

by assessing the transportation of petroleum. Since
heavy fuel oil does not move by pipeline, a reference
would be a middle distillate product which can be
shipped for about .06¢/barrel mile, The cost of trans-
porting crude oil can also be used as a reference.

crude oil shipping costs are approximately .l1¢/barrel
mile, The enviornmental safeguard costs associated
with long-distance pipelining of coal liquefaction
boiler fuels should be no greater than that for other
types of o0il shipments because pipeline are closed sys-
tems that considerably reduce the risk of human exposure
to the materials being transported. There were no in-
cremental environmental control costs associated with
pipeline shipment of coal liquid boiler fuels identified
during the course of this study. An area that warrants
further examination is the cleanup costs associated

with possible pipeline ruptures,

(3) Coal Liquid Boiler Fuels May Move by Water in
Some Cases and the Environmental Costs Associated.
With This Mode Could Be Estimated by Reviewing
Petroleum Spillis

Most water transportation of petroleum involves
the large volume of residual fuel oil imported from
Caribbean and European refineries to utilities and
industrial users along the East Coast where residual
oil is used for a boiler fuel. During the week ended
July 27, 1979, 1.1 million barrels/day of residual oil
was imported to the East Coast. In domestic coast-
wise traffic, residual fuel oil shipments atre approxi-
mately 500,000 barrels/day. The East Coast could have
the largest amount of coal liquids movement by water-
borne means as it is this area that could be an early
candidate market.

0il spill liability is an area in which consider-
able experience has been gained, Although minor spills
and fueling accidénts account for some o0il lost to the
environment, these relatively minor accidents are diff-
icult to cost. The major oil spills and the substantial
cleanup costs associated with them are of interest for
this study since they may offer some guidance to the
costs associated with coal liquefaction accidents in-
volving water-borne vessels. Some major oil spills
include:

. =~ Torrey Canyon, English Channel, 1967:

- 650,000 barrels
- Cleanup cost $5 million ($7.70/barrel)
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. 0il well blowout, Santa Barbara, California,
1969:

- 100,000 barrels
- Cleanup cost $8.5 million ( $85/barrel)

. ‘Barge 'spill, Chesapeake Bay, February 1976:

- 250,000 gallons :
- Cleanup cost $300,000 ($35/barrel)

. Argo Merchant, Massachusetts, December 1976:

- 180,000 barrels
- Cleanup cost $5.2 million ($29/barrel)

. Amoco Cadiz, Frénce, 1978:

- 1,540,000 barrels
- Cleanup cost $30 million ($19.50/barrel)..

The total amount of spillage for these five acci-
dents alone was approximately 2.5 million barrels at a
total cost of $49 million, or approximately $19.60 per
barrel on an average basis.

Coal liquefaction products would most likely be
shipped in 10,000 - 20,000 barrel barges, owing to the
amount of coal liquids being produced in the early
stages of commercialization and the likely markets along
the East Coast. :

The Chesapeake Bay barge spill cited would probably
be the most similar type of accident to a coal lique-
faction spill, in the event a spill actually took place.

At $35 per barrel, a 10,000 barrel barge accident could
" conceivably cost $350,000 to clean up. This area war-
rants additional research to determine the extent of
dissimilarities between 0il spills and coal liquefaction
spills.

There are Federal programs designed to compensate
0il pollution victims. Thése programs, summarized in
Exhibit 7-4, could potentially be expanded to include
accidents involving coal liquids and, therefore, are
described here briefly.




Existing Federal 0il Spill Liability and Compensaticn Programs

"EXHIBIT 7-4

Federal Water Trans-Alaskan Quter
Pollution Pipeline Contirental Deepwater
Control Act Authorization Shelf Lands Port Act
(PWPCA) Act (TAPA) Act (OCSLA) (DPA)
Department of Department . Department Department
Transportation, of the of of
ADMINISTRATION Coast Guard Interior Transportation Transportation

COSTS, DAMAGES

1 Containment, dispersal,

and removal; restoration,
replacement of natural
resources

Cleanup costs, damages
to natural resources
relied upon for sub-
sistence

Removal costs;
damages to real or
personal property,
loss of natural re-
sources, economic
loss

Cleanup, removal,
mitigation; real or
personal property,

- natural resources

FUND
Size $35,000,000 $100,002,000 $200,000,000 $100,000,000
Fee Appropriated, fines, 5 cents per barrel 3 cents per barrel 2 cents per barrel
penalties
JURISDICTION Navigéb]e waters, Our vessels engaged In or on OCS waters, | From a vesseT within

contiguous zone,
0CS activities,
200-mile fishery
conservation zone

in transporting TAPA
0il between terminal
facilities of the
pipeline and ports
under the jurisdiction
of the U.S.

waters of adjacent

coastal states,
waters of contiguous

zone

the marine safety
zone, from a vessel
which has received
oil from another
vessel at a deep-
water port, or from
a deepwater port




1. The Federal Water pPollution Control Act (FWPCA)

This act establishes o0il pollution liability
for vessels and facilities and provides a cleanup
fund. The fund is designed to facilite cleanup
efforts by guaranteeing cleanup money immediately

"following an accident and allowing settlement of
liability for such costs between the fund and the
spiller.

2. The "Trans-—=Alaska Pipeline Authorization Act
(TAPAA) .

TAPAA addresses environmental cleanup lia-
bilities associated with handling Alaskan North
Slope crude o0il. The liahility and compensation
provisions apply to Alaska North Slope crude oil
transported by watéer-borne means. The main rea-
son for the special liability provisions was the
route Alaskan crude oil would take to the United
States. There were concerns that ecologically
fragile coastal areas might be subject to oil
spills, endangering fishing and other marine re-
- source dependent industries,

3. The Outer Continental Shelf Lands Act Amendments

These amendments establish liability and com-
pensation procedures covering offshore oil and
gas development activities. The provisions cover
any spill involving Outer Continental Shelf oil,
including spills trom offshore facilities and
vessels.,

4, The Deepwater Port Act

This act would establish a fund for oil spill
¢leanup of accidents involving vessels loading or
discharging at a deepwater port. The fund is not
yet established because no deepwater ports are
yet in operation.

- (4) Truck Transport Does Not Appear To Be a
Satisfactory Mode for Tiiansporting Coal Liquids
Over Long Distances

Truck transportation accounts for approximately
3 percent of the crude o0il and petroleum products moved.
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This is indicative of the fact that truck transporta-
tion is more practical for short-distance delivery to
end users than for long-distance bulk transport. Al-
though trucks have much more freedom of movement than
any other mode of transportation and can supply petrol-
eum to any type of customer, truck transportation is
not competitive for long-distance runs due to lower
unit volumes of each shipment.

An area where trucks could be used to move coal
liquefaction boiler fuels is in distribution from
bulk terminals to end-use utilities or industries.
Spills from trucks carrying coal liquids would be
similar to heavy o0il spills. The attendant cleanup
costs would be similar and are not expected to be
prohibitive. ' -

4, ' SAFETY STANDARDS THAT WILL BE IMPLEMENTED ARE NOT
EXPECTED TO BE COST PROHIBITIVE

The environmental assessment presented in Chapter 5
indicates that while the potential hazards to workers ex-
posed to coal liquefaction products will be greater than
those of residual fuel o0il, the hazards can be controlled
with adequate safeguarde. The main elements of worker
safety and health controls would include strict hygiene
procedures and minimization of exposure during cleanup
operations. Associated costs would depend on the size of
the end-use market and number of personnel employed at
each end-use location. Costs were not determined for safety
procedures because existing data are very diffused, various
environmental hazards may develop, and costs would depend
on the magnitude of the coal liquids shipment. Addltlonally,
the total costs of the 30-year monitoring program initiated :
by OSHA are currently unknown. :

- 5. HANDLING REQUIREMENTS OF COAL LIQUEFACTION BOILER FUELS
CAN BE ASSESSED FROM THE SRC-1I1 TEST BURN EXPERIENCE

The coal liquefaction fuel oil utilized for the
Consolidated Edison test burn was produced at the SRC-II
pilot plant at Ft. Lewis, Washington and was transported
to the 74th Street power station via a combination of rail
and barge transport.

During the production phase at the Ft. Lewis pilot plant,
the SRC-II fuel oil was stored under a nitrogen atmosphere
as .a safeguard since there were uncertainties associated
with the long-term storage stability. Although there has



been very limited stability testing performed to date, there
is no indication that insoluables formation is significantly
different from that experienced with conventional petroleum
fuel oils. No problems were encountered in transporting the
SRC-II fuel oil from the pilot plant to the power station in
New York.

The -SRC-II fuel o0il was transported from Ft, Lewis,

~Washington to Bayonne, New Jersey in rail cars which were
rated for 100 psig, had pressure safety relief valves set
for 75 psig, and were injected with a nitrogen atmosphere
following loading. No problems were experienced during
the shipment. Discussions with Gulf Mineral Resources
Company repreésentatives indicated no major handling re-
quirements were necessary other than to ensure that human
contact was minimized. :

The SRC-II material was transferred from the rail tank
cars to a barge at Rayonnp, New Jersey. An inepection of the
rail cars was made prior to unloading to check for any leaks
or damage. No problems in .this areas were encountered. Next,
the rail tank cars, barge, and the unloading line were elec-
trically grounded. A supply of nitrogen was installed for
unloading the rail tank cars. Nitrogen and hose fittings
were installed to supply nitrogen to the tank cars to pro-
vide an inert atmosphere.

After all loading line fittings were tested, all valves
were opened and the transfer from the first rail car to the
barge began. . After this rail car had been emptied, it was
repressurized to clear out any remaining SRC-II material in
the lines. The car was repressurized, the valves closed,
and the unloading procedure was repeated for the remaining
cars.

The transfer vl Lhe SRC-II material from the barge to
fuel storage facilities at the 74th Street Station .was suc-
cessful; and there were no leaks, no degradation in pumping
capacity, or delivery pressure problems reported. Con Ed
advised that fuel oil piping modifications required at the
74th Street power station were relatively minor.

The SRC-II handling system was isolated from the No. 6
fuel o0il system by u51ng isolation values that were already
installed. The system's integrity was tested prior to the
SRC-II test burn to ensure leak tightness, and separate
booster pumps and fuel o0il meters were installed in the
SRC-II system as were fuel oil meters callbrated for .SRC-I1I
fuel oil service.




Representatives of the industrial marketplace indicated
that additional tests such as the one at Con Ed need to be
held not only to establish combustion suitability, but also
to establish whether additional transportation and handling
requirements need to be developed for coal liquefaction prod-
cuts. Attempts by Booz, Allen to quantify the costs asso-
ciated with the Con Ed test burn were not successful as
companies indicated the data were proprietary and not avail-
able for release.

Since only a relatively small amount of coal liquids
were transported to the Consolidated Edison Power Station
(4,500 barrels), the lack of attendant problems may not be
indicative of transporting 50,000 - 100,000 barrels/day,
which is ultimately envisioned. A whole scale increase in
coal liquids transportatlon 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 warrant additional evaluation to completely

ascertain transportation and handling requirements for the
1985-1990 timeframe.
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CHAPTER 8
THE GOVERNMENT"S ROLE IN ACCELERATING MARKET DEVELOPMENT
- FOR COAL LTIQUEFACTION PRODUCT BOILER FUELS

The preceding chapters addressed the current status of
process technology, forecasted the potential boiler fuel
market, evaluated the potential environmental hazards and
institutional issues, and assessed transportation and hand-
ling requirements. This chapter takes account of these
findings and considers how government could accelerate mar-
ket development for coal liquefaction products used as
boiler fuels. \

This chapter is presented in three parts:

. " Interrelationship of industrial and government
sectors

. Idenf&fication of problems to be overcome

. Recommendations from the industrial marketplace

on Federal initiatives.

1. THE PACE QF COQAL LIQUIDS MARKET DEVELOPMENT WILL BE
DEPENDENT ON THE INTERRELATIONSHIP 'OF THE INDUSTRIAL
AND GOVERNMENT SECTORS

Exhibit 8-1 shows the channels of communications be-
tween each of the marketplace sectors. The entire marketing
system will be developed by "demand pull" from the end-use
level. This means that the end-use economic advantage of
using a coal-derived liquid as a boiler fuel will "pull"
the process technology through to commercialization readi-

ness.and subsequently toward a deliverable product in the
marketplace. Each of the marketplace sectors are identified

as follows:

.. - The process technology companies will develop

‘ the coal-derived liquid fcr potential boiler fuel
use consistent with market demands for that type
of product.

- The DOE and EPA are responsible for administering
a variety of research and development programs in
the process technology area and in the environ-
mental area, respectively.



, EXHIBIT 8-1
Components of the Industrial Market System Involved in the Commercialization
of Direct Coal Liquefaction Boiler Fuels
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DOE administers the research funding programs and
is responsible for administering the implementing
regulations of the Powerplant and Industrial Fuel
Use Act. The fuels mix policy established by DOE
will influence end-use market demand.

Boiler manufacturers will interact with the pro-
cess technology companies and the boiler owners
to design boilers that can utilize the types of
fuel produced and that will meet the market
requircments at the end-use.

Architecture and engineering firms interact with
the process development companies to design and
construct the liquefaction plants and will be
included in end-market distribution through the
design and construction of terminalling and
storage facilities,

The utility and industrial boiler owners will be

the end-use markets for the boiler fuels and their
purchase decisons will be influenced by local govern-
ment regulations as well as by Federal Government
policies.

Local governments will issue regulations covering
the treatment of boiler fuel costs in the utility
rate structure. Another area of local government
concern will be the use of potentially hazardous
fuels in populated areas. There may be some
societal opposition in this area,

UTILITY AND INDUSTRIAL BOILER FUEL MARKET REPRESENTATIVES

ARE FAMILIAR WITH COAL LIQUEFACTION TECHNOLOGY AND ITS

APPLICATION TO BOILER FUEL PRODUCTION AND CONCLUDED

THAT COAL-DERIVED LIQUIDS ARE NOT CURRENTLY ECONOMICALLY
. ATTRACTIVE '

Industrial sector representatives believe market de-

velopment barriers will be economic considerations rather
than environmental hazards. The major conclusions drawn
from a series of interviews held with a cross section of
industrial representatives are as follows:

Most of the large boiler manufacturers who would
be in a position to enhance marketability of coal
liquids are generally knowledgeable about coal
liquefaction products; however, they do not see
these fuels as being economically attractive
today.




. Oil-fired utilities are knowledgeable about coal
liquids fuels. They do not believe them to be
economically attractive but are willing to pay a
premium to obtain a secure and stable source of
fuel,

. Industrial boiler owners are knowledgeable about
coal liquefaction products and do not believe
them to be economically attractive. However,
they want to see additional test burns conducted
to establish technical suitability.

. Industry perceives coal liquefaction as being a
potential solution to the energy shortfall but
does not believe markets will develop until the
economic climate improves for process technology

- commercialization.

. The industrial sector would like to see additiohal,
large-scale tests conducted and requests more
widespread dissemination of test results.

. Although most marketplace repreéentatives are
familiar with the SRC-II boiler fuel, little is
known about EDS and H-Coal boiler fuels.

3. THE INDUSTRIAL SECTOR RECOMMENDS THE CREATION OF AN
ATTRACTIVE ECONOMIC ENVIRONMENT, CONTINUOUS RESEARCH
AND DEVELOPMENT EFFORTS, AND CLARIFICATION OF REGULATORY
ISSUES AS THE MEANS FOR DEVELOPING A COAL LIQUIDS BOILER
FUEL MARKET -

Market development for coal liquefaction ‘boiler fuels
will be constrained by end-use economic considerations
which could be overcome by legislative action. The unat-
tractive cost of coal liquefaction products is a result of
the large amount of capital required for plant development
and construction. Prices for coal liquids could be reduced
if the economics of liquefaction plant development could be
improved.

(1) The Most Effective Way To Increase the Economic
Attractiveness and Increase the Return-on-Investment
Capital Is To Provide for Larger Investment Tax
Credits and Accelerated Depreciation

Coal liquefaction processes under development pro-
vide products with prices much higher than prices for
petroleum fuels and, therefore, are not economically



attractive to investors. Because of increased uncer-
tainty and unfavorable process economics, investors
are hesitant.to commit the large funds required for
the commercialization of coal liquefaction technology.

There are various -incentives that could be employed

to encourage the private sector to proceed with commer-
cial development:

. Providing price subsidies to allowing coal
ligquefaction products to be priced competi-
étively with marginal supply

. Providing for higher investment tax credits—
which would require a legislative initiative

. Providing for more rapid accelerated depre-
ciation-—which may require a legislative
initiative in the event the Internal Revenue
Code needs legislative approval for modification.

