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(i£ 1 )

FOR POWER GENERATION NEW 
TECHNOLOGY NEEDS

■ Shorter construction time

■ Low capital cost

■ High efficiency

■ Flexibility

■ Ability to use a wide range of coals

■ Low NOx, SOx, dust

rn 1) h v

LT, c iTLitbnT^^-To MEzt/ci®

y-ft-to

m 1)

STEAM TURBINE & GENERATOR
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COALAND 
SORBENT "»

AIR FROM 
GAS TURBINE"* 
COMPRESSOR

AIR FROM 
GAS TURBINE 4 
COMPRESSOR

AIR TO GASIFIER 
& CHAR COMBUSTOR

t.
AIR
,f ELECTRICITY

ELECTRICITY

STEAM TURBINE & GENERATOR

Topping Cycle based on PFBC
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PREDICTED ENVIRONMENTAL IMPACT 
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Technology CQz SOxRetention N0xat6%0
(kg/kWh) (%) (mg/m)

IGCC 0.78 90 120-300
BCC Topping Cycle 0.72 90-95 150-300
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NGCC 0.42 Negligible
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CFBC REQUIREMENTS

• CHAR COMBUSTION EFFICIENCY

• SULPHUR RETENTION EFFECTIVENESS

• GASEOUS EMISSIONS

• RESIDUE CHARACTERISTICS

CHAR COMBUSTION ISSUES

■ COMBUSTION AND EMISSIONS 
PERFORMANCE

• Low volatile
• Wide size range
• CaS

■ ENVIRONMENTAL IMPACT OF ASH 
DISPOSAL
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( 7)

TOPPING CYCLE - SOLID RESIDUES

• QUANTITY OF SOLID RESIDUES GREATER THAN FOR 

PF/FGD OR IGCC BUT NO AQUEOUS EFFLUENT

• DISPOSAL OF RESIDUES NOT EXPECTED TO BE A 

PROBLEM UNDER CURRENT UK LEGISLATION

• ISSUES

FREE LIME CONTENT 5-9% - POTENTIAL ALKALINE
LEACHATE

CALCIUM SULPHIDE - SMALL AMOUNT MAY
BE PRESENT

- NON-TOXIC BUT 
POTENTIAL SULPHIDE 
LEACHATE

iSStfx? y--yyroF=m5

iLTRKfflr«ga, -eurmro^si;

8)

HOT FUEL GAS CLEANSING ISSUES

a PARTICULATE REMOVAL

a FUEL BOUND NITROGEN REMOVAL/CONTROL

■ DESULPHERISATION

■ DEHALOGENATION

■ ALKALI METAL SALTS

■ TRACE ELEMENTS
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INSTRUMENTATION--------
MANIFOLD
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(* 14)
REACTION 1

N.B. SULPHUR EXISTS AS HzS IN FUEL-RICH SITUATIONS 
CaO + HzS —*■ CaS + H2O

INITIAL RATE OF REACTION PER UNIT SURFACE AREA

 klCHzS

I+K1CH2S

THUS LANGMUIR-HINSHEL WOOD KINETICS HOLD N.B. AT FINITE 
CONVERSIONS THE PRODUCT CaS PROVIDES RESISTANCE TO 
REACTION; THUS DIFFUSION OF H2S THROUGH CaS BECOMES 
RATE-DETERMINING.

REACTION 2

THE HOPE IS THAT
CaS + 20% CaSOi; AH = -961 KJ/mol 

COMPLETELY CONVERTS CaS TO CaSQ4 FOR SAFE DISPOSAL 
HOWEVER, WHEN THE PARTICLE IS ABOVE 850°C, A MELT IS 

FORMED AND THE REACTION;
CaS + 3CaSa -> 4CaO + 4SO; AH = +1048 KJ/mol 

OCCURS. THIS REDUCES THE EFFICIENCY OF SULPHUR-CAPTURE.

c t ku
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CLEAN COAL TECHNOLOGY IN THE U K.

