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The "Chemi cal s from Coal " p rcj ect at the Reg i ona 1 Res ed rch 
Laborat,.,ry, Hyderabad, (RRL), has two b1·oad objectives -

to extend and improve the usage of Indian coals; and to produce 
che~icals and chemical feedstocks that would othe;wise be made 
from petroleum. The two processes central to the project 
are gasification of coal to make a "synthesis gas" that is 
then purified and suitably adjusted in sh2mical composition: 

and catalytic synthesis from the gas, to make reaction prod:r:ts 
that can be processed to deriv~ the ~hemical3 and feedstocks 
required. 

Of the available approaches to coal gasification, the Lurgi 

process had been chosen, and plant built and conmissioned. 

Work had also begun on developing a catalyst for the synthesis. 
Ancillary processeses will be required and can be studied 

later on when sufficient progress has been made with the gasification 
and synthesis. The development of anciliary processes should cause 
no undue difficulties. 

The two main ccmponents of the project follow on logically from 
the general coal processing and chemical programmes of RRL 

work thoughout several decades. In fact the gasifier was actually 
bought and delivered some twenty years ago, but owing then to 
shortage of resources was only installed recently. The chosen 
route is a good one, and the able teams of staff are well 
suited to handle the development. 

The Consultant has discussed the plant and programmes with the 
teams concerned and has delivered lectures on important 

aspects, which thems~lves stimulated questions and disussion. 
He has made recommendations on both principles and details 

of the wo~k. including means of putti11~ them into practice. 
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They include matters such as safety, thennodynamics, chemis~ry, 

gasification engineering, the chemistry of catalysis, 

maintenance, plant layout, experimentation, recording, 
economic evaluation, ~rogramme coordination, university 
research, Fellowships abroad, and management succes~ion at 

RRL. The reculTITiendations have all been dis.cussed with RRL 
staff and accepted with interest by them. 

The need for technico-economics appraisals, and also for 
for industry/market studies, were discussed with the Director 
of RRL, Dr G Thyagarajan, who was enthu~iastic about setting 
up a group to carry out such work. This can stimulate 
essential interplay between experimental, plant design, 

process selection, process costs, and marketing/co11111ercial 
issues. It will provide useful bases from which RRL can 
present its work in the wider national context, and by which 
overall coal and chemical industry issues can figure in 

RRL planning. A technico-economics/market-appraisal group 
could begir. with perhaps a chemist, an engineer, and an 
economist, with close contact with process industry and 

contractors or consulting engineers. Not only would it be 

useful in suggesti1g preferred economic directions of work, 
it would al so help diffuse economic reality. 

The combined facility at the Regional Research Laboratory 

at Hyderabad is probably the only one of its kind in the world. 
Accordingly it would be worth considering catering not 
only for rnaia's needs, but also, where such work could 
be suitably scheduled, for the needs of other countries 

on a ccnmercial revenue-earning consultancy basis. 

There will be advantage in providing continuing guidance 

by Consultancy, to help RRL in coordirating the varied and 
interlocking components of tne project. This way the best 

use could be made of the overall prograrrrne which should make 

a valuable contribution to the aevelopment of the coal and 
chemical industries in India. 
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ABSTRACT 

The pilot lJrgi high-pressure coal gasification plant had begun 

operations satisfactorily. It should become the basis for 
valuable work leading to the development of !ndian processes for 

making che~icals synthetically frrm coal. The experimental 
work on synthesis and other process requirements will need to 
be kept in phase with the progress in gas~fication. An overall 

programme of experimental and techni~o-econor1ic appraisal will 

need to be drawn up. 

Discussions were held on relevant aspects of the work, and 
recon:mendations were made in respect of safety, gasification 

and synthesis, maintenance, instrumentation, experimentation, 
economic eva!~~tion, prograrrme planning, Fe11owships abroad, 
further Consultancy and ~elated issues. 

The combined faciiity at the Regional Research Laboratory 

a: Hyderabad is probably the only one of its kind in the 
world. Accordingly it would be worth considering caterin9 

not only for 1ndia's need, but aiso where such work could 
be suitably scheduled, for the needs of other countries on 

a co11111ercia1 revenue-earning consultancy basis. 
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There have previously been Consultancy visits to RRL 
including those by 

II 

H. Jungten - coal pyrolysis and gasification -
February 1933 

lurgi staff - corrmissioning the pilot gasifier 
installation - October - December 1983 

Alfred Sulima - commissicning a thennogravimetric 
analysis apparatus - November/December 1983 

Karl H. Van Heek - UNIDO Chief Technical Adviser -
supervisory visit - February 1984 

E. Klose - gasification modell~ng - March 1984 

B. Konrad - coal gasification - February/April 1984 

Morton H. Dean - modelling of coal gasification 
reactions - June 1984 

This UNIDO Consultancy has been undertaken to advise on 
both the component parts of, and also on the whole of 

the "Chemicals from Coal" project - and in particular 

to strengthen the capabilities of RRL for research and 

development work on high-pressure coal gasification. 



CUTLI~E OF THE CONSULTANCY 

The Regional Research Laboratory at Hyderabad (RRL) is a substantial 

organization of some thirty years' standing, operating in advarced 

science and technology inte~ alia, in chemistry, coal processing, 

chemical engineering and pharmaceuticals. 

The purpose of this consultancy was to strengthe1 the capabilities 

of RRL for research and development on coal gasification for chemicals 

produc:ion. RRL had made significant developments in processing 

coal at ambient pressure, and in other fields had operated small 

equipment at elevated pressures. However the Lurgi gasification 

pilot plant was large and complex in terms of high-pressure plant 

for a research organization, and also involved the use of oxygen, 

with its potential hazards. 

The staff at RRL dre of nign quality, and some had acquired 

experience in ot.,er countries including work at commercial Lurg~ 

gasification plants. Accordingly most of the necessary expertise 

was available, and indeed the whole concept of the work was not 

only sound, but fitted in well to the general scheme of work at 

RRL. 

The purpose of this report is not to provide a view of the 

gasification and related work from the "outside", but to outline 

what transpired during the consultancy. This took the form of 

discussions with teams of RRL staff worki1g o~ different aspects 

of sub~ects that, together, constituted the "chemical synthesis 

from coal" thinking. Therewere also lectures reviewing the main 

areas of interest to RRL. 

Accounts of the discussions and lectures appear as Appendices. 

They contain both observations and recommendations by the Consultant, 

along with summaries of the work, and accounts of the plant and 

of activities, provided by RRL staff. 

Some previous visits by UNIDO Consultants had been concerned 

with particular issues: this ~onsultancy considered the work, 
as a who 1 e, and how one section might best be fitted in with, ~nother. 
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I~ also included examination of c2rtain details that RRL 

staff felt to be important to them, ~nd considered a wide 

ranqe of issues, both of principle and as minutiae that 

arose durinq the disucussions. The subjects ranged from 

the chemistry of catalysed synthe~is reactions, to techniques 
of gasifier operation, coal preparation, plant layout, 
proc~ss evaluation, and economic analysis. 

The recornnendations made by the Consul:ant should enable the 
work to progress in a satisfactory and ordered manner. This 

way it can best serve the main aim of the progra111T1e - which 

is to develop processes for synthesis chemicals, using coal 

as the raw material. The recommendations were all discussed 

with the appropriate RRL staff, and were well received. The 

staff were all very cooperative to secure the most useful 

outcome, and seemed dedicated to the project. 
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THE OVERALL "CHEMICALS FROM COAL" SCHEME 

~he pilot Lurgi high-pressure coal gasification plant is 
the first, and essential, stage in the overall route from 

coal to chemicals. Gas made in the gasifier will require 
adjustment cf composition, catalytic synthesis, separation 

of any by-products, work-up of products to meet market 

specifications, and arrangements for despatch of products. 

Following gasification, the processes needed may be based 

upon RRL (or other Indian) work, or brought in from other 

sources according to cost and timing. The general layout 

of a combined plant will be along the lines shown below. 
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7HE LURGI GASIFIER I~STALL~TICN 

CHRONOLOGY 

Pre 1965 the decision was made to work on Lurgi gasification of 
Indian coals. 

1965 The oxygen plant and the boiler were purchased from Lurgi. 

1966 The Lurgi gasifier and ancillaries we;e received. The 

equipment was not installed, but was all left in its 
packing cases. 

1975 i:RL was"given a signal"to prepare for erection of the plant. 

1977 Erection was begun by RRL, including various Indian components: 
design, fabrication, piping, testing etc. took place 

sequentially. The Benfield plant was fabricated in India 

from Lurgi drawings. The boiler and the oxygen plant were 
commissioned as also the coal preparation pla.1t. Despite 
limitations in staff and facilities, all the work was done 

in-house. Preco11111issioning and pressure testing necessitated 
relapping the ash lock-hopper cone valve seating, and making 
rubber seals for the coal lock-hopper valves locally. 

1981 The UNDP project began with assistance for instrument 

purchases; placing two staff in CSSR, one month each for 

training. In 1983 Mr Seshagiri Rao visited Usti gas wrrks 
(CSSR) (14 gasifie~s on stream). Then another man visited 
Resova (26 gasifi~rs). 

1983 October - December - Lurgi staff commissioned the gasifier 

and the tank farm - but neither the Benfield plant nor thE 
biological eff.1uent oxidation plant. 

19E4 20 January - RRL operated the plant for two days to co-ordinate 

with visit of Dr May, Dr Maung and Dr van Heek; the chief 
Technical Officer qf UNICO. In March work began for 

calibration of the'mass spectometers and the computer: also 

the Benfield plant :was co11111issioned. The mass spectometer v1as 

commissioned by the ~akers. Gasifier operation was confined 
to air/steam re~cti:on owing to low electricity voltages. 
(A 350 hp motor driving the oxygen plant air compressor 

' 

fractured a coil ow,ing to low voltage. It is now rewound 
and, wor:k i ng). 



.....-----------~-----------~--- ----

17/8/84 the o2 plant was corrunissioned at 15 bar at 80~~ and 

90% of full load: and then at 20 bar and 90% of full 
full load. 

23/8/34 H2o;o2 operation of the gasifier began. 

24-27/8/84 the gasifier was operated on H2o;o2 at 20 bar, three 
shifts per day. 

28/8/84 a power failure necessitated shutting down. 

The gasifier was to start again from 1/9/84 to run for one week 

at 24 bar with oxygen/steam reaction. 

(Note - power supply brea~owns from•the publ 1c supply system 

are common, especially o~ Wednesd~ys when the steelworks power 

demand peaks. The supply authorities and other users are 

obliging, especially as regards rolling mill operation that uses 

the same supply~ but there are still failures). 

The biological oxidation plant is scheduled to be corrmissioned 
before the end of 1984 

(Details supplied by RRL). 

"' 
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RC COMMENDATIONS 

In general terms here - the relevant 4ppe~dices contain the details 

Genera 1 

The gasification and synthesis recommendations are mcGe in relation 

to the stages of develooment ard complexity of the various components 

of the work. For example, as the synthesis work expands, ~ore 

detailed recommendations will be able tQ be made, analogous perhaps 

to those for gasification. 

Recorrr.lendations have been made as to those aspects of both 

sections of work that require attention immediately, and those that 

apply p~rticu1ar1y ever tne next year or so. 

,1\s experience is gained then progra1T1Ties of experimentation 
can be made more formal and more detailed. Then, the overall 
project can be considered in the light of its purpose, especially on 

the oasis of comparative economic evaluation. 

Gasification 

1) Safety, emergency shut-down, and planned maintenance procedures 

need to be instituted on formal bases. (Appendices 7 ,8) 

2) Serious consideration should be given to improving the security. 

and maintaining the voltage of the electric power supply -

whether as an in-house generator or as a dedicated section 

of the local supply system. (See Chronology). 

~) Instrumentation should be provided for complete mass and heat 
balances , and positioning of the·reaction zone within 

the gasifier. (Appendices 7,10) 

4) A system of formal records should be set up right at the 

beginning of this long-term project. This snould include not 
only operational data from test runs, but wear and corrosion 
measurements, and accounts of blockages and fouling, to quantify 

experience in time-related and throughput-related phenomena. 

(Appendix 7) 

5) Pipework should be colour-coded according to contents, (Ap~endix 10) -

6) The quench and tne waste-neat boiler should be separated to aid 

-, 



opera ti ona 1 f1 ex i bi l i ty, and separators c0u 1 d usefu·ll y 

precedr both the waste-heat boiler and the gas cooler (Appendix 10). 

7) Enriched air instead of oxygen , and also the recycling of tar and -

liquor to thebed, would be worth considering at a suitable 

stage.(Appendix 8) 

8) The experimental programme should progress logically through 
the caking range of appropriate Indian coals, so as to chara~terize 

them with regard to comparative process suitabi~ity. (AppPndix 3) 

9) The use of blends of coals might extend the range of availability 

of the process. Precarbonisation tests under pressure should 

be instituted. (Appendices 7 ,8) 

Synthesis (see Appendices 4,5) 

1) ~recording system should be set up right at the beginning of 

this long term project. It should include a system of 

nomenclature for the catalysts investigated. 

2) As well as iron catalysts that are cheap, but easily poisoned, 

cobalt/nickel and other catalyst systems should be examined. 

3) Surface area blocking by non-reacting gases should be investi~ated. 

4) Mechanics of poisoning, eg, by sulphur, should be investigatP.d. 

5) After an initial period, a specific programme of catalyst/synthesis 

research will need to be drawn up, so as to enable process 

requirements to be matched with those of the gasification plant. 

The overall project 

1) An overall programme should be drawn up to contain schedules of 

work for gasification, synthesis, gas cleaning, carbon monoxide 
shift, by product treatment, effluent treatment and disposal, 

product work-up etc. Such a programme will be more detailed 

for- early years; less detailed further into the future. A 

budget will presumabl~ be needed. 

- --



, -
- I~ -

2) The overall project programme should be taken into the national 
plan at the right stage. Issues such as 

requirements f~r indigenous production of 
chemicals from coal 

coal availabi~ity for chemicals in rP.lation 
to other demands 

characteristics (cost as well as scientifica1ly) 
of available coals 

suitability of rrocesses (inclJding costs) 

will need to be considered. Some form of cost/benefit appraisal 
will presumably be needed. 

3) The project programme in the national plan will need to be related 

to the programmes of CFRI, BHEL etc. 

4) A technico-economics sroup should be set u~ at RRL, not only 

to inject commercial issues into the planned directions and 

planned rates of progress of the components of the project. 

It will also make possible a better presentation of the RRL 

aims and objects in the context of national planning. A 

similar set of reasons would suggest the neeJ for a market

orieritated group (see 2 above). Both requiri~ments might be 

met with one combined activity to cover all aspects of evaluation. 
(Appendices 4, 9, 11 ) 

5) RRL in-house work could usefully be buttressed by university 

work in India, following practice in other countries. Research 

laboratories and universities can engender valuable synergy. 

6) There is good work in universities and research organizations 

in ~any countries. RRL staff have already been to a number 

of countries on Fellowships concerned with scientific work of 
consequence to RRL. It would be useful for some of the younger 

RRL staff to make visits abroad to widen their experience in 
matters germane to the project. 

7) There is need to ensure continuity in the technological 

leadership of relevant sections of work for this project 

(Appendix 11 ). 



3) RRL possesses 1~rat is prooab ly the on1y such "chemi ca 1 s from 

coal" facility in the world involving a pi1ot Lurgi gasifier 
insta1lation. RRL should, at the right time and to suit its 

own work schedu1e, offer a worldwide service in coal cnaracterisation 
and consultancy in Lurgi coal gasification for synthesis. 
(Appendix 10). 

9) 7he whole of this important project requires continuing review, 

and updating. The organization at RRL appears to be good and 
effective: specialist assistance to it will be worthwhile, 

preferably in the form of return visits on a regular basis, 
perhaps anrwal ly. 

Matters where tne Consultant may be able to assist progress 

1) Assisting in obtaini1g abso1ete gasifier spares. 

2) Assisting in uneart~ing practi~al data on the bio1ogical 
oxidation of Lurgi gasifier effluent. 

3) Makin~ connexions useful for catalyst characterisation. 
4) Seekirg out sources of catalyst research data. 

5) Helping in securing Fellowships in suitable universities 
and research orga~izations. 

6) Keeping RRL informed as to literature on hazards and 
apprJaches to safety. 

7) Periodica1ly reviewing the quality of data from the 
experimentation, and investigating anomalous results. 

8) Guiding the development of technico-economic and market 
evaluation. 

Generally the concepts and recommendations in t~is report 

will need further development as progress is made with the 

programme. Repetition of this Consultancy would enable 

such development to be combined with a useful component of 
external assessment and continuous guidance. 
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UNITED NATIONS INDl:STRIAL DEVELOP!\IENT OllG1'.NIZATION 

UNlDO 

JOB DESCRIPTION 
DP/tND/80/004/11-58/32.l.C. 

?ost title Consultant in Design ar.d Operac:ion of Large-Sc:ile Planc:s 
(Coal Gasification) 

Duration 15 days (about: 10 days in Hyderabad, l d.:iy briefing or debriefi.02 
in Vienna, plus travel days) 

Date rl!quired Around September 1984 

Duey station Hyderabad, India 

Purpo~c of pro;ect To strengthen the capabilities of t!~e Regional Research i.aboratory, 
Hyderabad (RRL!!) for R+D work on coal g.:isif ic;;tion. 

Duties 
The consultant: will be assigned to RPJ..H. In consultation with the 
scientists and engineers of the RRL!!, he will advise them on the 
following: 

- Desien and scale up philosophy of large-scale movine bed pressure 
gasification processes, 

- Principles of techno-economic evaluation of large-scale gasification 
system for generation of mcdit;:n :Jtu g.Js and ..;ynthcsis g;is, 

- Guiding the ex?cri::icntal prograr.~c 1:1 t!1c RRJ.1! pilot plant for 
the above object, 

- Gas cleaning and purification system, 

Raw gas corwcr..;ion including ~hifr:: con·:ersio1\ .:rnd mcthnriatfon to 
convert the r.'.lw 1;.:is to town gJ.s (::i..:diui:i Btu, s:;c anrl CO+Ili for 
synthesis ?urposes), 

FT syntht?sis including catalyst, 

- Particle si:~ fed to g.'.lsifier, utiliz~tion of 0-6 ~.rn size, 
pellcti=nticn and conversion to fo;·mcJ coke, 

Slagging ~rcssure ga~ificn:!on ~;~cc~. 
Added :it 1 \ - Combined-c:ycle and power-ger.erat1on appl1cat1ons of gas1fication .... / .. 
2RLH 'r - Flu1d1zed-bed Jas1fication/combust:ion under pressure. 
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The consultant will submit a report to UNIDO 
concernint; his f indin;s ,ind recomroo::nd;\ t ions, 
particularly Yitli regard to the experlmental 
pro:;r;imme th.:it is to be pursued by RRUI to fulfill 
the objectiv~s of :he project. 

Qualifications A mechauical engineer with considerable experience in 
dcsigl\ing and operation of gasiiic.J.tion plar.ts Crilot 
plants, process development unit and commerci.:ii planes), 
preferably b.J.sed on fixed-bed gasification system. The . 
expert should have experience in ·planning of experiments; 
runs collection 0f data ar.d evaluation of data far use 

• in designing larger planes. 