Loan guarantees have attracted widespread attention
as incentives for commercial development, but the invest-
ment community generally does not support loan guarantees
since a loan guarantee can neither raise the return on
investment on a project nor make an uneconomic project
economically viable. The conditions for private sector
investment appear to be a combination of lower production
costs and higher product prices,

(2) Additional Tests Should Be Conducted on All Three

Suitability

All marketplace representatives, including utility
and industrial market personnel, expressed strong in-
terest in seeing additional tcst burns conducted. In-
dustry is very interested in conducting large-scale -
test burns on H-Coal and EDS fuels. Most companies are
familiar with the SRC-II experience but are not con-
vinced of H-Coal or EDS combustion suitability.

(3) EPA Treatment of Coal Liquefaction Products Will
Need To Be Clarified Before the End-Use Market
Will Respond -

Marketplace representatives do not believe that
potential environmental hazards will be market entry
barriers for coal liquids. Nonetheless, industry per-
ceives EPA's heavy handedness as delaying market




development. Most boiler fuel market representatives
believe that commercialization readiness will be

a;hieved only if technology development proceeds absént
final conclusions on environmental gquestions., ‘

Exhibit 8-2 is a matrix of Government actions that
could be.taken to enhance coal liquids market development.
It is based on the study's findings in the technical, mar-
keting, environmental, and financial areas.
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Impact Matrix of Government Actions
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SUPPORTING DATA TO UTILITY AND
INDUSTRIAL MARKET FORECASTS

This appendix presents regional and national forecasts
of utility and industrial fuel consumption from 1980 to 1990
and data concerning utility capacity expansion plans, exist-
ing 0il and gas steam plants, and projected new oil and gas
steam plants,

The forecasts and data were based on information supplied
to Booz, Allen by the Enerqgy Information Administration of
DOE. In all cases, the most recent published forecasts and
data were used. The impacts of the President's recent energy
proposals, Three lMile Island, and the oil price escalation
imposed by OPEC are not directly incorporated into the fore-
casts. These forecasts, therefore, may differ from more
recent statements and announcements made by the Administra-
tion and DOE. The general conclusions and discussions con-
cerning the utility and industrial forecasts discussed in
Chapter III will not be markedly affected by recent fore-
cast revisions. :

The supporting data and forecasts are presented in
four parts: ‘ -

. Electric Utility Fuel Consumption Forecasts

. Electric Utility Capacity Expansion Forecasts

. Electric Utility 0il and Gas Steam Plént‘Market
Data '

. Industrial Fuél Consumption Forecasts
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ELECTRIC UTILITY FUEL CONSUMPTION FORECASTS




EXHIBIT A-1
Summary oZ Primary Energy Source Inputs
to U.S. Electricity Generation

Cuadrillion Btu's Annual Growth Rates

Primary Fuels 1978 19€5 1990 1978 - 1990
Coal 10.8 15.4 22.1 6.1
Residual 0il 3.7 4.0 2.8 -2.3
Distillate 0il 0.3 0.5 0.4 2.4
Natural Gas ' 3.3 2.1 0.5 -14.5
Nuclear 3.0 6.6 9.4 _ 10,0

Total 21.1 28.6 35.1 4.3

Sources: 1978 consumption data are preliminary estimates supplied to
Booz, Allzan by the Coal & Electric Power Analysis Division,
Bureau of Applied Analysis of DOE,

1985 and 1990 forecast data were obtained from supporting
computer runs to the Analysis Report, Energy Supply &
Demand in the Midterm: 1985, 1990, 1995, April 1979,

DOE/EIA-0102/52.
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EXHIBIT A-2
Summary of Primary Energy Source
Inputs to U.S. Electricity Generation
1978-1990

GROWTH RATES 1978-1990
¢ OVERALL 43
e COAL 6.1
e NUCLEAR 10.0
L o RESIDUAL OIL 2.3
¥ NATURAL GAS -14.5
o DISTILLATE OIL

RESIDUAL OIL

NUCLEAR

COAL

| 1 ] | | ] | | | | ]
78 9 80 81 82 83 8 85 86 87 88 89 9

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 8& 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNS TO
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS (N THE MIDTERM: 1985, 1990, 1985,
APRIL 1979, DOE/EIA-0102/52.




EXHIBIT A-3

Summary of Regional Data of Primary Energy Source Inputs to U.S. Electricity Generation

1978

Primary Fuel Fegional Utility Consumption in Triliions of Btu/Yr
: New Eng. NY/NJ Mid Att. |S. Atl.] Midwest |S. West | Central N..CentraliiN. West Total
Coal 18 191 1,626 2,580 3,534 813 870 855 248 10,836
Residual 0i1 466 710 534 657 263 286 40 7 725 3,688
Distillate 0il 5 ! 27 35 84 69 & 20 3 29 282
Natural Gas 2 2 4 225 77 2,326 170 39 386 3,256
Nuclear 308 329 509 795 790 | 57 98 6.6 85 3,040
Total 799 1,259 2,708 4,341 4,733 3,486 1,198 910 1,473 21,102
Note: Standard Federal regions are classified as follows:
1. New England: Maine, Massachusetts, New Hampshire, Connecticut, Rhode Island, Yermont

2. New York/New Jersey: New York, New Jersey ‘

3. Mid-Atlantic: Pennsylvan-a, West Virginia, Virginia, Maryland, Delaware, District of Columbia

4, South Atlantic: Kentucky. Tennessee, North and South Carolina, Georgia, Alabama, Mississippi, Florida

5. Midwest: Ohio, Michigan, Indiana, I1linois, Wisconsin, Minnesota

6. Southwest: Louisiana, Arkansas, Dklahcma, Texas, New Mexico

7. Central: Kansas, Missouri, Iowa, Netraska .

8. North Central: Colorado, Utah, Wyominc, Montana, South and North Dakota

9, West: Arizona, MNevada, California, Fawaii

10. Northwest: Idaho, Oregon, Washingtor, Alaska

Sdurce:_ 1978 consumption data are p~eliminary estimates supplied to Booz,
Analysis Division, Bureau of Applied Aralysis, DOE

Allen by the Coal & Electric Power




Summary of Regional

EXHIBIT A-4 :
Forecasts of Primary Energy Source Inputs to U.S. Electricity Generation

1985

Primary Fuel

Regional Utility Conéumption in Trillions of Btu/Yr

New Eng. NY/NY Mid. Atl.] S. Atl,.] Midwest | S. West } Central | N, Central | West | N. West| Total.
Coal 158 450 2,092 3,888 1,501 1,900 | 1,192 632 632 215 115,442
Residual 0il 562 1,067 118 685 296 - 40 - 1,225 - 3,993
Distillate 0il 95 69 31 35 63 28 19 - 133 - 473
Natural Gas - - - 7 0.5] '2,040 - - - - 2,047
Uranium Fuel 289 594 833 1,768 1,607 486 | 263 24 460 243 6,567
Total 1,104 2,180 3,074 6,383 6,468 4,454 1,514 656 2,232 458 }28,522

Source: 1985 forecast data were obtained from supporting computer runs to Analysis Report, Energy Supply &

Demand in the Midterm: 1985, 1990,-1995, April 1979, DOE/EIA-0102/52.




EXHIBIT A-5

Summary of Regional Forecasts of Primary Energy Source Inputs to U.S. Electricity Generation

1990

Primary Fuel

Regional Utility Consumption in Trillion of Btu/Yr

New Eng. | NY/NJ | Mid. Atl.{ S. Atl. | Midwest |S. West| Central | N, Central | West | N. West | Total
Coal 405 1,444 2,245 4,915 5,636 4,312 1,460 836 583 215 | 22,051
Residual 0i1 439 166 266 251 225 18 26 - 1,367 - 2,758
D-stillate 0il 27 42 38 27 27 56 23 - 170 - 410
Natural Gas - - - - | 24 446 40 - - - 510
Uranium Fuel 515 931 1,139 2,732 1,850 786 266 23 683 504 9,428
Total 1,386 2,583 3,088 7,925 7,762 5,618 1,815 859 2,802 719 | 35,157

Source: 1990 forecast data were obtained from éupporting computer runs to Analysis

Demand in the Midterm: 1985, 1390, 1995, April 1979, DOE/EIA-0102/52.

Report,

Energy Supply &
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EXHIBIT A-6
Summary of Forecasted Energy
Source Inputs to Region 1
New England .

f

UTILITY SECTOR

GROWTH RATES 1978-1990 ‘
e OVERALL - 4.7
s COAL 29.6
e NUCLEAR 44
s RESIDUAL 0OIL -0.5
- o DISTILLATE OIL 15.0

RESIDUAL (

NUCLEAR

COoAL

e I SN ) L1 ]
78 9 . 80 81 82 83 - 84 85 86 - 87 88 89 90
SOURCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO 800Z, ALLEN

()

BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS
AT DOE.

1985 & 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNS TO
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS IN THE MIDTERM: 1985, 1990, 1995,
APRIL 1979, DOE/EIA-0102/52.
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EXHIBIT A-7
Summary of Forecasted Energy
Source Inputs to Region 2 .
New York/New Jersey

UTILITY SECTOR

GROWTH RATES 1978-1990

e OVERALL 6.2

e COAL 18.4 ‘
o NUCLEAR 9.0

e RESIDUAL OIL 114

[ ]

DISTILLATE OIL - 38 . va

3,000

2,000

1,000 f

DISTILLATE OIL

NUCLEAR:

COAL

SOURCE:

1
80 81 82 83 84 85 86 87 88 89 90

(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, 1935,
APRIL 1979, DOE/EIA-0102/52, ’




TRILLION BTU's/YR.

EXHIBIT A-8
Summary of Forecasted Energy
Source Inputs to Region 3
Mid-Atlantic

UTILITY SECTOR

4,000 —

GROWTH RATES 1978-1980 -
OVERALL 2.6
COAL 27
NUCLEAR 6.9
RESIDUAL OIL 5.6

DISTILLATE OIL

0.7

3,000

2,000

NUCLEAR

COAL
1,000—
] 1 | I 1 | | | | |
1 79 80 8 82 8 8 85 86 87 88 89 9%
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.

1985 & 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNS TO
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS IN THE MIDTERM: 1985, 1990, 1995,
APRIL 1979, DOE/EIA-0102/52.
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EXHIBIT A-9
Summary of Forecasted Energy
Source Inputs to Region 4
South Atlantic

. UTILITY SECTOR

. GROWTH RATES 1978-1990

— e OVERALL 5.1
e COAL 5.5
o NUCLEAR 10.8 RESIDUAL 0OIL
o RESIDUAL OIL 21 :
¢ NATURAL GAS +36.0
o DISTILLATE OIL 9.0

-

1
NATURAL GAS W
NUCLEAR

COAL
L1 | I l | | 1 | | |
78 79 80 81 82 83 84 85 86 87 88 89 90
SO’URCE: (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, DOE/EIA-0102/52.




TRILLION BTU's/YR.

. EXHIBIT A-10
Summary of Forecasted Energy
Source Inputs to Region 5
Midwest

UTILITY SECTOR

GROWTH RATES 1978-1990

_a,nnn-f » OVERALL 4.2
e COAL 4.0
o NUCLEAR 7.3 RESIDUAL FUEL 0OiL
¢ RESIDUAL OIL 13 T
s NATURAL GAS 9.3
o DISTILLATE OIL 1.5

6,000

4,000

NUCLEAR

2,000 — COAL
1 i | 1l 1 *J 1] I 1 | |
7 79 80 8 82 83 84 85 86 87 88 89 80
SOURCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO BOOZ, ALLEN

(2)

BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS
AT DOE.

1985 & 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNSTO -
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS ‘it THE MIDTERM: 1985, 1990, 1995,

" APRIL 1979, DOE/EIA-0102/52.
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4,000

2,000

EXHIBIT A-11
Ssummary of Forecasted Energy
Source Inputs to Region 6
Southwest

UTILITY SECTOR

GROWTH RATES 1978-1990
e OVERALL ' 4.1
e COAL 14.9
o NUCLEAR 284
e RESIDUAL OIL -20.5
¢ NATURAL GAS 129
e DISTILLATE OIL

24.6

—

— RESIDUAL 0IL

NATURAL

| | | 1 ] | 1 1 |
18 79 80 81 82 83 84 85 86 87 88 89
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, DOE/EIA-0102/52.




TRILLION BTU's/YR.

EXHIBIT Aa-12
Summary of Forecasted Energy
Source Inputs to Region 7
Central

UTILITY SECTOR

GROWTH RATES 1978-1990

2,000 ||
i o OVERALL 35
e COAL 44

¢ NUCLEAR 8.7

" o RESIDUAL OIL 35

o NATURAL GAS 11.4

o DISTILLATE OIL 1.2

1500

RESIDUAL OIL
NATURAL GAS

NUCLEAR

1,000

COAL

500 —

I I W AN S SN R S BN S
78 78 80 81 82 83 84 " 88 86 87 88 . 89 90

S‘OU.RCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO BOOZ, ALLEN
~ BYTHE 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 MIDTEBM: 1985, 1990, 1995,
APRIL 1979, DOE/EIA-0102/52. '
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EXHIBIT A-13
Summary of Forecasted Energy
Source Inputs to Region 8
North Central

UTILITY SECTOR

GROWTH RATES

1,600 —

1978-1990 - -
e OVERALL -0.5
e COAL -0.2
e NUCLEAR 1.0

1,400 —

1,200

1,000

NATURAL GAS

NUCLEAR

INTERREGIONAL
POWER TRANSFER
FROM COAL

600
i
COAL
200
| l 1 [ | | | L | |
78 ' 79 80 81 82 83 84 85 86 87 88 89 90
SOURCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO BOOZ, ALLEN

(2)

BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS
AT DOE.

1985 & 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNS TO
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS IN THE MIDTERM: 1985, 1990, 1895,
APRIL 1979, DOE/EIA-0102/62.




EXHIBIT A-14
Summary of Forecasted Energy
" Source Inputs to Region 9 .
" West

UTILITY SECTOR

TRILLION BTU's/YR.

GROWTH RATES 1978-1990 )
e OVERALL 5.5
e COAL 74
e NUCLEAR 18.9
e RESIDUAL OIL 5.4
o NATURAL GAS 39.1
o DISTILLATE OiL 15.9

3,000 —

2,000 -

1,000

NUCLEAR

COAL
| | | [ | | | | | | ]
78 78 80 81 82 83 8 85 86 87 88 89 -9
' SOURCE: (1) 1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO BOOZ, ALLEN

(2)

BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS
AT DOE. '

1985 & 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNS TO
ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS IN THE MIDTERM: 1985, 1990, 1995,
APRIL 1979, DOE/EIA-0102/52.

N



TRILLION BTU's/YR.

400

200

EXHIBIT A-15
Summary of Forecasted Energy
Source Inputs to Region 10
Northwest

. UTILITY SECTOR

GROWTH RATES

1978-1990

e OVERALL | 11.5

e COAL 6.5 »
e NUCLEAR 18.9

NUCLEAR

78

SOURCE:

79

(1

(2)

80 81 82 83 84 85 86 87 88 89 80

1978 CONSUMPTION DATA ARE PRELIMINARY ESTIMATES SUPPLIED TO BOOZ, ALLEN
BY THE COAL & ELECTRIC POWER ANALYSIS DIVISION, BUREAU OF APPLIED ANALYSIS
ATDOE. ' ) :

1985 & 1990 FORECAST DATA WERE OBTAINED FROM SUPPORTING COMPUTER RUNS
TO ANALYSIS REPORT, ENERGY SUPPLY & DEMANDS IN THE MIDTERM: 1985, 1990, 1996,

-APRIL 1979, DOE/EIA-0102/52.
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EXHIBIT A-16

National Electricity Generation Forecast

1985

Capacity in Gigawatts

Resource Base Intermediate Peak Total
' Existing New Existing [ New Existing New Existing New
Nuclear 46.0 55.7 - - - - 46.0 55.7
Coal With Scrubbers 10.8 26.2 2.6 2.2 0.2 - 13.6 28.4
Coal Without Scrubbers 177.3 41.3 16.0 1.7 2.0 - 195.3 43.0
Distillate Turbines ‘ - - - 0.3 11.1 7.7 11.1 8.0
Combined Cycle-Distillate 1.3 4,0 - - 0.5 0.1 1.8 4.1
Gas Turbines ) - - - - 2.2 - 2.2 -
Gas Steam 24.0 0.7 9,5 ‘ - 11.1 .l 4.6 0.8
Residual (0il-Steam) 48.0 3.6 4,6 -| 0.7 28.4 .l 81.0 7.4
Hydro 23.7 2.1 20.3 0.6 19.4 - 63.4 2.7
Pumped Storage - - - - 9.9 10.3 9.9 10.4
Solar (including hydro- - 2.8 - - - - - 2.8
thermal, solar thermal,
photovoltaics, wind,
biomass, and ocean
thermal
Total 330.4 136.4 53.0 5.5 84.8 21.% 468.9 | 163.3
Source: 1985 forecast data were obtainec from supporting computer runs to Analysis Report

Demand in the Midterm:

1985, 1990,

1995, April 1979, DOE/EIA 0102/52.