A.N.Hayhurst

Department of Chemical Engineering, Cambridge University, Pembroke Street, 
Cambridge CB2 3RA, ENGLAND

1. ABSTRACT

This paper reviews British Coal's Advanced Clean Coal Technology for Power 
Generation. The process is commonly known as The Topping Cycle. It involves a 
gasifier and a combustor, both of which are based on fluidised bed technology. As 

well as describing these components, the procedures for cleaning the gaseous waste - 
streams are described.

2. INTRODUCTION

This survey is given very much from a British perspective. Thus in the United 
Kingdom there is a long history of coal mining, as well as the burning of coal. Thus 
until very recently coal was burnt in almost every British house; also most electricity 
production has been traditionally based on the combustion of coal. Another ingredient 
of the British situation is inevitably politics. It is fair to say that, rightly or wrongly, 
the present government wishes to dismantle and privatise the state-owned concern 
"British Coal". Such a move follows the earlier privatisation of the industries 
producing and distributing electricity. The exception here is that the production of 
nuclear power is at present in the hands of a company owned by the State. It must also 
be said that just as governments and political ideas change, so also does the price of 
coal relative to that of its competitors: gas, oil, nuclear, wind, etc. In such a changing 
world it is not possible to omit coal from any future energy plans. Thus although gas 

and oil are relatively cheap at present, we should all be developing new technologies for 
burning coal in a clean and efficient way, particularly for the large-scale production of 
electricity. The major requirements here are that construction times should be short and 
capital costs should be low. New processes need to be efficient, flexible and produce
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cheap electricity. Finally, any such new technology must be capable of handling a wide 
range of coals and also result in low emissions of NO%, SO% and dust. This paper 
concentrates on Topping Cycles and relates mainly to work carried out by British Coal 
at C.R.E., i.e. their Coal Research Establishment, Stoke Orchard, near Cheltenham, 

England.

3. THE TOPPING CYCLE

Figure 1 shows the basic idea of a Topping Cycle. In this simple version, coal is 
burned in a pressurised fluidised bed combustor (PFBC) at ~ 12 bar and ~ 850 - 
900°C. The heat produced in the combustor powers a steam-turbine and so generates 
electricity. In addition, the off-gases after cleaning are burnt with some added gaseous 
fuel in a gas-turbine, thereby generating electricity by a parallel route.

Figure 2 shows a rather more developed version of the Topping Cycle, based on a 

pressurised fluidised bed (PFB) gasifier and a PFB combustor. Coal is fed along with 

a sorbent like limestone to the gasifier operating at e.g. up to 25 bar and 950 -1000 eC. 
The gasifier is typically a spouted bed fed by air; in such a reactor (O2 - deficient) the 
coal undergoes devolatilisation and the residual char is transferred, along with the other 

solids, such as used sorbent, to the pressurised combustor. The gases from the gasifier 
are cleaned (see below) and then burned in a gas-turbine. The gasifier gives low 
emissions of NO%, because of the fuel-rich conditions. In addition, any sulphur exists 
as H2S and is absorbed by calcined limestone (CaO) giving CaS. All the solids from 
the gasifier are transferred to the combustor (probably pressurised), where coal char 
bums. The O2 - rich off-gases are directed to the gas-turbine to provide O2 for the 
combustion of the volatiles from the gasifier. Cooling coils in the combustor remove 
heat; the water circuit is shown in Fig. 2, which includes the associated steam turbine. 
The sorbent enters the combustor as CaS and leaves mainly as CaSO^.

4. THE GASIFIER

A schematic diagram of the spouted bed gasifier is shown in Fig.3. The coal, 

limestone and air are fed together through the spout to the bed at ~ 25 bar. The coal 
devolatilises completely and of course some of the resulting gases bum to maintain the 
temperature at 950 - 1000 °C. So far the gasifier has been operated for longer than 
1500 h, with a sustained 370 h of running. Coal conversions of above 70 - 80% have 
been achieved. In addition, the off-gases have a calorific value above 3.6 MJ/m3 and 

sulphur retensions exceed 90%. Finally, a variety of coals, with different swelling 
indices, have behaved in a perfectly satisfactory manner in the gasifier.
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The gasifier is a slugging bed (diameter 2 m, height 12 m). The design of the entry 