Language English 

Background information 
A pilot ?la~: for the cocple:e g~sif icacion of coal un~er ?ressure 
ui:h a capac~:y of 1400 ~~3/hr o~ ra~ gas ~as i~por:ed fro~ ~/s 
Lurgi, ~est Ger~any. I: has ~een erected at a si:e abo~: 5 ~ 
from the main ca~?us of R.?.LH. The gasifier is of l ~. dia. The 
pilot plane h~s an oxygen plane (250 ~=3/hr) su?~li~d by ~/s 
Linde AG, west Ger::tany. A high ;iressu::-e. boile::- sunl:i.ed. ~y 
Borsi3 AG to burrl. 0-6 ::-.::i oE co.:il i:i av.iil.J.ol.e to gene::-ate st~am. 
Coal crushing, screening and scori~g facili~ies h.J.ve been c::-eatc1. 
!he produce ~re~ the gasifier ~ill. hJve che average coc?csition 
as sho"m be:o..-: 

co2 , Voluce per cenc 

HzS 

Cn H..-n 

Raw gas 

'25. 8 

0.2 

0.3 

24.0 

39.6 

~.3 

0.3 

2800 

After hot <>-J t .J. sh ·.;a ~ 

2.0 

0.4 

32.0 

52.2 

13 ,0 

0.4 

3360 

The raw gas will be subje.:::ed :o ~oc ?OCash ~ash for re=ovini 
carbon dio~:J~ J.;1d hydro3~n :;1!L?nid·.! . .\f::er r.hi~, it 1,;ill h.1•.re 
chc co~?osi:ion ~s shown above. 

Condcns3tion oe byproduc::s ~nJ SC?~ration inco cir, oil and liquor 
'Will ..-ilso be ::".:id!.!.· The liquor •..11.l~ ::ic subjec:cr! co bi.ol0~i.c.d 
oxi.d,:c~o;\, '.,"'.1de .::o.JL oE 1)-20 ::i;:i ·H·~~~ be used i.n gasiEi.~r, c!-.e 
undcc-si:~~ ~o-~l (0-6 ~~) wil: ~~ u~cd in che boitc:. !~~ rL~n~ 
is cxp·~CC·~J :u he co~issil.)n~d J5 ~;.Jon tis ~os:;ib!(~ in c:.ccJ: .. !0~1.:~ 
'..Jith r~~ c.or. 1-'·2:1i~nr.~ uf r:::1,-:? C 1)n:.;ul:H1C(~). P:-J•11~i0n e:<~~c:. ~o~ 

pu: i r L :..~ i: i.o ~'. 

rt i~ .ll:,o ~~-)~i0'.'.:~~~ :.J ~r:·.;·~~1' .\~.'.."" ::·~r_.;~ .... :-:,.1.:~~ic:.~tt 1 .. )",\ ~:-". ':.'.·1i.~ rl.j,;l.c 
:-"J!:"' ~'.""·~ :·/''.··~-~~-' ... :~1 o~ :~·.: ~~:.J 1 ;-:·; -,~ ,.~,~ : ..... ~-~ l.:1 C.·.:ic-:Jc~;-.~~~~ CJCl,1 
':) ~ ·, .. ·~ r .,.. •~I' l ., 
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Appendix 2 

Prograil1112 for Mr Brian Locke 

Date Morning 

24.8. 1984 

RRL Coal Division 

AfternoJn & Evening 

Visit to Coal Gasification 

pilot plant 

25.8. 1984 to 26.8.1984 - Hclidays 

27.8.1984 Discussion with the 
F.T. Synthesis Team 

(Committee Room) 

28.8.1984 Discussion with Briquetting 
Group (formed coke) 
(Library Lecture Hall) 

29.8. 1984 Discussion with Coal 

Gasification Team 
(pilot plant operational 
prot:lems) 

(at pilot plant site) 

31.8.1984 Discussion with coal 

Gasification team 

(evaluation of the pilot 

1. 9. 1984 

pl ant data) 
(programme on coal 

gasification)(gas clean·up) 

(Corrmittee Room) 

Work on slagging 
gasification at British gas 
Corporation : f~uidized 
combustion, power generation, 
plant instrumentation 

Lecture 1 - Synfuels 
processes 

Visit to laboratory 
facilities TGA, CSU, etc. 

Lecture 2 - Gasifier 

development and scale-up 
(Corrmittee room) 

(eventually transferred 
to 31 . d . 84 . ) 

Lecture 3 - Evaluation of 

gasification processes, under 

the auspices jointly of 
RRL and the Institution 
of Chemical Engineers 

(Committee.room) 
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Appendix 3 

The Lurgi Gasifier Installation 

On 24 August 1984 the Lurgi Gasifier Installation was 

visited. 

l) P~ctographs shawing components of the Plant 

2) Analyses of the principal Indian coals scheduled 
to be gasified 

3) Plant layout and flow sheet. 
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COAL LOADING & CRUSHING - . -

• 

COAL BUNKERS 
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CCAL TRUCK 

TO GASH IER 
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COAL TO BOILER 
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COAL TRUCK FOR GASIFIER (left) 
AS~ TRUCK FOR ASH (right) 

HOIST FOR COAL TRUCK 
TO GASIFIER BUNKER (top right) 



• 
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GAS IF I ER 

I centre) 
\ 



OXYGEN PLANT nOuSE 

• 

BENFIELD PLANT 



• TANK FARM AND BIOLOGI:AL OXIDATION PLANT 

ASH DISPOSAL 

• 

r ~, 



Characteristics of Godavari Khani coals 
------··----------------------------------------------------------------------------------------------------------

GDK No.7A GDK No.BA GDK No. l 0 GDK No. GDK No. 
Incline Incline Incline Open Open cast -l 

Particulars of Analysis 2 Seam l Seam 3 Seam 4 Seam 3 Seam 
Main Bottom 

- - - - ________________________________________ !~~!i~~----------------------~~~~-l~l ____________________________________ 

1. Moisture at 60% RH and 40°c 7. l 6.2 6.4 5.0 7.5 
-t 

2. Proximate Analysis s 
ro 

(As r(ceived basis). 3 
pi 

i) Moisture% 5.6 4.6 3.8 3.9 6.0 ~. 

::l 

ii) Ash% 31. l 24 .1 27.4 46.7 19.0 n 

iii) Volatile Matter% 27.9 33.l 29.6 20. l 27.6 0 
pi 

iv) Fixed carbon % 35.4 38.2 39.2 29.3 47 .4 ~ 

V> 

r~ 

3. Ultimate Analysis 0 

0 
ro 

- - - -

i) Moisture X 5.56 4.58 3.75 3.93 5.97 lLl I " 

ii) Ash X 31 . 15 24. 12 27.38 46.73 19 .06 pi LC 
V\ 

iii) Carbon~.£ 48.05 55.84 53.03 36.00 57.53 ~ ....., 
iv) Hydrogen % 2.97 3.76 3.37 2. 19 3.46 ~ 

fLi 

v) Nitrogen % l. 18 l.08 0.97 0. 79 l.13 n 

vi) Sulphur% .0.40 0.72 0.50 0.24 0.58 
vii) Oxygen% (by diff) 10.69 9.90 11. 00 1o.12 12.27 

4. Ash Fusion Characteristics of Coal as~ (under mildly reducing atmosphere) 

i) Initial deformation P8int (°C) 1310 1270 1300 1325 ll'.'.50 
ii) Hemispherica& point ( C) above 1400 1350 above 1400 above 1400 1355 

iii) Flow point ( C) above 1400 1370 above 1400 above 1400 1375 

5. Chemical Analysis of Coal ash 

i) Loss on ignition 0. 17 0. 76 C.84 0.37 l.05 
ii) Silica as (Si0

1
) 60.95 58.94 60.52 60.75 57.75 

iii) Iron as (Fe 0 5.68 7.75 4 .19 4.94 12.97 
iv) Aluminium a~ ?A1 2o3) 29. 71 27.59 27.44 30.32 25 .18 
v) Calcium as (CaO) 3.41 4. l 9 3. 71 3.56 2.96 

v~~ Magnesium as ~MgO~ - 0.55 o. 78 
I I vii S4lphates as so4 - - 2.48 

- - -- - - - -- - ·-· - - - - -- - - - - - -- - - - - - - - - - - - - - - - -- - - - - ------- --·---- ------------------------------------· 

• 
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Appendix 4 

Qiscussion on Fischer-Tropsch Synthesis (27.S.84.am) 

l.Aims of the entire Indian programme 

A. Conversion of Synthesis Gas to make c2 to C+ o1efines -

RRL work 

The n~ed is for diese1 fuel and kerosine - so work is 

concentrated on Fischer-Tropsch rather than direct hydrogenation 

as the demand is for paraffins ratner than aromatics. RRL hopes 

to build a synthesis pilot plant if funds allow. 

Corrmercial Fischer-Tropsch catalysts are not available, so 

RRL is 

1/ preparing its own catalysts - work began early 1983 

2/ screening their catalysts for close selectivity (to 

avoid undue product work-up) . This involves testing 

10 ml of catalyst in a mini-reactor, heated by a 
fluidized bed of hot sand. One particular Fe/Zeolite 

catalyst shows promise when tested with CO/H2 -pure 

mixtures from cylinders. 

3/ preparing repeated batches of catalyst for tests for 
repeatability and reproducibility 

4/ preparing a 100 ml reactor which is being set up (with 

help from the Xytel Corporation of USA) for the early 

stages of scale-up to check geometry, kinetics etc 

S. Anot~2r group in RRL is working on CH3 OH synthesis 

wi~h a second stage CH3 OH reaction to make o1efines 

C. The Central Fuel Research Institute, Dhanbad (C~RI) 

i~arately working on f 1scher-Tropsch synthesis 

This is for liquid fuel production - middle distillates 

- and the prograrrme covers both catalysts and synthesis. 

(RRL and CFRI are both under CSIR so synergy is aimed

for between laboratories). 
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D. Bharat Heavy Electricals Ltd( 3hEL) is ~orking with a descending solid 

bed type gasifier for combined cycle power generation 

Yet another BHEL group is building a fluidized gasifier 

for combined-cycle work, very near to the RRL pilot Lurgi 

plant - with which it will share steam and oxygen supplies. 

3. This assignment - concerned with lA above 
~.7he group at RRL had been in existence some eighteen months, and 

are working mainly with Fe catalyst - fused and otherwise -

Decause it is cheap and previous results have been widely 

reported in general tenns . The catalyst is hydrogen 

activated. Zeolite is the support, of diameter some 

0.2 - 0.2 l1ITI for controlled pore size. Approximately 2 gm 
catalyst are tested on each run. Pressures are used up to 

20 bar and tempel"'.!tures up to 500° C with up to 6000/11 space 
velocity. (Note - detdils of pore-size determination are important) 

60 - 70 gm c2 - c4 o 1 efi nes can be obtained per n m3 synthesis 

gas - which is similar to Ruhrchemi~ results - and samples have 
run up to 60 h continuously without C deposition. 

B.RRL is interested in the possibility of a slurry reactor -
as it has many advantages in use. The programme '.''ill include 

catalyst regeneration. and the use of promoters such as Ti,V, 
M :i, Cu. 

C.LlN has already provided a Hewlett-Packard gas chromatograph: 

butylene has been found to be a problem as it dissolves partly 

in the ~la OH used to remove co2 from the sample .. Staff are 

still characterising the analytical equipment. It is possible 

in RRL to measure pore size and distribution, surface area etc. 

Facilities include infra red, e.s.r., Mossbauer spectrometry 
and Xray diffraction. 

J.Facilities exist to :nake 2 - 4 kg of catalyst sample per batch 

in·house. 
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E.There are several Indian commercial firms that can make over 

l tonne per day of catalysts such as those for hydrodesu1ohurizatior.. 
hydrogenation etc. 

These catalysts are made entirely for the oil industry (UCIL 

collaborates with Girdler). CH30H catalyst is made in Bombay, also 
that for NH3 synthesis. 

F.RRL has already developed a cyclohexane catalyst, now licensed 

to UCIL - Girdler are making it - and it "works" slightly better 
than Girdler's own material. 

G. There is as yet no work or plan to investigate surface blockage or 

o~ poisoning or use of Co/N catalysts.Corrrnercial issues are 

not demi nant yet. So this 1vork is part of a l ogi ca 1 scheme of 
seeing how best to use gasification. 

H. CFRr are at work on liquid phase solvent extraction of coal, to 

make a liquid fuel for boiler use. RRL have a programme of 

super-critical solvent extraction of coal, from which they would 

examine any chemical uses of t~e extracts: residues would be 
gasified. 

,• 
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q_ecofT111endaticns - Cataivsis 

l' A nomenciature systEm •~il~ Je requirea for the different 

catalysts examined. 
2) It would be useful to consider tne Koibel approacr1, and 

Co;Ni cai:alysts for specificity. 
3) ~ark snoulj be done on surface ar~a blockage by non-

reac':.inq gases. 
~' ~ark snoula be done on catalyst poisoning, eg by Sul~hur. 
51 It would ~e useful to set uo a small techno-economic 

studies group (perhaps a cnemist, an engineer, and an 
economist) tnat could begin, perhaps, wi:n the comparative 

economics of catalytic ccnversion, poisoning/purification 

etc. a~d then point out the more economic directions for 

researcn and development, and produce costings for concievable 

products. 

This WOLi 1 d 

a) introduce process costing into RRL coal 
process thinking 

b) accustom the different disciplines to • .. 1ork 
together 

c; beuseful in suggesting preferred econor.iic 
directions of work 

d) be useful wnen discussions start with chemical 
~ndustry, plant builders, government etc. 

e) build up a body of process cost data 

6) Market(ing) thin~ing snould be introduced, so as to 

help guide the research prograrrme towards products that 

will be needed ~hen the processes are in operation. 

Possibilitieswhere the Co~sultant may be able to 

as::;ist progress 

Making connexion~ useful for Catalyst characteri~ation 

Seekiny out sourdes of catalyst research data 

Guiding the development of tecnnico-economic and market 

eval,Ja::ion 
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Those present at the Fischer Tropsch Synthesis Discussion 

K. Seshagiri Rao 

Dr Y V Subba Rao 

Dr G Murali Dhar 

Dr M Janardana Rao 

K B S Prasad 

B Madhusudhan 

MM Mallikarjunan 

K Radha Krishr.an 

Deputy Director in charge of 

coal gasific1tion 

Separation processes in coal tar 

processing, currently engaged in 
in super critical gas extraction 

of coal 

F-T catalyst preparation and 

characterizations 

F-T Synthesis - catalyst preparation 
ana establishing process conditions 

to produce c2 - C4 o 1 ef i nes 

1 Modelling of a Lurgi gasifier 
2 Modelling of char gasification 

3 Mode 11 i ng of secondary pyre ly sis 

4 Modelling of briquette 

reactor 
5 Deactivation of catalyst 

l Coal gasification 
2 Mathematical modelling of fixed bed 

gasifiers 
3 Coal-gas cleaning 

1 Modelling of vapour phase catalytic 

reactions 
2 Kinetics of char gasification 
3 Modelling of pressure gasifier 

4 Modelling catalytic reactors 
undergoing catalyst deactivati~n 

F-T catalyst preparation and 
establishing condition to produce 

c2 - C4 olefines by slurry reactor 

... 



r"'---------------------~----~---·-· ---

V Durga Kumari 

A Sudhakar Rao 

S N Reddy 

K V L N Prakash 

K Venkateswarl u 

A Satyanarayana 

B S Narayana Rao 
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F~T catalyst preparation 
characterization and evaluation 

2 Cracking of methanol to c2 - C~ 

olefines 
3 F-T kinetics 

Hydroprocessing of coal-derived 

liquids 
Coal gasification cf fixed bed ~nd 

fluidized bed 
2 Gas clean-up 

Preparation and screening of F~T 

catalysts for the production of 

c2 - c4 olefines 

Catalyst preparation and screening 

for the hydrogenation of carbon 
monoxide and hydrogen (F-T synthesis) 

for the production of lower olefines 

F-T catalyst preparation, screening 

and operation of coal gasifier 

F-T synthesis - project leader 
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Appendix 5 

Lecture on Synfuel~ Processes (27 August pm) 

The lecture covered the history and scope of work to 
1erive liquid fuels and chemicals from coal, worldwide. 

It included an outline of British work on Fischer-Tropsch 

synthesis from the 1950's onwards - and gave a brief 
account of the Britsih Gas Corporation slagging gasification 

ork at Westfield. 

The attached paper by the Consultant (from Energy World, 

the bulletin of the Institute of Energy, February 1982) 

covers much of the lecture material. 

Other papers from which the British Government, British 

Gas and British Coal Utilisation Research Association 
work was described, are listed in Appendix 12 - documents 

given to RRL by the Consultant. 
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C c;-::re. Win.gerwort:i. Chc!;terr~elJ at 
: lJ()O :1 \ refrcstlmer.ts at"lt:r icct 1m: 1. Juin t 
:ni.:i.:r:ng with (\),\Ir\. 

S Walt!s and W of Engic.rnd 
: '1 \lar. Thc:nai .11su1Hi1lln. lllus,ratcd 
a:k and wurk> wur. H.u.:il "'uoi L:d, 
fl:11w:e:liog, Pcncut:J, Bridgend lit 
:~_l\Jh. 

London and Hume Counties 
: ~\.far Tea at I~ IO h, AG\.1 .H 1730 h. 
·\1:cr:1at1•~ ..;qcrgy -;uur·~c'>. hy Dr D [" 
~j,~,:·t-Huoi\ at \WO ti. 

Sonh-Westem/.Herseyside 
; :-i \tar. Funding oi oil expiorut1()ns and 
,!e·. ~iupment. by J H MJ:Dona\J. 
r:;orntun Resi:::rch Ccntr~. Pool Lane, 
!nc:: Jt I ~00 1·or l /JG h. Joint meeling 
.>:ch Staniuw ora;1d1. ln·;tltulc of 
t>c~:- 1Jlc~~~n. 

.HU land 
: '• \lar. )uc1al ~·.cr.1r:g. ".Vc~.t .'v11Jlands 

. , !{C). ')u1:;1u1:. 

., 

5 

15 

14 

23 

24 

24 

., " 

26 

.Vorth-Eastern 
22 Mar. The state of :he an :r. ccul·fired 
.,hips, by J B Riksh~::n. ~eville Ha:l. 
~(;WCa!stlc at I BOO h (refreshments 
before meeting;. fotnt mcet:r.g with '."< l: 
lnst:tut1on ,Jf Engineers anli Si1;p 
b1.:1lders. 

;'vferseyside sub-section 
25 \far. Heat reco•erv ;·.,r~:n. bv J 
EJwards. \.1anweb HeaJ 011ice. Chester 
at I BOO for 1830 h. Jotnt meeting with 
<;:IBS. 

Northern Ireland 
2.5 Mar. Tidai energy :·rom Strangford 
Loch. bv Dr L McCcments. Ashbv 
Lc~ture Theatre, Bcllast at l '100 h. ' 

East Midland 
26 Mar. Annual dinner. Tnc Georgt: 
Hotel. Sotttngha.m . 

Yorkshire 
27 Mar. Dinner dance at Cairn Hotel. 
Harrogate at 1915 ror l 945 :1 . 
JI Mar .. .\GM. BSC. Sheffield Labora 
cones. Swmden ll0use. kotnerh8.m at 
i ~()() h. 