Energy Supply &




EXHIBIT A-17

National Electricity Generation Forecast

1990

~ Capacity in Gigawatts

Total

'Resourge Base Intermediate . Peak
Existing New Existing New Existing New Existing New

Nuclear 46.0 99.9 - - - - 46.0 99.9
Coal With Scrubbers 10.8 140,5 3.5 1.0 - - 14.3 141.5
Coal Without Scrubbers 176.7 46.1 13.5 - 4,9 - 195.1 46.1
Distillate Turbines - - - - 3.3 14.3 3.3 14.3
Combined Cycle-Distillate 1.7 4.0. 0.8 - 0.6 0.1 3.1 4.1
Gas. Turbines ‘ - - - - 4.3 - 4.3 -
Gas Steam - - 3.6 - 12.9 - 16.5 -
Residual (0i1-Steam) 28.3 3.6 5.8 1.7 23.6 - 2.6 57.7 7.9
Hydro ' 23.6 4.6 17.1 1.8 22.8 0.3 63.5 6.7
Pumped Storage - - - - 9.7 18.0 9.7 18.0
Solar (including hydro- - 5.1 - - - - - 5.1

thermal, solar thermal, -

photovoltaics, wind,

biomass, and ocean .

thermal
Total 287.1 303.8 ' 44.3 4.5 82.1 35.3 413.5 343.6
Source: 1990 forecast data were obtained f

Demand in the Midterm: 1985,

1990, 1995, April 1579, DOE/EIA-0102/52.

K

rom supporting computer runs to Analysis Report, -Energy Supply &
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Total Market Size of Existing 0il and Gas

EXHIBIT A-18

Steam Plants Tabulated by DOE Recion

Market Size (MW)

Flant Type New Eng. | NY/NJ | Mid. At1. | S. Atl. | Midwest | S. West | Central [N. Central| West |N. West | Total

Gi1 Steam 10,392 | 22,786 | 14,417 | 18,877 | 9,413 | 4,243 385 302 |25,047| 223 |[106,085
Gas Steam - 65 10 1,303 369 | 57,961 | 4,941 301 1,232 51 | 66,233
Total 10,392 | 22,851 | 14.427 | 20,180 | 9,782 | 62,204 | 5,326 503 | 26,279| 274 | 172,318

Note: (1) Includes all plant sfze, fron 1 to 1,028 M.
(2) Includes plant commercial start dates, 1908 through 1977,

Source:

DOE Inventory of Powerplants, July 1978




EXHIBIT A-19
Total Market Size of Existing 0il and Gas
Steam Plants by Fuel and Timeframe

. 0i1 Gas Total
Timeframe Region No. Ty, No. Yo, No. M
1978-1968 1 11 4,573 - - 11 4,573
1967-1958 (New Eng.) 46 3,366 - - 46 - 3,366
1957-1948 38 1,903 - - 38 1,903
1947-1938 14 361 - - 14 361
1937-0 10 189 - - 10 189
Total 119 10,392 - - 119 10,393
1978-1968 2 17 7,161 - - 17 7,161
1967-1958 (NY/NJ) 41 9,181 - - 41 9,181
1957-1948 47 4,717 - - 47 4,717
1947-1938 10 539 1 65 11 604
1937-0 2? 1,188 - = 22 1,188
Total 137 22,786 1 65 138 22,851
1978-1968 3 16 7,835 - - 16 7,835
1967-1958 (Mid-At1.) 14 2,013 - - 14 2,013
1957-1948 35 2,994 - - 35 2,994
1947-1938 17 1,018 - - 17 1,018
1937-0 15 557 1 10 16 567
Total 97 14,417 1 10 98 14,427
1978-1968 4 27 9,733 1 35 28 9,768
1967-1958 (S. At1) 41 6,609 7 495 48 7,104
1957-1948 49 2,204 14 642 63 2,846
1947-1938 7 271 3 108 10 379
1937-0 1 60 2 23 3 83
Total 125 18,877 27 | 1,303 ° 152 20,180
1978-1968 5 7 3,009 5 77 12 3,086
1967-1958 (Midwest) 11 1,250 4 69 15 1,319
1957-1948 39 2,732 5 36 44 2,768
1947-1938 41 1,452 4 48 45 1,500
1937-0 34 970 10 139 44 1,109
Total 132 9,413 28 369 160 9,782
1978-1968 6 7 3,401 95 | 29,103 102 32,504
1967-1958 (S. West) 1 50 124 | 19,535 125 19,585
1957-1948 12 758 150 8,030 162 8,788
1947-1938 1 34 32 626 33 660
1937-0 0 0 38 667 38 667
Total 21 4,243 439 | 57,961 460 62,204
1978-1968 7 0 0 10 1,083 10 1,083
1967-1958 (Central) 0 0 28 1,995 28 1,995
1957-1948 13 233 68 1,447 81 1,680
1947-1938 4 56 .19 233 23 289
1937-0 7 96 18 183 25 274
Total 24 385" 143 4,941 167 5,326
1978-1968 8 0 0 2 41 2 41
1967-1958 (N. Central) 1 75 0 0 1 75
1957-1948 4 194 9 108 13 302
1947-1938 2 8 5 45 7 53
1937-0 1 25 10 107 11 132
Total . o6 302 26 | 301 34 603
1973-1968 9 15 4,196 4 827 19 5,023
1967-1958 (West) 70 13,332 4 290 79 13,622
1957-1948 79 6,866 2 115 81 6,981
1947-1938 16 437 0 0 16 437
1937-0 7 216 0 0 7 216
Totals 187 25,042 10 1,232 197 26,279
1978-1968 10 0 0 0 0 0 0
1967-1958 (N. West) 0 0 1 5 1 5
1957-1948 1 25 4 10 5 35
1947-1938 0 0 0 0 0 0
1937-0 12 198 3 36 15 234
Total 13 223 8 51 21 274

Grand Totals

1978-1968 A1l 10 100 39,908 117 | 31,166 217 71,074

1967-1958 Regions 225 35,876 168 | 22,389 . 393 58,265

1957-1948 317 22,626 252 | 10,388 569 33,014
1947-1938 112 4,176 64 1,125 176 5,301

1937-0 109 3,499 82 1,165 191 4,665

Combined Totals 863 | 106,085 683 | 66,233 1,546 | 172,318

Note: Includes all plant sizes.

Source: DOE Powerplant Listing, July 1978,




EXHIBIT A-20
Total Market Size of Existing 0il and Gas
Steam Plants by Fuel and Unit Size

Unit Size 0il Gas Total
Mu Region No. MW No. MW No. Mw

0-100 1 92 2,697 0 0 92 2,697
101-200 13 1,743 0 0 13 1,743
201-400 7 2,421 0 0 7 2,421
401+ 7 3,531 0 0 7 3,531
Total 119 10,392 0 0 119 10,392

0-100 2 75 3,863 1 65 76 3,928
101-200 29 4,211 0 0 29 4,211
201-400 20 6,775 0 0 20 6,775
400+ 13 7,937 0 0 13 7,937
Total 137 22,786 1 65 138 22,851

0-100 3 60 2,864 1 10 61 2,874
101-200 21 3,353 0 0 21 3,353
201-400 7 2,029 0 0 7 2,029
401+ 9 6,171 0 0 . 9 6,171
_Totals o 97 14,417 1 10 98 | 14,427

0-100 4 81 3,447 24 844 105 4,291
101-200 15 2,240 2 220 17 2,460
201-400 9 2,403 1 239 10 2,642
401+ 20 10,787 0 0 20 10,787
Total 125 18,877 27 1,303 152 20,180

0-100 5 114 3,849 28 369 142 4,218
101-200 9 1,426 0 0 9 1,426
201-400 4 1,349 0 0 4 1,349
400+ 5 2,789 0 0 5 2,789
Total 132 9,413 28 369 160 9,782

0-100 6 12 573 273 9,385 285 9,958
101-200 3 429 78 | 11,240 81 11,669
201-400 0 0 45 | 13,141 45 13,141
400+ 6 3,241 43 | 24,195 49 | 27,436
Total 21 4,243 - 439 | 57,961 460 62,204

0-190 7 24 335 131 2,809 155 3,194
101--200 0 0 10 1,339 10 1,339
201-400 0 0 1 390 1 390
100+ 0 0 1 403 1 403
Total 24 385 143 4,941 167 5,326

0-100 8 8 302 26 301 34 603

| 101-200 0 0 0 0 0 0
201-400 0 0 0 0 0 0
400+ 0 0 0 0 0 0
Total 8 302 26 301 34 603

0-100 9 101 4,664 6 405 107 5,069
101-200 49 6,507 3 330 52 6,837
201-400 28 7,965 0 0 28 7,965
401+ 9 5,911 1 497 10 6,408
Total 187. 25,047 10 1,232 197 26,279

0-100 i0 13 223 8 51 21 274
101-200 0 0 0 0 0 0
201-400 0 0 0 0 0 0
400+ 0 0 0 0 0 0
Jotal 13 223 3 51 21 274
Grand Total]-Al11 10 ’

0-100 Regions ) 580 22,867 498 | 11,239 1,078 37,106
101-200 139 19,909 93| 13,129 ©. 232 33,038
20;-400 75 22,942 47 | 13,770 122 36,712
401+ 69 40,367 45 | 25,095 114 65,462
Combined Totals 863 | 106,085 683 | 66,233 1,546 | 172,318

Note: Includes all plant cizes.

Source: DOE Powerplant Listing, July 1978




EXHIBIT A-21
Projected New 0il and Gas Steam Plants
By DOE Region

1978-1987
Region 0il Gas 'Tota1
No. [ MW No. | MW No. MW

1 - New Eng. | 1 600 - - 1 600°
3 - Mid-Atl. 3 |1,820 - - 3 1,820
4 - s Atl. 5 | 2,645 - - 5 | 2,645
"5 - Midwest 1 60 - - 1 60
6 -S. West | 1 507 5 |706 | 6 1,213
'8 - N. Central| 1 30 - - 1 30
9 - West 6 654 - - 6 654

Total 18 | 6,316 5 | 706 23 7,022

Note: (1) Includes all plant sizes.
(2) Inventory does not list any projected oil and gas steam
plants in DOE Regions 2 (N{/NJ), 7 (Central), and 10 (N. West).

Sourcé: DOE Powerplant Inventory, December 1977




Project New 0Oil and Gas Steam Plants -
by Region and Utility Company

EXHIBIT A-22

Fuel Size {PMrojected
Company Name Region Unit ID & No. Type | MW Date
Central Maine 1 W.F. Wyman No. 4 0il 600 12-78
Puwer Co.
Baltimore Gas & 3 Brandon Shores Na, 1 0il 610 3-81
Electric
Baltimore Gas & Brandon Shores No. 2 0il 610 1-83
Electric
Potomac Electric Chalk Point No, 4 FO6 600 12-81
Power
Florida Power Corp. 4 Anclote No, 2 F06 556 4-78
Florida Power Corp. Unknown No. 2 F06 200 10-80
Florida Power & Martin County No. 1 FO6 863 1980
Light A :
Florida Puwer & Martin County No. 2 FO6 863 1981
Light
Savannah Electric & Effingham No. 1 0il 163 3-79
Power Co.
City of Detroit 5 Mistersky FO6 60 6-78
Monroe Utilities 6 Monroce No. 14 NG 100 1979
Commission A
City of Ponca, OK Ponca Stm. No. 2 NG 13 1-78
Austin Electric Decker No. 2 Gas 400 1-78
Dept.
City of Bryan Roland Dansby No, 1 Gas 105 2-78
Gulf States Sabine No. 5 0il 507 9-79
Utilities
City of Lubbock Holly Ave. No. 2 Gas 58 6-78
Montana-Dakota 8 Glendive No. 1 0i1 30 5-79
Utilities
San Diego Gas & 9 Encina No. 5 0il 298 10-78
Electric Co.
Citizens Utili- Port Allen, S2 0il 10 6-83
ties, Hawaii
. Citizen uUtili- Port Allen, S3 Gil 25 7-86
ties, Hawaii
Hawaiian Electric Kahe, 6 " 0i1 135 7-80
Company
Hawaiian Electric Kahe, 7 0i1l 163 12-86
Company
Hawaiian Electric W.R. Hill No. 7 0il 23 10-82
Company
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EXHIBIT A-23
Summary of Fuel Consumption by Industrial Sectcr

. Trillions of Btu's Annual Growth Rates

Primary Fuel

A 1975 1985 19390 1975 - 1990
Electricity 2,179 | 4,81 5,195 | 6.0
Distillate 0il 476 1,527 2,205 10.1
Residual 0il 793 1,679 2,143 6.9
Liquid Gas 314 1,084 1,453 . 10.8
Coal 1,391 | 2,429 3,006 5.3
Met Coal 2,294 2,587 2,724 1.2
Naptha 281 452 592 £.1
Natural Gas 7,937 8,193 9,163 1.0
Total 15,665 22,135 26,281 ' 3.5

Source: 1975, 1985, and 1990 data were obtained from The Annua: Report To
Congress, 1977, supplied by The Energy Information Administration,
DOE
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EXHIBIT A-24
Summary of Fuel Consumption
By Industrial Section
1975-1990

GROWTH RATES 1975-1990
o ELECTRICITY 6.0
¢ RESIDUAL & DISTILLATE 82
- s COAL & MET COAL o
& NATURAL GAS 1.0
e LIGUID GAS & NAPHTHA 8.6

ELECTRICITY

v

RESIDUAL & DISTILLATE OIL,

COAL & MCT 00AL

h
LIGUID GAS & NAPHTHA //
NATURAL GAS
1 1 I | 1 | | | 1 1 ] ] | 1
SR T A T T B 81 82 83 8 B85 88 g 8 8 90

SOURCE:

1975, 1985 & 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977
SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE.

¢




EXHIBIT A-25
Summary of Regional Data of Fuel Consumption in the Industrial Sector

1975
_ Regionq] Industrial Consumption in Trillions of Btu/Yr
Primary Fuel  yey Eng. | NY/NI| Mid At1. [S. Atl. |Midwest] S. West | Central | N. Central | West |N. West ]| Total
| Etectricity 64 142 244 515 519 253 85 44 165 | 148 2,179
Distillate 01| 15 29 57 74 95 70 21 35 46 36 476
Residual 031 | 109 72 124 151 101 109 | 6 37 46 37 793
Liquid Gas - | 15 10 22 45 | 64 84 37 o 28 1 314
Coal 5 66 333 211 579 37 76 | . 50 9 26 1,391
Met Coal - 94 833 221 979 26 7 83 50 | - 2,294
Naptha 12 | 30 9 6 | 68 143 1 - 11 - 281
Natural Gas 57 168 24 | 843 | 1,547 | 3,318 | 439 242 682 | 216 7,937
Total | 276 612 | 2,06 | 2,066 | 3,950 | 4,001 | 672 500 |1,035 | 464 || 15,665

Source: 1975 data were obtained from the Annual Report to Congress, 1977, supplied by The Energy Administration, DOE




EXHIBIT A-26

Summary of Regional Data of Fuel Consumption in the Industrial Sector

1985

Regiona” Industrial Consumption in “rillions of Btu/¥r

Primary Fuel  [Myoy Eng. [ NY/NJ[ Mid-At1. [ . At1.[ Midwest [S. West | Central |N. Central | West | N. West | Total
Eiectricity 105 | 247 | 487 | 1,032 | 969 | 559 | 189 109 239 | 276 | 4,181
Distillate 01l 26 68 | 213 165 | 461 | 179 | 68 116 o0 | 139 || 1,527
Residual 0il 205 | 110 | 155 224 | 222 | 545 | 25 34 76 | 8 | 1,679
L-quid Gas 49 34 36 108 | 382 | 206 | 119 a1 80 | 10 | 1,088
Coal - 3 0| 32 | 307 1,178 95 | 123 212 55| 83 | 2,89
Met Coal - 157 | 1,009 242 | 998 21 9 o2 | 60| - 2,587
Naptha 18 50 4 [ 10| 101 | 242 2 - 16 - 452
Natural Gas 80 | 214 | 413 808 | 521 | 4,831 | 254 166 833 | 63 | 8,193
Total 484 | 950 | 2,628 | 2,804 | 4,832 | 6,678 | 798 769 1,03 | 657 22,139

Source: 1985 data were obtained

from tne Annual Report to Congress, 1977, supplied by The Energy Administration, DOE




" EXHIBIT A-27
Summary of Reglonal Data of Fuel Consumption in the Industrial Sector
l°90

Primary Fuel ) Regiona]lIndustrial Consumption in Trillions of BTU/Yr

New Eng. | NY/NJ | Mid-At1.| S. Atl. | Midwest | S. West |Central | N. Central| West | N. West Total
Electricity 124 300 574 1,331 1,221 695 241 127 278 303 5,195
Distillate Oil 30 80 | 257 235 546 238 117 186 110 205 2,005
Residual 0il - 242 123 174 - 306 238 779 41 43 g5 | 111 2,143
Liquid Gas 62 42 69 156 - 455 277 207 - 67 98 | 21 1,453
Coal - 3 80 356 426 1,308 129 203 A 332 . 56 114 3,006
Met Coal - 165 1,057 257 1,052 22 10 97 64 - |l 2,724
Naptha 23 - 64 18 13 127 324 2 0 - 21 - 592
Natural Gas . 89 236 445 752 | ~ 568 5,893 | 139 61 981 - 9,163
Total 572 1,089 2,951 3,474 5,516 8,358 961 914 1,693 754 l 25,281

Source: 1990 data were obtained from the Annual Report to Congress, 1977, supp11ed by The Energy Information
Administration, DOE




TRILLION BT#'s/YR.