region is important. The coal is sized to less than 3 mm and the limestone to less than 1 
mm. Some of the volatiles must bum to produce the required mean temperature of just 
below 1000 °C. These conditions prevent the agglomeration of coal, provided there is 

sufficient mixing of all the solids at the end of the spout. One cause of agglomeration is 
the presence of iron compounds; however, it is found that the presence of limestone in 
the feedstock helps to prevent agglomeration. The mixing of solids at the end of the 

spout is achieved by arranging the flow of air into the bed. Temperature control is also 

important in this regard, because in the spout the local temperature must be kept below 
1050 eC to avoid agglomeration. It should be noted that the gasifier is air - blown and 

not 0% - blown. At present mixtures of 30% sewage sludge and coal are being 
successfully gasified. It thus seems that the gasifier can handle biomass of a general 
nature.

5. CHAR COMBUSTION

The feedstock to the combustor is the solid residue from the gasifier, comprising a 

mixture of fine carbon, partially sulphated sorbent and some mineral matter. This 
material is burnt in a circulating fluidised bed combustor (CFBC), operating at up to ~ 
10 bar and 900 - 950 eC. However, much work has been performed with the 
combustor at atmospheric pressure. The principal design requirements are that

(a) there is efficient combustion of the char,
(b) there is complete retention of the sulphur fed to the CFBC,
(c) the gaseous emissions meet likely future legislation,
(d) the solid residue has acceptable properties.

In addition the combustor has to cope with a wide range of sizes for the char, which in 
turn has a low volatile content. The CaS from the gasifier should all be converted to 
CaSCXt for safe disposal. In fact, the environmental impact of the ash when used as 

land-fill is inevitably a major concern. So far, tests at C.R.E. have demonstrated that a 

variety of chars bum in a very satisfactory manner. In addition, the emissions of both 
NOx and N2O are much less than if coal is fed to the combustor. As for the retention 
of sulphur, 90% retention is achieved without the addition of extra limestone. Studies 
are underway on what is leached from the solid residues from the combustor.

Much work has been done with a circulating fluidising bed at atmospheric pressure 
as the combustor. This is somewhat more familiar technology than a pressurised 
system. Some of the problems solved by British Coal are that the chars of some coals

46



are relatively inert in the combustor. These difficulties are usually solved by controlling 

the bed's temperature at 900 - 950eC, i.e. slightly higher than is normal.

6. SOLID RESIDUES

Here problems arise as to how best to dispose of the solid residue; also whether 

there are opportunities for using this otherwise wasted solid are being investigated, 

particularly in the building industry. The disposal of these solids as land-fill is not 
expected to be a problem under current U.K. legislation. In fact the only problems 
seem to arise from the residue having a full lime content of 5 - 9 wt%; this could give 
rise to a leachate which is potentially alkaline. The only other difficulty arises from 
small amounts of CaS being present; this might result in a leachate containing some 
sulphide ions, but one which is nevertheless non-toxic.

7. HOT FUEL GAS CLEANSING

Here the idea is to:

(a) remove all particles from the hot gases,
(b) monitor and also control the levels of NO% in the gases leaving the gasifier,
(c) ensure adequate removal of sulphurous compounds from the hot gases,
(d) reduce emissions of HC1,
(e) clean up the gases so far as alkali metal salts (e.g. NaCl) and trace elements are 

concerned.

The ceramic candle seems to be the best approach and a diagrammatic representation 

is shown in Fig.4. The mode of cleaning off deposits is shown there. There are 
various choices available for the filter material; in addition, there are many 
configurations for these filters. Fig.5 shows how ceramic fibre filter candles would be 
installed in a rig.

8. GAS COMBUSTION

The cleaned gases from the gasifier are burned in a gas-turbine. The requirements 
are to

(a) bum gases with a low calorific value of ~ 3.5 - 4.0 MJ/m3,
(b) achieve an outlet temperature of 1360 eC,
(c) minimise the production of further pollutants.
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There requirements seem to have been achieved.