F eedstocks and fuels 
The need for process 

from coal: 
cl1anges* 

Brian Locke CEng FinstE FIChemE+ 

Origins 
Feedstocks and fuels from coal are not new, and from 
the beginning of coal processing their c:1~racteristics 
have had to be matched against, ar.d reconciled with. the 
needs of their users. The R0m<>ns used coal in Britain 
2000 years ago, and grumbles about pollution have 
echoed through the millenia, even w today. Gaseous fuel 
first appeard in 1691 \Clayton) and was com
mercialized from 1802 (Bouiton and Watt). Tar and 0il 
were distilled as primary products of coal carbonizatio:l 
in 1782 (Dundonaldl; and the first gasification of 
powdered coal for power generation was in 1806 
(Niepce). 

S_vnthesis 
~liodern synthetic processes derive :i'om Sribatier & 
Senderens (1902) via BASF (1913), Fischer (19::3/, and 
Fischer & Tropsch ( 1926) - leading to the first p;ant tn 
19 3: using ambient pressure synthesis gas derived from 
coke oven gas. The original commercial pL~rpose was for 
synthesis of iubr:cati.ng oils, later changing to fuels as 
the primary object. Kop?ers, Didier and others experi
:ne:1ted With versions of gasification; Winkler used a 
rl~idized gasifier; and, in 1938 Lurgi oper:ited ~neir 
O./steam gasifier at 8- i 0 at:. at Holten. An inr::.resting 
pr0blem the:i was that incn:used pr;:ssure reduced the 
gasoline output, while increasing diesel fractions and 
waxe~. The ;:iroducts were treated by catalytic and 
thermal ::racking, aromatiza~ion and polymerization. 

Hydrogenation 
Fischer·-:-ropsch synthesis Je;Jends first on reducins 
steam by coal (using the heat of purtinl oxidation of 
more coal to CO) so 11s :o add the hydrogen to the 
carbon (monoxide) by catalytic synthesis. The apposite 
route to the same end - to increase the H/C ratio - but 
by direct redudon of co:il, began with Berthelot ( 18 70 ). 
Sergius ( 1913) reduced coal with hydrogen at I 00 ata, 
followed by Fischer jointly with Trcpsch ( 1917), and 
with Schrader ( 1912), the first Sergius plant being 
installed in 19 26 at Leuna to treat coals and also tars 
and oils from carbonization. 

Work wa~ also done ir. the USA, France, Italy, Japan 
and Korea, for example; before World War 1, on both 
synthesis and hydrogenation as well as the production 
of iiquid fuels and chemical f eedstocks from coal car
bonization and shale dist~lation. Oriush work on 
hydrogenation began in l 923, followed by a pilot plant 
in 1927; and ICI built a commercial plant in 1935. 
There were also several Fischer-Tropsch experimental 
units in Bntain from 1935 onwards; and over 150 
processes were considered 'JP to the war. Most UK 
liquid fuels, however, were oils from overseas. 

UK home rroduction of iiquid fuels at the beginning 
of World War 2 was as shown below: 

"From a paper given to :he EJropc&n !cm1nnr on ,."eedstocks a11d 
'uels ·;-om .:oaf. held tn !...ondor., :4 Se~te:nb~r : 98 l 
· •sr.n;or Piirt:1:r. Cadogan C0:m:.ta.1t3. !....Jr.c!cn ' 

Proce:is 

f ligh :emperature coal ~arbomzat;u,1 
Lv·"' t~mpenture coal ~arbomznuon 
Shill.: J1! Jisti.llauon 
d1 Jrogen:mor. of coal ar.u ~reosote 
iJornest1c au wells 

To•al 

Gasoline 
cpa 

214 000 
4000 

2J 000 
141 000 

38:: 000 

Heavy oils. 
creosore. 
diesel oil 

tpa 

357000 
!0000 
68 000 

1000 

436 500 

L Germany in 1939 where foreign oil supplies were a 
problem there were ten hydrogenation, nine synthesis 
plants with capacities of 1 300 000 and 600 000 tp:i 
respectively. 

Solvent extraction 
Deriving :·ram analysis techniques. solvent extraction of 
coal probe :Jly began in 191 B (Fischer and Gluud) and. 
umil th~ war in 1939, practically every conceivable 
solvent was tried on coals, peats, lignites etc, in many 
countries around the world. The extracts were of higher, 
and the residues of lower H/C ratio than wece the feed 
coals, and ranges of unsaturated aromatic, and some a!i
,:i:iatic compounds were found. resins etc. However. 
1h~rc wus never any sign of a commerc:al process 
(,except for electrode manufacture) until after the war 
with work particularly in the USA, and in Britain first at 
BCURA. and then by NCB. 

Fitting products to markets 
Throushout the period up to the war the major problerr: 
in coal processing was that of fitting products to 
:narkt:ts, economically. Synthesis produced good diese! 
fl!el, and olefines suitable for polymerization to 
lubricants; but poor gasoline and a range of waxes 
requiring individual treatments to substitute for existing 
prodt.:cts. hydrogenation produced good gasoline. but 
:io diesel or lubricating feedstocks. Both procluced by
product gases. Generally, with the need to develop 
purification and by-product work-up streams where the 
primary processing was quite overshadowed by the 
ancillary plant - and the need to fit new products into 
established markets - lt was cheaper and easier in mo"st 
places to go on using petroleum - despite the difficulties 
of war. The pressm~s are different today, but we have 
similar probiems, and must overcome them. · 

After 1945 there was some work on synthesis, 
hydrogenation etc, in the USA, USSR, Germany. 
Britain etc, although (except in South Africa) process 
economics could not compete against railing oil prices. 
The UK government continued to run Fischer-Tropsch 
Jcvelopment begun before September 1939 including 
work on m1Jl-scu1e, Co, and other catalysts. The govem
mcnt' s 'oil from coal' project of the 1950s provided for 
high CO/H 2 rntio synthesis gas and the slurry ,synthesis 
with :<.olbel catalyst, based on slagging gasifier, gas. Tne 
51agging gasifiers so successfully developeq by the 
~overi1ment under contract at Solihull, and ut 

I I I I 



Table 1 Some basic proper!ies \Jf c;Jafs 

~ ·u,·iJ:;:~ CJiorl)ic .\101S1:.m? Grav-
Coal Car/)011 Hydrogen rnat:i?.' ,·a:~e r:idj K;rig BS 
rank (dmmj) (JmrrJ) (Jmmj) :Jmmj) ,per coke Swelling .Hain :ises• 
.:ode 1 per cent) iperccncl r ;;er cen:J (8C:.1.;/bJ l't!lll) irpe number 

l 00 92_9( :.3-J '} 2-9 '.5300-15850 J.9-:.9 A 0 Cosed stoves. homcuiture, 
malttng, ballers 

201 9 l- '3.5 J.--4.J ~- t J .5 :5500-l5950 J.o-:.o :\-1.: 0-4 Closed stoves, boilers 

.:02 4 90.5-93 4.1-4.3 13.5-19.5 i 5 600-15950 o.s : J B-G3 l->9 Bmkrs. blending for coking 

301 87 9 LS 4.5-5.4 l 9.5-J.2 : 5 JOO- l 6000 u..+-:.o G4 a:id 6->9 Blast-furnace and lounary 
over coke 

302 d6.5-9 LS 4.4-5.4 l 9.5-J: 14900-15900 0.7 4.0 :\ G3 0-9 Boilers, carbomzauon 
J03 (CRC 302 only) 

400 ~45-89 5 5. '. 5.3 32 40 15200-l5900 0.'!-2.5 G9 and 5+-9 Blast-furnace coke. gas 
over 

500 SJ.5-88 5 5.: 5.3 32-40 !4900-l5700 l.0-4.5 G5-G8 3+-9 Blast-furnace coke, gas 

600 83-83 5. l-5.3 34-42 14800-15600 1.5-ti.O Gl-04 3-8 Blast-furnace coke, ballers, 
open tires, gas 

ooo £1-87.5 5 J-5 g 34 .. c_ 14550-15400 2.0-8.5 EG l-6+ Boilers. gas producers. 
blending for carbonizauon, 
open fires 

300 80 86 4.9-5 7 34-.+5 '. 4050- l 5050 3.0-14.0 CD t-4+ Ballers, open ftres, gas 
producers 

'}()Cl -g5.g4 .t.9-5 6 34 45 l3 600- 14800 40-14.5 r\-l3 0-2 Boilers, open fires 

Dmmi - dry. mineral-matter-free basis; ad - air-Jned basis. Btu1 :b equals :.J 26 kJ I kg. 
"In assessing :he su:tabiity Jf a .:oal !·.::r a spcc!!i.: •Jse 1,eg ~oke rnanufocture1. ac;::ount has usuaily also to be taken oi other properties (cg asr 
and s~i,hurl. ·c1oseC: stoves· and \:ipe1: Cres' are domestic applum~es. 
I By c"(J:lrfesy 4 ri.e .'li,;11onal Coal Boan:) 

Table 2 Some characteristics mainly related to ash 

Hemisphere 
Carbon Arsenic cemperature 

Description ~;It Su:phur dioxide Chiortnt! Phosphorus !ppm) of ash (°C) in 
(per :·ent) 1 per re111) (per cenli r pl'r cent) 1per cent) As:O,.J reducing 

atmosphere 

Very h:gh 15. l ~nJ 401 and l.51 and O.iil and 0.071 and 7\ and 1460 and 
Jver over over over over over over 

High 10. !-l5 I) :.s 1 4.00 l.Ol-0.60 O.J <-0.60 0.03 l-0.070 31- 70 1360-1450 

\ioderatel; high 7 6-10.0 .:.o I 2.50 

.'A ode" :ne ' l 7.5 1 51 ·2.00 0.51-i.OO 0. :6-tJ.30 0.0 l l-0.030 l l-30 1210-1350 

~uJerately low ;;Jl-UO 

UJW 2.6-5 J <J.5 I l.00 0.21-0.50 0.06-0.15 0005lJJ.O!O 4-10 1110-1200 

Very luw 2.5 and ,).50 and 0.20 and 0.05 and 0.0050 and 3 and l 100 and 
under under under under under under under 

.Votes- (I) The neo• between adJac:nt ra.1gcs :ndicate the degree of approximati..:in tc which each property should be reporu:d. The figure· 
are ·.in .ur-dned .:oai'. 

1 :;) Ind1v.dual coalfields may :enc :o !:ave their own .:haracterisucs. Thus, :n Scotland and South Wales where most coals hav 
sulphur :ontents 0( "Jn<ler U''b, :.~%. Cor exarr.plc, w0u1J !Jc 'hi~n· rather than ·moderate'. 
(By courres}· of tile .Va11011al 1.:ual Board) 

Energy W•,r/ 



Leather'."lead were :he :·orerun:1ers er t:1e Bri:!sh Gas 
slagging gasifier at W esuieid. 

Some practical issues involred today 
I:i the past, coals used for processing have. oi course. 
been specially selected to produ..:e optimum results. 
However, the tonnages so processed have been 
relatively small compared wit..1 tl:e de:nands likely to be 
;nade upon coai as oil becomes relatively h:gher in ririce. 
~tu..:h wider ranges of ;:oal will ha·;e tO be considered in 
future. 

Coal, generally, contains: 

r..;se/ul :ompcnents 

.~Isa, and in 1·arying 
:zmounts 

Hydrocarbons 1H:'ti J-6'16l 

Oxygen l 
Sulphur , both 0r~amc and inorganic 
Nitrogen J 
Ash m1ner:i.!s - sorr:e oi which decompose 

whe:i processed. 
Water 

Oniy the hydrocarbons arc of :-ea! nlue. Ali the other 
components, even though they ;nay represent some 
value as by-products, are really a nuisance - either 
directly, or, as a result of the processing, that may 
produce compounds such as cyanides or thiocyanates 
against whose toxicity special measures have to be 
taKen. I:i some parts of the world the hydrocarbons may 
comprise less than half the weight of :he coal as mined: 
in some areas the nature of the coal is such :hat even 
coal washing ;nay leave substantial proportions of 
minerals in t..1e :actions that can be sent forward to 
processing - Brazil, or India, for example. 

Before the post-World War 2 oil :Ooom the principal 
processes mvolved in treating ~oal chemically used 
<li:Terent means of performing the three mmn operations 
required 
(al separating 1he hydrocarbon 'C?mpound' in coal 

into constituent fractions 
(b) adding more hydro~en chem!call~· 
(c) adcprtng the resulting compounds for ;ale as 

required by rite markets 
Let us examine the :mplicat:ons. The mc1ns were: 

Carboni=:.fion: separated evcrythi:-ig volatiiizable, o!tcn 
with some mild hydrogenation - then separated the 
products for onward treatment usually in different 
works: 

Synthesis: split the initial hydrocarbon. either in two 
stages (via coke) or in one stage Jircctly. into CO+H~: 
synthesized; and processed the ;:iroducts; 

H?drogenatfon: reacted the coal directly with hydrogen 
(itself often derived from .:oal, via cokeJ; and 
processed the products. 
The above arc all heavily ind::pendent on ~arboniza

tion m1tially - which is something we should not forget 
a!ter 1 mere couple of decades of relatively cheap od. 

The coal processing industry of :he future will be very 
dilTerent frc,,n that in the past - and the present car
bonization industry in the world should really be 
regar. ~d as at an interim, rather than an ultimate stage. 
During the oil boom energy de:nand has ;sen, and so 
have the unit sizes no'. only of processing plants, but 
also the demands of customers for r"uels and fcedstocks. 
And social and legal requ1remems have advanced, too. 

Accoidingly, in future, coal processing plants will be 
dilTerent in the following respects: 

larger throughput: for larger market:; 
lar~er unit sr:e: to reduce :-eplication of units' 
higher pressures, where possible: ~J ~cd1xe ciipa::1I 
charges 

Feorrwrv: 98: 

ir:.gher temperatures - in many cases: to '.mprove 
etf:c:ency 

__. reduced pollution: gaseous, liquid, particulate, noise 
etc, in view of advancing social and legal require
;nents. 
{ess manual labour: in line with social trends 
iess labour: for economic reasons 

- more orr-iine ootimizaiion and process control: for 
economics; amf also as product specifications tighten 

'--' more amenity-oriented: in tine with social trends 

Mere scale-up, or replication oi 'old' processes will 
not suit the future. 

There w1H also be the inevitable problems caused by 
such trcnd3, as seen in the ammonia industry for 
example. The advantage of single product specification 
and large output, so gre'lt while a long-term contract is 
running, becomes a disadvantage when it runs out a:id 
tk-c:ioility or economic output and of product range 
become desirable - but difficult. Some or these issues. 
along with insutficient coa!/otl price differentials, have 
iJcen behind the soft-pedalling of maJor oii-from-coal 
schemes n:cently. 

Accordingly when, in a decade or two, coal process
ing plants come to be built in rising numbers, the 
processes themsci.-es and the equipment are likely to 
have developed much further than those we have at 
present. 

Relating products to markets 
Markets tend to have product specifications that vary 
only siightly: coals can vary greatly, not only from place 
to place, but even from one seam to another in the same 
mine. And of :he processes available all not only have 
different characteristics, but are capable of varying 
outputs of different proc.lucts, according to the 
Jperational conditions chosen. 

When the ml tndustry was evolving tt coulc.I make its 
progress step by step, each on a reasonably small scale 
as the prices of its products fell - as a result of optimiza
tion of plants and outputs in reiatior. to the markets it 
was largely creating. But the new coal processing 
industry w1!! no: be able to enter markets with speciality 
prodJ:ts having good economic margins: it will have to 
·go big" :·r0m the start, and with narrow economic 
margins \most of which are stiil negative today). This 
m.il<es planning difficult. 

Coal supplies 
Tables l and 2 show how basic, and ash-related 
properties vary in British coals. which are perhaps the 
best classified in the world - as weil as being of higher 
'4uality' than much coal around the world that will ~c 
processed over coming decades. 

Products in markets 
to be ser.:ed by 
coal-based feedstocks and fuels 
1a) Gases: Tables 3 and 4 cover some of ti..;: require

:ne:its for gases in industry, and for pipe-line 
purposes. Table 5 outlines the uses for gases from 
coal processing. 

\bi Liquids: Tables 6 and 7 cover typical specifica
tions of the iiquid fuels from the oil industry and 
from coal carbonization to which markets hav~ 
become accustomed. Table 8 is a digest of sorr.e o~ 
the requirements for transport ~uels. Table 9 out
;incs some of the uses for i,iq u1ds from coal 
;Jroces:;111g. , 

CJ :JuiiJs:, Tr1e :nain uses for so;ids (ram cu;!I process 

.. 



Tcble J Some industr:ai gas requirements 

Industry 

Glass 

Iron and 
steel 

Chemical 

Ceramic 

Caal 

.Heth.ad of utili:.ation 
of gas 

Hearn1g gl:'lss furnaces 

Heaung :oke o•ens 

Furnace heattng (exclud
ing integrated steel coke 
oven plants) 

SynthcSts of ammonia 

Svnthesis of alcohols and 
HC~ 

~ l) Heavy day products 
1.:) Refractor:es 
(3) Fine cerat:1ics 

Heatmg coke ovens 

Brn:k kilns, coal drying 

Scail! of opera: ions 
Quantify of gas or 
equiYaittnt used per 

:mu of industriai plum 
:1h.em1s1d) 

Lp :u 20000 

C;i :0 100 000 

F~o:n 50 000 upwards 

100 000 upwards 

5 000 to 20 t\JO 

:500 to 3000 

l'.p to 75 000 

5000 to IO 000 

Quality of gas required 

CV ::so to 340 Btws.ft 1 

Relatively ~onstant composition 
Sulphur l: '.O 20 gr; 100 rt' 

lOO to 500 Btu/ s.ft1 unpurified 
but :·ree from dust 

JOO Btu, s.ft1 or above 
Low mlphur content 

Very !ow concentrauon of meth
ane and sulphur 

For ammonia synthesis; mix
ture of:"" .. CO, CO. and 
H: be{ore· CO converston to 
:equ:rea ~Or.1;JOSIUOn 

For lllcohoi production etc; 
CO. CO. and H. before CO 
convers-ion [O required com
position 

Unpuruied gll3 free from dust 
Low sulphur advantageous 

?•:rilled gas. Low sulphur 
content 

Unpunfied. CV 100 to SOO 
Blu1s.r"t1 

Table 4 Some town and natural gas characteristics 

He:ghtj1ame-speed gases 

Coal· Continuous-
Coal gas/ c·cfic- reformer gas 
gas CWG reformer 

rni:cture gas CRG- GRH-
enriched enriched 

Compos1uon 
co! ~vol ::.o 4.2 5.0 14.2 13.J 

0: 0.5 0.6 0.4 :iil nil 

Cn H,,, J.5 3.8 7.4 nil 0.4 

co 7.5 14.8 20.3 3.J 5.5 

Hi 5 :.8 48.7 49 8 48.6 55.9 

CH, 2'.'.Q •20.0 •1 L5 JJ. 7 17.9 

C:H• 
. , 7.0 ... 

