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APPENDIX A
P,G,U00

THE IMHAUSEN STUDY

Summary

The Imhausen study is a joint Australian/German effort examining
the feasibility of direct and indirect coal liquefaction systems for
installation in Australia. The study proposes a hydrogenation plant
for producing 3 million tomnes (3.3 million tons) per year of motor
fuel from Victoria lizzite coal and a combined hydrogenation/Fischer-
Tropsch plant for producing the same quantity of motor fuel from New
South Wales bituminous coal., In the latter case it was necessary to
use a combination process in order to achieve the diesel fuel
apecificaticn since a hydrogenation plant could mot produce sufficient
diesel oil of the requirad density and cetane rating from the
Augtralian bituminous coal.

The hydrogenation process assumed for the study is the German
high-prassure hydrogenation process which has been developed from the
I. G. Farben process. It will be tested in the 200 ton/day pilet plant
at Bottrop starting in 1881, -

The Imhausen study also examined several Flischer—Tropsch based
plants.

Production costs for the combined high-praessure
hydrogenation/Fischer-Tropsch, high—-pressure hydrogenation, and
Fischer-Tropsch cases were estimated. Results indicate that the
following are the optimal ways of converting coal into motor fuels and
liquefied gas:

o For Australian bituminous coal, only a combination of
high-pressure hydrogenation/Fischer-Tropsch synthesis yields
products which m=et the required specificatioms. This
combination also has the advantage that a considerable portinn af
ashy, infarior coal can be utilized as a raw material. This type
of plant has the lowest production cost {50.54/gal) and highest
overall thermal efficiency (52.3%) of any of those considered in
the study.

e,
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o For Australian lignite, the high-pressure hydrogenation process
produces motor fuels which meet the specifications. It has 2
high thermal efficieney and has the lowest capital investment
requirement of any of the ligrite variations analyzed. This type
of plant has the second lowest production cost ($0.55/gal) and
second highest overall thermal efficiency (51.6%) of any of those
which were included in the study.

However, the hydrogenation process requires washed coal whereas the
Fischer-Tropsch process accepts run—of—mine coal, and it is not
apparent that this has been taken into account in the Imhausen study,.
Extensive washing would add significantly to the cost of the cosal
Prepared for the hydrogenation system.

The Imhausen Report

The Imhausen report, “Optimization of a Combination of Coal
Hydrogenation, Fischer-Tropsch Synthesis and Gasification for the
Production of Motor Fuels,” Research Report T-80-048, was prepared for
the German Federal Ministry for Research and Technology (BMFT).

At the request of the BMFT, a proposal on the production of motor
fuels from lignite and bituminous coal was presented in March 1976 to
the Australian states af New South Wales, OQueensland and Victoria.
This proposal was compiled by a German consortimm under the direction
of Professor Dr. K.-H. Imhausen and was based on the Fischer-Tropsch
synthesis process. This consortium is composed of the following
German companies:

Imhavsen-Chemie GmbH, Lahr _

Lyurgi Kohle and Mineraloltechnik GubH, Frankfurt/Main

Rheinische Braunkohlenwerke AG, Cologne

Ruhrchemie AG, Oberhausen

Buhrkohle AG, Essen

Salzgitter Industriebau GmbH, Salzgitter

Uhde GmbH, Dortmund.
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In May 1977, the consortium suggested that imstead of just
Fischer~Tropsch synthesis, the combination of Fischer-Tropsch
synthesis, cocal hydrogenation and gasificaiton of the hydrogenation
residue should be used for the conversion of coal to motor fuels.
Reasons given for this suggesztion are that this combination has
subgtantial technical and ecounomic advantages over the Fischer-Tropsch
synthesis on its own and is based on modern German know-how.

Although the individual processes are already known, the
combination of these processes in the suggested form is,
technologlcally speaking, new ground. Therefore, the consortium
sugzestad that the technical and economic aspects of this combination
of processes be examined within the framework of a feasibility study.
In order to have the necessary information and the most favorable
approach available for this feasibility study, on February 1, 1978 the
BMFT commissioned the comsortium to begin by carrying out an
optimization study.

