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1 am sure that all of us in this room are aware of
the energy problems facing this Naticn. Cur problems,
however, are not caused by shortages of energy as such,
but by shortages of energy in the clean and convenient
gasegus and liquid forms in which we prefer to utilize i,

To meet our coming needs all domestic energy re-
gources-=-coal, oil, gas, oil shale, tar sands, and atomic
energv--must be developed as rapidly and completely as
possible, Coal, of course, is the greatest energy resource
in the contiguous 48 States, but for reasons of inconve-
nience and environmental pollution its percentage of total
market has fallen steadily over the past years. The coal
conversiot program of the Department of the Interior is
directed toward reversing that trend.

Coal comverzion is nothing new. Hydrogenation of
coal, frequently referred to as the Bergius process, is
about 60 years old and the Fisher Tropsch synthesis-~in
gimple terms, partiel combustion of coal witk cxygen and
reaction with steam to produce a synthesis gas--is almost
as old. Similarly, madera chemical process technology
was built on the recovery of coal tar dyes, an outgrowth
of modern (this century) steel making, At various iimes
during and since the 1820’5, apparent shortages of petro-
leum led to increasing emphasis on conversion of coal to
oil and to gas. Many of us can remember the local gas
matufacturing plants in many American citles. Coke ovens,
tac, were operated to produce merchant coke and by-
product gas for domestic use.

In World War 11, Nazi Germany fueled its war ma-
chine with syntheitc fuel produced {rom naive eoal. Dur-
ing the later days of the war, the U.S. Congress egtab-
lished a synthetic fuel program in the Department of the
Interior that led to construction of the Louisiana, Missouri
plant and the oil sha le processing plant at Rifle, Colorado.
This program produced much valuable and useful engineer-
ing information, but large-scale discoveries of petroleam
in the Middle Fast and the projected vosts of the oil pro-
duced led to termination of the work. i

The key element of Interior's clean energy from coal
program is the conversion of coal to high-Btu pipeline gas.
We are investigating four processes which are sufficiently
different to require testing at a pilet plant scale. The first
three projects relate to the President's Clean Fnergy Mes-
gage of Junc 4, 1971, and are part of an accelerated
Interior-American Gas Associalion program directed to-
ward development of data for design of 2 demonstration
plant by the summer of 1975, The total estimated cost for
this work is $120 million, with $40 million provided by the
gas industry and $80 millior provided by Governmet.

Sinee this Government/Industry agreement is unique
and possibly a breakthrough in cooperative research efforts,
1 ghall describe it more fully.

The overall program will be constantly monitored
and evalnated with the assistance of an independent, un-
blased contracter. C.F. Braun & Co, of Alhambra, Cali-
fornia, was selected for this task and has been actively
engaged in it for the last several months.

As a result of continuing studies of the various pro-
cesges and sub-processes as the pilot plant program con-
tinues, optimums will be discerned. These will serve as
the basis for the engineering design of 2 demenstration
plant to be built and operated largely through indusiry fi-
pancing. This demonstration plant, expected to have a
productive capacity of about 80 million cubie feet per day
of pipeline-quality gas (300 to 1,000 Ptu/ft) manufactured
from approximately 5,000 tons of bituminous coal, will
uge commercial-scale equipment. Buccess of this program
will provide, by the end of the decade, 2 sound commercial
basis for the construction and operation by industry of
large coal-based synthetic pipeline—gus plants,

The agreement with A.G,A. provides for one-third
funding by that organization and states that ownership of
all equipment, such as that contained in pilot plants, and
patents remain in the Government. The research and
development contracts are largely standard Government
contracts, providing for a Government Contracting Officer,
with A.G.A. reimbursing the Government for its share of
the cost. Al of the information developed during the
cottrse of the work will be published and will be available
to the public.

Organization and procedures for overseeing the joint
program have been agreed upen. An Operating Committee
drawn from the OCR and A, G, A, staffs has direct super~
visory responsibility for the various projects. Committee
members will repart to the two Program Directors-~the
Director of Coal Research {QCR) {normally the Contract-
ing OMficer) and the Director of Research and Fogineering
(A.G.A,). Ultimate authority is in 2 Steering Committee
made up of the Assistant Secretary — Mineral Resources,
Department of the Interior, the President of the National
Academy of Engineering, and the President of the Ameri-
pan Gas Agsociation, Ine.