9. SOME RESEARCH ISSUES

The author has participated along with Mr N.H. Davies in a study of the following 

reactions, each involving a gas reacting with a solid:

CaO + H2S -» CaS + H20 (1)
CaS + 02 —> CaS04 (2)

Limestone is initially fed to the gasifier, where it calcines to give porous CaO particles 

in:

CaC03 -> CaO + C02 (3)

This reaction is thus followed by reaction (1) under the fuel-rich conditions of the 
gasifier, where all the sulphur in the gas-phase exists as H%S. The initial kinetics of 

reaction (1) are interesting in that the rate of reaction per unit surface area has been 

found to have the form:

*1 ch2s
1 + Ki CHjS

where CHjS is the local concentration of H2S adjacent to the surface of CaO and k\ and

Ki are both constants. Such an expression corresponds to Langmuir-Hinshelwood 
kinetics. The kinetics of the reaction at later stages are affected by diffusion of H2S 

through the layer of CaS product.

Reaction (2) is also interesting in that it is very exothermic and above ~ 850 eC the 

product CaS04 reacts with the reactant CaS after forming a melt. The additional 
reaction is the very endothermic one:

CaS + 3CaS04 -> 4 CaO + 4S02 (4)

Because SO2 is generated, this extra reaction inevitably reduces the effectiveness of the 
calcium as a sorbent for sulphur. Conditions in the combustor should ideally be at a 
temperature (<850°C) low enough for (4) not to occur.
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10. CONCLUSIONS

It is clear that coal will be burnt for many years to come. This paper has described 
recent British work to introduce new technology for the clean combustion of coal in a 
power station. Some of the items, such as the gasifier and combustor, are of 
considerable interest in their own right. As a whole the process is economically and 

environmentally attractive.
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(3E 1 )

Commodity
Resources (EJ)*

Demonstrated Inferred Production 1989-90 Resource Life

Economic Subeconomic (EJ)
% of Total 

Energy 
Production

(Years)

Black coal 1372 54.0 Very Large 4.70 51.3 300
Brown coal 418 26.0 1840 0.46 5.0 900

Petroleum:
crude oil 14.0 2.7 1.18 12.9 12

natural gas 40.6 44.6 0.78 8.5 50
LPG 3.0 1.3 0.10 1.1 30

Shale oil 174.5 1563 - - -

Uranium 265 32.5 220.1 1.94 21.2 140

♦ EJ - Exajoules (1018J)

After: Australia Bureau of Agriculture and Resource Economics,
"Projections of Energy Demand and Supply Australia 1990-91 to 2004-05", 1991,144 p.

Australian identified recoverable resources of energy 
minerals and fuels

^--x LX, BAT^

2aim(DM#6i^9
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Paper to: Clean Coal Day ‘94 - Hokkaido International Seminar

Utilisation of Clean Coal in Australia

I.W. Smith, CSIRO Division of Coal and Energy Technology, 
North Ryde Australia

Abstract

The paper defines, and outlines the need for, clean coal technologies. There is 
then discussion of clean coal technologies under three headings - beneficiation, 
power generation, and metallurgy - with consideration of conventional and advanced 
technologies. Finally, the point is made that there is a need for cooperation 
between coal producing and coal using nations, in the assessment and use of the 
new technologies.

Introduction

The use of coal, especially for power generation and in metals production, is very 
important to the World economy. For example Japan has a strong need for coal in 
iron and steel production, and a growing need for coal use in electricity generation 
(1). The use of coal is also important to Australia, in metals production and in power 
generation (where it supplies 80% of the energy need). Australia is also the largest 
exporter of coal in the World, and this export is Australia’s largest source of income 
- $7.5 billion in 1993. Australia's energy resource situation is summarised in Table 
1, which shows that coal is the dominant material.

Because coal exports are so important to Australia, and because Japan buys much 
of its coal from Australia, it is natural that there are strong links between the two 
countries at all stages of the coal chain, including the R&D needs of coal production, 
transport and use. Further, because the use of coal is challenged by environmental 
as well as by economic concerns, Japan and Australia have strong common 
interests in ‘clean coal technology’ - as shown for example in the Seminar on Clean 
Coal Technology '93 (2), and in the 4th Japan - Australia Joint Technical Meeting on 
coal (3).