C1H1 and higher 

!'I: 6.5 6.6 5.6 o.:: 

Total :00.0 iOO.O 100.0 100.0 lOO.O 

Spec11ic granty 1 lir = t.0) 0.4:'.2 0.482 0.550 0.467 0.470 

Calonlic Btu1ft 1stp(sat) 550 500 500 500 500 
value 

Btut!t 'stptdry) 5593 508.9 508.9 508.9 508.9 

YIJ/m 1(st) :o.8s 18.98 13.9~ i 8.98 18.98 

Wobbe number :.t.:Kl ~41i 720 674 730 730 

iS!) 32. l 2 ~7.33 25.59 :7. 71 27.71 

w'eaver :lam:·speed 
:actor S ·hvdroge:i = :•.iOI .! 3 5 40.; 40.4 35. i 39.9 

·~~duu~s ~1g~.er ~arJ!T:::s 

- l___J_I_ 

Pressure 

Not less than l lb1in 2, 

but c;iuld be l 00 to 
150 lbiin2 

Atmospheric 

High ;m~sure could 
be advantageous 

About 2~0 atm 

Atmosphenc 

Atmospheric 

Low-flame-speed 
gases (natural ga:s) 

A Nor:h 
Sea gas 

0.6 

90.0 

5.1 

l.6 

2.7 

100.0 

0.618 

1033 

1051 

39 20 

1315 

•49.92 

14.l 

Dutch 
Slochteren 

0.9 

81.7 

2.7 

0.7 

14.0 

100.0 

0.643 

881 

897 

33.44 

1100 

41.76 

l3.0 
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:ng 2.re ~~t;.ely :o :r.c~ ~;.:!e: 
- ::: Ji\. es: :::etaili.::-gi:a.: :-;!j;,i;.;::ons ar:d :neit:ng i.:g 

.~on and steel 
· Desmoi<.ed' :oals and de:-ivat1ves: domestic 
heating appliances 
;{es!dues as :·uels: boiler and domestic fuels to 
~e;:i!Jce high S coals 
~esidues as carbon: to rqlace petroleum coke 
.n anodes :-or alt:miniu:n etc, :cfir.mg 

--: :les:dues as feedstock: to replace coking coals 
:n f·Jr:ned coke :·;:ir the steel and phosphorus 
::-idustr'.es 
Si1g ar:d ash: for use as aggregates, or in 
·:emenr, or foamed or :ast according to analysis 
and local demand. 

\1f) Product adjustment: TI1e main adjustments to 
products to serve :narkets will be made during the 
process:ng and blending, but in some cases exter
nal 1ddit:ves may be required. 
Examoles are: 
for to.wn gas or SNG: odorants; Wobbe Index 
control; emissivity control 
for gasoEne· Antl knock-TEL (in small quantitv) 
or \lTBE (mare modern) -

Some of the principal processes for coal 
Carbom:atwn: Conventional - low, medium and high 

tern perat:ire 
COED 
Toscoal 
'.'JC B fluidized carbonization 
Flash ;:iyrolysis (and hydrogenation, pyrolysis) 

Gasiftcacion: Lurgi Dry Ash \:::onver.tional) 
Slagging Lurgi rBGC) 
Koppers T Jt:z:ck 
Texaco/GVV 
Winkler 
Shell-Koppers 
C·Jgas 
CO: Ac>:e;JWr 
Syntirnne 

Srnlf:eses: Fischer-Tropsch - conventional 
Fischer·T~opsch - hig~ CO \from slauing gasiiica
tion (BGCl) 
CH, 
CH 3 OH 
CH 3 OH to gasoline 

fly1ragenation: Coalcon 
H Coal 
Catalytic hydrocracking 
Syr.thou 
!-fydrogenat1on using non-fossil-derived hydrogen, 
and also using nuclear heat 

Sofrent refining. extraction and hydrogenation: SRC 
and 2 
SCSE 
LSE 
Doner solvent 
Consol synthetic 

Some ancillaries to coal processes 
Synthesis gas c·omposltion adjustment and purification: 

CO shift) 
Benfield and 
Stretford 1 developments 
Rectisoi ! 
G1a::imarco- Ve:rocoke e:c 

E/~,'7;Je."tt :rea t ,nen t: S c!t:~: 1.1 L 'l~:o ~i. p:-::1 pit atiUil. 

t-?~ri.J.c.r·;: .,,-.,~ 

'.J1oic~ic:i.i ,ixidation \from phenois, cyan:Jes. 
::i1ocyanatcs etc) etc 

ProJ:.:ct aorf.:·up: Crackmg, hydrocracking, hvdrotre:>t
:n~. ri.:t"orm1P.g, hydrodenitrogcnation u·rom indo. 
..; t;inolines etc) 

What the processes produce 
C.ises: Table lO lists principal character:stics oi most of 
en.: :r.ajor gas-making processes that ;;an be regarded as 
u;:ierabie on a commercial scale. Oil gasificatior. 
processes are included alongsice those for coal and coke 
3asiiication and carbonization, for completeness. The 
~:rnge of properties of the product gases will be seen to 
be almost as great as that for coais. 

T abie l 1 lists some of the requirements for 
hydrogenation and synthesis gases, in comparison with 
\aj :he way aliphatic synthesis products may vary, and 
1.bJ :he way Fischer-Tropsch synthesis products may 
var:1 according to process conditions, catalvst etc. 

The selection of gasification processes for gas making 
or for sy .ithesis, and the selection of synthesis details 
should be relatively straightforward, based on the 
t!conomics of the market place. 
Lquids: there are perhaps I 00 potential processes 
under consideration or experimentation or pilot develop
ment around the world. 

These may produce useful liquids from cmil, via gas
ification (by fixed, entrained and fluidized bed; and in 
one, two, or three stages) and synthesis, or hvdrogena
tion (including solvent, donor solvent and catalytic) or 
carboni:z:ation tseveral techniques including multi-stage), 
or solvent extraction; and interrnixtures of these 
different techniques, including potential product work-

Tabie 5 7>•pical uses for coal-based 
gaseous feeds tocks and fuels 

GasL'ous 
F~ds:vci< industr.· 

H. F·.Jotl 

Gil 

Spec:ality 

'7:ansport (futurc1 

Cua! P:ocessmg 
Juturei 

irnn & Steel 
i future1 

Ci: • CO Chemical 
Chem1cai • 
Gas 
Cas (future) 

Industry generaily 

C Jal Feedstocks 
& r'JCi5 

C:ses 

Oil and fat 
hydrogenat:on 

Hydrocracktng 
Hydrodesulphunzation 
Fuel Ct:ils - weather 
·ltations cg 

Fuci (if storage 
techniques improve) 

Fuel Cells 
Hydrogenation processes 

Direct reduc::on 

Ammonia synthesis 
Methanol synthes:; 
Town gas comoonents 
Methane synthesis 
:or SNG 

Burner & furr.ace 
:-uels in :eram1c5. 
glass. :obac:o, food, 
:extilcs. :eath~r. 
r:.ibber, ferrous and 
:ion-lerrous metals. 
paint drying 

CO, enr:cnmer.t :n glas5 
r.ouses etc 

F1scher-Tropsch &c 
syntheses 

--·-----------------
H.~ C.is1:"uwre) 
\J) ·CH, 

poss1b1; as 
1ubs;;tute :or 
:~:gn·:1ame·5~e:J 
'.Jwn gas 



:.ip stages. The ~ange Jf ;:iossib:.! :Jrcdu.:~s is vast. T:-tere 
are aiso shaie and tar-sand arccesses, some ol w.1i.:n 
.;an be sensibly adapted to co~. :·or ::.'(a;nple, Tosccai. It 
is inte~esting to go into detail as ~o which par>Jc:ila.r 
;:>rodu.::t needs which particuiar worK-u;:> m suit it for its 
~ark.et. 

Each :>rocess -has factors :o commend it, vet 
experience suggests that only a :-tan.dft!i will actually ·be 
juiJt and operated on a sizeable scale. Presumably the 
prota~onists will contin:ie each :o extol the advantages 
of each particular process or route :mti.i r:1arlcet demand 
selects winners. And this will be ieng~hy owing to the 

'.u.rgc .:osts 01 a .:oal ;:irocessing plant. 

Suiias: there should not be much problem over t.'1e 
soiids produced, either as main products or as by
products. Products such as cokes on the one hand are 
tailor-made to market requirements; on the other, burr.
abh: resicucs will tend to be more-easily-usable than the 
original coal - and so should be saleable directly. Othe~ 
by-products. such as asphalts, should generally be 
adaptabie to markets: and ashes, or slags, should be 
able to be dumped without undue difficulty, or sole 
wnere demand exists. 

Table 6 Approximate specifications of typical oil fuels (in i 980) 

?rcperrces 
C :ass 

Viscosity W;,nematic (.:Stl at 
40°C :nm 
40°C :na.x 
~2°C mu 

Type or J:l 

CV-Gross Specific Energy 
MJ, lc.g 
Ml/litre 

:.ltu1 lb approx 
Therms. ~alien approx 

Sulphur :ontent ''bwt 

'vlcan specific :it O-i00°C 

Relative .lcnsi:y at i 5 °C icg;1 

\1in. st;;; age ~cmp 'C 

.\tom~:ng :empcrature °C 

Flash pcmt tcloscd) °C min 

(to be u ;:idatcd) 
•o.5<lt> :·rem I October 1980 

Table 7 Coal tar fuels 

P!lmping 
CTF :emperature 

minimum 

~o A rmospheric 
'F 'C 

100 90 ·1 J. 

lOO 35 :9 
:so i40 ljQ 

300 :so 82 

4()() 270 :J: 

Scandard grade 
~erosine 

SG 

LO 
:.o 

Dirnl:ate 

46.5 
36 7 
:0.100 

l 58 

J.: 

J.5 

0."9 

Ambent 

Arr.bicnc 

38 

Denstrv 
Cl 100° F 

:b1ga/ 

JS :o !0.5 

U to i0.5 

19.9 :o !2.1 

:0.9 :o 12.l 

11.4 :o :2.6 

il:):oi3.l 

Gas, oil, 
diesel oil 

CI/SH 

l..S 
5.5 

D!stillace 

45A 
38.0 
19.500 

l.64 

o.s• 

0.49 

0.840 

Ambient 

Ambient 

Ambient 

55 

L;ht 
fuel 01[ 

SG 

1:.5 

Residual 

43.3 
40.i 
1:3,700 

:.74 

• 1 
J.-

0.46 

0.93 

.0 

:0 

60-70 

b6 

Gross: Btu1 lb 

i6 500to i7 500 

16 500 to 17 500 

16 250 to 16 900 

16 200 to i6 700 

16 050 :0 i6 550 

15 dOO :o 16 JOO 

Medium 
fuel oil 

SG 

30 

Residual 

43.0 
40.6 
i8.500 
!. 74 

3.5 

0.45 

0.93 

30 

25 

80- lOS 

66 

Calorlflc values 

,'{et: Btu/ lb 

I'S 900 to 16 650 

15 900 to 16 650 

15 710to 16 250 

15 670 to 16 050 

15 550 to 15 940 

15370tol57SO 

!·lea~y 
fuel oii 

SG 

70 

Residua! 

42.8 
41.1 
18,400 

l.77 

3.5 

0.45 

0.98 

45 

35 

115-125 

66 

Net: Btu/gal at 
atomizing 

temperature 

166 000 ± 10 000 

162 700 ! 9800 

166 200 :!: !O 000 

l i6 000 .! 10 600 

196 700 ! 11 800 

177 400 ± 10 600 

.Votes- I. The range given for dens1l1cs and .:alontic values embrace coal tar fuels Jenved from the various sources of crude tar. 
2. :-<et CV = 0.75 ( (GrosJ CV • ~iOOI. !3tu;lb. 
3. The C7F grade :iumber indicates :he :err.;:ieralure ( 0 Fl usually considered 5u1table for sausfactory atomization: _ 
4. Individual suppliers detcrmme :.1e:r ow:1 ~rices'" negot1at:r1g wn.i :.he buyers. but :n ieneral the prices of Coll.I Tar Fuels are corr.parab:c 

with :he ;mces of ;:>etroleum :·uc1 .:;1:3 Jn a .:.uonfic value :Jas1s. 
5. 35 : 469 :overs grades. ;iropemes. 5am~lin~ 11.nd :es ts. 

f3v cour:esy of The Association 'Jj ~.ir ::J1rn!:ers1. 

! b/Kal ·N :i kg :n- 1. l Btu :b _ ;: ]j . j' ; •S lVO .XJl i3tu,gal :::: 2J.J \1J.'liu-e. 



Reconciling issues 
Lquid :'ue!s a:ld '.eedstocks will ::eed the :::ost effort in 
matctung :narket require::1ents, because they have 
r:inges Jf constituents. :nosLy :n ~roportions different 
from t.'1ose ~o which :he ::iark~ts have become adjusted. 

It :nay be convenient to consider Synthotl as just one 
ex.ample of :he issues :.-. ;Jrod~ct work-up. Tne most 
attractive :argets would be d!esel and ;et fuels and gas
o:ine. Accordingly. the muiti-ri.'ig aromatics would ail 
need se!ective hydrocraci<ing - either to branched- or to 
c::do-paralTms. In turn this would r.i.ake it desirabie to 
develop special catalysts. probably of the zeolite or 
perovskite types, and possibly in conjunction with tung
sten or :nolybdenum sulphides. Phenols and introgen
and sulphur-containing cor.lpounds would need to be 
!"tydrotreated. c•en for use as :'uel oil foe carbon
c!eposition propensities would have to be considerabl v 
reduced. · 

GenerJ.!ly. with coal-based liquids. it is the aromatic 
components that require the work-up, which means 
adding additionai hydrogen to the derived moiecuies 
beyond what was possible in the original processing of 
the coal. 

Transport fuels 
In parallel with the c!Torts of coal :Jroc~ssors to match 
~:-oducts to market needs the users: too, will be making 
some efforts - :n two main ways. Perhaps transport 
engines are the most sensitive to fuel specification 
change so they provide a convenient example. Recent 
Jevelopments, such as stratified charge and straight
through combustion chambers have been made in the 

Table 8 Tr\.m!."Ort fuels 

D:esei-hght 
engines 

Diex.1-heavy 
cr.gmes 

Gus 1urhf11e· 
!and 

S'!!i as synthesized •S 
lower :han pollut:on 
regulations requtre. 

S c 0. I <lb or icss. 
~ according to lo.:nl 
pollution regulations. 

S c l "6 or less. 
S according to local 
pol!u:1on regulations. 

S c i ''6 or less. 
fl mini.mum l l.3<1ii. 
ww metal contents t11 
ppm. :'-i acrnrdir.g to 
:ocnl poilution 
:egulauons. 

t.: se directly u1 ci J: I 
compression ratio 
engine: or blend with 
ot!ier gasoline components. 
Water dilut:on must 
be prevented 

L,:>w 'iscosl!y, pour 
pou'1ts e:c. Fiash 
polI!t especially 
important. Boiling 
range Jl5-550°F. 
Higher~ oi 
par:iiEni.: components 

Higher v;scosity, pour 
ro.nts. ::ash po mt; 
and storag: stability 
:mpor.ant. Boiling range 
J50-800°F. Highcr'lbof 
aromatic .:omponcnts 

Carbon residue low 
(under:·~). Other 
charac:eri.st:cs as for 
diesel :"Jels 

-
Jer engines S :ow, me~caotans below Some: imall '16) monocychc 

30 ppm. Olefines be!ow aromatic3, bu: 

CaJollne 
<ni;tne 

5"6. ?olycyclics bel0w aromatics ).Ccnerallv below 
5%. CV 42.9 MJ1(g :o<.:;,. Paraifo:s and 
:!llnl!Tium. U>w :netal naphthenes desl!able 
-:oments. 

Octane number balance. 
S '} l '"6 or :ess. 
'I dccording :o local 
;JGdut1on r~g .... :at~oni. 

Octan~ :i:.:~tler control 
oy i.romut:cs. and 
or a:: C ~Cd ;:iarat1ins. 
?r=·.i,1uslv ~nilenced bv ' 
:·r:1.. .. n (1::.ore by ~TBE; 

J:-Jinary .:0t.!rst: vf engine evoi~tion .. ar:d corr:.~ 
:·0r:"natei v at a time when there is alreajv some rr.ove 
Jown the gasoiine octane number scale on pubh: 
opuuon and general eccnomics grounds. Such deve!op
::Ie:<~s should heip the assimilation of new gasoiines. 

T:1en, too, there are the deveiopments :nade especially 
!O wi.!en the range of fueis - such as the introduction er" 
sasohci r:.at ha~ already gone a lit~le too fas• fer 
govcrn:nent-adj:.isted economics in Brazil iecent!v. 
There is experiment once more with cylirlder metha~e 
:·0r motor ..:ars. In London there have been, for vears. 
1000 taxicabs fuelled by lpg. And there has even been-J 
n::-examination ~abro11d) of the possibilities of revivi:1g 
the IJK war-time vehicle gas-producer. 

So the c!imate ;s such ti111t different gasolines wouk: 
be accepted - but they would ha\<e to be economic, anc 
µreieraoly intermiscible with current gasolines. 
. \1ethar:ol offers an especially interesting opport:.:nity 
ror :ransport. :-.lot only ~an it be acceptable up to 
f::er:rnps ; 3°ti in conventional gasoline: it can also ~e 
:.isd on its own [n engines oi about 13: l compressio:-: 
ratio. These. of course, wouid need to be mace. 
~k:hanol is being seriously considered for transport 
r1eet:; where the savings can outweigh the irlcor.venience 
of special filling stations. 

The point is that fuel-users are continually deve!opirig 
anyway. 50 theii requirements are evolving. It is uo to 
these who are evolving coal processes to work hand-in
hand with the future users of their products, so ~hat bot'.: 
types oi c;:volution go in the same direction. 

The way ahead 
Thi: costs of i.:oal-processing plants wiil be in the rang:: 
of hundreds of millions of pounds; market preparation 
wiil be mvc 1vcd, and process selection will be difficu:. !n 
view of · ':e apparent surplus of s0me op.tions and tt:;: 
need for a range of developments m work-up fer some er" 
the products. There will be need for further develop
ments m effiuent treatments, coal handling, catalysis 
and poisoning, and, possibly pretreatments of coals. 
Tnere will also, presumably, be new chemical processing 
routes with new feedstocks (such as methanol) to 

Table 9 Typical liquid coa/-basedfeedstocks 
and fuels 

Pru;ess producin~ 
i1qu1d/eedstoc,·1 

Srn1hes1s 

Su:vc!ll rejlni:tf( 

lfrdro;;ena I Ian 

Componenls 

~otor fuels tinciuding methanol) 
Alcohols 
Olelines (for PVC, PE etc) 
Ketones 
Aldehydes 
etc 

Motor fuels 
Boiler fuels 
Naphtha-type frac:ions 
Aromatics - end for c:iem1cals 

~otor and aircrali fuels 
Higher paratfms 
Lubricants 
Solvents 

1So1e - .t Jhould be cheaper to bunt coal, or solvent relini1* 
r.esidue. :n iarge boilers than to manuiaciurc spetial iiqu1d fuel fo.L 
mis purpose. The combustion processes would ir.c!ude 11uidized 
~on:busuun either at ambient pressure for simple cycles or under 
e1ev,ued ;:res~ure for comomed cj·C:es. It :s .i matter of ,orr.e 
'''.~~:-ta•nty whether ;;asilica:1on cyc:es rnleiy :·qr srcnm boiler use 
"d• c·. en1uu1ly ~e compet1t:vely econom:c ~·;en '.hough :hey rr.ay 
1~ •;o '.il 'pec:al c1ses !H the short ~crm.) 1 
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~epiacc :::ose Jased 2;i ~~.~·.-!::::~ J.r.~ .:i..:1.:ry~~ne lU :h..: 
:Jast. 
· The way Jeve!opmems :.:.ive been sup;:iorted suggests 
that the ~cal power i:es in the mari<et. Each time a :leed 
crystallizes the :ustomer will Jesce!1d deus ex machina, 
and pick the then .::hosen process ~·ram the wide range 
available. However, ~he coal ~iquids so far produced by 
most of the processes :.rnder deveiopment cannot be 
used .!irectly to replace oil products :is now used. They 
ail require considerable work-up tiJ suit their markets, as 
a result of process thinking, and starting '.Jy considering 
new ways of handling coal. 