After consultation with the Australilan partner - the Department of
National Development (DND) of the Australian government - and with the
BMFT, it was decided that the optimization would be based on a plant
with a capacity of 3 x 108 romnes (3.3 x 10% tons) of fuel and
liquefied gas per annum, on the basis of lignite and bituminous coal,
respectively. The breakdown of products should correspond to the
given market requirements and consist approximately of the following:

45% synthetic petrol (gasolime)

45% diesel oil

10% liquefied gas.

It is possible to calculate both the Fischer-Tropsch synthesis process
with a suitable gasification process and also coal high pressure
hydrogenation with hydrogen production, hydrogenation residue
gasification and hydrogenation gas treatment, and combinations of

these, and to represeunt them in terms of particular variants.
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The range of products, the coal and fresh warer requirements as
well as the by-products which cannot be converted into motor fuels
were to be indicated for each variant, and the production costs, based
on the estimated investmént expenditure and at given price levels for coal, -
were to be established, Hypothetical assumptions which serve to simplify
caleulations without prejudicing the basis of comparison were
admigsible. Local conditions, anvironmental conservation, coal and
water supplies, as well as the infrastructure were not taken into
consideration, The study was based on the following analyses of coal
for the hydrogenation and gasification processes and for the energy
installations, representative of Australianm lignite and bituminous

coal.
Lignite | We %
Carbon 22.89
Oxygen 3.82
Eydrogen l.62
Nitrogen ' 0.24
Sulfur 0.10
Ash 0.34
Water 65.00
Calorific value, E, [Higher heating
valye (HHV)] 1610 keal/kg (2900 Bru/lb)
Calorific value, maf, H, [Higher
heating valua (HHV)] 3950 keal/kg (10,710 Btu/lb)
Bituminoué coal Wt %
C . 67.98
0 | 26.20
B 4,81
'] 0.71

5 ; .30
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.The study is also based on processes which are in the possession
of the cousortium partners, or which are available to the consortium
partners. These are, in particular: (1) processes involving coal
treatment, drying and briquetting; (2) Fischer-Tropsch synthesis; (3)
liquid-phase hydrogenation of lignite and bituminous coal; (4)
pressure gasification of lump lignite and bituminous coal; (5)
pressure gasification of bituminous coal and hydrogemation residues;
(6) pressure splitring of hydrocarbouns; (7) processes for hydrogen
preduction, gas cleaning, gas separation, and gas condicloning; (8)
refining of coal oils by hydrogenation and splitting; (9) reforming of
petroleum fractioms; (10) hydrogenizing splitting of higher molecular
n-paraffins; (11) isomerization and alkylation processes; and (12) |
processes for the purification of process effluents.

Further processing (upgrading) of the primary products from the
Figcher—Tropsch synthesis and coal hydrogenation processes was
included to achieve the following product gquality levals:

Synthetic petrol (gasoline) '

Density (sp.g.)djse Minimum 0.72

R0Z {Research octane number) Minimum 98 (0.15 ml TEL/1l)
Diesel fuel

Density (sp.g.)djse Minimum 0.815 Maximum 0.345
Cetane rating Minimum 50

Liquefied gzas

Calorific value [Highar
heating value (ﬁ3391 8

Butane content . Maximum 657 by weight
Methane/ethane Maximum 5.5% by seight
Grid gas

A mixture of methane and ethamne/ethylene with a calorific valué,
H, [Higher heating value (HHV)], ranging between 8530 and 9600
kcal/mn3 {960 and 1080 Bru/ft3), free of hydrogen, carbon oxides and

nitrogen.

Minimum 10,6700 keal/kg (19,080 Btu/ft)
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Cost estimates were prepared separately for each plant ﬁariation,
to an accuracy of +25%. These represent a plant built under 2 turnkey
contract inp the Federal Republic of Germany and inclﬁde the cost of
engineering. Estimates are based on average 1978 prices in the
Federal Republic of Germany. |

The cagpital Investment is defined as the sum of the costs of
Process imstallatioms, energy plants and secondary installations.
Spare parts, catalysts, and chemicals as well as payment for licenses
and know-how were not included in the capital costs unless spscifically
stated, Interest during the building, asesmbly and starting period
was also not taken into consideration. Labor costs, insurance and
operating costs during the assembly and starting period as well as
coal requirements during the starting period were also excluded.

A uniform plant size of 2500 by 1500 m (9520 ft x 4920 ft = 10?5
acres) with a capacity of 3 = 106 tommes (3.3 x 106 tons) of motor
fuel and liquefied gas per yesr were assumed. Land costs were not
lncluded.