For the discussion in this paper it is necessary to define ‘clean coal technologies’. 
These are technologies that reduce or eliminate environmentally-harmful materials 
or circumstances due to coal production and use. For example coal beneficiation 
(preparation) can produce coal of reduced mineral matter and sulphur content - but 
it is important that the energy used in preparation, and the waste materials produced 
do not offset gains from the use of the cleaned coal. In general gains can be made 
by improvements in the efficiency of coal use, eg. in power plants and metal 
production - the higher the efficiency the less output of undesired materials. 
Therefore efficiency increases in processes are a major part of ‘clean coal
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technology1. After the process the efficient collection or suppression of waste 
materials (eg. ash, SOXl NOx) are also essential parts of the overall ‘clean coal 
technology' package.

It is a necessary aim of the development and use of these technologies that they 
operate with costs close to, or even less than, current technologies.

The Nature of Coal, and the Need for Clean Coal Technologies

Coal is an organic solid which includes inorganic species, and whose properties 
vary widely - from low rank lignites and brown coals, to high rank anthracites. Coal 
is composed of carbon and hydrogen, with smaller amounts of oxygen, nitrogen and 
sulphur. The associated inorganics (minerals) contain a wide range of elements, 
including trace amounts of heavy metals.

During the combustion of coal - directly as in power generation, or indirectly as in 
metals production - the coal is more-or-less completely oxidised. The products are 
C02, H20, NOx, SOx, and ash or slag. When coal is converted to coke in iron and 
steel making, there are liquid and gaseous organic by-products, as well as nitrogen 
and sulphur compounds.

In modern power generation practice there are technologies (being continuously 
improved) for the control of NO* and SOx. There are also technologies for the 
efficient capture of ash particles, and there are methods for the disposal of ash. 
Emissions from coke ovens can be more-or-less well-controlled.

However, in response to growing concerns about environmental issues, and the 
need for a technological response in all areas of activity, there is special need for 
coal to be used with much-improved environmental control (including the 
suppression of dust during mining and handling). As pointed out above, the 
emission of NOx and SOx can be controlled, and ash can be collected and disposed 
of. Nonetheless there are still important matters in ash disposal, particularly the 
stability of trace elements (heavy metals), to be resolved. In the operation of coke 
ovens the emission of organic species, as well as Nitrogen and Sulphur compounds, 
needs to have improved control.

In all cases, the carbon in coal is more-or-less directly emitted as C02 - a major 
'greenhouse' gas. Fig. 1 (4) shows the influence and source of the various 
‘greenhouse’ gases. Whilst C02 from coal use is not dominant, it is nonetheless a 
major contributor at ~20% of the total effect.

There are many ways that energy producers and users can respond to the problems 
outlined above. Alternative fuels (natural gas, nuclear, renewables) can be used. 
However the coal industry wishes to remain strong, so it wishes to develop practical 
means at all stages of the coal chain to ensure the clean use of coal. Therefore it is 
inevitable that Australia is concerned with the development and implementation of 
clean coal technologies, and this activity is outlined in the rest of this paper.
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Development and Application of Clean Coal Technologies

(a) Beneficiation

As already noted, there is a need to ensure the clean use of coal in all links of the 
coal chain. During the mining, handling, preparation and transport of coal there is 
an obvious need to control noise, dust emission, waste water run off, and fires in 
coal stockpiles and spoil heaps. Significant work is being done in this area, both in 
full-scale activities, and in the development of new and improved methods. For 
example new coal mines, are being built, (5) which include careful noise control, 
low buildings, and screened stock piles, so that the impact of mine operation is 
minimised.