600
500
400
300
Fdill}

EXHIBIT A-28
Summary of Forecasted -Industrial
Fuel Consumption to Region 1
New England

INUUSIHY SECTOR -

GROWTH RATES 1975-1990
s OVERALL 50
— e ELECIRICITY 45
o RESIDUAL & DISTILLATF 54 ‘ ’
o COAL & MET COAL CONSTANT
| o NATURAL GAS 30
o LIQUID GAS & NAPHTHA 1.9

ELECTRICITY

LIQUID GAS & NAPHTHA

NATURAL GAS
| IS I I U I S S S SR S NP

75 76 n 78 19 80 81 82 83 84 85 86 87

SOURCE: 1975, 1985 & 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977
SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE.
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EXHIBIT A-29
) Surmmary of Forecasted Industrial
' Fuel Consumption to Region 2
’ New York/New Jersey

INDUSTRY SECTOR
GROWTII RATES 1075-1990
e OVERALL 3.9
[ o ELECTRICITY 5.1
o RESIDUAL & DISTILLATE 47
s COAL & MET COAL 29
— o NATURAL GAS 23
s LIQUID GAS & NAPHTHA 6.7

ELECTRICITY

COAL & MET COAL

300 —
/
LIQUID GAS & NAPHTHA
200 =
00 |- . NATURAL GAS
1 ! ] ] ] ] ] ] | ] ] ] 10
75 16 n 78 79 80 81 82 83 84 - 85 86 87 88 89 90

SOURCE: 1975, 1985 & 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977

SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE, -




TRILLIGN BTU'S/VR.

EXHIBIT A-30
Summary of Forecasted Industrial
Fuel Consumption to Region 3
Mid-Atlantic

INDUSTRY SECTOR

GROWTH RATES 1975-1990

OVERALL 25
ELECTRICITY . 59
RESIDUAL & DISTILLATE 6.0

3000 — NATURAL GAS - 03
’ LIQUID GAS & NAPHTHA 8.5
COAL & MET COAL
2,700 r
2,400 —
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SOURCE: 1975, 1985 & 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977
SUPPLIED.BY THE ENERGY INFORMATION ADMINISTRATION AT DOE.
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EXHIBIT A-31
Summary of Forecasted Industrial
"Fuel Consumption to Region 4
South Atlantic

INDUSTRY SECTOR

GROWTH RATES 1975-1990
OVERALL 35
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SOURCE: 1975, 1985 & 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977
SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE.
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EXHIBIT A-32
Summary of Forecasted Industrial
Fuel Consumption to Region 5
' Midwest

INDUSTRY SECTOR

5,500 —
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GROWTH RATES 1975-1990

OVERALL 2.3
ELECTRICITY 5.9
RESIDUAL & DISTILLATE 9.7
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SOURCE: 1975, 1985 & 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977

SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE.
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EXHIBIT A-33
Summary of Forecasted Industrial
Fuel Consumption to Region 6

Southwest
INDUSTRY SECTOR
GROWTH RATES 19751990
| ¢ OVERALL 5.0
o ELECTRICITY 1.0
o RESIDUAL & DISTILLATE 12.3
|| o COAL&MET COAL 6.0
¢ NATURAL GAS ' 39
o LIQUID GAS & NAPHTHA 6.7
-
-
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- SOURCE: 1876, 1085 & 1980 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977

SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE.
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EXHIBIT A-34
Summary of Forecasted Industrial
Fuel Consumption to Region 7
Central

INDUSTARY SECTOR

GROWTH RATES

1975-1990

1.000 —

OVERALL 24
ELECTRICITY 7.2
RESIDUAL & DISTILLATE 12.5
COAL & MET COAL 6.5
NATURAL GAS 14

LIQUID GAS & NAPHTHA 1.2

100

600

500 —

\com & MET COAL
\

400

ELECTRICITY

\
LIQUID GAS & NAPHTHA

300 = \
200 — .
NATURAL GAS
100 - .
| 1 1 | 1 I | 1 1 1 | | i 1
75 76 n 78 19 80 81 82 .83 84 85 86 87 88 89 90
SOURCE: 1975, 1985 & 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1877

.SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE.




TRILLION BTU's'YR.

EXHIBIT A~-35

Summary of Forecasted Industrial
Fuel Consumption to Region 8

North Central

INDUSTRY SECTOR

GROWTH RATES - 19751980
N ¢ OVERALL a1
o ELECTRICITY 13
o RESIDUAL & DISTILLATE 8.1
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SOURCE: 1975, 1985 & 1990 DATA'WEI.!E OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977
SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE.
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EXHIBIT A-36
Summary of Forecasted Industrial
Fuel Consumption to Region 9

West
INDUSTRY SECTOR
GROWTH RATES 1975-1930 ~
o OVERALL 33
— o ELECTRICITY 35
s RESIDUAL & DISTILLATE 5.1
e COAL & MET COAL 46
— o NATURAL GAS 25
o LIQUID GAS & NAPHTHA 1.7
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SOURCE: 1975, 1985 & 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977
SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE.
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e EXHIBIT A-37
Summary of Forecasted Industrial
- Fuel Consumption to Region 10

\ Northwest
- .
: INDUSTRY SECTOR
GROWTH RATES 19751990
. o OVERALL 33
o ELECTRICITY 49
o RESIDUAL & DISTILLATE 10.3 .
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SOURCE: 1975, 1985 & 1990 DATA WERE OBTAINED FROM THE ANNUAL REPORT TO CONGRESS, 1977
SUPPLIED BY THE ENERGY INFORMATION ADMINISTRATION AT DOE.
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APPENDIX B

THE POTENTIAL ENVIRONMENTAL HAZARDS’OF BOILER FUELS

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 the 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 ENVIRONMENTAL HAZARDS OF THE PRODUCTS OF DIRECT
COAL LIQUEFACTION PROCESSES WERE ASSESSED IN RELATION
TO NC. 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-II)*
- H-Coal **

- . Exxon Donor Solvent (EDS).***

* Pittsburgh and Midway Coal Co. (PAMCO)
** Hydrocarbon Research, Inc. (HRI)
*** Exxon, Inc.




(2)

. 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
ruse as boiler fuels by utilities.

;' IT1inois 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
-feedstock.

- . Analyses of Illinois No.
6 coal are well documented,
as shown in the Supplement
to this Appendix.

The Environmental Hazards Of Direct Lique-

faction Products Were Compared To Those
Of No. 6 Fuel Oil

. No. 6 fuel o0il would be the primary -
competing product (No. 6 fuel oil
1s also commonly called Bunker C or’
PS-400 fuel oil).

. The handling procedures and environ-

meptal safeguards required in the
bqller fuel market for No. 6 fuel
0il are established. :




(3)

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 assessment on
-an absolute basis would
raise questions that are
presently being studied
by NIOSH,, petroleum com-
panies, and others on
No. 6 fuel oil.

The Composition Of No. 6 Fuel 0il Is Variable

Because Specifications Are Based on Functional

Rather than Compositional Requirements

No. 6 fuel o0il 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 o0il) to produce No. 6 fuel



0il, which meets the ASTM* standards

for Saybolt Furol 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-1l, presents
typical metallic impurities that exist in
different types of No. 6 fuel o0il 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 fuel o0il. 1In 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.

- 0il 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




Specification

" Flash point

Water and sediment

Viscosity

Saybolt Universal

Saybolt Furol

Kinematic

Gravity
Specific gravity

Heat content

Unit of Measure

EXHIBIT B-1
Department of Energy
THREE COMMONLY USED STANDARDS AND
SPECIFICATIONS FOR NUMBER 6 FUEL OIL

STANDARDS

OFahrenheit

Volume percent

Sec @ 1009F Min
: Max

Sec @ 1229F Min
i Max

CST @ 122°F Min
Max

OAPI

1b. /gal.

BTU/gal

Sources: ASTM Standards

Petroleum Products Handbook
Perry's Chemical Engineers Handbook

"ASTM Pacific Trade
140 150
2.00 2.00
>900
9000
> 45 60
300
> 92
638
14-16

7.998-8.108

-150,700-152,000Q



EXHIBIT B-2
Department of Energy
TYPICAL VARIATIONS IN METALLIC IMPURITIES
- AND SULFUR CONTENT IN NUMBER 6 FUEL OILS

: . Company A = - ' Company B
Metallic Low Sulfur Regular Domestic Low Sulfur Regular Domestic
Impurity Fuel 0il Tuel 0il - Fuel 0il : © Fuel 0il

(ppm) (ppm) S (ppm) (ppm)

Sulfur 5,000-10, 000 29,000% 15,000-30,000 29,ooo¥
Vanadium ‘ 12-100 50 .30-200 "~ 350
Nickel 15-100 15 . 15-100 , 25 ‘
Iron 20-40 10 : 5-50 115
Sodium 25-50 4 15-75 . 5
Calcium 10-50 2 15-75 ' 5

* Expressed as 2.9 wt. %

Source: Oak Ridge National Laboratory Report ORNL/TM-5529. Impact of Alternate Fuels
on Industrial' Refractories and Refractory Insulation Applications, An Assessment,
September 1976 : ' '




Source:

EXHIBIT B-3
Department of Energy
TYPICAL COMPOSITIONAL DATA FOR
BUNKER C FUEL

CHEMICAL GROUP ANALYSES

r

45% Cyclic Alkanes
(Naphthenes)

15% Alkanes

15% Polar Compbunds
Containing Nitrogen,
Oxygen or Sulfur

25% Aromatics

- National Oceanic and Atmospherlc Admlnlstratlon 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
Tiquefaction Products Or No. 6 Fuel 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 II 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--Com-
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.

.o Concentrations of
potentially hazardous
components such as
heavy aromatic compounds
in the product would be
less ‘than in No. 6 fuel
oil.

.o In addition, the product
would be essentially free
from sultur and nitrogen,
presenting less air pol-
lutionh concern on burning.

Methanol synthesis from coal pro-
duces a product with known hazards:

There are a number of methanol
synthesis processes utilizing
various catalysts commercially
available.

The product is methanol, The

hazards associated with methanol

are well documented and are pre-

sented in Exhibit B-4 on_ the
following page.

Methanol is considered environ-

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

Biological

Environmental

Physical and
Chemical

Toxic

Ingesfion

Inhalation

Dermal

Eyes

Carcinogenicity

Air pollution

AWater/ground

pollution

Explosion/fire

EXHIBIT B-4
Department of Energy
PUBLISHED HAZARDS ASSOCIATED
WITH METHANOL

.Explanation

Poisonous~regqulated 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
tolerance 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)

Flammability limits in air 7.3 -

' 36% at STP;

Saturated vapor at- 68°F contains
13% methanol-explosive; flame
arrestors and inert gas blankets
may be necessary in handling



‘EXHIBIT B-4
Department of Energy

Hazard Type . ' Explanation
Reactive Reacts vigorously with oxidizing
agents
Regulatory Agencies Coast Guard, Department of Trans-
~ portation, International Air
Transport Association ’
Sources: SAX: Dangerous Properties of Industrial Materials;

Society of Automotive Engineers;
Booz, Allen & Hamilton, Inc.




2. LIMITED ANALYTICAL OR QUANTITATIVE DATA ARE AVAILABLE
FOR STUDYING THE PRODUCTS OF THE DIRECT LIQUEFACTION
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
made are based on interviews with government, industry and
union representatives and the best publicly available
information.

(1) Chemical Analyses Of The Products From Each

. 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
liquefaction products. .These techniques
use the following advanced analytical
methods:

- . Gradient elution chrom-
atography

- ‘Nuclear magnetic resonance

- = Gel permeation -chroma-
tography

- Mass spectroscopy.

Data are reported in formats that are
based on analyses developed for crude
0oil. These formats cannot be consis-
tently used for comparison of coal
liquefaction products as they usually
specify only:

- Elemental analyses

- API gravity

- Other physical parameters

In general, analyses for polycyclic
aromatics, sulfur compounds, nitrogen
heterocyclics, monocyclic aromatics,
invryanics and insulubles wusl 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.

.o Sulfur, X-Ray,
Wt. percent

.o Mercaptan No.
' mg/100 ml --
proprietary test




. Phenol No.
mg/100 ml--pro-
prietary test

.o Aromatics,
Wt. percent

.. Olefins, Wt.
percent

.o Saturates, Wt.
percent.

An HRI H-Coal analysis
gives a detailed
analysis of two adjacent
boiling point fractions
400-650°F and 650-919°F
in a different format.

.o 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 SRC-II analysis

shows the qualitative pre-
sence of individual polycyclic
aromatic compounds, thiophenes
and phenols. Other analyses
are provided on an elemental
basis. ' '




(2)

. The coal liquefaction plants are in the
pilot stage which limits the amounts and
consistency of product available for
analysis. ‘

- Operating conditions are
experimental and still
changing.

- Product availability is
limited.

. Difficulties in analysis also arise
from the need for pure analytical chemical
standards for compound identification.

- 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.

The Limited Epidemiological Data Available May
Not Be Applicable To The Products Of Current

Direct Coal Liquefaction Processes

. Epidemiological 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.




.o The more aromatic
product from the
Institute plant is
likely to be more
hazardous than
current products.

- Data collected was more
relevant to the plant
environment as a whole,
rather than the product.

Worker hygiene programs in the current
plants are expected to begin with the
plant design and involve strict en-
forcement of personnel hygiene rules.

The worker hygiene program at the Institute,
West Virginia plant did not start until 1954,
two years after the plant started up.

Exhibit B-5, on the following page, '
presents epidemiological data at the plant
showing the incidence of skin lesions.

The report from the plant medical director,
Dr. Richard Sexton, M.D., on the control
program and clinical effects, notes the
following limitations:

- 359 men worked regularly in
the plant from May, 1952 to
February, 1960. This is a
small sample size

- Eight men of the 359 men
working in the plant had
nine cancers

- Some tumors were not
pathologically examined

- Some tissue blocks were
destroyed

- Consulting physicians
disagreed concerning
their diagnoses B

- Some tumors were excised
poorly because of early
detection and their small
size.

B-11




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
20-24 12 0 0 0 0 0
25-29 : 60 5 1 0 333 0
30-34 103 9 3 0 582 0
35-39 75 6 3 2 1,333 533
40-44 50 12 3 2 2,000 800
45-49 , 30 3 1 1 1,333 667
50-54 7 6 0 0 0 0
55-59 5 1 0 0 0 0

Mean Incidence
Crude 1,116 667
Age-adijusted, West Virginia 1,061 . 661
Age—adjusted, United States 1,112 664
Precursors of Skin Cancer Cases
Mean Age ‘ " Length of Exposure
No. of Cases. in Years Minimum . Maximum Diagnoses
3 30 10 mo.- 6 yr. 2 mo. Pitch acne .
1 39 : 3 yr. 5 mo. Calcifying
Epithelioma
A . Malherbes
1 40 9 yr. 8 mo. Keratoscanthoma
3 33 . 3kmo.- 3 yr. 6 mo. Chondrodermatitis
helicis
17 39 10 mo.- 9 yr. 8 mo. Keratoses
8 , 44 1l yr. 5 mo.- 8 yr. Keratoses
9 40 4 mo,- 9 yr. Actboses and

hyperkeratoses-

Source: Archives of Environmental Health, Sexton, R.J. "The Hazard to Health in the Hydrogenation of Coalj"
Volume 1, 1960. .