Annual ecosts, based on capital investment, were projected as

follows:
Annual charge Percentge of capital investment
Amortization and interest _ 10.2
Repair and maintenance 3.5
Taxes and insurance .0
Total 14.7

The cost of coal wms calculﬁted on the basis of 5 DM/G cal
(50.72/106 Btu). '
Total capital investments and coal consumption rates for the two
types of plants considered for liquefying Australian bituminous coal
are shown in Table A.1. Similar information for the three types of
Plants considered for liguefying Australian lignite is shown in Table A.2.

Production costs of liquid products from Australiap bituminous
coal and lignite are shown in Table A.3, and overall thermal

efficiencies for the various plant configurations are shown in Table A.4.

4y
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The Imhausen study results indicate that the following are the

optimal ways of converting coal into motor fuels and liquefied gas:

o For Aunstralizn bituminous coal, only the combination of

Q

high-pressure hydrogenation/Fischer-Tropsch synthesis yields
products which meet the required specificatioms. This
combingtion also has the advantage that a considerable portion
of ashy, ianferior coal can be utilized as a raw material.

This type of plant has the lowest production cest (30.54/gal)
and highest overall thermal efficiency (52.3%) of any of those
considered in the study.

For Australian lignite, the high-pressure hydrogenatlon
process produces motor fuels which meet the specifications.

Tt has a high thermal efficiency and has the lowest capital
investment requirement of any of the lignite variations
analyzed. This type of plant has the second lowest production
cost ($0.55/gal) and second highest overall thermal efficlency
(51.6%2) of any of those which were included in the study.
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Investments and coal comsumption rates for producing

3,000,000 tonnes (3,300,000 tonsg) of liquefied products per year
from Australian bituminous coal

Total capital Annual coal

Type plant investment, 3106. consumption
Tonnes Tons

Fischer-Tropsch
syathesis process 2830 8.6 x 106 9.5 x 106
Combined high—pressure
hydrogenation/Fischer-
Tropsch process 2450 . 7.9 x 106 8.7 x 106

Table A.2. Investments and coal consumption rates for producing
3,000,000 tonnes (3,300,000 tons) of liquafied products
per year from Australiam lignite

~Total capital Annual caal

Type plant investment, $106 consumption
Tonnes ~Tons

Fischer-Tropsch .
synthesis process 3425 41.0 x 106 45.1 x 106
High=-pressure
hydroganation
process 2630 37.0 x 106 40.7 x 106
Combined high-pressure
hyd rogenation/Fischer-
Tropsch process 2970 39.0 x 105 42,9 x 106
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Table A.3. Production costg of liquid products irom Australian

bituminous coal and lignite

Capital cost

Coal cost Total cost Total Cost

Type plant $/ton $/ton $/ton §/gal
Bituminous GCoal

Fischer-Tropsch

synthesis process 126 53 181 0.59

Conbined high-pressure

hydrogenation/Fischer- , :

Tropsch process 109 50 159 0.52

Lignite

Fischer-Tropach

synthesis process 152 57 209 0.68

High=-pressure

hydrogenation process 117 52 169 0.55

Combined high«pressure

hydrogenation/Fischer-

Tropsch process 132 54 18¢ 0.61
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Table A.4&.Overall thermal efficiencies? faor the production of
liquid products from Australian bituminous coal and lignite

Type plant Overall thermal efficiency, 7

Bitumincus Coal

Fischer-Tropsch synthesis
PIocess 46 .0

Combined high-pressure
hydrogenation/Fischer-
Tropsch process 52.3

Lignite

Fischer-Tropsch synthesis
PIOCESsS 46 .9

High-pressure hydrogenation
PTOCESS ’ 51.6

Combined high-pregsure
hydrogenation/Fischer-
Tropsch process Not available

@Efficiencies are based on the heating value of the products
divided by the heating value of the coal feed, including that used for
Steam and power generation.
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APPENDIX B .
COAL PROCESSING PROGRAM OF THE FEDERAL REPUBLIC OF GERMANY

The stated aim of the West German national program is only
partly in order to safeguard and develop indigeous supplies of fuels
and feedstocks. The main objective, according te the Ministry of
Research and Technology (BMFT), is to help German industry build a
new high-technology industry for export ot the major ccal producing
countries ¢f the world.

