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The Venice Summit, in 1980 the World Coal Study (WOCOL) ·,
World Energy Conference and the recent findings of the Coal
Industry Advisory Board (CIAB) all predicted a two to threefold increase in demand for coal by the end of the century
emphasising the need for urgent action - action to increase
production and provide the means of using the coal. This
is because the oil and gas resources of the world are only
sufficient for some decades of use at present rates of
consumption while coal resources are sufficient to last
several centuries.

There is no doubt that the quickest and cheapest way to make
more oil available is to replace fuel oil by coal. Boilers
based on fluidized bed combustion (FBC) of coal for steani/
hot water applications, crop drying and other uses are
commercial now.
Extension of FBC to process heating is
being developed and there are demonstrable advantages for
this system in the cement industry.

As well as making coal an attractive alternative to oil and
gas, the long term objective of the UK must be to develop
processes for the production of motor fuels, petrochemical
feedstocks and substitute natural gas (SNG) by the time
Britain will have become a net importer of oil again in
the 90s.

Coal had been converted into liquid fuels for the German
war effort in World War II - at peak production about 4m
tonnes of motor spirit a year in a dozen or so plants.
The process was not efficient and could not compete in
cost with the natural product.
But in war time with sources
of supply cut off, cost is not so important.

It has been done before but today's challenge is to prove
it can be done again more efficiently so as to bring the
price of the oil produced from coal into l.ine with that of
fossil oil.
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HOW TO CONVERT COAL TO OIL
Oil is a liquid mainly because it consists of carbon with
hydrogen in sufficient proportion. Coal on the other hand
is deficient in hydrogen (Fig.!) and also contains oxygen
which locks the structure together as a solid material.
The mineral matter (or ash) and sulphur may also cause
trouble by interfering with the processing.
over the years since World War I, two main methods of
increasing the hydrogen content of coal have evolved
(Fig.2):
1.

The Hydrogenation Route (Direct)

2.

The Synthesis Route (Indirect)

Hydrogenation
If coal is treated with hydrogen they do not react except
at extremely high pressures and the yield is poor. But if
coal is liquefied by dissolving it in a solvent, at a
temperature (~ 400°C) at which coal begins to break down 1
the solvent dissolves hydrogen thus bringing it into
intimate contact with the coal. A solution is produced
which when concentrated, after filtering off the mineral
matter, resembles crude oil. It can then be treated in an
oil refinery to yield a range of products more valuable than
the coal.
In the course of work at the Coal Research Establishment
(CRE), two processes for solvent extraction have been
developed:
(a)

An improved liquid solvent process in which
0
practically all the coal dissolves at 4oo c
in a solvent which is a product of the process
(Fig.3); hydrogen is not used until the hydrocracking stage thereby minimising its use and
improving the economics of the process.

(b)

A unique grocess whereby under pressure at
about 400 C the solvent is a gas which again
is a product of the process (Fig.4). The gas
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is in what we call a supercritical condition
combining the solvent power of a liquid with
the penetrating power of a gas. The ash is
left behind, the solvent easily. recovered for
recycling and a pure extract amounting to
between 40 and 50 per cent of the coal remains.
It is the hydrogen-rich part of the coal which
has been extracted and the subsequent treatment
in the refinery is much .easier and more efficient.
The yield of desirable fractions is about the same
as .in the previous process but they are somewhat
simpler chemically and may have enhanced value
as raw materials, especially the benzene , toluene
and xylenes (BTX) .
NCB colliery, Point of Ayr, has been chosen as the site
of a pilot plants which will explore the engineering
problems posed by each process and provide data for the
design of larger scale fully commercial plants. The NCB
is being supported by finance from the Government, EEC
and British Petroleum who have seconded engineers to
work alongside the NCB project team during the design phase.
The plant will process 25 tonnes of coal a day and produce
about 10 tonnes per day oil products and chemical feedstocks
for testing.
An

Products from the laboratory pilot plants have already
demonstrated their suitability for powering conventional
cars, vans and diesel vehicles.
Synthesis
The synthesis route is used in the South African SASOL
process which is working on a commercial scale and
presently will have its output expanded tenfold and will
eventually convert about 30m tonnes of coal a year. This
process breaks coal down completely, using oxygen and
steam, to its simplest units - carbon monoxide and hydrogen
- called Synthesis Gas (Fig.5). Under suitable conditions
with a catalyst these two gases combine to synthesise
liquid hydrocarbons (Fig.6).
There are several reasons why we are not at the moment
pursuing this route, principally because it gives much
lower efficiency in the breakdown and rebuilding processes,
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and because the range of products obtained does not suit
our markets although South Africa, restricted in its
supplies, has learned to live with them.
The South African coal is of very high ash (20~30 per
cent) rendering it unsuitable for solvent extraction and
as it is among the cheapest in the world low efficiency
can be tolerated.

Other Synthetic Liquids

Methanol Synthesis
Methanol can easily be produced from synthesis gas:
- - - ) CH 0H
3
The traditional use of methanol has been to produce
solvents and formaldehyde but it can also be converted to ethanol and ethylene. However it is a
clean transport fuel - up to 15 per cent can be
blended with petrol without requiring any essential
modifications to the car engine while only minor
changes are necessary when 100 per cent methanol
is used.
Since the heat content of methanol is
about half that of petrol it follows that more
methanol is needed to produce the same power as
petrol.