. Epidemiological 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 aﬁd tars have
known health hazards.

-  Some components in the products
are similar, but concentrations
are different.

- Handling characteristics of
the products 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 epidemiological data.

- Cancer has been known to develop
from 7 to 65 years after exposure
to coal tar and pitch.

- The SRC plént 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 for Coal
quuefactlon Products

. No 1nformat10n is currently available
on the carcinogenic potential of the
product as a whole.

B-12




i

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-II

program status is unknown.

The Department of Energy is sponsoring
biostudies at Battelle-Pacific North-

west Laboratories, using SRC products.

The AFL-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.

B-13




(4) Test Burn Data are Available but Limited
" Because of Short Test Duration and Brief -
Analyses Ferformed

. 'Two_test burns have been conducted on
SRC-II coal liquids.

- The Pittsburgh Energy Re-

: search Center conducted pre-
liminary tests on a 100
horsepower fire tube builer.

- 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 burnwssing 4,500
barrels of SRC-II fuel oil in a
commercial tangentially fired
utility boiler.

. A detailed report on the Consolidated
Edison test burn notes several limitations
for projecting data from the test.

-  The test was based on the
characteristics .of the SRC-II
composite fuel used--it was a
composite made from three .
separate coals.

- The test results relate
specifically to the type of
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-II 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.
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3. OUR APPROACH TO DETERMINING THE POTENTIAIL 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 for 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 ana}ysis because:

. Combustion products can be predicted
from the ultimate analyses and can be
used to develop comparative emission
data.

. Groups of known or suspected carcinogens
and toxic chemicals can be identified
and compared by relative concentrations.

. Toxicity and carcinogenic potentials
of direct coal liquefaction products
and No. 6 fuel o0il 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

v conversion products.
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(1) Worker Safety And Health Effects Can Be

Approximated Based On The Four Levels Of

Analyses

The four.levels 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

- Terdatoyenicily

A description of the biological effects specified
by these terms is found in Appendix B=3.

Ultimate analyses {(sometimes called

elemental) 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
contents 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.
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EXHIBIT B-6
DEPARTMENT OF ENERGY
ANALYSIS GROUPINGS AND THEIR POTENTIAL FOR
ESTIMATING HAZARDS TO WORKER HEALTH AND SAFETY

‘Grouping S Hazard Estimating Potential
Ultimate analysis (elemental Emissions from combustion
composition) : ~-S0x, NOx and particulates
Trace elements : Toxicity, reactivity and
corrosivity
Chemical groups Carcinogenicity, toxicity
mutagenicity
~ Chemical compounds Carcinogenicity, toxicity,

mutagenicity, teratogenicity
particulate emissions

Source: Booz, Allen & Hamilton Inc.




Chemical
Group

Polycyclic aromatics

Sulfur compounds

Nitrogen heterocyclics

Nonheterocyclic nitro-
gen compound

Monocyclic aromatics

Inorganics--elements

Inorganics--compounds

EXHIBIT B ~7

Department of Energy

CHARACTERIZATION OF PROBABLE CHEMICAL

HAZARDS IN BOILER FUELS FROM COAL
LIQUEFACTION PRODUCTS

Examgles

Naphthalenes, anthra-
cenes, benzanthra-

cenes, pyrenes, benzopy-

renes, indenopyrenes
chrysenes, benzofluor-
anthenes

s

Mercaptans, thiophenes
thioureas, sulfonic
acids

Pyridines, indoles,
carbazoles benzcar-
bazoles, guinolines,
morpholines, diben- "’
zacridines, phena-
zines

Amines, amides, imines
hydirazines, semicarba-
zides azo compounds

Phenols, xylenols,
cresols

Arsenic, bromine,
eesium, lanthanum,
cobalt, mercury,
iodine, sulfur,
yttrium, yvtterbium

Antimony trioxide
Diarsenic trioxide
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

Effects

Toxic, carcinogen

Irritant, toxic, sus-
pected carcinogen,
mutagen

Toxic, carcinogen

Toxic; carcinogen,
mutagen

‘Irritant, toxic,
suspected carcinogen

Toxic,. irritant,
carcinogen

Carcinogens, toXic,
irritant, corrosive

Source: U.S. Department of Energy, Contract No. Ex-76-C-01-1795, Assessment, -
Selection and Development 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,

' partlcularly the 4, 5 and 6
ring aromatics, have the strongest
carcinogenic ‘properties.

- Nitrogen heterocyclics and
sulfur compounds can contain
some known or suspected
carcinogéns 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.

- Monocyclic 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 individual toxicity and
carc1nogen1c1ty ratings. Some are
non-toxic and non-carcinogenic.

Health hazards for 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 guantities involved,
however, are often small.

The inorganic compound analysis is also
useful in assessing the toxicity and
carcinogenicity of coal liquefaction prod-
ucts. Exhibits B-4 and B-5 provide in-
sight into hazards of particular elements
and compounds that can be found in coal
liquefaction products. Some of these compounds
are among the most toxic known to man (é.¢.,
cyanide). These compounds are, however,
usually found 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- ‘
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 Analyses

Air pollution effects can be estimated
by the ultimate chemical compound and
trace element analyses assessed relative
to No. 6 fuel oil.

- SOy and NO, emissions can be approximated
by the elemental analysis of sulfur and
nitrogen.

NOTE: SO, and NOy emissions approximated
by the elemental analysis of sulfur and

" nitrogen may not be completely representa-
tive since:

. NOy is a function of fuel nitrogen,
thermal conversion of N, to NOy in
the hot flame zonc,'. % excess 05 in
the boiler and boiler design,

. Assuming NOy emissions on fuel N,
is not completely representative.

- Particulate emissions can be approximated
by the Carbon to Hydrogen ratio.

- Ashes 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 element-and 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 significancg of some
elements known to cause problems 1in utility
boiler operations.

THE ENVIRONMENTAL HAZARDS FOR DIRECT COAL LIQUEFACTION
PRODUCTS WERE ASSESSED FOR BOTH ROUTINE AND EPISODAL

EVENTS

. To evaluate the environmental hazards associated
with coal liquefaction products, we studied each
of the routine tasks and potential episodal events
that could be associated with the product once it
left the liquefaction plant gate. 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 with 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.




EXHIBIT B-8

Department of Energy

ROUTINE TASKS AND THE POTENTIAL ENVIRONMENT

Routine Tasks

Loading
Transport
Unloading
Storage

Cleanup and maintenance
of equipment used above

Sampling and analysis

Precombustion processing

Combustion

Residue disposal--oil ash,
furnance deposits

Maintenance

Chemical cleaning

NOTE:

IMPACTS OF USING COAL LIQUIDS

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 exposiure to solid deposits
of incombustible organics, inor-
ganics and trace elements

Worker exposure to liquids, -
vapors, residues and incombustible
organics, 1lnorganics and trace
elements

Worker exposure to liquids,
vapors, re3idues and solvents

It is assumed that disposai of wastes from the cleaning

and residue disposal operations is performed in accordance

with approved procedures.

Source: Booz, Allen & Hamilton Inc.




Routine Task

Loading
Transport
Unloading

Storage

Cleanup and maintenance

EXHIBIT B-9
Department of Energy

EPISODAL EVENTS AND THE POTENTIAL

Episodal Event

Accidents/spills/
disasters

of equipment used above

Sampling and analysis

-Precombustion processing

Combustion

Residue disposal--

Incomplete com-

bustion

oil ash, furnace

deposits

Maintenance

Chemical cleaning

Source:

Booz,

'Accident

Allen & Hamilton Inc.

Accident/spills

Accident

Leaks/ruptures

Accident

Accident

ENVIRONMENTAL IMPACTS OF
USING COAL LIQUIDS

Potential
Environmental Impact

Worker exposure
Air pollution
Water pollution
Gréound pollution
Fire/explosion
Public health

Worker exposure
Water pollution
Ground contamination

Worker exposure

Worker exposure

Air pollution

Watéer pollution
Ground contamination
Fire/explosion

Air pollution
Worker exposure
Public Health

Worker éxposure
Ground contamination
Water pollution

Worker exposure
Ground contamination
Water pollution

Worker exposure
Ground contamination
Water pollution

Air pollution
Fire/explosion




5.

GIVEN THAT THE COAL LIQUEFACTION PRODUCTS START WITH
A SIMILAR COAL AND BECAUSE OF PROCESS SIMILARITIES,
THEY PRESENT SIMILAR RELATIVE HAZARDS

(1) There Are Basic Similarities Among The Processes
And Their Operating 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 o0il 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
ebullating hed reactor process
operating conditions to be 2,600
psi at a temperature of 370°C.

. 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 from 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 -
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~II process is a noncata-
lytic hydroliquefaction process
under development by the Pittsburgh
and Midway Coal Mining Company, a
subsidiary of Gulf 0il Corporation.
The process involves slurrying the
coal in a process-derived solvent
and hydrogenating the mixture at a
temperature of 457°9C and at pressure
of 2,000 psi. Hydro treating of the
liquid product is continued to remove
sulfur and other impurities. ‘the
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 87°C
of a high of. 457°cC.

- 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-11l, 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 of Energy
‘HYDROLIQUEFACTION OPERATING CONDITIONS
OF THE THREE DIRECT COAL LIQUEFACTION PROCESSES

Process
Condition H-Coal SRC~II Exxon Donor Solvent
Reactor temperature, ©C 370 | 457 380
Reactor pressure, psi 2,600 2,000 2,800
Yield (Bbls/ton dry g:oal) 1.7 1.7 15

Source: EPA Report No. EPA-600/7-78-1849; Environmental Assessment
Data Base for Coal Liquefaction Technology, Volume I,
Systems for 14 Liquefaction Processes, U.S. Department:
of Energy, Booz, Allen & Hamilton Inc., August 1978




{nit Qperatficn

Coal preparation

Hvdrogenaticn

Hvdrotreating

Catalytic synthesis

Phase separation

fracticnation

Hydrogen,/synthesis
gas generation

\\\\'

___

Source:

Included in process
Modified process

Not used

TIXHIBIT B-il .

MILARITIES OF THE THREE .
JEFACTION PROCESSES UNDER REVIEZW

ii-Coal SRC-II . EDS

EPA Report No. EPA-600/7-78-184a; Environmental Assessment
Data Base for Coal Liquefaction Technology, Volume I,
Systems for 14 Liguefaction Erocesses, Aucust 197%; Booz

Allen 5 Hamilton Inc.



- Though hydrotreating is
noted only for the EDS
process, the degree of

hydrogenation for each of
the processes is variable.

- Though the SRC-II process
uses no additional cat-
alyst, recycle of the
product stream causes
the impurities of the
coal itself to be a
catalyst.

- Because of the dual mode
T 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 Avail-
able Information

. Ultimate analyses have been provided
by the Department of Energy for the,
various direcl liguefaclion producls.
Graphic representation of these analyses
is shown in Exhibit B-12, on the following
page. Basic similarities exist for the
coal liquefaction products' elements
shown, even though the SRC-II analysis.
in this case is based on Kentucky 9/14

coal.

. Detailed chemical group and compound
analyses are available only for
H-Coal.

. A similar 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-II fuels;
it also notes the presence of many of the
same compounds.




Distillation Range
No. 6.fuel oil"
H-Coal
SRC-1II

EDS

Specific Gravity
No. 6 fuel oil
H-Coal
SRC-II
| EDS
Elemental Composition
Carbon
No. 6. fuel oil
H-Coal
SRC-II
EDS
Hydrogen
No. 6 fuel oil
H-Coal
SﬁC—II

EDS

f
/
EXHIBIT B-12(1)
Department of Energy
- SPECIFICATIONS AND ELEMENTAL ANALYSES OF
THE THREE COAL LIQUEFACTION PROCESSES
"AND NO. 6 FUEL OIL

300°F 400° 500° 600° 700° 8000 . ~ 900° 1,000°F
- 400°l : l ' 700° | 5 [ |
. 400°_ ! 950°
3507 | 850°
400° 700 900°
0.8 0.9 1.0 1.1
.91 l 1.1
—_— 4 —— (0.98)
: 1.02
——}F— (1.04) -
)
10% 20% 40% 60% 80% 100%
Ly 1 L} L Ll Y
86.4-87.2
: 88.9
; 87.5
‘ 88.9
0% 2% 4% 6% 8% 10% ;g%
! 1 1 T 1 T 1 -
11.2
8.89 '

—- (8.58 -{9.01 Range)

7.37 . ;
|




Sulfur 0%

EXHIBIT B-12 (2)
Department of Energy

.5%

No. 6 fuel oil
H-Coal

SRC-II

. EDS : 015

ANitrogen

oe

No. 6 fuel oil

“+o

H-Coal

SRC-IT

EDS

NOTE: H-Coal produced from Kentucky 9/14 coal.

Source: American BétroFéum Ias¥itute

- U.S. Department of EBriergy
Electric Power Research Institute ,
Booz, Allen & Hamilton Inc. Analysis’




(3)

(4)

Mass spectrometry has been done by
PAMCO on the light oil fraction;
analyses of the light o0il also show
similar chemical groups and compounds.

No similar analyses are available for
the EDS product.

The Use Of The Same Source Of Coal For Each

Process Provides A Common Basis For Comparison

Of Direct Coal Liquefaction Products To No. 6

Fuel 011.

The composition of the direct liquefaction
products is likely to vary with the source
of coal selected.

The composition of sulfur and trace elements
in the direct coal liquefaction products will
be the most greatly affected by variations

in the feed coal. :

- These trace elements can affect the
carcinogenicity and toxicity of coal
liquefaction products.

- The sulfur content can affect coal
liquefaction product toxicity and the
emissions from product combustion.

More data are needed to compare products'from
the various processes using different coals.

In our opinion, the relative ranking of the
potential environmental hazards of the three
processes is probably related more to the coal
feedstock than the three processes themselves.
However, the findings presented in this chapter
probably would not change if another type of
coal were selected as a feedback.

Based On The Available Data, The Hazards Of

The Three Processes Cannot Be Judged Relative

To Each Other, But Only In Relation To No. 6

Fuel 0il

The similarities among processes and
their products indicate.that the
hazards from the products of the direct




liquefaction processes cannot be differ-
entiated well enough to cite differences
among the individual products.

The combined analyses of the products from
the three processes yield enouch 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 OIL

Analyses of the products of direct coal liguefaction,
in terms of both component chemical groups and chemical
compounds, show that there are greater concentrations of
hazardous components when compared to No, 6 fuel oil.

Based on this finding, coal liquids can be relative classi-
fied more carcidogenic than No. 6 fuel oil,.

The significance of this analysis must be tempered
by restating that analyses for No. 6 fuel oil are based
on wide variations in composition and limited data.
Additionally, interviews conducted and sory: of the litera-
ture reviewed indicate that the coal ligquefaction products
in their entirety are less toxic and tumorigenic than would °
be expected from an examination of their components.

Biological studies on the coal liquefaction products,
in their entirety, are needed to confirm our analysis.

(1) Direct Coal Liquefachtion Products May Be Judged

To Be More Carc1nogenlc Than No, 6 Fuel 0Oil

. Comparison of the chemical groups found in
coal liquefaction products to those con-
tained in No., 6 fuel o0il, Exhibit B-13,
on the following page, shows that:

- There are approximately two to
three times more polycyclic aromatic
hydrocarbons in coal liquids than
in No. 6 fuel oil.

- Polyaromatic hydrocarbons contain
known carcinogens such as benz(a)pyrene
and various chrysenes.

. Exhibit B-14 presents a comparison of
chemical compounds which provides a further
basis for the judgement that direct coal
liquefaction products could be more carcinogenic
than No. 6 fuel oil:

- Direct coal liquefaction products
have approximately twice the con-
centration of alkyl benzenes as
the No. 6 fuel oil has benzenes.