The accelerated parallel gasification development
program is necessary to insure that zt least one economi-
cally sound process iz made available within the required
time schedule. All of the processes bave been demonsirated
on 2 bench-zcale to be techniczlly feasible and all do es-
sentially the same thing, but in different ways. Hydrogen
ie taken from water and combined with the carbon in coal
to form methane. Some of the carbon is burned in air, or
axygen, to provide heat for the process so that carkon
dioxide is a waste product. Ash and sulfur wili also be
removed—-the latter as a salable or dispesable byproduct,

The practicality and demonstrated ecopomics of the
bastc gasification processes are unresolved at the present



time. The pllot plant program will permit a determina-
tion of praciicelity and economics so that the demonstra-
tion plant can be designed with coniidence. Probably the
ullimate pronesa will be made up of unit operalions se-
lected from scveral of the pilot plants,

The gasifier is the basie unit in each procesgs, oper-
ating at pressures ranging [rom 300 to 1,000 pounds per
gquare inch and temperatures varying up to 2, 800° F.
various methods of feeding sclid coal into this high-
pressure, high-temperature vessel will be investigated,
tnctuding slurry pumping and lock hoppers, All of the
gagifiers will produce a "syothesis gas,™ a mixture of
hydrogen ard carbon monoxide, and as much methane as
possible, together with impurlties such as carbon dioxide
und sullur gases,

The HYGAS pilot plant bas been built by the Institute
of Gas Technelogy In Chicago, 1llinnis, Many mechanieal
and startup difficulties have been encountered,

It has been necessary to make many relatively minor
changes to obtain satisfactory operation. A great deal of
trouble has been caused by the malfunction of "standard"
equipment such as compressors, All problems encoun-
tered to datz have been solved but it is a slow and expen-
sive process. One must realize that to shut down the
sanification reactor to make any eguipment change and
then restart takes about 2 weeks,

Here is just one example. Because of many months'
problems with the main hydrogen compressor, it was
never posgible to achieve a sustained gasifier run at the
desizghed pressure of 1000 psi. Finally, the compressor
probiemn was licked {(by lubricating the last stage) and a
sustained run started. Then some reacior internal valve
vpernting mechanisma, which had been yuite satisfactory
at lower pressures, became inoperable, and it became
pecessary Lo again shut down to change valve operators.
Recently, we have had our first successful operationul rus,
ard we expect engincering design data to start to be de-
rived from the plant operation during the remaining months
of this vear. A little later on we will expect to conzider
the addition of an electrothermal gasifier, which acts as
a source of hydrogen for the process. Fngineering data
for the design of a commercial-seale plant based on its
operation are expected to be obtained during 1973.

The €O, Acceptor pilul plant has been constructed
by Stearns Roger for the Consolidation Coal Company at
Rapid City, South Dakota, and is now underguving shakedown
tests. We anticipate engineering to be available for design
of commercial factlities by the end of 1873,

Cur BI=-(:AS pilet plant will be built hy Bituminous
Coal Research, Inc., at Homer Cily, Peensylvania, and
should be in test operation in about 2 yeara. Design data
for that process are expected by the middle of 1975,

The fourth high-Btu coal gasification pilot plant will
he constructed by the Aureau of Mines at Bruceton, Penn-
sylvania, and it, too, should be operationul in about 2 years,
That plant is an integral part of the Deparitment of the 1n-
terior's program and will be evaluuted by C.F. Braun &
Cn., but is not a2 part of the accelerated Interior-American
Gas Association program. '

The three OCR pilot plants (Chicago, Rapid City,
Homer -City) will represent a totzl invesiment of $45 mil-
lion by the time they arc completed, This is one reason
for growth of our budget from $1 miltion in 1861 to today's
$45 million. Fxperimentation at this scale, about 1to b
iops per hour, is costly, but it musat be undertaken if
practical processes are to evolve from the research and
development cffort.