The coal processing program of the Federal Republic of Germany
will not improve supplies of crude oil and natural gas immediately,
but is expected to increasingly contribute to energy supplies towards
the middle of the 1980's. If can be summarized as follows.

In 1974 the German federal government Initiated the development
of medern techniques for the processing of ecoal. As of early 1980,
650 million IM (about $370 million) had been invested by the BMFT
{(Ministry of Research and Technology) for this purpose, From 1377 to
date seven pilot plamts for coal gasification have started operation
and another one is under construction. Table B~l provides a survey of
the seven coal gasification pilot plants, the largest of which
processes 240 tomnes {264 tons) of hard coal daily. On the basis
of discussions with industry, 14 projects for large scale processing
of ¢oal have heen submitted by various enterprises. Coal gasificat;on
projeets are listed in Table 8-2, and coal ligquefaction projects in
Table B-3. These projects require, according to present estimates, an
investment of about 13 billion DM {about $7.4 billion, price basis
1979) until 1993. Such an investment can only substitute a small
percentage of the oil and natural gas imports. It provides, however,
the basis for future exploitatien of coal processing om a broad front.

The govermment plans to support what is believed to bhe every
commercially significant coal conversion technology that has been
identified. This accounts for one reason for funding so many projects.
Other reasons given are that coal conversion is very difficult and

that there are so many different kinds of coal.
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The govermnment expects that industry will carry out these
projects of coal processing within its own competence and at its own
Tesponsibility, carrying a large part of the risks and costs. It
will, however, support industry in 21l respects. The government will
promote all preliminary projects for the realization of the coal
processing program, as far as the timely start of these projects makes
this necessary. The sum of 70 million DM (about $40 million} needed
for this purpose during 1980 and 1981 is available. The land
Nordrhein~Westfalen is financing three prelimivary projects.’ Other
enterprises, expecting subsidies later, have started preliminary
projects without publie assistance.

The preliminary projects are the first step towards the
realization of large-scale plants. They will enable the companies to
prepare basic plams for technical lay-out, site erection and
enoviromental problems, time tables, costs and economics of the
individual projects. By means of the preliminary projects the costs
and tisks of lsrger plants can be established with reasonable
accuracy. The preliminary projects provide the companies with the
basis for their decisions to build, and the federal govermment with the

basis for its declsion to give further public assistance.

The essential preliminary project results for coal gasification
will probably be ready by the end of 1980 and for liguefaction by

How demonstration plants will be funded has not yet been decided.

A mixture of measures will probably be used, including help with
capital investments, guarantees ou product price, and tax exemptions
for products of coval conversion.

Parallel to the efforts in the country, the federal government 1s
also involved in the processing of coal through international
cooperation., Thus, the Federal Republic of Germany is, for instance,
working together with Japan and the USA, participating in
demonstration projects for the liquefaction of coal in the USA {total

costs 81.4 billion).
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Large-scale coal processing plants may give rise to environmental
problems, which could conflicr with the protection of the environment.
Active protection of the enviromment is therefore essential. Special
efforts must be made in this respect to prevent detrimental effects at
the sites\fur coal processing plants, aespecially in the coal fields.
This can be achieved by extanding distriet heating and matural gas
pipelines, as well as by replacing outdated coal burning powar
stations with modern power stations. This will also provide an
impulse for further investment. When planning further iodividual
projeets, special emphasis will be put on the protection of the
environment.

Apart from reducing dependence on energy lmports, processiag of
coal can increase production and employment in industry and can open
up a new fleld for continuous investment. '

Owing to the increasing efforts at crude oil substitution, the
interest in coal processing can become world-wide. The construction
of modern reference plants will strengthen the competitiveness of
German industry, increase its export chances, and thus provide more
production and employment.

By such exports, combined with German investment in foreignm coal
mining and processing plants, it 1s possible to expand and secure thes

provision of energy and raw materials for the German aconomy.

A3 envisaged at present, the German national coal plan aims at
converting 10-15 milion tommes (11-17 millien tons). of coal into oil
or gas anoually by the end of the century.