But there is anoL'1er approach. Simplicity can be 
worth more than complexity, er fascinatingly involved 

Table 10 Some typical/uel and/eedstock 
gases 

.' B:w sc:r equa!s 
U.OJ:.J J ,·m- 1 

Coal Ga1lt1cation: 
Producer. : Stage 
Producer. 1 Stage 
Wmider. air 
Winkler. O. 
Flesch-Demag 
Ruhrgas. air 
Ruhrgas. O, 
Rummel. l shaft O. 
Rummel, ~shat'., air 
Lurg:, 0 ,. d~y a5h 
Lurg1, 0 .. slagging 
K..:ippcrs:T.Jtzek. 0: 
LJrgt :iius GR:-! 
Shell-Koppers 
Texaco-GVV 

Coke Gulncatlon: 
P~oJucer gas 
f.llue Water ~as 
Fle5ch- Demag 
Lurg1, 0 :• Jry ash 
Lurg1, 0 :• slaggtng 
31ast :·ur:uce gas 
CWG gas oil 

Cc.al Carbonlutlon1 

Low temperature 
CVR steamed 
Coke oven gas 
Horizontal report 
CVR, no steaming 

OD Ga1lflcadon 
1a) C.·c!ic 
Onia·Gcg1. 950 sec oil 
Segas, 9 5 0 sec otl 
Jones, steam, heavy oil 
Hall. ,tenm, heavy oil 
1 b) Con:tnuous 
She!l 0., hea~·y oil 
Teuco·o .. heavy oil 
GLC, illr, "gas oil 
Hercule!. steam, CH, 
!Cl, steam. naphtha 
!Cl, plu! CRG 
[Cl plus GRH 
!Cl, 'Town GB5' 
Catalytic Rich Gas 

Uher 
CV SG CO. C:J H. CH, cam· 

B r:1.1 scf Air °ti · % ''o. % bustlbles 
=! J-&l 

l60 0.9 4 30 12 2.5 0.2 
l -o O.:i 4 JO 15 J OJ 
!00 0.9 !O i5 15 0.5 
:Jo o. 7 s 23 30 -10 r 
l45 0.9 5 30 15 
:oo 0.9 5 :o 10 
:so o.s ::o 50 30 
:so 0. 7 I 4 -l' 40 l 
:'."'O 0.6 o 23 .16 J 0.5 
:'.90 0.7 25 IS ~O 10 0.5 
340 o.s 6 59 :6 0.2 
::-o 0.7 1:: 50 35 
500 0.5 ;J 5 53 21 6 
3 l 0 0. 7 65 :6 
2 70 0. 7 l 2 46 J 8 

!30 0.9 JO 11 0.5 
.:95 0.5 5 40 50 l 
!4.i 0.9 5 30 15 
260 .J.-: 25 23 45 2 
:'.90 0.7 5 63 26 

90 I .J r l , 1 
: 

500 0. ~ 5 JO 36 8 11 

890 0.6 
4 7 5 0.5 
5 25 0.4 
560 .J.J 
540 0.4 

500 0.6 
500 0.6 
520 0.4 

1000 0.5 

4 4 JO 50 
4 : 8 50 ::o 
2 ., 54 28 
2 8 52 30 
J 9 54 25 

11 :o 50 11 
l l 16 48 14 
J j 6 49 23 
5 ~ i 8 JO 

310 
JOO 
s:o 
500 
JOO 

0.6 4 4 7 49 OJ 
0.6 6 54 J9 O.l 
1.0 J 6 2 12 
0.5 5 - 4 2 33 
0.4 20 5 6-1 6 

500 0.5 14 3 49 J4 
500 0.5 13 6 56 18 
500 0.5 J !4 34 ]4 
340 0.5 l 21 ;7 

6 
2 
3 
4 
J 

5 
6 
3 

30 

17 

-I 

.'iott:J-1. I:ic!udc5 'un5ats', hydrocarbons, aromauc5 etc. 
2. Coal means UK black :oal. and .:okc, us made from such. 

Brown coah a:id the reactive sem1·coi(cs made from :hem will tend 
to yield ~a5C5 !ower :n CO, and a1gher :n CH, and other 
.:omb~5t1ble5. 

l.Vo1t-AnaJv5es cc;ienc on ~:ac::on ~ond:t1ons. and on :he extent ot 
co 1:11:":. and col ·:~ov11i. rt~~.-e~ arc 1:idicat:ve.1 

: ~l'..:t:ss r~ow sheets; and <:!ieganc:: :s usually ::as:er : 
::a;1jk :;: ;:ir:ictice than sop:1istication. A prcd:.:.::: 
cnented approach :o process seiection has :na~· 
aJvantages, at ieast partly on the ground that whateve 
the ..:oncept it becomes more compiica.ted in t!-: 
:bwshet:t, which becomes more complicated in the plar: 
i:iyout, which becomes more complicated in operatior 
which becomes more compiicated in the product wor'.·: 
up. which makes the products more expensive in th 
cataiogue. wl1ich leads to lower return on capital. and t 
commercial doldrums. 

~t is likely that the simplest route from coal to produc 
wili have the ultimate economic advantage wh.:;;. all th 
costs a:e put together. The multi-product routes ma· 
find it hard to compete. Cogas for medium CV gas 
slagging (fixed bed, or suspension) gasification for hig: 
CO synthesis for high CV gases (eg methane), c 
chemical feedstocks such as methanol, may well b 
cheaper overall than most of the routes that produc 
m:xed liquid products directly. 

The fundamental advantage of the single product syr. 
thesis is that market need can be suppiied directly wit: 
:ninimal work-up. Processes that make a variety c 
products need to work-up and place each produc 
separately on the market - and the result can easily b 
that several of the products realize prices belo\ 
<:!Conomtc costs. A two-product industry, such as co kin. 
and gas-making, gives trouble enough since optimur: 
demands for the two products hardly ever coincide. ;. 
single, controlled product can be much better to hand! 
than the ranges of produc:s of different specificatior. 
from 50 :nany of the coal-using processes now bein 
developed. 

1 he conclusion from this may, perhaps, be surprisin~ 
It is nor that all process routes should be abandone< 
except t:~e synthesis ones. It is that, whatever the mo! 
degant approach to handling and processing coal, th 
approach :o marketing should be similarly simple and, : 
possible, elegant. 

For example, super-critical solvent extraction ma· 
well turn out to have decided advantages despit 
probably producing a range of possible products. 

In the coal-processing industry of the future there wt' 
be not one preferred process, but a spread of types c 
plant and route. 

There is no quick answer to process selection; and o· 
prices are not yet low enough in relation to coal prices t; 
make the much more expensive coal processin. 
economically attractive. But coal's time will come whe; 
coal prices are realistic and coal processing system 
avoid all unnecessary processing costs. The questic; 
will be 'what processing is both necessary and sufficie:: 
to satisfy market needs?' Then the question of adaptatic 
to market requirements will arise. It should simply be 
matter of minimizing the overall cost of doing the job · 
firir.g the boiler or furnace, powering the motor car c 
trucj( or plane Oi train, or making the plastic or fertilize 
etc. L'ser and feedstock producer can work togethe 
when the coal processor convinces the user that re~ 
costs have to mimmized. Incidentally, the appropriat 
national and international standard specifications an1 
cor.!es may the:-i have to be adjusted. 

Conclusion 
Coal ;Jrocessmg in the future wiil be quite different fi'Or 
what it has been in the past: and so will be the fuels an 
feedstocks produced. There will be some parallels wit. 
:li..: 01l industry as :t emerged, with different crudes fro:
Jiffere:-it oil fields (and with -::i!Terent impurities-) - eac 
possinie product seeking the ~arkcts as they emerge. 

Ener;;_v Wr:ir, 
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Table 11 Some t_vpica! hydrogenation and syntizes:s gases 

fhdrogen;or Hydrogen 
hydrocracking ffrdragen Ammonia .\!ethanol for 

tor edible synthesis synthesis e/ec:ronics 
From From -01! J-:ydro- gas gas etc (small 

?Gr!ial steam genatian scale) 
combustions reforming 

Composmon 
H, mol% 98.4 96.5 99 5 74.Z 68.5 >99.999 

co 14.6 

C01 13.U Purified 

CH, 1.2 -~ .) .. 0.5 0.7 3.9 by 

~- 0.2 nil i1il 24.d palladium 

Air J.2 nil ~tl OJ diffusion 

Total 100.0 100.0 :oo.u 100.0 :oo.o 

7race lIT!punues 
co, ppm:r:ol I I 

<::.O . <::.O . <5 
co ppm mo! I <'.0 I 
Sulphur ppm W/W <Z <.2 <2 

.. , 
<--

Synthesis of hydrocarbons on supported Group 8 catalysts 

Catalyst 
co171posllton 

Tem~ra:ure Pressure Gf/SV 
(oC) rpsig) (h-'J %Rh %Fe 

300 1000 .moo 5.0 
JOO 1000 3900 1.0 
j00 1000 2700 2.5 !.JS 
JOO 1000 3000 2.5 0.68 
325 2500 ! !COO 2.5 
J25 2500 9500 2.5 I.JS 
3 25 2500 9300 2.5 0.135 
315 :soo 8700 2.5 0.135 

Fischer-Tropsch synthesis with various catalysts 

Catai;iJ/ no 

[• [[b fl[• 

Process cond1uons 
Temper11t·Jre ( °C) 190 !90-210 J!5 
Space velocity 1per hour) 100 250 700 
H1, CO ra'1o 2: l 1.3: I 2:1 
Pressure ( atm) l 20 18 
Reactor Packed Packed Flu1d1zcd 
Kecycle rauo IO 2 

Product composition (%) 
c1 lJ 12 9 c, 2 6 8 
c;.c. 9 2.5 JO 
c,.c. 25 22 32 
c,c_., 33 17 IS c,,.(..., 6 

18 6 
c.o. ;o 

!") 100 Co:l8Th01:100 k1csclguhr. 
(b) Fe,Ol°Al.O,·K10 (fused). 
(') Fc·ox1de-k1co, (reduced). 

C efficiency(%) 

Methane Jfethanal Acetaldehyde Eth'lnol Acetic acid 

. ., 
J; ') 24.0 16 20.0 
69 12 0.3 10 0.2 
51 19 0.6 23 0.6 
44 20 1.0 30 1.3 
4!.0 l.6 5.2 49.0 
39.0 13.0 37.0 4.0 
5 2 2.3 13.0 31.0 

46.0 1.4 15.0 36.0 

und developed, and largely outside the coal and car
bonization fields: but coal processing now will have to 
fit into the structure that oil has already laid out. It will 
have to face tight specifications, poilution controls, and 
srr.ail profit margins. 

Coal in future will need to substitute for natural gas 
as well as for oil, as the worked deposits of both 
;Jrogress along the path of increasing cost of extraction. 
Similar factors. too, will affect coal costs, as pollutioo, 
amenity coilsiderations of sites, movements of labou: 
etc all have their effects. But the size of the long-term 
;:oal reserves makes it certain that coal will in future 
supply carbon for much chemistry, and initially, too, for 
endothermic reaction heat - though movinz ·towards 
energy from renewable and from nuclear resources to 
5upply dnvmg forces for endothermic reactions. 

So coal processing will be in transition for some 
Jecudes while the economic need to develop resources 
balances itself with the need lO supply evolving market 
demands, and the processes themselves develop aru: 
evoive to form an entirely new industry. 

The need is clear; the path can be derived in the light 
uf technological possibilities and market needs; gooc 
planning will be both important and difficult; the costs 
"'-'ill be enormous and much greater than mere proi:es.s 
development; and the t1mi.ng wt.JI be determined by ,;--,c 

11 
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LETTERS TO THE EDITOR 

! Tra · g those engineers forced into emigration by the Nazis, 1933-
: The . sscciat of German Engineers coikagues dt•ring those daric days. :-Jo t Dr Koenig, Technik- schic:hte, VL 
' (VD!) !'las embar upon research ;nto rlames, however. wtil be mentioned: Postfach i JJ9. 4 Dussefdoq: We 
: the fate of former coi ues who were wiL1out permission. Communications, I Germany. 
: forccri to emigrate un the Nazi please, to be addressed to: W Goidst (Senior Fellow) 
! regime, with ~he intr-ntion ot :... -arming ! 
1 the general ;mblic about what hap ed 1----------------....,,,."-------------
: to them and to their families. Cnder t ' 
; cha:rmanship of Dr Karl-He~nz Ludwig~ Ste heat recoverv /,:been responsible for the editing of tt 

I prolessor m history at the Umversny or ;!/ i Engiish translation. 
Bremen, a committee !'las been formed, l believe t fellow merohe;s of the i It may be of interest to note it h: 

I whose r:ie_mbership _also cor:iprises lnstitute of En . who work in ttie area i been necessary to include translatiom 
: former rn:t1ms of ~az1 persecution. of waste heat reco /•will be interested: a number of sections from the i 
i .Varnes and . to know that ~amo ook by Prof H f edition. Refere_nce is made to t?ese ·, 
' addresses : Hausen is being pubiished , :1glish for, Prof Hausen m the l 976 version ar 
1 

: che fir me, eariv this vear. '.thus It seeme~ to the :ranslator ar 
sought . e book, Heat :ransfe-,. in co-cu r. : myself _that these should be included . 

, :\ first step must be to !ry to obtain ounter-current and cross jlow was firs ' appendices to the translation._ _ 
1
; the names and addresses of cngin .s i published in German in l950 by Spr- . understand a translau?1.1 ct the _19 
1 who cmtgrated - either direc :om i inger Verlag. L"nofficiaf English transla· ed1tloa_~as now appearec. m Russian. 
; them, or :rom others who c e p locate , tions of parts of this book were prepared I A 1 WI_.i.. MOTT Phf? !_Member) 
• :i:em. Any information all wiil be · and circulated among some people I f:?ept ot_ Co _ ter Science 
', greatly appreciate~ a this would be working in the field, but these were never' Cmvcrs1ty ot Y 
! followed up b;'.--t questionnaire about published. ln l 976, Prof Hausen 
1 conditions iµ.-that period and subsequent published a thoroughly revised 2nd 
' effects oj-~rr:igration. This will help as a edition in German which has now been 
l~r an account of the lives of our translated by Mrs ~t S Sayer; l have 

F eedstocks and fuels from coal canr 

result of politically unforecastable stresses. But the job 
wiil ha•:e to be done. 

There will be advantage in simp!ici~y of approach - to 
the chemical engi11eering of the processes, to the titting 
of the products to the markets, and to the economics. It 
wiil be the economics that unites chemical engineers and 
customers in the search for the most useful ways of 
satisfying the needs for fuels and feedstocks. 
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Discussion with the Briquetting Group on 
Formed Coke - (28.8.84 am) 

Appendix 6 

Dr Agrawal described how : 75% of Indian coal is non-coking, 

volatiles 20-30% 

fixed carbon 30-50~ 
ash 20-505~ 

moisture up to 20% 

caking index under 4 

Some 10% of the coals are "coking" -

and are washed down to 12 - 20% ash 

so the coke still contains 25% ash. 
15% are medium-caking 

Coke requirements for steel are rising 

and the processes are of low efficiency -
900 kg/l tonne of steel. Imports from 
Australia are useful but expensive -

costing 4 times the price of Indian 
coals 

Apparently the Indian coals are not well 

characterised as regards washability 

Much Indian coal is destined for domestic 
use, where the fuels' products of 

combustion permeate the room because the 

appliances have no flues: open braziers 
are common 

: A serious problem in India was shortage of 

coking coal and possibilities arising in 
discussion included: 

a) import highly-caking coal to blend 
with local non-caking coal 

b) briquette coals with binder and then 
caroonise 



Discussion also included: 
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c) Lignite briquetting in Assam 
d) Separating petrographic constituents 

of coal: eg. one sample of 27% asr1 

when size graded has led to a + 3mm 

fraction of 24;; ash and a -3mm 

fraction of 30% ash. This suggested 

a possibility of fusain or durain 
separation. It \'/Ould be interesting 

to examine a -lmm fraction. If it 

proved possible to separate fusain and 

durain from claraiG and vitrain, then 

the latter might prove useful for 
coking. Also, ash may reduce coke strength 

e) It was just possible that solvent 

refining might concentrate a coking 

fraction of coal. 

i) increasing output from coking plants - and UK work on size 

consist control, oiling and stamp-charging was mentioned 

ii) briquetting - and UK work on mechanical and hydraulic 
reciprocating presses, rotating-table presses and screw 

extrudP.rs was outlined; also dish peletisers 
iii) binders - and UK experience with pitch, bitumen, sulphite 

lye and starch was discussed 
iv) formed coke - and UK work on the FMC, and BBF cokes, and 

that by Formed Coke Ltd was summarized 
v) "smoke-removing" processes - and UK developments such as 

the Phurnacite and the fluidized carbonisation and mild-heat

treatment processes were compar~d and contrasted with 

regard to the Inichar, Lurgi/Ruhrgas and other processes 

The Consu1ta:1t's (joint) papers on "Coals for Carbonisation 
Processes" and (in draft) "Indigenous Rural Power Centres" were 

given to RRL. 

.. 
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Discussion witn Coal Gasification Team 

(29.3.34. am also 31.3.84. am) 

Appendix 7 

Practicalities of experimental operation of the gasifier and its 

ancillaries were discussed with the team. The members had 

acquired good and useful experience both during the commissinning 

of the plant and in other places (GOR, CSSR, FRG, UK, USA etc). 

However, although RRL staff nad operated many pilot plants on a 

similar sca~e, it ·.-1as recommended that, in view of the 

complexities, Jnknowns and safety implications, there should be a 

rigorous approach to cperation and recording. Oxygen, for 

example, could be a major hazard. Safety, whether as risk from 

instruments suspended on lignt pipework (instead of being 

secured), or from tripping hazards on gantries, or from 

over-travel on hoists or swinging loads, or from reliance 

on control systems (instead of intrinsic safety), or perhaps 

hazardous mixing in pipework or reverse flows, or misplacement of 

the gasifier reaction zone, or jy-passing in the bed - should be 

a specific concern, and the responsibility of one person. 

The Lurgi Operation and Maintenance Manual (which also contains 

an account of commissioning and st.::irt-up over three months) covers 

the installation well. The recommendations made during this 

visit concern principles, and the programme should be regarded as 

in harmony with, and ad di ti ona l to those points made by Lurgi . 



Gasifier - Practicalities 

The following recorT1T1endations were made 

Mass balances and 
Heat balances are 
both important for 

experimental rigour 

instrumentation should be arranged so 
that these balances can be prepared for 
every unit - and for the whole installation -
so as to check upon matching between the 
units. 

Safety should be in the charge of one person - every item should 

be considered from a safety point of view, and interaction too. 
eg. is there any possibility of oxygen passing into steam lines, 
or upwards into coal, in event of, say, failure of the steam 

system? Safety procedures should be drawn up, and rehearsed 

systematically and frequently. 

Planned Maintenance should also be in charge of one person and a 

sc1edule drawn up and carried out. 

Monitoring of gasifier performance is useful - criteria for 

assessment include - eg. 

- Coal feed rate kg/h 
- n

2 
and H20 flow rates (dlso a safety matter)kg/r 

- o2;H20 ratios (also a safety matter) 
- Coal conversion % also kg/1000 MJ gas CV 

- Steam decomposition % also kg/1000 MJ gas CV 
- Oxygen usage kg 1/1000 MJ gas CV 
- Hot and cold gas efficiencies gas CV as % of 

thermal input - at gasifier outlet ( including 
tars and liquors) and after gas-cooler. 