Clean Energy, Fuel Gas

The OCR budget inciudes work on the development
of a low Bty fuel gas using a fluidized-bhed and an entrained-
bed gasifier. Logically, this work builds on the fluid-bed
and entrained-bed work we are doing in the development
for high-Blu pipeline gas.

Both pilot piants will be designed to handle about 50
tons of coal per hour, Fach unit will be experimental and
degigned to operate over a range of pressuve, perhaps 50
to 500 pounds per square inch. The units will have a ca-
pacity ranging from aboul 25 to the maximum of §0 tons
per hour. These capacities arve about ten times the e¢apaci-
ty of the pipeline—guality gas pilot plunts,

Fach plant will include & low temperature {less ithan
1000° F.) gas cleanup system which will remove sulfur as
well as particulate material from the gas, Also, we will
be seeking methods to clean the gas at high temperature
{ahave 1000°F). The process of converting coal to a elean
fuel gas will be much improved if a cleanup system is
developed to uperate af gasifier lemperature.

Further down the road, we hope to integrate the gasi-
fication and cleenup system with a combstor followed by
a fras turbioe and 2 waste heat boiler raising steam to
drive a steam turbine. It should be pointed out that this
program has been chesen to encourage public utilities and
coal companies fo participate in [inancial support for the
program.,

Clean Foergy, Fucl Oil

The President's Clean Fnergy Message of June 4,
1971, mentioned clean liquids from coal as well. The OCR
program inclides investigations to convert coal as well,
‘The QCR program includes investigations to convert coal
to oil by the direct hydrogenalion of coal and the extraction
of coal followed by hydrogenalion of the extract, This por-
tion of the program is expected to produce a fuel oil thai
will meet all projected air guality regulations.

Prior to the suspension of work at the Cresap Pilot
Plant, the extract production cperations had been demon-
strated with both startup and process-derived solvents us-
ing Pittsburgh seam coal for periods of sufficient duration
to establish process operability and yields zi corditions
approximating those suitable for commercial design pur-
poses,

Mechanical problems preveated a satisfactory demon—
gtration of the yielde and process operability in extract
hydrogenation; the longest uninterrupted operation of 5
days' duration was carried out at operating comlitions far
from optimum.



A detailed engineering survey of the pilot piant was
mude by Foster Wheeler Corporation under a separate
OCR contract. It was concluded that the process was
technically feasible, but that certain modifications of the
pilot plant were necessary to improve mechanical relia-
bility, Similar conclusions were reached by 2 Committee
of the National Academy of Engineering uader a separate
evaluation study.

‘Because of the eritical and growing need for low-
sulfur utility fuels in the Eastern United States, we are
considering adapting the Cresap facilily to produce pri-
marily low-sulfur fuel eil from Eastern high-sulfur coals.

Project COED (Char-Oil-Energy-Development) has
been under development with the FMC Corporation at
Drincelon, New Jersey, since 1962, It is a process for
converting coal by multistage, thuidized-bed pyrolysis of
the coal to produce char, oil, and gas, The pyrolysia-
derived oil is alzo hydro-trealed to produce a valuable
syathetic erude oil.

The pilet plant is designed fo process 346 tons of
coal per day and hydrotreat 30 barrels of ecal=derived pil
per day, Itis fully operational at the throughput capacities
of coal and oil for which it was designed. FExperimental
programs in process variables, process equipment modi-
fications, angd coal evaluations are now underway.

Projected economices for a commercial COFD plant
are encouraging for certain geographic arcas. The con-
cept, however, has additional value when viewed as a part
of, or adjaceni to, other processing plants such &s gasifi-
cation or direct energy processes, which can utilize zod '
further upgrade the products or produce energy directly.

Groundbreaking ceremonies for the Pittsburg & Mid~
way Coal Mining Co.'s Solvent Refined Coal pilot plant at
Tacoma, Washington, are to be held on October 27, 1972,
The 50-ton-per-hour plant was designed by Stearns Roger
Corporation.