Coal beneficiation is often necessary to prepare a particular coal for use. Economy 
and efficiency are obviously of major concern in coal beneficiation plants. Therefore 
there is significant R&D effort into such things as: improvement of flow sheeting and 
process control for conventional plants (6); decreases in the rejection of coal fines 
both by the reduction in the amount of fines generated and by the use of advanced 
methods for the cleaning of fines (7); and the effective removal of moisture from coal 
(8). Related research is being carried out to develop methods to avoid, or control, 
fires in heaps of coal washery reject material. Advanced technologies for coal 
beneficiation are being tested in pilot plants. The Ultra Clean Coal (UCC) process 
developed by the AUSCOAL joint venture uses alkali and acid treatment to remove 
inorganic material from bituminous coals, the product having special application in 
metallurgical processing, and possibly in advanced power generation systems (9). 
Thermal and fluidised bed drying processes have been developed for high-moisture 
brown coals (10). The thermal process not only dries coal, it removes some of the 
associated inorganic species and eliminates some of the coal's oxygen as C02 - 
thus producing a dried and upgraded coal for use in advanced power generation 
systems (11).

(b) Power Generation

The use of coal for power generation is important, and the amount of thermal coal 
needed is likely to increase, strongly so in the Asia-Pacific region (12). The overall 
thermal efficiency of conventional pulverised fuel (p.f.) -fired power plants reaches a 
practical limit at 35 to 40%. To reduce the output of pollutants per unit of power 
generated it is necessary not only to have specific control strategies (eg. for ash, 
NOx and SOx), but also to increase the efficiency of power generation to limit C02 as 
well as other pollutants. To gain significant increases in efficiency new process 
concepts are being developed and demonstrated world-wide. These concepts 
include conventional power generation with ultra-super critical steam cycles 
(USDS), pressure fluidised bed combustion (PFBC) possibly using USDS, and in 
combined cycle with gas turbines, integrated gasification - combined cycle (IGCC), 
and gasifier coupled with humid air turbines or with fuel cells.

The historical and projected trend of coal-fired power station efficiency is shown in 
Fig. 2. There has been a steady improvement of performance up to the present day, 
but with a noticeable decrease, due to flue gas desulphurisation (FGD) and the
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associated energy use. However the new technologies mentioned above have the 
potential to significantly increase efficiency (Fig. 3). The effect of the increased 
efficiency for the amount of power produced is shown in Fig. 4 - conventional power 
generation gives about 3.5 MJ per Kg C02 produced, whilst advanced system may 
increase to 5 MJ per Kg C02.

In Australia developments for the clean operation of power plants are shown in three 
ways. Firstly conventional p.f.-fired power plants are operated with the maximum 
practicable efficiency, with attention being given to ignition stability and complete 
burn-out of coal (13). Fly ash collection, by electrostatic precipitator (14) or by bag 
filter (15) is at a highly-developed practical stage, and development work continues. 
Basic research on NOx formation and control is being used to improve furnace 
control and to develop better flue gas de-NOx methods (16). Even though 
Australian coals are low in sulphur, experience is being gained by a major utility 
(Pacific Power) in full-scale plant and in related laboratory work on FGD by 
limestone addition (17). Fly ash disposal and utilisation methods are in operation 
and improvements are being researched. In particular methods to ensure trace 
element stability are researched (18,19), whilst improved analytical procedures for 
these elements are being developed (20). The dispersion of plumes from stacks 
and related stack height and position, can now be predicted for planning purposes 
(21).

The second activity is the assessment and development of advanced technologies 
for use in Australia. The utility Generation Victoria (formerly SECV), in cooperation 
with the Electricity Trust of South Australia, is developing its own version of IGCC - 
Integrated Drying and Gasification Combined Cycle (IDGCC), which uses the 
thermal dewatering process noted above, a pressurised High Temperature Winkler 
(HTW) fluidised bed gasifier (air blown), and hot gas filtration. The flow sheet of the 
IDGCC process is shown in Fig. 5(11). The aim of IDGCC is to allow brown coal to 
compete with bituminous coal, at similar efficiencies and C02 emission, as Australia 
develops a common, competitive, electricity distribution system for the Eastern 
States of Queensland, New South Wales, Victoria and South Australia. In New 
South Wales the utility Pacific Power is evaluating advanced power cycles (25) with 
emphasis on IGCC. The gasifier will be entrained flow with ash discharge as molten 
slag, possible oxygen-steam blown (Fig. 6). There is already a strong program of 
work on process modelling, gasification reactivity, and slag viscosity measurement. 
Pacific Power and CSIRO plan to set up a pressurised gasification test facility (Fig. 
7).