- Waste heat as % of thermal input 

Emergency shut-down and crisis procedure 
- there will be different techniques worked 

out according to cause - eg. failure of 
power, o2, H2o or steam supplies, fractur~ 
of pipes etc; and a technique for voltage 
drop (as it can drop from 440v to 360v or 
so) or perhaps an air supply to keep the 
gasifier going in the event of interruption 
of o2 supply. Emergency shut-downs should 
be practised. 



Wear and corrosion measurements should be recorded from these 

early days - gasifier internals, lock-hopper ste~~ite valve 

faces,grate mechanism, Benfield plant etc etc. 

Blcckages and fouling will occur, and these s~ould be both 

alleviated and recorded, along with observations on the 

effectiveness of measures tried. 

Recording system - it is desirable to set up a comprehensiv2 

recording system right from the beginning. As one detail, a 

number of changes have been made to the plant already: the flow 

sheet should be kept up to date. 

Power Supply - any experimentation where the power supply 

can fa 11 , say, to 360v (as does, apparently, happen) wi 11 

be difficult, and might on occasions ~e dangerous. Power 

cuts, too, will create problems. Emergency power supplies 
would be highly desirable - and their design would need to 

be carefully worked out. 

Minimum requirements for Heat and Mass Bal~nces 

I 

Samples - coal, incremental Sdmples aggregated, coned and 

quartered, air dried(recorded); and despatched 
to the laboratory for CV, proximate and ultimate 

analysis 

- ash - sampling as for coal, but analysis mainly for 

% carbon content and for sintering/clinkering propensities 
- gas etc - as recordeJ at appropriate points to suit 

the units involved 

- tars and liquors - sample points at selected places, 

incremental samples aggregated, and laboratory 
containers despatched for analysis a~d CV 

Flow rates 

- coal (by weight over duration of test) 

- ash (by weight over duration of test) 

- air, o2 , steam to gasifier 

- water into (or steam out from} jacket and waste 

heat boil er 
- gas(es) at appropriate points to suit the units 

involved 

- ------
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- tars and liquors, at appropriate points to suit 
the units involved 

- lock·~opper gas (measure holder) 

Temperatures 
- ambient 

- beneath coal lc:k 
- gasifier outlet 
- ash lock 

- steam/oxygen (or air) mixture 

- at different heights above the bed (gas samples 

Pressures 

too) for analysis of bed/reaction conditions 

everywhere there is steam, air, oxygen, gas Jr 

lock gas, flow and temperature measurement 
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Discussion with Coal Gasifica~ion Team 29.8.84. 

K Seshagiri Rao 

T S R Anjaneyulu 

G Ravindranath 

M A Kha 1 ee 1 a kma 1 

M S Subrahmanyam 

MM Mallikarjunan 

K B S Prasad 

K B S Saisabu 

K H V Prasad 

B Madhusudhan 

J V Prasad 

L N Kota 

S N Reddy 

K V R S Musty 

A Sa tyanarayana 

Coal Gasification 

Mechanical Engineer 

Mechanical Engineer 

Chemical and Mechanical 

Engineer 

Mechanical Engineer 

Chemical Engineer 

Chemical Engineer 

Fluidbed Gasification 

Thermo Gravimetric Kinetic 

Studies 

Chemical Engineer 

Mechanical Engineer 

Coal Gasification 

Coal Gasification 

Coal Gasification 

Chemical Engineer 
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Appendix 8 

Discussion and Lecture Headings on 
Gasifier Development and Scale-up -

( 31 . 8 . 84 . am) 

Generai 

The plant includes, eg. coa1 receipt, preparation and handling; 

a
2 

and steam production; receipt, handling and usage of other 

raw materials; gasification; waste-heat usage; by-products; 
gas cleaning; synthesis; recycling; product work-up; storage 

and despatch; effluents; management; legalities. 

Issues for the process as a whole -

Flexibility, effluents re legislation, provision for unit 
failure, intermediate storage, interpretation of energy inputs 

and outputs, optimisation - computer-aided-flowsheet-design, 

hazards, controls philosophy, safety, emergency shut-down, 
failure of utilities, capital costs and optimisation, provision 

for monitoring. 

Issues concerning process units -

Models of variables - and confirmation, check tests elsewhere 
or even on rigs for single values. Transparent models for visual demonstration 

and rneasJrement, Radio active tracers for bed position measurements. 

Size-related issues - eg. heat transfer, surface/volume factors, 

pressure drops, flow, static similarity, dynamic similarity. 

Performance-related issues - eg. mass throughput, impurities 

0uild-up (amount vs proportion) eg. c2H2 in o2 plant, or CN in 

gasifier recycles, erosion, catalyst poisoning. 

Time-related issues - eg. fouling of surfaces, sludges, 

corrosion, wear, packing flexibilities. 

Issues deriving from interactions of variables -

Hunting and resonances of flows, piping system design, effects 

on maintenance, safety schedules, spares stocks, operating 
shifts and labour, management,performance monitoring.continuing 

process improvement. 
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Reco1T111endations ~ade to RRL 

Gasifier etc. 

1) It is ess~ntial to have a safety discipline anc also 

emergency shut down procedures. 
2) A planned maintenance scheme should be instituted. 

3) The use of enricned air should be considered, to compare 

the economics with those using "pure" oxygen. 
4) ~ecyc1ing of tars and liquors should be considered. 

5) alending coals may be useful to extend the range. 

A Typical Gasifier Progra111Tie 

' 
l) Continue the present mode of operating, incorporating the 

reco111Tiendations made herein - particularly as regards safety, 

maintenance, instrumentation, heat and mass balances. 

2) Taking one coal, study the reaction zone geometry at 
different H

2
o;o2 proportions and different flow rates. The 

coal should preferably be at one end of the acceptable range 

of caking characteristics - say the non-caking end. 

3) Then repeat 2) with several other coals throughout the range 

of acceptable caking properties. This will indicate how far 

it will be possible to operate on Indian coals without 

resort to stirring. Precarbonisation tests will be useful. 

4) As a result of 3) it will be possible to decide whether 

or not to install a stirrer. 
5) There may be opportunity to offer a gasification testing 

service to other organizations and countries. Useful revenue 

could be earned this way: and such initial work could lead 

to consultancy services. 

Possiblities where the Consultant may be able to make useful 

connexions in Britain and elsewhere 

1) Obtaining obsolete gasifier spares (a problem for RRL) 
2) Experience wi~h biological oxidation of Lurgi gasifier effluent. 

3) PossibleFellowships in Britain - Universities (eg Sheffield 

or Imperial College ) or British Gas 



Those present at the Discussion and Lecture on Gasification 

Development and Scale Up 31.8.84. 

1. K Seshagi ri Rao Coa1 Gasification 

2. Mrs A zi z - Mi 1rza Coal Division 

3. B S Narayana Rao F T Synthesis 

4. y v Subba Rao Gas Extraction 

5. M S Subrahmanyam Coa1 Gasification 

6. G Ravimoranath Coal Gasification 

7. M A Kha1eel AkJllal Coal Gasification 

8. ~ Ehran Coal Gasification 

9. A M E Rahman Briquetting 

l 0. C S ~l Prasad Briquetting 

11. A Krishna Reddy Design & Development 

12. A Satyanarayama Coa1 Gasification 

13. 0 A K Sivazi Che,nica 1 Engineer 

14. A. ? Oils and Fats 

15. H Shripathi Rao Oi1 s and Fats 

16. rv KDutt Oils and Fats 

i 7. S A Hamud Coa1 Engineer 

18. T S R Anjaneyulu Engineer 

19. 3 Madhusudhan Chemical Engineer in 

Gas~f,i:ation 

Coal 
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20. T Krishradu Coa1 Gasification Programme 

21 . J V Prasad Mechanical Engineer 

22. D Rambabu Data Processing 

23. S N Reddy Coal Gasification 

24. MM Mallihajunan Coal 

25. KVRSMusty Coal Gasification 
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Discus~ion an.d Lecture Headings on 

Evaluation of Gasification Processes 

Appendix 9 

Evaluation involves looking ahead and asking questions so as 

to decide upon criteria and priorities. Three main components 

of evaluation~ in logical order, are -

a) markets, coals and suitability of processes -

gasification and subsequent (and also preliminary) 

processes 
b) principles and practicalities - industry infrastructure, 

e1vironmental issues, reliability and risk, complexity. 

(This leads to a short list of processes) 

c) economics 

a) Markets, coals and process suitability 

Consider how markets for products may change over the years 

of planning and building (5?, iO?, 15?) and operating (20?, 

30?) the plant. ~f development is involved (5?, l'.J? years) 

then its aims may change during its course. Coal supplies, too, 

will change. Some processes are (probably) towards the end 

of their evolution and can offer much design and operational 

experience. Others may be able to offer more potential 

for improvement, but with a shorter history of success. Then, 

processes need to fit together to make a flowsheet - do unit 

outputs and inputs match easi~y as regards analysis, 

temperature, pressure? Are by-products worthwhile? Are 

some units very crHical and sensitive? Is one type of unit more 

suitaole tnan Jther types? (eg ~hicn type of oxygen plant will be most 

suitable - gaseous, liquid or pressure-swing?) 

b) Principles and Practicalities 

Is the plant to be part of a more general scheme - eg of 

using a particular fraction of coal, or to make products 

critical to other works? Is the scale critical, and should 

there be a few large or many small units? Should the plant 

be near the coal or the user of its products? (eg if c2 - c4 
0l2fines are made, wno will ~se them? Can the coal be used 

directly, or does it require special pre-processing? Rank 
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ash, size and impurities are important in process 

evaluation and selection. What deliberate plant 

redundancy is required - to continue output in event 

of failure (or maintenance: of a unit - or for safety 

reasons? ~hat are the replacement and maintenance or 

regeneration intervals for components, units, catalysts. 

absorbents etc. ~hat are the gaseous and liquid effluent 

implications? :nanpower needs? top grade :nar.agement 
needs? 

Also what is the potential for process improvement 
during operation? 

;hese issues lead to notional plant de~ign, and to the 

bases for economic evaluatio.i. A "feel" will be obtained for the 

types of process most likely to suit the coal, the 
final product, and the circumstances. 

A short list of processes can now De drawn up, comprising 

the best choices from the wide range of possible 
processes 

c) Economics 

Previous considerations will have led to a short list. It 

wi;l probably consist of some of (in the case of the RRL 

project) : Lurgi (dry ash); BGC Slagging Lurgi; 1.~inkler; 

and Koppers-Totzek that have operated over Sijfficiently 

large tonnages of coal to be considered conventional. 
Texaco G V V , Shell-Koppers and Cogas canoe 

considered reasonably well developed: and there are many 

other ingenious (and some not so practical) processes on 

which much effort has been spent, and of which some may 

become commercial in future. However, the more conventional 

the proc2ss, the better the economic data - capital and 
operatin~ cost - and the less the risk. 



A convenient approach to economic evaluation is tJ list for 
eacn process considered, for a given notional works output: 

3asic Data 

Gas (or product) output per unit or section 

~J/hour, or tonnes/day 

Number of units or sections 

Works output (the same for each process considered) 

MJ/hour, or tonnes/day 

Site area for works Hectares 

Any pecularities or requirements regarding the site 

Cost of fuel (including transport and preparation 

elsewhere) per unit weignt - Rs per tonne 

Capital cost of works Rs 

Process Economic Data 

Cost of fuel (gasifier only) - Rs per tonne of output 

Cost of oxygen (including power) - II II II 

Cost of steam (including water) 
II II II 

Cost of power (excluding o2 plant) 
II II 

Cost of water (excluding boiler water) 
II 

Cost of catalysts, bought-in items, chemicals - II 

Cost of labour (including maintenance) 
II II II 

II II II 

Capi.tal charges -
Gross cost of gasification/operation 

II II II 

Less credits for steam sold elsewhere II II II 

by-pro1ucts II II II II II 

off gases II II II II II 

Net cost of gasification/operation - II If • II 

-

-
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~any of these figures may involve lengthy calculation, so 

computer aids ~ay be useful. 

Then comes the soul-searching - how practically real are 

the figures? Is there any bias or personal preference? 

Is there any tendency to keep figures low to suit a known 
budget? 

Finally, possible errors must be considered. Each Final 

process cost has evolved from adding and subtracting 

figures, each of individual "tolerance" according to the 

accuracy (and relevance) of its component information. 

Accordingly, the difference between competing process 

costs should be considered caref~lly in the light of the 

like:y tolerance of the figures being compared. 

A practical example 

An example of economic and technological evaluation of 

gasification processes, based on the Lurgi process, was 

given in the form of an outline of a joint exercise in 

Britain by the (then) Gas Council and the National Coal 

Board. The Joint Lurgi Study Group provided three 

contractors with common data and specifications (as 

described below). The three contractors (given the 

description 'A', 'B' and 'C') produced designs and costs, 

that the Joint Study Group adjusted to achieve true 

comparability. Further to illustrate the method, the 

process designs are also summarized below~ along with the 

Study Group's comparisons of sites; coal data; the "site 

cost" of gas-making; biological treatment of effluent and 

it: costs; process dat~; and the costs of steam and power, 

investment and lean gas production. 



Economic and ~echnological evaluation of different Lurgi 

gasification process flowsheets - for the same site and coal 

Example~ from the report of the Joint 

L•:rgi Study Group 

appointed by the Gas Council (UK) 

and the National Coal Board (UK) 

October 1963 

Beginning with the initial notional cost of gas related to a 

particular site, Desford, the Lurgi Study Group examined sites 

i~ some detail (Moorgreen, Desford and Newstead) From these 

Newstead was selected as the best - see Tables I and II. 
-hen, it provided the same basic gasification and other data, 

and the same ground rules, to the three contractors (A,B & C) -

Tables III and IV. The schemes of the three contractors were 

t;.en evaluated, - Tables V and '/I, and compared as summarized 

ir Tatiles VII to XII. 

Col:ierr 

\ioisturc 
Ash 
\' ol:it.ic ;~1Jtt~~ 

C.irbon J:ox.1Jc 
F~\cd carbon 

Sulphur 
Chlorine 
Calontic Yalu~ 

.-\sh Fus10n 

Ash Fusibility· 

Coke Residue 
(various tl!,b( 

Swelling :rnd 
caking 
propertie, 

,. 

B.t.u. lb. 

'c . 
comm<:nt 

commc:\t 

comrr.ent 

Table I 

Analytical Data 

Jfoorgreen Desfard 
5.6 : LU 

19 .u I ~.4 
:1J. l 2•J ,() 
0.5 r..:: 

~5.S 40.4 

I ~10.0 100.0 

1.7 [,) 

(),.+~ 0.23 

10.692 9.51)~ 

i ,279 i . I ':JU 

Sat1sf..1c.:wry Low 

W:.:akly Sandy 
ca kc.:J: weakly 
sintered: swollc:i, 
frothy, many 
~xpando:J, unchanged 
;:iart1clc:; particks, 
little loose. 
changed. 

Less Sa tisfac:ory 
satisfactory except ;"or 
than :Vkrrylccs 
alternau·1e component. 
~oals. Two 
;onslltuc:nt 
seams not 
~ecommcndcd. 

\,•a·sread 
:u . ., 
2-+.: 
25.5 

:-9.6 

,1,() l) 

U.5 
U.27 

>l,;-i27 

. ,-401) 

S_.tisfactory 

W~akly cakcd. 
,,in:..:rcJ: nY.rny 
unchanged. 
pan1c.:l.:s, 
iuo~c 

~0nglomcratc:>. 

SJt1:>factory. 
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Table II 

\fuor>V<':'!I 

('011:po,·1r(.' 

i'l().; 

C, .. n!pari.1011 11( GuuJ:~ lli.1,11 l''~r.·u 

\fl..l,<d vn :c-::n f!J'.'\ :ta\::1::; ti:.: _;:hiiL:r; 

tlil!flll:::, pc:- g:.i)1:...:r rr.·r 
!tour 

G.is I hcrms per tun lll. 'L'.d 

1Jry .i<1-'°rc~ h.:':'1 

CJ.!i ~h. 1.Jr;' :t·.il-!°ii . .':.:I l~C!" 

th.:nn _s.l', 

o,:.c;:.:n ~ll. re. ;:icr t!1.:1 :11 ;.h 
SteJm ib. per 'hc:r:-:1 ,.,:.l', 

0·a~1j1< ulilm C usr Ind< c 

!Dcsfl':J iOO •Jn:l') 

C0:..d 
o,:vgo:n 
Stc:.i.m 

Cap1t:i.l ;~.irgc~ .JIJ Lurg: ~.!oilier 

\ '1(\ 

NJ ' -
I 7 ~ 

Id.~ 

5.:2 

102.0 

The Newstead site was selected 

Table III 

• l' ~ .:: 
l l·l 

I' V 

c.1, I 

i(l'} 

19 :i 
4.5 

l1()1) 

,., ... 

_ .. 
' I ! ~, \ 

l/ 

I - 1 

j . .;. l 

' l/ 
'14 .1 

Biological Trearmcnr of Lurgi Effluent Liquor from UoJ"iten 

Wi1'10111 CO Shi1i IVirh CO Shtji 
r 11• 111 iv• 

1/e/or1· .Jj:a !11'/r;r,· A/:cr 
TrcatHz1.:n/ r .. ~·a:nu•11,1 /'r, l.Jilllt'lll Tre,I/ntt"ll 

r1i~11oi., ;' ;-i. [~1. 260 _\l/() : .+ ::4 2 \() 2(o\) ! I 
.-\inmCJn!:l I :2.<o il11nl (Jlj '411 t 1»'0 l 71)0 )0: 7(1 

T'.11llcy,1narc, 11111 :_111 '.ii ,\f) 1J7 :\ii , ~ 
J'crmang:! n:i.t·; 
uluc ({W) 71)11 o-; "

1 11 ,i50 51·-) .1 I ,4_; 
rl1olog1c1I 

Ox:,;cn dcm;1nd 24<>; 12 
Suspended ,o!:J, 1:1l :1ppr.'··. Iii) :1pprox. 
Retention time hrs. J 5 7 

•fnclud111& removal uf tix~d ~"""''"'~by d1~t..:.,;i.1n .. ,1;, lime. 
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Table IV 

A Summary of Design Study Specification 

1. GENERAL 

The plant was to be designed to produce purified l~an gas al m~nimum 
cost using adeql!ately established {echnical means under .;;uarantee
able conditions.-The plant output was to correspond to the gasifica
tion of a nominal 750.000 tons of (;pec!fied) coal per annum. 

2. SITE 

The site between Newstead and Linby collieries was specified, and 
its technical and engineering characteristics were enumerated in a 
site report issued to contractors. 

3. DESIGN 

a) Standby provisions were to be such as to suit the requirements of a 
plant to operate as the first of a national scheme of gas production. A 
minimum of three process streams was specified. 

b) Load factor. 86.5~~ was specified. In addition estimates were also to 
be given of lean gas costs at an avernge load factor of 70~~. 

c) Gas Quality. The specification was given for a lean gas which on 
enrichment by various methods would give a satisfactory town gas. 

d) Processes. The gasification was to be based on data supplied by the 
Lurgi Company; and the carbon mono.lide conversion was to be by 
the raw gas shift based on the work of the Lurgi and Ruhrgas 
Companies. Liquid effluent was to be treated under condition~ 
specified by the Gas Council and the National Coal Board, and 
after treatment to be discharged 'o the River Trent in accordance 
with the requirement.~ of the Trent River Bo.ud. Gaseous effluents 
were to satisfy the Alkali Inspectorate, whose probable requirements 
were provided. Steam ar.d power were to be generated on site as 
far as contractors calculated was reasonable. Additional power 
could be taken from the grid if required. Water was to be taken from 
the River Trent. 