In the solvent refining process, coal is first dissolved
in a heavy aromatic solvent under meoderate hydrogen pras—
cure. The solution is filtered to remove ash and a small
amount of insoluble organic material and is then fraction-
ated to recover the soilvent. Small quantities of hydrocar-
bon gases and light liquids are produced, along with a heavy
organic material called Splvent Refined Coal which has a
melting point of about 350° F and containg about 0.1 percent
agh and less than 1 percent sulfur, Its heating value is
ahout 16, 009 Btu's per pound regardless of the quality of
the coal feedstock. The solvent refining process removes
all of the inorganic sulfur and 60 to 70 percent of the or-
ganic sulfur in the eoal.

The COG (Coal-0il-Gas) Refincry

Coal can be eenverted to bath oil and gas by somewhat
similar processes. A gas proccsé inevitably produces some
veil' and all liquid processes produce gas, During the past
yeur, Chem Systems, Inc., working as 2 subcontractor to
the Pittshurg & Midway Coa} Mining Co., studied a pumber
of processes in combination with others. This study pro=
dueed the concept of a potential Coal=Oil-Gas {COC) re-
finery. The COG refinery is 2 combination of Solvent

Refined Coal with the BI-GAS process.

Thig projected plant pontaing @ number of significant
features which include:

1.

8.

The
steps:

All products from the plant are energy
forms.

Plant output can be varied, within rather
wide limits, from year to year and season
o seascon {more oil in the summer; more
gas ip the winter),

All waste products produced in the processing
of the coal leave the system in the form

of slag, thus no major environmental dis-
posal problem is created.

The use of oxygen integrates well with

the cryogenic gas purification separation
system to make this low temperature sec-
tion more efficient.

All products from the plant are nonpolluting.

The plant can be integratad with a power~
plant.

©0G refinery includes a mumber of process

The saolvent refined coal process, which
is the primary coel conversion step where
coal is dissolved in the presence of 2
process solvent and hydrogen at 825°F

~and 1,000 psi.

5.

6-

Hydroconversion and Hydrocraeking.
The solvent refined coal is upgraded to
a light refipery liguid.

The Bituminous Coal Research Bi-Gas
Process, which serves as a source of
hydrogen for the refinery, produces some
metbhane, and disposes of all the heavy
liguid produced in the refinery.

Shift Conversion. This process shifts
the CO in the BI-GAS reactor effluent
with steam to produce hydrogen.

Acid Gas Removal. Conventionz] hot
Kg COg processes remove €Oy and Hp §
from the BI-GAS effluent.

Conventional Methanation. A significant
feature is the use of methanation only to
remove residunl CO much as if is used in
stearn methane reforming plants {oduy.

Cryogenic Separation. This low temperature
separation is reguired to produce a 95 per-
eent Hy siream for hydroconversion and
hydrotreating, Mecthane is recovered here
as the plpeline gas product. LPG produced
in various sections of the COG refinery is
also recovered in this section.



This refinery reguires a total feed of 57,700 tons
of coal per day; 7,740 tons of oxygen, and will produece ap-
proximately 1,800 tons of sulfur; 7,660 tons of pipeline
gas; 1,950 tons of LPG; 14,660 tone of light refinery liquid;
8,850 tons of solvent refined coal for plant usc; and 2,500
tems of solvent refined coal es product, Additionally, 156
tons per day of chemicals will be manufactured. Thus,
of nearly 1,500 billion Btu's per day, 1,400 billion Bfu's
are cecounted for == 93,5 percent of the Biu's fed to the
plant, 277 billion Biu's are used as plant fuel, so that the
pet thermal efficiency of the process is 68 percent.

39

Potentially, subsequent to 1982, or thereabouts,
one trillion cubic feet per year of new eapacity may he
added to the synthetic gas capucity with a concomitant pro-
duction of one~third of a billion barrels of oil. 1i the
figurea for the COG refinery are correct and remain eon-
stant, we are talking about tolal new investment in the
order of $8 billion per year in mine and physical plant.
This is a staggering sum, but somehow the cil and gas in-
dusatry will rise to the challenge and coal refineries pro-
ducing clean energy forms will be buill in Appalachia, in
the Mid-continent, in the Northern Plains, and in the In~
termountain West.