Hydrocarbon Synthesis
New catalysts developed by Mobil are c apab le of
converting methanol into the equivalent of high
grade petrol with high yield.
These synthesis reactions widen the product
possibilities of converting solid coal into
liquids but they all suffer in comparison with
the direct hydrogenation route in being relatively
less efficient since a large proportion of energy
is used up in breaking down steam in the synthesis
gas stage.
It should also be remembered that the conversion of
coal to synthesis gas is also the first stage in
manufacturing substitute natural gas, SNG.
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Gasification - SNG
In Britain, which has a highly developed gas distribution
system feeding appliances designed for high calorific
value North Sea gas, there will eventually be a need to
supplement North Sea supp~ies with gas of the same
quality. British Gas Corporation from the Westfield
Development Centre in Scotland demonstrated on the large
scale that SNG c an be made and distributed to the complete
satisfaction of th e c ustomer. They have improved the
Lurgi gasifier in terms of throughput efficiency and
ability to gasify coking coals. Developments to improve
efficiency further and overcome the limitation on the
proportion of fine coal that can be processed are currently
being pursued.
The COGAS process developed on behalf of another US
consortium at the NCB's Leatherhead Laboratory is capable
of producing synthesis gas for conversion to SNG using air
instead of oxygen thus opening up the possibility of
reducing capital requirements and processing costs. Both
processes are among several competing for US Government
support to the large demonstration scale of thousands of
tonnes per day throughput.

Lean Gas for Power Generation
Increased electricity generating efficiency, offsetting
steep cost increases, is the most obvious way left to
conserve energy. Combined heat and power systems,
district heating schemes and combined steam/gas cycle generatio n off er means of reducing heat losses in conventional
power generation. To demonstrate the advantages we should
consider refurbishing small obsolete plant or building
small new power stations more suited to total energy systems
- systems in which all the heat and power produced are
utilised.
The biggest prize is to be gained by even more advanced
systems in which coal could be gasified to' make a cheap
low calorific value gas burnt while still hot in a high
temperature gas turbine and the hot exhaust gases used to
raise steam in combined cycle generation or for industrial
processes.
If a really high temperature gas turbine were
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developed capable of using gas cleaned while still hot an
efficiency breakthrough to exceed 50 per cent compared with
the present 36 per cent is possible. This is equivalent to
getting one and a half times as much power from every tonne
of coal or to put it another way, generating the same amount
of electricity using only two-thirds of the normal coal
requirement.
The possibility of such advanced systems are being explored
by collaborative studies - nationally between the CEGB and
NCB, internationally by GE Company of US and NCB.

COMPARATIVE ECONOMICS
In Table 1, the capital cost, efficiency and mean product
cost of some typical proc~sses are compared. The efficiency of direct hydrogenation is greater than for synthesis
processes and since the capital costs of the process plants
for hydrogenation are lower, the mean product costs are
very advantageous.
In 1974, when oil got to $10 barrel it was fearfully
predicted that it might reach $20 by the end of the
century. We passed that barrier in 1979. Coal liquefaction in areas of cheaper . coal, eg Australia, midwestern US and west Canada could be competitive with
imported Arab oil now.
In spite of lower efficiency
and high capital cost, SASOL is economic in South
Africa because their coal costs are a fraction of ours.
Independent studies by US consultants show that NCB
processes are as efficient and as cheap as the best
of the US.
The coal industry has the determination and technology
to be ready with processes to meet the challenge which will
inevitably arise in the 1990's when crude oil supplies
will be incapable of meeting world demands •
. sNG can now be made more cheaply from coal than from
oil but i t will be much longer, as gas supplies diminish,
before it is competitive with natural gas.
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CONCLUSIONS
I am often asked why we are developing two liquefaction
processes. Many processes are being studied in the US,
West Germany and Japan. We believe we have two complementary routes capable of meeting the principal requirements
of land, air and sea transport without requiring radical
changes to engine systems and capable of supplying most
chemical feedstocks.
New methods of making gas and generating electricity from
coal offer prospects of significantly improving the
efficiency and reducing the cost of these premium energy
carriers.
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TABLE 1
COMPARATIVE ECONOMICS OF COAL CONVERSION PROCESSES

Process

Gasification: SNG (Lurgi )

Synthesis:

Sasol 2
Methanol
Mobil-Methanol to
Gasoline

Direct
hydrogenation:H-Coal
Exxon Donor Solvent
NCB Liquid Solvent
NCB Supercritical Gas

Capital cost
(£/KW output)

Efficiency
(%)

Mean product
cost (£GJ)

330

65

3.5

c.550
380

38
56

5.8
4.0

440

47

4.7

340
335
305
410

56
66
73
65

3.4
3.5
3.1
3.7

Basis: mid-1980 costs, 5 per cent DCF rate, 20 year plant life, coal price (UK)
£1.38/GJ (£36/t), 90 per cent load factor.
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FIG.l
HYDROGEN CONTENT OF A SERIES OF HYDROCARBONS
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FIG . 2
HYDROGENATION AND SYNTHESIS PROCESS ROUTES
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FIG.3

NCB LIQUID SOLVENT EXTRACTION PROCESS (LSE)
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FIG.4
NCB SUPERCRITICAL GAS EXTRACTION PROCESS (SGE)
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FIG.5
THE PRODUCTION OF SYNTHESIS GAS FROM COAL
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FIG . 6

THE FISCHER-TROPSCH PROCESS AS DEVELOPED BY SASOL
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