4. COSTINGS 

Cap •:tl estimates were to be accurate to within 7l /~ on the total 
iigure The cost of lean gas was to be giyen in pence per therm 
along with the contractors' estimate uf its accuracy. The method of 
steam .011d pqwer costing, and the rates for capilaJ charges. labour 
and rnain'cnaoce, w~re specified. 
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Table IV (Continued) 

.The following rates were specified fur h:-proJucts:

.i) TJr and oil-as crude tar J.t I Od. per gJ.llon. 

hi Beazolc -J.s crude bc::1:oie ll !'Id. i)Cr g·1ilon. 

cJ Ammonia -J.s 25 "0 ctmccntrat<·d i ;qu1'1· .,1 .~'>. od. 11er umt 
d;iter am:::'.. led to ::s. lvJ. : ~r :ma I. 

dl Sulphur 

<:) Phenoi -JS crude rhc!"10l at H5 rcr LOil. 

For the purpose or" the c'a.:isc. all wal w.!s tn he cnarged at 3.25 
pence per therm rrre· p..:cti>e ,)(~!Le. 

5. COAL SLPPLY ANO ASH DISPOSAL 

Coal supply was to be take:-i from an N.C.B. comc}or run to the 
plant bour.dary. Contrac:·Jrs v.ould be rc:.pons1blc for roceipt, 
handling, crushing and grading as neccssJ.r}. of the coal, and for 
providing both strategic and sc:i.sonal >lL1L'ks. /uh was to be disposed 
to the adjacent colliery spoil heaps. 

o. STANDARDS 

Scandards of design and construcuon, tJattcry lim1t:;, the c.~ccn~ 
of ancillaries. :ind oblig;ilions and co1:J1tions uf contract were all 
specified. 

7. PRESENTATION OF REPORT 

Details were given of tile caccgorics into which the c:Lpltal and the 
operating costs were tu bt: itemised. C:nam spec1me:-i costs wer•: 
to be given and also the C•>Sts ,)f removing carhor. Jimidc to val) 1ng 
final concentrations. He;1t and matcrr;1I lx.Llances, ga~ an:i.lyses and 
drawings required, and th•: hrms ol rroccs, description were all 
specified . 

. >;. DATA PROVIDED TO CO!._TR \CTOR~ 

Contractors were giver -!~r::;i, ot" rhc nia~,·-L:p <·f 1l;e coal supply, 
deliver; uf raw cu:d .11H'. 1l.; s..:r~cn!r~~: :1r~.Li.·1'. ;ti"' :ts prnbah,c 
bcha·.,uur un crush1n~. scrc~ri:ng :in..! ~'.:'..11!Ul1uri [1. •m stod •. Fo1il 
analyti1.::1I data and f.!<t'ilit:r r·cr:'1lfll1Jr1C~-.! !LL ,,f the Lirg1 Company 
\\ere .Uso given. A proces' 'f1C'.:1ticat1w1 t«»r hr,)ingical o~idation w;.:.5 
provided along with a11al}r1cal details ~f :1 ryr1c:.d trc:1!cd effluent 
and the requirements cf the Trent R!Wf Huard. 
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Table V 

Data provided in C untractor.' llesii:n Studieo-

Item s, h,·,,,,· ··I. S.-hcm,· . H' .), 1><·•11t· ·c· 
l'uriiied le;!n gas rroductl\'11 --
\l1llion therms p..:r annum : I :1 h '. I i.0 120.J 

'\u. •Jf Gasiner~ (me. <t.u;Jhy 1 

T:;ic ofO,~gen P!,:11t 

~ s .~ 

llrn1,i; i 111.J..: L-iw H.f.:.I. l.ow 

()':i!\.'I'. 

C1>. 1.,n\ 

Pr~~ <ir..: 

\lethod of Carbon p1,n1J..: ~rnd Benltcld :\Jip 

Hydrogen Sulphide R-:11llnal Pmcc-;~ and Proces~· 
Tm\t:r Punticr 

Coal Gasified tvns yt·ar r'~.ooo 776.600 
Coal Ufed on boilers tvi'.'i year I ~0.00!1 2 ! 7.200 
Steam produced h~ hrnkr plant 

I h hour .1 ! I .1100 

11 <11•..:r produc..:d ( im:iL1d111:.; 
mechanical cquivakntl MW '" 

11 [gh Prc~sure Steam used for 
fiasiflcation ih·!wur i%:.•.1~ 

o.,n;en used for gas1r!c:1t1<)n 
195~;,) lh h0ur "72, ·:o 

'-'o. of m..:n employ..:J 20:: 

Sulphur 
Phenol 
.'\ mmonia 
Tar 
wa,h Oil 
ll<'D/lllc 

Ry-Products Rcco•cred 

t1'ns.'year 
wn' year 
tnn~ ye:<r 

m11lion galh'y~ar 
million galls yr.!r 
million gall' vc: t' 

2.ll5i 
:.n1 

.1 _;7q 

i .1)5fl 
, n~~ 

450.000 

25 

196.~ilO 

3.055 
~.468 

h,985 
:; .032 
2.173 
H2~ 

,\pprw<i011tte .\m1ly'>i' ur Purihet! Lc1rn G11'> 

< (\ 11 <l I.+.·' 
< 0 4.il- - :'.I 
C H , I 0~9 - I I J 
Hz h(.t~ h'fl.. 7 
c ,.;1 llll n.1 
:--.: l ().- ·'·) 

CV--nommally 350 B.t.u. s.c.f. 

V t:trni.:ol..c.: 
Proi:c~ses 

7"7'),500 
204,800 

24.(1 

'.'2.617 
250 

.1,250 
2.652 
n,259 

l>.403 

"!ncluJ1n1 a simple: tc\•,~r Jbsorber for final trace: removal of hydrosen sulphide. 
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Table VI 

Summary of Contractors' Process Designs 

t. Oxygen plant 

2. Main hoiler 
plant 

3. G:1sifiers 

4. Benzole 
removal 

5. Carbon 
mono•ude 
removal 

6. Hydrogen 
sulphide 
removal 

ScMme 'A' Scheme 'B' 
3 unitS •: 275 tons/ 3 u111ts < 253 tons/ 
day. B.O.C low day. Linde low 
pressure. Electric- pressure. Electric· 
ally-driven a.r. ally-<iri..-en air· 
compressors. compressors. 

3 "' 175,JOO lo. 'hr. 3 :il 225,000 lb ;hr. 
1675 p.s.i.g. 950 'F. 2400 p.s.i.g. 950· F. 

Scheme 'C' 
2 unns "' 390 tons/ 
day. H.R.l. low 
pressure. Steam
dnven air-a:>m· 
pressors. 

3 'ii I l.J0,000 lb./hr. 
1500 (:'.s.i.g. 950 'F. 

6 v.orking: 2 standby: J.2m. diam. ····-· 

Absorption by oil Absorptiun by 011 See 8 0elow. 
wa,h. wash. 

Raw gas conver
sion Luq~;i procc)S· 
impro\.:J .. f.::;1gn. 

Raw gas cc,nver
sion Lurg1 procc)s
modilicd des1\;n. 

Raw gas conYer· 
sion Lurgi design. 

1
, Bentield prc-ccs~. 1 Ad1r> proct:-.'i. 

Ve!ro..:uke H.S 
proce;;. I Sodit.m 
c:.rhon~te1 ~01..~ium 

ar>c1ut<: 'ululion.) 

7. Carthln 
dioxide 
removal 

8. BenlOIC 
removal 

9. Final 
purification 

10. Odori.sation 

11. Drying 

12. Sulphur 
recovery 

13. Phenol recovery 

14. Ammonia 
recovery 

1 S. Effluent 
treatment 

1 Pot.i~sium c:ir- ( Orc;arnc s..;I ,·cnr.l 
bonar! solullOP J 

Sec 4 ahovc. Sec 4 aboli.:. 

Iron o.,ide towers Simple iror. and 
( 81.;choff sys tern). zin.; oxide '"'~er 

(trace 1emoval1. 

.. ... Tctrahydroth!ciphene 

ActivatcdAhmina Glycol-rcgcner
rcgencrated by hot atcd by distilla· 
gas. 

Modified 
Kiln-from 
gas. 

tion. 

Oau' Vetrocokc low 
acid pressure proccss

from acid gas. 

....... Phenosolvan process 

Ve:rncdke CO, 
:.,n_,ces~. 1 p, )fa~~-
~1;.im urbunatt/ 
rvta;,s1um ar'>CI:..ite 
,,,,Juriun.) 

..i..hcrption by oii 
w:ish. 

Inte::;r:il with H.S 
n:m .. n:ll :1bovc. 

Refrigeration and 
Glycol. 
Glycol rcgener
ced by disti!lation. 

lnteo;ral with hy
drogen sulphide 
remrwal proccs~. 

015tillation of free aiid fi~ed ammor1a 

Uio!ogicai oxidation as specilic:J "Y Su1dy Gmup . 



v 

Table VII 

Co!\t ur ,tl·am and poncr-- pcm:e per therm uf lean ;.:a' 
.)"c-hrmc .\,heme 

'A' • Jl' 

c,1't ,11 purcll:!-;.:J ..:kct ri..:: ~! {l 96 0. 12 

C u\t uf boiler ..:~1;ii tl.76 1 _1: 

Car1r:il di:;.rgcs .ind other .; ..• ,h fl.')(, , . 
'--~ 

2.0~ 2.4X 

Table VIII 

Costs of Biological Treatment of lur~i Plant Elliucnr 
(expressed io pence per rltcrm uf lean ~as made) 

Sch cm<" 

·c 
il.0.1 
!(~ 

1)9~ 

~.02 

l ·.;/JliGf Upaa1i11~ Fu1;.;/ R1.m11111g 

( "i;"r;;cs Casts Costs 
Scheme '.-\' l).066 0.065 0.131 
Scheme ·B' I) 035 u.030 IJ.065 
Scheme ·c 0.046 0.03.+ l).080 

Table IX 

lotlll lnve&tmL"fll 

Schcn1<· .\i'ht'OI(" .\ch .. m.-
'A' ·1r ·c 

£ll00 £00J LOOO 
Plant capital <.:P\I 15,il05 \7.784 J 5.548 
l ntcres: on capital during 

i.:onscruction Rfi5 •no X51 

Total caoital ..;,)';[ ui' work' i<i,ri70 18,754 16,39<) 
Working Capital 456 41~ 41:1 

Total ln>cstmcnc 17,126 19, 172 16,312 

-----ma..··•· ..... -----------------.. 
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Tab1e X 

Cosl uf L~an <;a.,. t>roductiun 

Sd11!m1! '.i · Sdre~ 'B' .\'chem~ ·c 
J. therm 

.. i.lll 
J. therm d.,'therm 

l-u:.il :·~·r ::.:·•'1'.i(~il1t11: 

\ · dai (u1 :;t~;in1 .ind 

po\\.,.:r ,:;~ni..:4·..!~~l'l1 

Pur~h-~.--...:t! ..:lcctru.:it:. 
Utn..:r uw :na~:r;..;[, 

U~r.Jtin:; l.Jhour 

\lalflk:::.11..:c 

C.1pita! ..:h.tr:!'' 

Table XI 

•)_ -t. i 

d_i.lfl't~ 

\) __ ;Ill 

tUU_I 
i_l_-J_q 

2.~4') 

'11_ 2.; 7 

I I 7'1 

ll\)(J~ 

i. i. '.7 
l)_j !Ii 

U. '~5 
lUUO 
i.:Jul 
J -:_r, 7 

iU . ...;.62 

i .24 .. 

9. i06 

Elkcl of l.oai.1 F111:1or upon U»n G:.a~ Co.1 

!.u.i.I 1-'~.-:vr 
tJ)":, fu1.·! ;:ti.:. 

C..ip1CJI -:!c 
T<>t:i! 

,fi s· .. t'ucl .:tc'. 

C.1rn:i· .:t.:. 
f,1c:d 

-., .. ., 1-'t:d :k 

l ':1p11.d \.ll". 

r, ,1.11 

'tY'
0 

Fu.:! 1..1.. 

C:.ip11.il ..:t..:. 

r,.1,i! 

Table XII 

..,, /11.,111· - 1 · 

-~ ')l.) 

_; :iv 

_; ('') 

1
) 11 

.'-.U:i 

~ 11(, 

I ~-11:'i 

."')tht.·'"• a· 
-l_ :'i • 

·UI 

•I I 7 

..; ~ l 

I ,:: __ 'i) 

i _l)_>c; 
\)_()j(J• 

d ,--... :.' 
'.13~.1 

J 94.1 
- ......... -- 1) _ .. 

; ~47 

l. lUI 

1'1.-Wfl 

. ' . 
~ .• l-+ 

1.K2 

4 11 

7 _ ! I 

Ii .45 

Co~I of GH Production - C11mpariMJG -.rich Ut..,furd htinaatc 

! ),· ,fL'r· ! :i.-hcmt: r::\i<...:d • 
"''" -! -.:.J 51.:hcmc: ':\· 
'-. "" :.;1·! Scheme 'B' 

l--'·a11 GQs 

d. therm 
9.61 

!0.78 
9.07 
9.17 
X.45 

Th.: C\t1rna1c:~ in 1h1'> T;iblc ;1~~ume a load fa.:ior uf K6.5~~. 
'Re' :-.cd 10 r .. k~ • ..-,·ou"i •-f '"'' d:t1:1'use.J :n 1hc ;-or«-.cni \ludo~-. 



Appendix 10 

Surrmarizing Discussior.s 
-on subjects cinder considera.:.ion sequentia11y during 

the week up to 1 September, 1984 

1) Pressurised Slagging Gasification. The work of the 

UK govern~ent oil-from-coal programme of the 1950's 

was further outlined. This had involved s1agging 
fixed-bed type gasifiers at the Gas Council Midlands 

Rese~rch Station at Solihull and at the British Gas 
Jtilisation Research Association (BCURA) at Leatherhead. 

The former establishment was supplied with a I m dia 

gasifier bougnt from Lurgi who had been unable to 

operate succesfully under slagging conditions: it was 
adapted and continually modified until a system was derived 

that worked satisfactorily. 

The 3CURA gasifier followed experiments in slagging 

at ambient pressure. Various configurations of hearth 
and slag tap were used, and i:lilny succesful running hours 

were logged. 

The programme eventually led up to the present-day 

slag~ing Lurgi gasifier plant at Westfield, where large 

commercial scale trials can be carried out. 

Technical papers, and an outline of British Gas 

Corporation consultancy services, were given to RRL. 

RRL ~ere also shown original reports and documents 
from UK experimental and pilot plant work. (Appendix 12) 

Note - The Godavari Khani coals intefided to be used 

for gasification and of which analyses were given 

(Appendix 3) would not be suitable for slagging gasification. 

The slags would be too viscous. With high ash contents 

and the need for substantial additions of fluxes the 

efficiency advantages of slagging would be mitigated by 
slag heat loss, increased maintenance, and reduced 

operational reliability. 
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The criterionus_ea is Silica Ratio - the ratio of 

the silica content of the ash to the sum of the 

contents of (silica plus iron, calcium and magnesium 

oxides) which can be ex~ressed as c percentage. From 

this the slag viscosity can be estimated for different 

flow temperatures. 250 poises is about the maximum 

for practicable slag flow, which is the viscosity at which 
slag can flow under gravity. 50-100 poises is a 
commonly-used range. The higher the 250 poise temrierati.1re the 

greater is the quantity of fluxes that have to be i.1sed 

to bring the slag-tap operating temperature within the range 

practicable for refractory life and operational control. 

Godavari Khani Coals 

GOK GDK GDK GOK GDK 
?A 8A 10 open 4 open cast 

seam 3 seam 

Silica Ratio sr; szr; 87 f;~ 87 2"1, 78f~ 

Estimated 
temperature 

l680°C 1580°c l 700°C 1700°C l 520°C for a slag 
viscosity of 
250 poises 

2) Fluidized Combustion. The history of fluidized combustion 

in UK and elsewhere was outlined, including circulating 

as well JS conventional deep and shallow beds, and 

operation at both ambient and elevated pressure. 

Some papers were left with RRL. This sllbject, interesting 

in itself, was of peripheral interest, and can be continued 

I 

in greater depth on ar.other occasion. (See pp 77-11 O and Appendix 12) -

3) Power Generation. Various cycles involving gasification 

techniques and also fluidized combustion.were discussed. 
This topic could be continued on another occasion. 
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4) Gasifier Instrumentation and Operating and Layout 
Matters -
a) General instrumentation would be improved if 

flow measurements were provided for 
i) oxygen and steam flow separately, into the g~sifier -

deriving from the flow ratio controller (FRC 4301) 

ii) feed water to the gasifier jacket 
iii) steam to the ash lock-hopper (F42l) 
iv) steam into (during start-up) ~nd from the L P steam 

drums (E438 and F435) 
v) liquor recirculation to the quench (on top of E431) 

vi) tar from the waste heat boiler (E431) 

vii) blowdown (if any) from the gasifier jacket (h.p.). 
These are noted on the RRL flowsheet. As other sections 
of the plant came into use, e.g. the Benf;eld plant, 

then they could require simi1ar consideration for 
instrumentation. (See Appendix 3) 

b) Pipework should be colour-coded according to contents, 

particularly 
oxygen 
air 

h.p. steam 
l .p. steam 
f ced water 
recirculated liquors 

cooling water. 
These points are noted on the RRL flowsheet.(Appendix 3) 

c) Layout of equipment was such that present difficulties 

with tar fog in the gas were likely to continue with 

the present arrangement of a contiguous quench and 

waste-heat boiler. Alt.hough it should be possible to 

derive a set of operating conditions where tar and 

liqucrs would separate properly, such conditions would 
not be abia to be maintained when experimenting with 
different regimes and different coals. 

It would be worth considering separating the waste 
heat boiler from the quench; and also installing 
separators between quench and waste heat boiler, and 

' . 

alsb before the gas cooler. Then the plant would be 
' 

more flexible in operation as the different functions 
wou1d be performed separately. 
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d) The position of the reaction zone could not be judged 

in detail at present, tne only jases being gas outlet 

temperature, gas analysis, and ash condition in relation 

to grate speed etc. The Dent/Gas Council approach to 

measuring temperatures and gas analyses was described. 

Conditions at different positions vertically on the gasifier 

axis could be measured,using swall bore austenitic gas 

sampletubes and small diameter mineral insulated thermocouples 

of different lengths. 

The Hoy/BCURA technique of passing instrumentation tubing 

into a gasifier was also described. An appropriately 

thick ~asifier flange, (or an extra ring of flange i.d. 

and o.d.) could have radial holes for instrumentation unions 

alternately with flange bolt holes. Thenthe sample tubes 

and tr.ermocouples (appropriately stayed inside the gasifier, 

which had no stirrer,) could be assembled and connected to 
the union halves inside the vessel. The external instrumentation 

connexions could be mace to the external half unions. This 

way the instrumentation neither interfered with nor was 

complicated by the offering-up and bolting of the top dish 

sectio~ of the gasifier. 