EXHIBIT B-13
Department cf Energy
CHEMICAL GROUFS FOUND IN
COAL LIQUEFACTION PRODUCTS AND
NC. 6 FUEL OIL

Range 24-34%

Polycyclic . ¢ * *eee = ‘
aromatics | o @ @ O © © © © © © O O q

Range 63-77%

Renge 24-34%

Monocyclics
and Diaromatic

(X XA B X R K 2

Key

m No. 6 Fuel Oil
’ ‘ ‘ ’ Range 13-14% I‘_—, Direct Licuefaction Product

Pange 0.18-22.81%

Insolubles :
® O Wi Range 11.97-13.8%(a) Range
. No Data (No. 6 Fuel 0il)
Heterocyclics
Range 0-3.06% (Direct Liguefaction Product)
Saturates
(parafins)
Range .04-9.31%
—1 Il 1 | [l } i 1 l
T v T T 1 T T T |
20 30 40 50 60 70 80 920 100
{a)  Nonhydrocarbons Weight Pgrcent

Sources: EPA Report EPA 600/7-73-184b: Environmental Assessment Data Base for Coal Liquefaction Technology, Volume II
September, 1978; Hokile Research and Development Corporation--Analysis by Booz, Allen & Hamilton Inc.; API report
AID IBA.74 February 1974; Hational Oceanic and Atmospheric Administration--report ERL ESA-17 October, 1977;
Bartlesville Energy Research Center




EXHIBIT B-14
/ Department of Energy )
ANALYSES OF COAL LIQUEFACTION PRODUCTS
AND NO. 6 FUEL OIL FOR CHEMICAL COMPOUNDS

Direct Liquefaction

Compound No. 6 Fuel 0il Products
(Wt. %) (Wt. %)

Aromatics and cyclic alkanes 32 70
Benzenes 1.9 ND
Alkyl benzenes ND 4.6
Indans/tetralins 2-1 5.77
Indenes , ND. 0.99
Dinaphthene benzenes 2.0 ND _
Naphthalenes 2.6 18.48
Acenaphthenes 3.1 1.08
Acenaphthalenes 7.0 ND
Phenanthrenes 11.6 23.21
Benzphenanthrenes ND 4.3
Pyrenes 1.7 4.67
Chrysenes 0] 7.1

Thiophenes
Benzothiophenes 1.5
Dibenzothiophenes 0.7 1-2
Indanothiophenes 0]

Phenols 0 ) 1.59

Insolubles (inorganics) 14.4 .11.97

Note: ND--No Data

Sources:

American Petroleum Institute Report, No. AlD. 1BA. 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 I1I,
September 1978 Booz, Allen & Hamilton Inc.



- Approximately two to three times
the concentration of Indans/tetralins
as No. 6 fuel oil.

- Approximately three 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

gggg_Hazardous Than No. 6 Fuel 0il

The comparatively yreater 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
hhigher elemental sulfur compoeition of

No. 6 fucl oil indicates that it may bhe.
more hazardous than direct coal liquid
products. Fuel o0il contains approuxiualely
two to ten times the amount of sulfur as
the coal liquids. However, the low
absolute concentration of three percent is
less significant than the pulycyclic 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.
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(3)

. 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.

Dermal Contact Will Be The Primary Exposure

Route of 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°F.

. 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.

. The 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 Can Be Used As A
Guideline For Handling of Coal Liquefaction Products

. NIOSH 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 -
-
- Engineering control objectives
- Work practices
- Workplace monitoring

- Medical surveillance

- Personal protective clothing
and equipment

- Sanitation
-  Labeling and posting

- Employee awareness.

b




The document also presents a review of the
biological effects of potenital health
hazards, including: '

- A discussion of the coal
ligquefaction 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.

B-29




Sanitation

.o Clean change rooms with storage
for street clothes.

. Separate storage facilities tor’
work garments, protective clothlng
.and equipment. :

. Clean and dirty change rooms
separated partially by a shower
facility and partially by one-way
doors.

. Contaminated protective clothing
should be dry cleaned, 1aundered
or disposed of.

The presence, consumption or dispensing
of food and beverages is to be discouraged
in potential areas of exposure.

Employees must wash hands thoroughly
with soap or mild detergent and
water before using toilet facilities
or eating.

Chemical solvents should not be used
for removing materials from skin, as
they may enhance dermal absorption.

Any employee whose clothing or person
becomes contaminated with hazardous
substances should wash, shower,
shampno and change.inta clean work
clothing promptly.

Employees must be instructed in the
potential hazards of their employment
and good hygiene practices.

Employers should institute a continuing
education program.

‘Work place and personnel monitoring
shall be retained for the duration of
the employment and at least 30 years

. afterwards.
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(5) The Potential Hazards To Workers Exposed
To Coal Liquefaction Products Through
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
coal liquefaction products.

. Workers involved in loading, transport,
unloading and storage of the direct
coal liquefaction 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 main-
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.
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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 of the
fuels used for the Con Ed test burn,
Exhibit B-7, the hazards of worker
exposure to ashes and furnace deposits
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-II analyses.

- The trace element analysis
done by the Electric Power
Research Institute, Exhibit
B-15, on the following
page, shows only three ele-
ments with major differences.

.. Vanadium and Nickel
are greater in No. 6
fuel o0il than in
direct liquefaction.
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EXHIBIT B-15
Department of Energy
TRACE ELEMENTS FOUND IN PRODUCTS
FROM DIRECT LIQUEFACTION PROCESSES VS.
' NO. 6 FUEL OIL

Direct
. El Palito Liquefaction

Trace Elements . No. 6 Fuel 0il Products

(ppm) ‘ (ppm)
Sodium 19 0.8-~100
Magnesium : 4 1-4
Aluminum , 5 11-31
Potassium " ND 0.4-80.4
Titanium 78 o 80-130
Vanadium " 275 " 2.6-6.8
Silicon 3 2-30
Lead -2 0-1
Iron 6.4 0-14
Nickel 59 1-21
Calcium . . 14 8-49
Elements Not Detected
Mercury.
Cadmium
Silver
Zinc
Lithium
Phosphorous ' N
Arsenic
Antimony
Bismuth
Molybdenum

\

Source: Electric Power Research Institute Report EPRI 361-1:

Upgrading of Coal Liquids for Use as Power Generation
Fuels, January 1976 . :




(6)

.o 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.

Episodal Events In The Plant Such As Accidents,

Spills And Ruptures Can Be Handled Using
Current Industry Practices

. 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)

(2)

Control Of Routine Vapors And Leaks Will Be
Needed

. 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.

Exposure To Workers And The General Population
From Combustion Products Is Not Expected To Present
A Health Threat Greater Than Already Exists

With No. 6 Fuel 0il

. Limited combustion tests have shown no major
problems associated with using coal liguefac=
tion products for utlllty 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-II 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 conventional petro-
leum fuel oil. Exhibit B-16, on the fol-
lowing page presents the results and signifi-
cance of the test parameters.




Parameter

Nitrogen oxide

Particulates

Polycyclic organics

Smoke tendency -

EXHIBIT B-16(1)

Department of Energy
SIGNIFICANCE OF EMISSIONS FROM COMBUSTION OF
SRC-II FUEL OIL COMPARED TO NO. 6 FUEL OIL
CONDUCTED AT CONSCLIDATED EDISON TEST
BURN--SEPTEMBER 1978

Results

NO, values for SRC-II
fuel o0il are nominally
70% higher than for
No. 6 fuel oil

Total mass emissions
for both fuels low.
SRC-II fuel o0il nom-
inally lower than
cmissions from No. 6
fuel o0il under all
operating conditions
with exception of

the full load baseline
test

Emissions with SRC-II
fuel o0il were nominally
higher than No. 6 oil
levels. All analyses
lower than 6 x 107 °
1b./10% BTU

Smoke points generally
occurred between 2 and
2.5% oxygen operation
for both fuels

s
N

\Significance

Increased NO, emis-
sions due to higher
nitrogen content of
SRC fuel oil. Abso-
lute emissions will
probably -be within
acceptable limits

Particulate emissions
roughly equivalent to
or lower than those

obtained with No. 6

fuel o0il

Emissions of polycyc-

lic organic matter
will be greater than
with No. 6 fuel oil.
However, absolute-
concentrations are
very low. More
testing and analysis
needed '

Smoking tendencies
of both fuels are
similar



Parameter

Total hydrocarbon
emissions (gaseous)

Sulfate emissions

EXHIBIT B-16(2)
Department of Energy

Results

Emissions for SRC-II
and No. 6 fuel oil
both ranged from 1-2
ppm with SRC-II occa-
sionally at 0.0

SO emissions for SRC-
IIxfuel oil were
measured at 0.3-0.9 ppm
Nu data are provided
for No. 6 fuel oil

Significance

Gaseous total
hydrocarbon emis-
sions for both fuels
similar

SO, emissions for
SRC-II fuel oil
should be lower than
~for No. 6 fuel oil
based on the chemijcal
'analysis. More test-
ing and analysis
necessary for confir-
~mation

Source: Electric Powef'Research Institute, Combustion Demonstration of
SRC-II Fuel 0il in a Tangentially Fired Boiler, FP-1029, May 1979
Booz, Allen & Hamilton Inc.




Chemical comparison of the direct coal
liquefaction products supplied by DOE,
Exhibit B-12, previously noted and addi-
tional analyses performed by Consoli-
dation Edison, Exhibit A-7, provide a
further basis for concluding that coal
liquefaction products, under routine opera-
ting conditions should have emissions simi-
lar to or in some cases, even less than

No. 6 fuel oil.

It is possible that sulfur and nitrogen oxide
emission may be no different for direct coal
liquefaction products and some No. 6_fuel
0ils. This possibility exists because of the
variable nature of both product types--pro-
~duced from various crude oils and coals.

- Sulfur emissions using coal
liquefaction products may
actually be lower than with
No. 6 fuel oil.

.o Sulfur content of the
No. 6 fuel o0il used in
the test burn was less
than 0.3 percent, due
to New York City statutes.

T No. 6 fuel o0il can be

' burned, in many areas
with sulfur content
approaching 2.2 percent.

- Nitrous oxides emissions, based
on comparable product analyses,
will be marginally higher for
direct coal liquefaction products,
but the overall effects may not
be significant.

. DOE nitrogen analysis of
the direct coal liquefac-
tion products, Exhibit B-12,
indicates a range of 0.67-
0.86 percent.




. The nitrogen content of
El Palito No. 6 Fuel 0Oil
analyzed was 0.41 percent.

... The nitrogen content of

the SRC-II product used
in the test burn varied
from 0.87-1.16 percent.

. The nitrogen content of
Con Edison No. 6 Fuel 0il
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 producta will be burned

in the combustion process and
converted to other combustion
- products; however some polyaromatic
hydrocarbons are not destroyed until
flame temperatures reach 3300°F.

Utllitles operate boilers at

flame temperatures of approxi-
mately 3,200°F - 3,600°F.

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 actually lower
for the SRC-II product than for No. 6 fuel

oil.

As a result of this test, no difference

between the products is anticipated.
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(3)

Episodal Events Of'Incomplete Combustion Could

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 during
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-II fuel oil,
Exhibit B-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 combustlon
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 o0il 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 WITH WATER POLLUTION WILL BE
RELATED TO SPILLS AND DISASTERS

(1) Routine Events Related To Water Pollution Will
Require Control Measures Similar To Those Used
For No. 6 FueL 0il

. Water pollution will come mainly from barges
and tankers and will be related to small
spills and leaks from normal handling.

. Operational discharges resulting from tanker
operations are close to being eliminated,
Methods developed by industry such as load-
on-top, crude oil washing and pollution
avoidance operating procedures are either
recognized by international conventions,
or have been enacted into law by the
United States.

. Control measures used by Consolidated
Edison in transporting SRC-II liquid
product by barge can be used as a model
for environmental and worker protection.
The Con-Edison procedures are listed below:

- Barge steam cleaned and dried prior to
use. )

- Tank cars, barge and unloading line
electrically grounded.

- Transfer lines from tank car to barge
pressurized with nitrogen to check for
leaks. '

- Tank cars and lines flushed with
nitrogen when empty to clear lines
and avoid spills, when loading the barge.

- In unloading, regular pumping operations
were used, without nitrogen purges.




(2)

. In general, the highly aromatic. nature of the
coal liquefaction products will have detrimen-
tal effects on marine organisms in areas where
spills occur. If these marine organisms enter
the food chain and reach people the possibility
of toxic and carcinogenic systemic effects
cannot be overlooked. Some toxic and carcin-
ogenic compounds and elements can be biocon-
centrated in organisms. It is not possible
to ascertain the risk of this possibility
relative to the same risk with No. 6 fuel oil.

Episodal Events Such As Tanker Disasters Are

. Major disasters will bring great harm to the
environment, similar to those previously
experienced with tankers carrying crude oil.

. At present, the use of supertankers or
extremely large tankers is not considered
likely, owing to the size and probable
locations of the coal liquefaction plants.

. On a smaller scale, the sinking of a large
or small tanker carrying coal liquefaction
products could have serious effects on the
marine environment.

. - The specific gravity of coal liquefaction

products spans that of water. It is con-
ceivable that the material will float,
weather, and sink, and therefore, pollute
both the water surface and the bottom of
the river, bay, or ocean.

. The large concentration of polycyclic
aromatics and insolubles could have a
toxic effect on marine organisms.
Carcinogenicity from limited ex-
posures is unpredictable.

. The polycyclic aromatics are generally
high boilers and can be cleared up

using conventional techniques,
- Containment

- Skimming
- Dispersants.
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9.

GROUND CONTAMINATION IS NOT EXPECTED TO BECOME. A MAJOR

(1)

(2)

PROBLEM ’ "

Products Are Routinely Transported And Stored In
Closed Systems Such As Pipelines And Road And Rail
Tankers A

. 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.

Episodal Events Such as Pipeline Breaks, Road
and Railcar 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 risks are involved with a pipe-
line break or road or rail tanker accident.

- explosion
- fire

- toxic effécts from uncon-
trolled release of liquids.

In order to limit the extent of hazard from
coal liquefaction product the products must
be removed with currently available tech-
niques.
- Physical containment

.o blocking

.- trenching
- Removal and recovery
- Disposal
-  Restoration of the area.
Workers involved in the ¢cleanup operation
must be protected and yovud personal hy-=
giene practices will have to be carried
out--this will be difficult in emergency

situations and some worker/public contact
is probable.




10. IN SUMMARY, THE PRODUCTS OF DIRECT COAL LIQUEFACTION
PROCESSES REPRESENT A SLIGHTLY GREATER ENVIRONMENTAL
HAZARD THAN NO. 6 FUEL OIL. THE HAZARDS CAN BE CON-"
TROLLED WITH ADEQUATE SAFEGUARDS.

The three coal liquefaction processes studied (H-Coal,
.SRC and EDS) are in developmental stages and epidemiological,
analytical and quantitative toxiological data on their prod-
ucts are limited. Given the limited data available, our
approach was to determine the potential hazards of direct
coal liguefaction products by comparing chemical groupings
at four levels of analyses; ultimate analysis; chemical
groups; chemical compounds; and trace elements. Several

key conclusions were reached:

. Given that each of the three direct coal lique-
faction processes start with a similar coal, the
products produced would represent similar environ-
mental hazards:

- Illinois No. 6 coal was used as the feedstock.

- The hazards of the three processes are
similar and cannot be judged relative to
each other, but only in relation to No. 6
fuel oil.

. The products of three direct coal liquefaction
processes will contain a higher concentration’
of high boiling point components (in relation
to No. 6 fuel o0il). The higher boiling frac-
tions represent higher concentrations of poten-
tially environmentally hazardous materials, =
such as polycylic aromatic compounds, that are
present in the products.

. The primary areas of concern with direct coal
liquefaction products are likely to be worker
safety and health:

- There will be increased concentration
of compounds that are toxic and/or
carcinogenic (known or suspected)
in nature

- Dermal contact will be the primary
route of exposure,
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. Work practice controls should bg more
stringent than for No. 6 Fuel 0il 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:

. Biological 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 0il data. These
Lest burns should be pcrformed at:

- Normal conditions

- Upset conditions--to deter-
mine the potential environ-
mental étffeét 4quring episou=
dal events.




EXHIBIT B-17
Department of Energy
CAPSULE SUMMARY OF THE POTENTIAL HAZARDS OF DIRECT
COAL LIQUEFACTION PRODUCTS RELATIVE TO NO. 6 FUEL OIL

Routine Events Episodal Events

Potential Hazard
Relative to No. 6

Fotential Hazard
Felative to No., 6

Environmental Area

Worker safety & Health

Air Pollution

Water Pollution

Ground Contamination

OO®

Source: Bobz, Allen & Hamilton Inc.