Two factors are seen as setting the upper limit for Germaﬁy's
efforts at coal conversion. One is the siting of plants which some
believe will prove at least as troublesome as the siting of nuclear
plants today. The other is what che government sees as an upper limit
to the amount of coal Germany can be expected to produce. For lignite
(brown coal) the present leval of 130 milllion tonnes (140 million
tons) a year is probably the limit, because it is expected that the
public will not tolerate further expansion of massive open-pit miﬁing

dctivities. The present level of 85-90 million tonnes (94~100 million



316

tons) a year of deep~mined hard coal can probably be increased
slightly, according to Ruhrkohle; parhaps to 100 million tonnes (110
million tons). More may become available through a lower output of
German steel in the future. Beyond that, any increase in the use of
German coal for conversion to.synfuels would depend upon the pace at
which nuclear plants could replace coal-burning plants for
electricity generation.

Processing of coal 1s at present not yet economical in the
Federal Republic of Germany; however, the production of synthetic gas
from brown coal is close to becoming economlcal. Liguid products sand
substitute natural gas from German hard coal cost today two to four
times as much as crude oil products or natural gas. Even when cozl is
imported, the liqui& products still cost twice as much. This cost
relationship may shift in favor of coal towards the middle of the
eighties when the first large—scale plant will be in operation.

Compared with cozl processing, the replacement of heavy heating
oil in industry and power stations by eoal and the conversion of the
heavy heating oil freed in rhis manner to gasoline and light heating
0il is the quicker and economically more favorable way. This potential
of gbout 20 million tonmnes/yr (22 million tons/yr) must therefore also

be emphasized.,
Germany is supporting one further possibility for increased coal

production, although it is given no more than an outside chance. The
FRG is sharing the cost of a joint research venture with Belgium inro
underground gasification of coal at great depth, about 5000 fr. The
aim is high-pressure gasification of the coal to yield a substitute

natural gas.




317

APPENDIY C

COMPARATIVE MATERTALS IDENTIFICATIONS
FOR DIFFERENT COUNTRIES

One of the complicating factors in a materials assessment of foreign
technology is differences in materials identification from country to
country and the variations inm code requirements for materials acceptability
and design for such items as pressure vessels iIn each country. Any éommant
on the code requirements 1s cutside of the context of this assessment,
However, it should be naoted that in general, while the design methodologys
and even the matarlials property allowables within each code may vary, the
net result is equivalent in terms of safety, operating restrictions and
functional reliability. Thus the chief difficulty 13 one of a2 comparative
identification of materials from one country to another.

At the time this assessment was initiated there was no readily
available source of informatiom for comparative identification. To assist
in this effort and the continuing assessments we wars asked to prepare such
a chart. To a limited extent this has been done and is presentad hete in
Table C.

The limitations of such a listing of comparative standard specifications
are worthy of note. While they are generally adequate for an assessment of
this type they are at best a gulde to required Iinformation for any desigzm
material choice. All materlals specifications have eompositional ranges and
many have production process as well as forming and hear treatment require=-
ments to provide specified materizls properties. Thus, a true comparison
raquires a detailed technical teview of the cowmparative specifications and a
subsaquent matching to tﬁe materials requirements for the specific code
being used in the component design. This is evident from the nﬁmher of spe-
¢ificationa existent in the United States addressing similar matrerials.
Only a limited number of U.S. specifications are listed in the table
including the Unified Numbering System (UNS) number to assist the readers in
identifying other U.S. specifications by reference to the publication
“Unified Numbering System for Metals and Allﬁys“ publishad in Jancvary 1975
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by the Society of Automotive Engineers, Inc.l% Often a material is iden-
tified by the manufacturers number or code and this must subsequently be
compared to the appropriate materials specification for the country.
Dealing with this complication must be on a case-by-case basis in any
assessment. Because of the difficulty in obtaining even limited, com-
parative references the materials listing was restricted to those metallic
materizls commonly in use in the petrochemical industry and proposed for
coal comversion applications. The list was developed from a number of
published reportsls4 and consultation with others involved in coal comver-
slon materials development, The listing is far from being a complete
listing of potentialily applicable alloys but addiiomal specification com=
parisons are possible by reference to two recent publication5596s7 which
were used in developiﬁg this table. Ounly the six largest metal producing
countries are listed in the table but this can be extended to other
eountries in many cases by reference to the ASM publication.i This publica-
tion provides only limited data on product form, alloy cowpositiom and pro-
duect mechanical compositions so the prior concerns om reguired in=-depth
review of the identified specifications would be required for design use

comparisons.

]
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