The third activity is the testing of Australia's export coals to show that they are 
suitable for use in the new technology. Work has been done, for example, to 
assess specific coals for the Dow (22), Shell (23) and CRIEPI (24) gasifiers. The 
Pacific Power and CSIRO work noted above will incorporate the testing of export 
coals, by contract with individual coal companies, and with funding supplied by the 
Australian Coal Association Research Program (ACARP) and the NSW State 
Energy Research and Development Fund (SERDF). The Pacific Power schedule 
(Fig. 8) shows that the operation of commercial IGCC plant is planned for after 2001 
(25).
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(c) Metallurgical Processes

Coal is widely used in metallurgy, for example to produce coke for iron and steel 
making, as a fuel in furnaces for copper and lead smelting, and in the aluminium 
industry (to produce electricity and to provide carbon for anodes). In all cases the 
coal produces C02 and other emissions. Increased efficiency in coal use is needed 
for environmental control, as well as for improved economy.

Major changes are taking place in the iron and steel industry. These changes 
include the replacement of conventional coke ovens with ‘jumbo1 ovens having zero 
net by-products and much improved environmental control. However there is a 
movement to reduce the need for coke ovens by increasingly supplying the carbon 
and energy needs of blast furnaces by pulverised coal injection (PCI) into the 
tuyeres (Fig. 9). Research on PCI is growing in Australia, by industry and by 
national laboratories. Indeed the very nature of the blast furnace may well change 
(26) as shown in Fig. 10, with a small reactor involving minimal coke use (50% + 
carbon as PCI) with oxygen blast and iron ore fines injected at the tuyere.

Replacement of the blast furnace is possible, using molten bath reactors with ore 
pre-reduction stages, such as DIOS, COREX, and HISMELT (27-29). The latter 
process is now at the demonstration stage in Western Australia. Similar molten 
bath processes (SIROSMELT and ISASMELT) are used commercially for copper 
and lead production.

In aluminium production, Australian industry is seeking to replace consumable 
carbon anodes with other materials.

For all the processes outlined above, the driving forces for development are 
economic and environmental - in particular the increased efficiency of coal use and 
the minimisation of by-product materials.

Concluding Remarks

It is encouraging that preliminary cost estimates for advanced power generation, 
shown in Fig. 11 (30), indicate that the new processes are economically comparable 
with established methods. Nonetheless the use of coal in the kinds of clean coal 
technologies discussed above will need much testing, process improvements, and 
underlying scientific effort - for example understanding the behaviour of coal in high 
intensity reactions is necessary and relates both to power generation and metals 
production (31). The necessary work can only be done with the support of industry 
and government, and such cooperation is developing well in Australia. Also very 
necessary is international cooperation. For example the CSIRO work in NOx is 
carried out collaboratively with the University of Stuttgart. CSIRO is involved with 
Tohoku University on coal gasification reactivity studies, with funding from NEDO. 
CSIRO also collaborates with Korea in IGCC development. These are examples of 
important cooperation, and it is hoped that, in the case of Japan and Australia, 
where so much common understanding of coal use is necessary, that cooperative 
links will be strengthened.
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Commodity
Resources (EJ)*

Demonstrated Inferred Production 1989-90 Resource Life

Economic Subeconomic (EJ)
% of Total 

Energy 
Production

(Years)

Black coal 1372 54.0 Very Large 4.70 51.3 300
Brown coal 418 26.0 1840 0.46 5.0 900

Petroleum:
crude oil 14.0 2.7 1.18 12.9 12

natural gas 40.6 44.6 0.78 8.5 50
LPG 3.0 1.3 0.10 1.1 30

Shale oil 174.5 1563 - - -

Uranium 265 32.5 220.1 1.94 21.2 140

* EJ - Exajoules (1018J)

After: Australia Bureau of Agriculture and Resource Economics,
“Projections of Energy Demand and Supply Australia 1990-91 to 2004-05’, 1991,144 p.

TABLE 1 Australian identified recoverable resources of energy
minerals and fuels
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