Less Hazard Potential Than No.

Fuel 0il

® ® © ®

Greater Hazard Potential Than No. 6 Fuel 0Oil

Approximately Equal Hazard Potential To No. 6 Fuel 0Oil

Discussion

Controls would include
good work practice and
hygiene procedure

Current emission stan-
dards should be met--
SOx less, NOx higher

Mandated controls
measures analogous:
to No. 6 Fuel 0il
will ke required

Routine clean-up and
disposal of spills and
leaks similar to No. 6
Fuel 0il

Fuel Oil

® ® 0 @

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
0il

Severe exposures
must be controlled
more stringently
than No. 6 Fuel
0il



APPENDIX C

SUPPLEMENTAL ANALYSIS AND DATA
ON ENVIRONMENTAL CHARACTERISTICS




EXHIBIT C-1
ANALYSIS OF ILLINOIS NO. 6 COAL

Proximate Analysis

As Received Dry
Percent Percent
Moisture 16.5 —_—
Ash ’ 8.0 - 9.58
Volatile 35.24 42.21
Fixed carbon 41.79 50. 05
Sulfur : 3.5 4.19
Alkalies as Na20n 0.15 0.18
Higher heating value 24,9 29.8

mega joules/kg -

Ultimate Analysis

As Receéived Dry
Percent Percent

Moisture 16.5 —-—
Carbon 58.17 69.67
Hydrogen . ' 4,22 5.05
Nitrogen 1,54 1.84
Chlorine . 0.18 0.22 '
Sulfur 3.50 . 4.19
Ash ) . 8.00 ) 9.58
Oxygen 7.89 . 9.45

Ash Analysis

Percent
Phosphorous, P20s5 0.11
Silica, SiOp 43.82
Ferric Oxide, Fe203 24.69
Alumina, Al203 17.19 \
Titanium, TiO2 0.88 i
Lime, Ca0 . 4.96
Magnesia, MgO 1.02
Sulfur, Trioxide, SO3 4,29
Potassium Oxide, K30 - 1.61
Sodium Oxide, Na20 1.21
-Undetermined 0.22

Source: EPA Report No. EPA-600/7-78-184B-Environmental Assess-
ment Data Base for Coal Liquefaction Technology, September,
1978 ' ‘ ‘



EXHIBIT C-2 (1)
TYPICAL TRACE ELEMENT COMPOSITION
OF ILLINOIS NO. 6 COAL

Typical

Analysis
Element Symbol - ppm -
Aluminum Al 13,500
Antimony Sb 0.98
Arsenic As 5.9
Barium Ba 111.0
Beryllium Be 1.5
Boron B 135.0
Bromine Br 15.0
Cadmium cd 4.0
Calcium Ca 7,690.0
Cerium Ce 13.0
Cesium Cs 1.2
Chlorine Cl 1,600.0
Chromium Cr 20.0
Cobalt Co 6.6
Copper Cu 13.0
Dysprosium Dy 1.0
Europium Eu 0.25
Fluorine F 63.0
Gallium Ga 3.1
. Germanium Ge 5.6
Hafnium - Hf 0.52
Indium In 0.14
Iodine I 1.9
Iron Fe 18,600.0
Lanthanum La 7.0
Lead Pb 27.0
Lutetium Lu 0.08
Magnesiuf My 510.0
Manganese Mn 53.0
Mercury Hg 0.18
Molybdenum Mb 9.2
Nickel Ni 22.0
Phosphorous P 45.0
Potassium X 1,700.0
Rubidium Rb 16.0
Samarium Sm 1.2
Scandium Sc 2.6
Selenium Sc 2.2
Silicon Si 26,800.0
Silver Ag 0.03
Sodium Na 660.0
Strontium Sr 36.0
Tantalum Ta 0.16




Element

Thallium
Thorium
Tin
Terbium
Titanium
Tungsten
Uranium
Vanadium
Ytterbium
Zinc

- Zirconium

Source:

EXHIBIT C-2 (2)

Typical
Analysis

Symbol ppm

Tl 0.67

Th 2.2

Sn 4.7

Tb 0.17

Ti 700.0

] 0.70

U 1.6

\Y 33

Yb 0.54

Zn 420.0

Zr 52.0

EPA Report No. EPA-600/7-78-846 Environmental Assessment
Data Base for Coal Liquefaction Technology, September, 1978




Effect

Acute toxicity

Description

The ability of a chemical
or physical agent to in-
due a deleterious physio-
logical effect after a
short exposure period--
generally less than ¢6
hours.

EXHIBIT C-3 (1)

DESCRIPTION OF HEALTH EFFECTS OF HAZARDOUS
MATERIALS BY PHYSIOLOGICAL HAZARD CATEGORY

Complicating Factors

Limited knowledge of toxicities
for humans. Rats, mice and

rakbits generally used for tests.

Givern 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 performed
the toxicity.

Tim= relationship--generally
the time of onset is related
to the available dose. The
effects of lower doses may
never be observed in acuze
testing.

There are individual differ-
ences in response to a toxic
substance among members of

a s.ngle species.

’

Measurement

LDSO-—the median lethal
dose for a test popula-
tion.

LC5 --a~lethal concen-
tragion 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.

Local tissue damage--
skin-ané eye irritation
generally conducted
with rabbits or pigs.
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Effect
Biomagnification

or biocaccumu-
lation

Carcinogenicity

Description

The accumulation 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

EXHIBIT C~-3 (2)

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 bicamplification can
occur without warning since
exposure to the hoxions agents
is not evident.

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
also part of this battery.



Effect

Carcinogenicity
(continued)

Mutagenicity

Description

The ability of a substance
to induce changes -n the
hereditary materia. of a
cell (DNA).

4 EXHIBIT

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.

Genetic changes in germ cells
may be transmitted to. the
next generation.

C-3 (3)

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 Tests"--based
on reverse mutations of
sensitive mutant strains of
bacteria and yeasts. The
tests however, give false
positives and negatives.




Effect

Mutagenicity
(continued)

Teratogenicity

Description

The ability of a substance
to induce a developmental
abnormality in an embryo
or fetus.

EXHIBIT C-3 (4)

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.

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 for anatomical
abnormalities or increased
intrauterine mortality.

Source: (1) United States Energy Research and Development Administration Report FE-2495-6, Design and

February, 1977

(2) NIOSH Registry of Toxic Effects of Chemical Substances--1976.

Implementation of an Environmental Monitoring Program for ERDA Fossil Fuel ACthitleS--TaSk
Summary Report III, Contract No. Ex-76-C-01-2495.




Component Health - Effect ’
Inorganic compounds and Known carcinogens
elements

Tumorigenic (tumor causing)
also possibly teratogenic

Super toxic - Lethal dose
less than 5 mg/kg

extremely toxic - Lethal
L, dose 5-53 mg/kg

, EXHIBIT C-4 (1)
_POTENTiAL HEALTH EFFECTS OF SOME COMPONENTS
OF BOILER FUELS FROM DIRECT CCAL LIQUEFACTION
PROCESSES AND NO. 6 FUEL OIL

Example

Diarsenic Trioxide AS, Og
Cobalt Oxide CZoO

Cobalt Sulfide CoS

Nickel Carbcnyl Ni(CO), o
Nickel Oxide Mioz

Ammonia NH, -

Silicon Dioxide SiO

Thorium oxices Th(oxides)

Aluminum oxide Al, o
Cobalt Co (elemental
Gold Au

Lead Chromate Pb CrO4
Mercury Hg (elemental)
Ozone 03

Thallium Tl (elemental)
Ytterbium Yb {elemental)

Diarsenic Trioxide As,0¢
Cyanide CN .
Hydrogen Cyanide HCN

Diantimony Trioxide Sb,0
Tricalcium Arsenate Ca3(ASO4)2
Arsenic Vapor As,

Barium Carbonate Ba CO ~
Cadmium Sulficde Cds
Iodine I

Thalliium Th Salts

Sodium Vanadate NaVO3




Component

Aliphatic compounds
alkanes paraffins, alkenes,
olefins, alkynes (triple
bonded compounds)

Monocyclic compounds

Health - Effect

Very toxic - Lethal dose
50-500 mg/kg

Moderately toxic
0.5-5 gm/kg

Tumorigenic, teratogenic

very toxic

EXHIBIT C-4 (2)

Example

Boron Oxide B,0
Calcium Sulfide CaS
Thiocyanide SCN
Chromates (M++) CrOy
Copper Sulfate CuSO4
Gold Salts Au Salts
Lead Chromates Pb CrOy4
Silver Salts Ag Salts
Zinc Sulfide ZnS

Methyl chloride CH3C1
Methylene chlorid CH,Cl
Chloroform CHC13

Methyl Mercaptan CH,SH
Ethyl Mercaptan CH3CH,3H
Propane CH3CH2CH3
Pentane CH3CH2CH2CH2CH3

Chloroform CHC13

Ethyl- Sulfide (CH3 CHz)zs

Methyl-N-

Nitro-N-

Nitrosoquanidine C 5NS 3

U.S. Occupational Health Standards

regulate the following:

Benzene C6H

4-dimethyl Amino Azobenzene C14H15N3

Phenol C6H50H

Biphenyl C;,Hy

Biphenyl Oxide C12H90

Cresol C6H4OH(CH3)

Toluene CgHg (CH3) .

Xylene C6H4(CH3)2



Component ' Health - Effect

Tumoricenic agents

Polycyclic aromatic ~ Very tcxic
Hydrocarbons -- primarily

4, S and 6 ring compounds

(also referred to as
" polynuclear compounds)

a. Carcinogenic with 7, 12-dimethyl berz(a) anthracene
b. U.S. occupational health standarés regulate these compounds

EXHIBIT C-4 (3)

Examgle

Benzene CgHg

4-Methyl Amino Azobenzene Cj4HjgNg
1,3,5-tri phenyl benzene C24H18
Phenol CgHgOH

2,5 dimethyl phenol C6H3OH(CH3)2
2,6 dimethyl phenol C6H3OH(CH3)2
3,4 dimethyl phenol CgH3H(CHj)
3,5 dimethyl: phenol C6H3OH(CH3?2
O-Ethyl phenol® CgHs (CHpCH3)
0-Cresol? CgH,OH (CH,)
M-Cresola C6H40H(CH3)

P-Cresol? CgH40H (CH3)

Naphthaleneb CyoHg (more hazardous than
its methylated forms)

b-Naphthol C1 H7OH

Anthracene C14H10

Phenanthrene Cy4H;q

. NaphthalamineP Cq0oH7NH

2-Naphthalam1neb Cj oH7NHy
2-Acetyl Amino* Fluorene C13H8(CH2COZH) NH2




Carcinogenic
NIOSH
Suspected/Known Tumorigenic Mutagenic Teratogenic
X X
X
X
X
X X
X
X X
X
X
X
X X
X X
X X
X
X
X
X
X X
X e
X X
X
X
X
X X
X X X X
X
X
X
x \
X \
X

EXHIBIT C-4 (4)

Naphthalene
Acenaphthene
Naphthalamine
2-Naphthalamine
Indole
Anthracene
9-Methyl Anthracene
9,10-Dihydroanthracene
Benz (a) Anthracene
1,2 Benz Anthracene
Dibenz (a,h) Anthracene
1,2,5,6 Dibenzo Anthracene
7,12-Dimethyl 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) Fluoranthene
Pyrene
Benzo (a) Pyrene (1,2)
Benzo (e) Pyrene (3,4)
O-Phenylene Pyrene
Dibenzo (a,e) Pyrene
Dibenzo (a,h) Pyrene
Dibenzo (a,i) Pyrene
Indeno (1,2, 3-o0d)
Pyrene

C10Hg
€121
C1oH7NH;
C10H7NH2
C9H7N

C14H39
Cl4Hg(CH;)
C14Hg(CH) 5
C14H8 (C4H4)
C14Hg (C4Hy) 2
C14Hg(CyHy) 5

Cy4Hg (CqH,) (CH3),
C14Hg (C4Hy) 5

Cy 4Hg (C4H,)
CygHyy (CHy)
CygHy) (CH3)

Cy 3H7 (C4Hy)

C] 3Hg (CH,COLH) NH,
C16Hg (CqHy)
Cl6H8(C4H4)

C16Hg (CqHy)
C16H10
C16H5(Cally)

C1eHg (C4H,)

Ci6He
C16H6(C4H4)2
C16Hg (C4Hy) 2

Cy glig (CqHy) 2

CaoHy )




Carcinogenic
-

NIOSH
Suspected/Known Tumorigenic Mﬁtagenic
X
X
- X
X X
X

Hetrocyclic Compounds Moderately toxic

Carcinogenic Tumorigenic
Suspected/Known
x X
X X
X
X
X

Source:

Teratogenic

EXHIBIT C-4 (5)

3,4,9,10-Dibenzo
Pyrerie

Perylene °

Cholanthrene

3=-Methyl Cholanthrene

20-Methyl Cholanthrene

Pyridene b

Indole
4-Nitrc Quinoline-N-Oxide
11 H-Benzo (a) Carbazole

. Benz (c) Acridine

Dibenz (a,h) Acridine

Cy6He (Cyly)
CaoH12
CooHi3
C20H12(CH3)
C20H12(CH3)

CoHN

CgﬂgN(NO3)
2H7N NC4

~13N7N(C4H4)

Cy3HgN(C4Hy) 5

ERDA Design and 1mplnmentatlon of an e1v1ronmental monitoring program for ERDA fossil fuel
activities FE2495-6
NIOSH - Registry of Toxic Effects cf Chaemical Substances




EXHIBIT C-5
SYNDROMES PRODUCED IN HUMANS BY
VARIOUS INORGANIC ELEMENTS

sabuey) xotarysad + + + o+ + 4+

eosney + + + o+ + + +

ayoepesy + + +
uotsuajaxadiy +. +
AboToyazeg Tezusag + o+
AboToyzed s1ostpw | +
KboToyieg
TeuUT3IS93UTOIISEY
Abotoyzed Te3loToys + + + +
KboToyzeqg IeTnpuetd + +

Abotoyzed orizedsy +++

XboTotyzed o
Wa31sAg IBTNOSBA

Kbotoyzed Axeuouwrng +++ + + 4+

uot3loy swihzud
“U3TM saxa3jasjul

Abotoyzeg Teusy + + +
XboToyzeq

we3sAs IeTNOSBAOIPIR)
AboToyzedq urxs +H A+ ++ +

uotyonpoadsy :
UQ 3093Fd 9SI2APY +

eToadoTy¥ -
ueds 9ITT pPoUS3IIOYS +

SUOT3IRISITY TBWOSOWOIYD +

CO..HU.MH_.H.H.HH J3oeaq] ,
KAxojeatdsay puk 244 tr oo+ A e . T

. ured 3Isayd + +
ssoT 3ybrom + o+ ++
AboToyjzeq uweilsis
TeTI3Y3lopusaoTnNoTIay +

sTssusboutoae) 4+ + o+ o+
. sabuey)d
poold Teotboroyzedg + + + _ + o+

Kbotoyzed waizsis
SNOAISN pue uteag + + +

+

+ 4+ + +

Hydrogen sulfide'

Element
Antimony
Arsenic
Beryllium
Cadmium
Chromium
Cobalt
Copper
Fluorine
Iron

Lead
Manganese
Mercury
Nickel

EPA Report EPA-600/7-78-723a; SRC Site-Specific Pollutant Evaluation, Volume I,May]978

Nitrate
Selenium
Thallium
Vanadium
Zinc
Source



Properties

Ash

Vanadium

Sodium and Potassium"

Calcium

Lead

Copper

Sulfur

Nitrogen

EXHIBIT C-6 (1) ‘
SIGNIFICANCE OF ELEMENTS KNOWN TO CAUSE
PROBLEMS IN UTILITY BOILERS AND TURBINES

Effect on Performance

Ash is the noncombustible material in
a fuel and is limited to prevent excess
deposition.

" Vanadium can form low melting compounds,

such as vanadium pentoxide, which melts
at 1,275°F and, in the molten state,
causes severe corrosion.

) Sodium and potassium can combine with

vanadium to form eutectics, which melt at
temperatures’as low as 1, 050°F and are
also very corrosive.

Calcium is not harmful from a corrosion
standpoint, but it can form hard-bonded
deposits which are difficult to remove.

Lead deposits can be corrosive. 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. 1In 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 atmos-
pheric nitrogen and oxygen in the gas
turbine combustion reaction.



EXHIBIT C-6 (2)

Hydrogen 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 can 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
API

Boiling point range °F)

SSU - 100°F
SSU - 122°F
Pour Point °©F
Flash Point °F

Ultimate Analysis

Ash
Water
Carbon
Hydrogen
Nitrogen
Ooxygen
Sulfur

. . .
BTU/l1lb (approximate)
BTU/gal. (approximate)

Trace Elements (ppm)

Nickel"
Copper
Iron
Manganese
Bariam
Potassium
Lead "
Aluminum
Calcium
Vanadiam
Magnesium

EXHIBIT C-7

COMPARISON OF ANALYSES OF SRC-II FUEL
AND NUMBER 6 FUEL OIL - BASED ON

Number 6

0.8927-0.9194
22.0-27.0
315-618
38.9-40.8

75-105

0.01-0.02
0.1-0.22

86.84-87.22

12.36-12.84
0.17-0.31

0.22-0.26
19,000

145,000

o O+
11

wWwN N
1

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.

SRC-II TEST BURN AT CON EDISON
SEPTEMBER 1978

SRC-II

0.9888-0.9937
10.9-11.6
350-850
230-898
-30 +0 -20
140-180

0.00-0.02
0.2-0.3P

84.55-86.88
8.80-9.01
0.87-1.16
3.59-5.47
0.13-0.26

17,000

141,000



Parameter

Particulate Matter

Sulfur Dioxide

Nitrogen Oxides

EXHIBIT C-8
SIMPLIFIED FEDERAL. NEW SOURCE
PERFORMANCE STANDARDS FOR FOSSIL FUEL

FIRED STEAM GENERATORS (@)

Standards(b)

Not more than 0.18 g/lO6 calories
heat input (0.10 1b/10° BTU)

Not more than 20% opacity except that
a maximum of 40% is permitted for not
more than 2 minutes in any honr

Not more than 1.4 g/lO6 calories heat -
input (0.80 lb/lO BTU) derived from
liquid fuel

Not more than 2.2 g/lO6 calories heat
input (1.2 lb/lOO BTU) derived from-
solid fuel

If a mixture of fuels is burned, the
standard is calculated by the formula
that proportions the heat input.

Not more than 1.4 g/lO6 calories
(0.80 1b/10® BTU) heat input derived
from gaseous fuel

Not more Lhan 0,54 g/l()6 calories -
(0.30 1b/10% DTU) derived from liquid
fuel

Not more than 1.26 g/lO6 calories heat
input (0.7 1h/10® RTU) derived from
solid fuel

If a solid fuel contains more than
25% coal refuse the standard does not
apply.

Coal-derived lquldS proposed regula-
tion is 0.5 lbs/lO 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.




APPENDIX D
THE UTILIZATION OF METHANOL AS A BOILER FUEL



THE UTILIZATION OF METHANOL AS A BOILER FUEL

The Department of Energy asked Booz, Allen & Hamilton
to assess the use of methanol as a boiler fuel in an effort
to ascertain long-term economic advantages associated with
such use. Booz, Allen reviewed existing literature on the
subject and interviewed a cross section of utility and in-
dustrial sector representatives to gain an insight into
marketplace acceptability of methanol used as a boiler fuel.
A number of observations can be drawn from the industrial
assessment, the most important of which is that methanol is
perceived as an advantageous turbine fuel in combined-cycle
operations rather than as a boiler fuel.

This chapter focuses on the use of methanol as a boiler
fuel. The market outlook for methanol utilization is pre-
sented in four parts:

Overview of methanol product specifications

Review of research and development efforts
addressing methanol utilization as a boiler fuel

.

Industrial assessment of methanol utilization

Barriers to market development.

1. BASED ON KNOWN SPECIFICATIONS, METHANOL HAS POTENTIAL
APPLICATIONS AS A FUEL FOR POWER GENERATION IN STATIONARY

BOILERS

Methanol is a synthetic fuel and chemical feedstock that
can be manufactured from a variety of sources and applied to
a variety of uses. Methanol can be extracted from natural
plants or manufactured commercially from coal or natural
gas. lMost methanol manufactured currently is made by pass-
ing a synthesis gas containing hydrogen and carbon monoxide
or carbon dioxide over a catalyst under pressure at elevated
temperatures.

(1) The Physical and Chemical Properties of Methanol
Indicate Methanol Would Be a Clean-Burning Fuel

Methanol contains very little sulfur and nitrogen,
as indicated by Exhibit D-1, and consequently a cleaner
stack emission is possible. Methanol combustion tests



EXHIBIT D-1

Physical and Chemical Properties of Methanol

Storage and Handling Properties

Vapor pressure, psi at 100F
Specific gravity

Density, lb/cu ft at 60F

Pour point (freezing point), F
Flash point (open cup), F
Solubility in water, % at 68F
Static charge

Toxicity

Fuel Characteristics

Higher heating value, Btu/lb

Kinematic viscosity, cs at 77F

Volatility: 50%,véporized at this temperature, F

Stoichiometric mixture of fuel and air, 1b air/lb
methanol

Methanol (CH30H), %

Moisture, %

Higher alcohols, %

Ash, % .

Sulfur, %

Nitrogen, %

Theoretical flame temperature, F

Source: Gilbert Associates

4.6
0.793
49.7
=142
52
100

Moderate



at Florida Power Corporation s Bayboro Station showed
that nitrogen oxide emissions were 74 percent less
than those from No. 2 fuel oil. Reasons cited were
no nitgrogen content in methanol and a flame tempera-
ture lower than than for distillate whlch minimizes
thermal NOyx emissions.

(2) The Characteristics of Methanol Aré Such That It
.Can Be Fired Directly in Steam Generators With
Minimal Changes to the Equipment and With Only a
Slight Loss of Efficiency

A 1972 test at the Paterson Station of the New
Orleans Public Service Inc. was conducted on an oil-
fired boiler operating on chemical grade methanol.
During the test, "Y" shaped burner nozzles were used
to enable complete combustion. The only other modi-
fication made was to install a centrifugal pump because
the fuel oil pumps could not handle the low viscosity
of methanol. These were the only changes made in the
boiler and handling system.

During this 1972 test, it was found that the
methanol flame was less luminous than that of fuel oil
or natural gas, and methanol had a lower flame tempera-
ture. This resulted in a three percent lower boiler
efficiency than natural gas at equal loads. It should
be noted, however, that this 1972 test took place long
before the recent widespread interest in methanol uti-
lization; and therefore, additional tests in boilers
should be conducted to substantiate these early findings.

(3) Nethanol's Heating Value Is Approximately Half
That of No. 6 Residual Fuel 01l Which Indicates
Methanol Must Have an Attractive Delivered Prlce
To Gain Market Acceptance

The heating value of methanol is approximately
9,760 Btu/lb. or 2.72 million Btu/barrel. To displace
residual fuel o0il in industrial or utility boilers,
methanol must be priced competitively on a Btu equiva-
lency basis with residual. Based on an extensive
literature review and on discussions with industrial
sector representatives, there are disparate prices
indicated for methanol. Price disparities are influ-
enced by the manufacturing process employed and the
type of end use anticipated, whether it be for boiler
fuels, turbine fuels, or as a gasoline blend.




The marketplace fepresentatives did not believe methanol
could be brought in on a Btu-equivalent basis and indi-
cated this would defer purchase decisions.

THERE ARE FEW RECENT BOILER FUEL TESTS USING METHANOL
AND, CONSEQUENTLY, ONLY LIMITED TEST RESULTS ARE
AVAILABILITY FOR REVIEW

(1) A Test Burn Usiﬁg Methanol as a Boiler Fuel Was
Conducted at the Coen Company, Burlingame,
California in 1971 '

The test results were satisfactory from a combus-
tion suitability point of view. NOx emissions were a
guarter and a tenth of natural gas and No. 6 residual
fuel o0il, respectively. ‘

(2) The Previously Mentioned Test at New Orleans
Public Service Inc. Provides Some Guidance
on Methanol Use, But the Research Should Be
Updated

The methanol was handled in the same manner as
other petroleum fuels used by the New Orleans Public
Service Company. The test program consisted of a
combustion comparison of methanol with natural gas
and No. 5 fuel oil. ‘l'he results of the test were as
follows: :

. Gross power generation from methanol is
similar to No. 5 fuel oil and natural gas.

. Test results indicated a centrifugal pump
would be needed in parallel to existing
pumps due to methanol's low viscosity.

. Stack emissions were monitored during the
- test burn.* The following results were obtained:

- No particulates were observed.

- NO, emissions in the fuel gas were less
than those from natural gas and much
less than NOx emissions from fuel oil
combustion.

- There were low levels of aldehydes, organic

acids, and hydrocarbons in the fuel gas.



. Carbon monoxide concentrations from the
methanol burn test were less than those ob-
served for the fuel o0il and natural gas
tests, which may be indicative of more com-
plete combustion.

. There were no SO2 emissions reported.

The foregoing tests indicate that methanol has
combustion characteristics suitable for boiler use.
However, the tests are somewhat dated. Interviews
conducted by Booz, Allen with boiler manufacturers,
industrial, and utility representatives supported
methanol's combustion suitability but indicated large-
scale tests should be conducted to determine long-
term technical suitability and economic implications.
Interviewees indicated methanol utilization depended
primarily on its economic advantages and on emission
regulations governing boiler fuel combustion.

(3) Transporation and Handling Requirements for
Methanol Do Not Seem To Be Market Entry Barriers

Research conducted in support O0f the tests de-
scribed earlier indicate methanol can be pipelined,
shipped, transferred, and stored in a manner now
provided for other products that are currently avail-
able in the marketplace. Methanol should be able to
be stored and shipped in conventional carbon steel
tanks and vessels. Floating roof-type storage tanks
would be needed to reduce evaporation losses and
pollution. This latter factor owes to methanol's
volatility.

Research data indicate that a separate fuel
handling system would be necessary when methanol
1s used as a supplement to fuel oil. This would in-
clude independent storage, piping, and pumps to segre-
gate methanol from a fuel oil system. These require-
~ments are dictated primarily by the solvent nature
of methanol and methanol's low flash point (52°F).
There is no specialized equipment necessary—only
segregated facilities of the same variety used for
fuel o0il utilization.

Additional observations about methanol handling
can be drawn from previous research efforts:

. The research and development efforts to
date indicate that where a boiler is equipped




with gas and oil burners, the o0il burners can
be easily modified to use methanol. Boilers
equipped to burn gas only can be equipped with
a center-fired methanol burner. Boiler manu-
facturers indicate the burner modification
required for methanol in this case is a simple
procedure.

. Methanol and fuel o0il could be used simul-
taneously on boilers equipped with multiple
burners and air registers. Single burner
units using fuel o0il could be converted to
methanol use without flushing out the entire
system, :

3. AN INDUSTRIAL ASSESSMENT OF METHANOL UTILIZATION
’ INDICATES THAT UTILITIES AND INDUSTRIAL BOILER OWNERS
- MAY BE INTERESTED IN USING METHANOL AS A BOILER FUEL
IF METHANOL BECOME ECONOMICALLY ATTRACTIVE

A Interviews with utilities, boiler manufacturers, and
boiler owners indicate that the boiler fuel market is re-
ceptive to the utilization of methanol as a fuel. The
interviews yielded several consistent findings about the
use of methanol. The interviews also shed some light on
potential barriers that may restrain the large-scale entry
of methanol into the boiler fuel market.

(1), Methanol Apbears To Be Technically Suitable As a
‘ - Boller Fuel; However, Lack of Current Information
and Test Burn Data May Pose a Near-Term Market
Barrier To Industrial and Utility Use

Companies are aware of methanol as a potential
fuel but expressed concern over technical fit and
combustion characteristics. This is primarily due
to a lack of recent information and test burn data.
They perceive methanol as a clean-burning fuel and
believe that little maintenance would be required for

its use. Companies are well aware of the minimum en-
vironmental risks commonly associated with methanol
utilization.



(2) Reliability of Supply at a Competitive Price Is
Oof Paramount Importance for Hethanol To Introduce
and Sustain Itself as a Viable Replacement for
Other Available Boiler Fuels

The major findings of the industrial assessment
are that methanol is a technically suitable fuel but’
price is not economically attractive. Fuel specifi-
cations as to type and composition impact boiler
selection and design. Fuel combustion characteristics
are the major concern of burner manufacturers. Buyer
behavior will be influenced by availability of supply
and costs that are competitive with alternative fuels
in terms of price, handling costs, and efficiency.
Burners can be designed to handle almost any combusti=
ble fuel, and potential buyers do not perceive retro-
fitting to be a market barrier.

Industry is interested in obtaining menthanol
for combugtion teeting., The industrial marketplace is
familiar with the tests conducted to date, but boiler
manufacturers are interested in more tests to confirm
market suitability.

THE MAJOR MARKET BARRIER FOR LARGE-SCALE METHANOL
UTILIZATION AS A BOILER FUEL IS PRICE

(1) Price Is Not Perceived As Being Economically
Attractive

.

Methanol is perceived as being at a ‘competitive
cost disadvantage relative to other boiler fuels
available in the marketplace. As such, the economics
of methanol will have to improve hefore the market

becomes responsive to large-scale utilization of
methanol as a boiler fuel.

(2) Additional Research Should Be Undertaken Tn
Determine Long-Term Economic Advantages of
Using Methanol as a Boiler Fuel

Recent research addresses methanol as a turbine
fuel in combined-cycle operations. To adequately
answer the question about the economic advantages of
using methanol as a boiler fuel, large-scale test burns
conducted for a long period need to be undertaken.




APPENDIX E

ORGANIZATIONS INTERVIEWED




ORGANIZATIONS INTERVIEWED

Boiler Manufacturers

American Boiler Manufacturers Association.
ABCO Industries, Inc.

AERCO International, Inc.

ALPHA Steam Generator Corporation

Applied Engineering Company
Babcock and Wilcox Company
Bryan Steam Boiler Company
Brasch Manufacturing Co., Inc.

Combustion Engineering, Inc,
Deltak Corporation

Enerex Incorporated

E-Tech, Inc.

Foster Wheeler Energy Corporation
John Zinc, Inc.

Ncbraska Boiler Company .

Ocean Shore Iron Works, Inc.

Power Flame, Inc. ,
Process Combustion Company
Ray Burner Company
Riley Stoker Corporation
The Coen Company

Boiler Owners

Council of Industrial Boiler Owners
" Fairfax, Virginia

Dow Chemical Company’
Freeport, Texas

Dupont
Wilmington, Delaware

General Electric Company
Schenectady, New York

Monsanto Company
St. Louis, Missouri




Util

ity Companies and Organizations

American Electric Power
Baltimore Gas and Electric Co.
Boston Edison

Consolidated Edison

Edison Electric Institute
Electric Power Research Institute
Florida Power & Lighting Co.
Houston Lighting & Power Co.

Long Island Lighting Co. -
Middle South Services
Northeast Utilities
Potomac Electric Power Co,

Philadelphia Electric Co.
Southern California Edison
Tennessee Valley Authority

Investment Community

Gove

.Dillon Reed
Morgan Stanley
Salomon Brothers

rnment Organizations

Coal

Defense Supply Agency
Department of Energy
Environmental Protection Agency

National Institute of Occupational Safety and Health

New York Energy Research and Development Authority
Occupational Safety and Health Administration

Liquefaction Process Technology Companies

Ashland ©il, Inc.

Carter 0il Company

Dynalectron .

Gulf Mineral Resources Company

Mobil 0il Corporation




Non-Government Organizations

American Petroleum Institute
Washington, D. C.

Enviro Control, Inc.
Bethesda, Maryland

Hittman Associates
Columbia, Maryland

Oak Ridge National Laboratories
Oak Ridge, Tennessee

Pacific Northwest T.ahoratories
Richmond, Washington

Suntech Corporation
Marcus Hook, Pennsylvania

University of Arizona
Tuscon, Arizona

University of Cincinnati
Cincinnati, Ohio

Labor Uniong

AFL-CIO

Pipeline Companies

Amoco Pipeline Company
Chicago, Illinois

Colonial Pipeline Company
Houston, Texas

Plateau Pipeline Company
Alburqueque, New Mexico

Texas Eastern Transmission Company
Houston, Texas

Williams Brothers Pipeline’ Company
Tulsa, Oklahoma



-0il Companies

Amoco 0il Company
Chicago, Illinois

Kuwait National Petroleum Company
New York, New York

Scallop Corporation
New York, -New York

Standard 0Oil Company of California
San Francisco, California

Universal 0il Products, Inc.
Des Plaines, Illinois

Other Energy Organizations

Energy Transition, Inc.
Washington, D. C.

Rocky Mountain Energy Co.
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