With such instrumentation it was possible to follow the 

passage of the reaction zone up and down the axis of the 

the gasifier - and to learn how to keep its location under 

control. during operation. The sample tubes and thermocouples 

in the lowest positions might burn away, but that was of 

small importance. The tubes and thermocouples at higher 

positions would give warning of rise in heigh: of the 

reaction zone - and appropriate operatiog measures could 

be takei1. 

The rate of beds descent may be measured, as distinct 

from merely being calculated, with the use of a 

radioactive tracer and detectors at different heights. 



5) ~he Gasifier Plant Generally Basically the plant, although 

newly operating, ~as twenty years old. In the interim 

many changes have occurred. Instrumentation and controls 

have considerably developed. Also, research and developement 
facilities elsewhere for the Lurgi process, have fallen 
in disuse. These points suggest two consequences. 

a) The instrumentation is rather out of date, although it 

works, of course. There will be a shortage of certain 
spare:;, vhich it would be worth trying to collect. 

b) RRL Hyderabad probably now has the only small 
experimental Lurgi installation in the world. Other 

Lurgi plants are larger, and so more costly to operate 

on a pilot basis. As interest in coal processing is 
1ike1y to increase worldwide, RRL could usefully 

consider offering its facility on a corl111ercia1 basis. 

Suitably managed, the RRL installation could not only 

do useful work for Indian interests; it could also 

earn revenue by characterising offshore customers' coals 

as a preliminary to their spending large sums of money 

for testing in larger plants on a commercial scale. 

RRL Consultancy on gasific,tion cou1d be well worthwhile. 

Two papers on fluidized combustion follow. 

"Fluidized Combustion of Fossil Fuels" By A.G.Roberts, 

H.R. Hoy, H.G. Lunn & H.B. Locke. Coal Processing Technology, 
Volume Two, 1975. 

"Status of Pressurised Fluidised Bed Technology Today -
A Review" - Engineering Foundation Conference 
Combustion of Tomorrows Fuels - II. By H. R. Hoy, 
J. E. Stantan, A. G. Roberts 
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Fluidized Combustion of Fossil Fuels 

Highly efficient and operating at low temper.::ture, the technique re· 
duces boiler investment, improves environmental acceptability of ex· 

haust gases and is especially useful for burning of coal. 

A.G. Roberts and H. R. Hoy 
BCURA Ltd. 

Leatherhead. Eng1and 
and 

H.G. Lunn and H.B. Locke 
Combustion Systems Ltd. 

London, England 

rluidizauon, J widely Jccepted technique t'"r bringing 
ahout he:it Jnd mass transfer m the chemical and processing 
industries, has more recent!~· been extended to cuver the 
.;qmbustion uf fossil fuels in tlu1d1zed beds of inert parttcu· 
IJte m;:lter. 

In 11u1dized combustion, high eft1.:1cncy :rnd h.i~ rates 
,,f heat Jdsurptiun .:an be ubtained Jt iow ..:ombustiun lem· 

;·eraturcs. The consequent Jdv;111tages of thL technique 
~"mparcd 1,1 w:l\entional .:umbustiun plant include: reJuc
t:on :n huller size Jnd cust: reJ111;eJ :'liOx em.iss1on: effective 
so~ rcmov:il v.11h low .:Jptul JnJ "perating custs: the po~· 
s1bil1ty ui' passing th•: ..:umbust1un gases from low-grade 
!ussil fuels tluuugh gas 1urbines; Jnd p:irucularly in the case 
<Jf .:ual. reduced fuel preparation costs together with a 
'hldenmg of 1he range ut solid fuels thJt can be tired with 
sJusfactory results. 

.\ grcJt deal has been writ ten and published ( i. :. 3. ~. 
5·, amplifying the ments of tlu1diud ~ombustwn Jnd deal· 
u1g with the attendant phcnumenJ 1n Jcta1l. C0n~t>4uently 
t.lus discussion \~ill be limited to renewmg the application 
ui' pr<!ssunlCd f1u1d.iled .;ornhu:;twn tu dectric power gener· 
Jtinr.. 

The present impetus to devclvp novel power ,;e11era1111g 
s·»tems Jr1:;es from two mJ111 ,uuH:es; firstly, the co11t111u· 
111g envirunrnemJl luuby, 111 <.c1 i.iill ;;rcas, den.anding low 
SO;, :\Ox and >ulids emisswns; and secondly, the •Jver· 
"'helming desire since the "energy .:nsis" of ! ')73/74 for 
encrh'Y impvrt1ng cuuntr1es to bernrne self-suflicic11t. This 
!;11 tcr st . .rcment for most uf Wes1cm Euroµe JtHI :'forth 
America implies, regardless of the status ol national nuclear 
programs, an ongoing corrurntment to power generation 
trum foml fuels. As these fueb become more difficult to 
"'in and consequently mote expensive, it will become in· 
~re:1S1ngly desirable to combust the lo\11 grade solid fuels or 
"the bottom of the barrel." 

Work on tluidizecl combusllon started in earnest in the 
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L: .K. 1r1 l ll(>4. The depth and ;.;ope uf rhe R&D prugrn 
has .:L1nt111ually expanded v.11h maJ<>r -:u.ntnbutions tu th 
techn"lugy hcing made by the :-.;;itiunal Cua.I Board (NCB 
BCL RA L:J. Jnd 13riush Pet rolcum Ltd. ( BPJ. The pres.:: 
state ul 1he Jrt Ill the UK 1s Jenved fro111 over 20,000 hr., 
upcra11n~ cxper1en-~e un J v;mcty oi' pdul plant anJ cur: 
bu~l1u11 ri~s. and J suhstan11JI fH11por11u11 uf 1hc expenJ 
tur.: l" dat~ lbuth ..:aptlal JnJ man-hour)) hJ> been Jtrec:I<:: 
tuwJ1J> ihc :nvcst1gation of pres>ur1zeJ :lu1d1LeJ ..:<1mh": 
llUll. 

In 111 7:. the ~ational Coal BllarJ ~•nJ Bri11sh Petrukun 
tugcther with the Sational Resem.:h Development C"r~ 
INRI)(') 1urrncd Cumbustwn Systems Ltd. (CSL). n~ 

c>hJeC.:' l>f CSL is to commen.:1ally explu1t the know-how' 
its ;:w·~nt .;umoanies in 1he tidJ of 1luidized combust1u 
J!ld tu ..:ont1nue w1 th the development ul th<! t<:chnulog~ 

The number uf possible thermodynarnic cycles 1s large 
J.llJ .. niy a few will be des.:rib.:J. Br11JJly speaking, the· 
c.:rn Ii~ .:l:i,silied into two groups. In <1ne the wori-.:tng tlu: 
1' Ji~ .ind, .it cumbust1on products; in the '''her there :ir 
t·...-" v.11rlo.i11g !lui1.b--steam and combustion products. 

Thermodynamic cycles where air is working fluid 

Up •H 1·, i<· gas turbine. Thi:i 1s th•: simple\! poss1bi, 
..:yc:lc 1•1 ,11!i1ch all 1he working 11u1d ts uscJ JS tlu1diw1g JI 
.md '' heJled tu turbine inlet t<.:mp•:raturc :n passin. 
th1<>ll!,~.h the bed. Although thi; cycle represents the ul 11 

mJt·: 1n sirnpl1.:uy, it dues nli! utilize une of the mam fea 
t\lle\ ,,f :i lluidize<I hcJ namely. the high heat transr"c: 
1Jks '" surlaces immersed 1n the bed- and all the work1t:; 
tluid h..1s to lie deaned before it readies the turbine. 

"Atr h1·u1a" d'cle. This is a denva11ve of the simplt 
<.:;ck .ind 1s ~hown m Figure 1. Air frurn the compressor 1· 
split 111to -;cparate streams anJ mmt 11( 1t (up to approx1 
111a1dv tWll·th1rJs1 passes thro11i;h tubes llllmersed in th,_ 
tlu11l11ed bed, wh~rl! 1t 1s heJtcd 10 a temperature approad. 
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Gas~ Air 

Figure 1. Simple "air-heater" cycle. Part of air is :Jsed as 

combustion air; the remainder is heated in tubes in fluid
ized bed. 

ing the combustion bed temperature before being mixed 
with the products of combustion from the remaining air 
stream. Such a .:ycle requires a smaller combustor than the 
simple upen..:ycle, with a smaller quantity of gas requiring 
cleaning. It also follows that cumbustion is carried out at a 
luwer excess air than in the simple upen..:ycle. 

CYCLONE TYPE 
OUST SEPARATOR' 

FLUIDISED 
BED 

ns•c 

""'iiii~t+--. COOLIN.::; 

COMBUSTION 
AIR 

1 
COMPRESSOR 

I 

L-------IE 

AIR 

EMERGENCY 
VALVE 

• 
soo•c 

WASTE HEAT 
RECOVERY -
FOR PROCESS 
STEAM OR 
DISTRICT 
HEATING 

Figure i.. 66-MWe air heater cyde with waste heat recov
ery. Air is compressed in a two-stage comprnsor with inter

coolen, giving a thermal output of 118 MW for district 
heating, in addition to 66 MW electrical powwr. 

I 
I 

. .\ ,.;heme 1·11r a 66-MWe airheater .;ycfe, based un ar 
existrng weil-proven industrial gas turbine, is being !auncheL 
by Jssociates of CSL. A diagranunatic arrangement uf tht 

cy.;te !s shuwn in FigJre ~- The scheme incorporates l\l.1r 

1luidized cumbustors each with a gross heat input ll! 

130-MW and operating at 16 ;.itm. The bulk 'Jf the sensiblr 
heat remaining in the exhaust gases after the turbine 1' 

m:u~ercd in a Jbtrict heating boiler giving a heat uutput ,ii 

118-\IW in .iddit1on tu the electrical output ui 66-MW, wttt-. 

an uverall thf'rmal c:ffk1ency Df 72% and a power genera tin~ 
etfo.:1t:ncy uf 26% ( 27.2% if the district heat11g boiler is 
omitteJI. Esumates indicate that the capital cost of this 
plant wuuld be only 65':0 of the capital ..:ust of an equiva
lent Cllal-fir~d stcJm plant with back pressure turbine anJ 
stack gJs deaning. 

c;,,~"'! crcle gas turbine. In this cycli:, the air he:ited in 
the :ub~s t"urms part of a closed-eye:~ unit. GenerJlly such 
units nperalc at a lower pressure ratio than conventional g:is 
turbincs, but at a significantly higher pressure level. This 
leads Ill substantial increases in the heat transler cueffic1enc 
between the Jir and the tube wall and hence to a reduction 
in the amou;it of heat exchange surface required. The 
wmbustur can either be pressunzed, in which case the com
bustion gases pass through an open-cycle gas turbine, or 11 

E.XHAUST HEAT 
RECOUPERATOR 
', Al~ COOLER/ BCILER 

\ 
\ 

HP STEAM 

r 

CLCSED CYCLE 
COMPR/ TORBINE j 

15MW 

STEAM 
TURBINE 

---·,....,·---~ 

CONDENSATE 

Figure 3. Flow diqram for a 360-MW composite pl•nt 

with a pressurized fluid-bed air h1ater. The same general 

arrangement can be used for a distri.:t heating pl.int capable 

of 260 MW electrical output and 500 MW heat output. 

JS-



.... Jn ·;'t.:'rJ:..: J[ Jt::!u~;i'.~t'::...: :·r~'\<~rc. 

Clir:1picx ~ys~t:m.s ...:.in ~1~ ·_·nv:'.\Jg_t...·J :ising ..:i~---.:-d .. ::.·L·!L' ~:J\ 

:urh1rn:s. The ·~\Ji!;pl!! 5h,_1\1,.;1 ill f::;u1t.: -~ ;: ... ~~ .11\ i..·!c ... :rrk'.li 
c>ell 0Jlll uf ]60-\IW ~t JI: ~fi:1-:1-·:1cy ,ii .+lJ :,1 -+2''. W~,:c· 

hl'J{ ts r~!.:U\'C'f('J :·:'.Jill ~he 1,,::U'.:lt..'J ..:y~lL· ilH)p til j t'f:.:\:-.UI i/l'll 

·~ouier bud..:;- »1.-1th thf.! :;~:..'J::i it11·)1n..: h\.'tllb u~t.:j :,•<.:Ji"; .. : 1~!·.: 

.. un~pr::~)llr<\ t"l)f '.hi! 1-.p..:n <· 1.. \:::~:'.'I ~ u: ht1h.:. 
:\pJl~ :-rurn :h~ ..:'.;1'.)('J .:: •• ·!..: ..:11J:~;irl'\'\1,r .J!:J '.'.1::':;:,:. 

·~?C: iut .. 1;:!1~ ·...:u11:pu11i.::1t.; ..:r ... • _:,ii;H:1r.:r .... ; ... il> .1to.;ii.!n1..:. 

Thi.: hi~h hcJ.t ':JH~:·i..·1 ...:\·:...·1:l ... :1,.·:tt .\) t~~h1.·) ::,:n~._·: .. ld .11 

:il~1J b(..·J:\ tu~t:thcr \\Lt!i Ul!i:unn hL".:t1:::;, 1.!pt'll ~:p .l \·.id..: 

:·"'11~.: "'" P">S1bti1l1es. Oilier :1u1Js ,;1d1 J> ;.iut.r;;,t ... : v.i;1"r 
"r lld1um ~uutJ be ·Js.:J :11 the ~!u-..:J ~ycte luup bui we:~~.: 

!muting the: s.:upe "' !lus Jr:t-1.: lu ..:1..:k~ tlut :11:.i\ '.Jc: 
c:\pi,lltc:J 1"1ltl l ::'.1n11num cit Je\c:.,p111.:111 .:::·(,Ht. F1:1;is ~us 
Jis.:mscJ :h.: pt>iCnl:Ji :1sc ,,( puU>Sll«:i vapur ..:yck> ds.:

. \11.:re. (l'l) 

In Jll Jt:ti:<lr!IJl!W studv .·1rricd uut :n m1J-i·l~3. :he 
• .:;:i11Jt _·ust> ·JI° 1 obU-\1\V pre"uri,:.:J :luiJ11d -~ti11'.hus11u!l 
,,1n1!J1n.:J -:: • ..:!.: >]Sl.::n »'.t'r<.: >liu'vn tu be 17'·; less 1ha11 

:i1u>c iPr J ..:unventiunJI PT. s1s1em. Surnl:.ir r.:du.:t1cJns 
11 . .:. 17 1 ~c~) 1n :lie ~"111pJr:1t1vc cll\t ,,1· »k·..:tri..: :1owc'r w.:rc 
J:su 111J1..:Jt.:1..L 

Tiiis type uf .:ye~.: 1s dlu>trall:d 1n F1gur.:: .+. Altlh1ugh 
:li.:re 1s sume s..:up.: fur »Jri.111on 111 1i1.: way in ».·"hich the 
,1e;.im bcn~r:i1111g s;ir!°J..:c is Ji,p1>'t·J, 1hcrc Jrc :"ewer pos
>ihle .:y..:le v:.iriat1uns than 1~1th the J1r ..:y..:l~s. This s.:hem.: 
.; b.is1.:.illy .1 lu:;h et"ti..:1en.:y ..:1..:k Jn,: the mai : s..:.ip.: ;'ur 
111~.:nu1:v ii.:s 111 :rJnskr1:11g JS •11t1~lt !!·:at ,is pus,;d1l.: t·lllm 
11~~ ~JS turb1:1e cx.hJusr b:.i. .. :, :nru tht: .._,i,:~rn ..:v(!~. 

Tiler:::> sume :·r.:eJon1 "1· c:lw1,;;: 111 :he "P~rJt•n:; p:ir:w1· 
c'l:rs, h,1,,.,t:\CL .\lth,·u:;h 11 :; Jpp::,·:.:tcJ il1Jt .u1 :n.:rc'.!'C 
:11 gJs t~Hh 1 n~ inkt :~::1p"-'r.·lur~ '.\1:l .11 .. ri::i~e !h~ 1 .. :,·...:le c:.ii

,:~n.:y, :11s p.:rhJp~ !ess :111r1d1;11dy "lw1utis 1111t <·~~r.11>11~ 

\\llh higher e.x..:ess J;r ( .ip tu, >JY. i '.Hr·:) JIS<• 1nuc·:isc» 1h.: 
<:'!i.::en,y JS well JS J!'.er:n~ Ilic rJ::" •lpmwr "111put tr»ll1 
:he stc;.m urb111e .inJ :;.is turlJ11;c Tli1\ is dl<ht11teJ :11 
TJh:e I. 

Of .:uur>c. oper~t:ng the: 1lu1JiteJ beJ J! hi!!l1 .:x.:es:> Jlr 
1n,rcJses thr: )iu uf th.: heJ per l..w "f tu11l ou1p~1t .1nJ 
::1us 1n-reJ~es tile ..:,rn1.1111n:c'n1 .1nJ g~s ..:lel!llllg .;u\IS On 

&· 
17 
Mw 

1005"F 

figure 4. Combined ;team-gas turbine cyde of 140 MWe 

output. 
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Table 1. Typical cycle efficiencies at 
different operating conditions 

G"s turb111e inlet temperatur~ 1600"F 1700°F 

:.:.•. 

,,,.\. 

~d: 

') c.:lf 20 100 2G 'JO 
•·ft'• .. I r~r11.~ y, '·" 1 40 .j'" 

I ' .. t,O~i 42'.', 
~·I ; ) I'' I' , J tj t; lt, t 

,:;nit. " 20 JO 22 " 32 

I cl 1:.:11,l, Iii•: ~C:i~lli\<: c:''I UI'[ ,>[· '(tJffi ger.erJl10£ 
11! 1.i.: ~i1n1i~~htl~r .s ~ q1,.ic..kr,d.d..: r..:JuceU, the com-

"1: iJ
1 11111 !\ r1hir~ rli.:\1b~c, (1.<r1..;'iun ;J( rubes in ~he 

,i; :~11 1i:n~ i1IJJ1ng :., ;_'\C:l !e~) '.:/....dy . .ind certain 
tlr 1 htl'.~ll" \dti ... :h ,1r·: l1"~LL:i\~Li !n greater JcrJ:! 

.. J ·_' : ~l.J J~ ·-' . .1 .. 1t.:;· . 

Eff~c: on iiu1dized bed dimensions by cycle type 

. \t ~-'' ;Ju1r11, 11 :, ll\Clid I" J1·:..:.1" :!ic Cllc~t ut the type 
u1 -::,!: "11 :Iii: :iii\ ,:c.ii J1m,·n,1 .. 11> ell. :Ii~ tfoi:.LuJ bed. [n 

pre·"'" 11:.'d rlu1Ji1.cJ c0111bu:><1";1 th.: Vt:ry l11gh volumetric 
he:i1 ,,·',·.i,, r:ilc' 1b1t :1r.: i"c::,:hle 111..:Jn :bt the Jeoth of 
l'l!d '' ... n1ruil<:J by the nt:d tu .1(~llnlinuJate th~ !1eat 
t~.1ri,;i,1 rn1:.J.:c 1.11hcr tkm by c<>mbu>t1u11 .;1Jns1Jerations
evi:11 •!,.•11~1 lt,at tr:rnst"cr .:nctl1.:1cnts t" th~ surface are in 
th.:: i .. :ic'.~ hU 1u 70 iltu.,~l:.1·1.hr.·F. Tile h.::it release rate
;111d , . .i1,i:q11c·111ly th.: Jcp.h ui" 11..:J-1, Jire~tly propurt1onai 
r.1 :11.: .. µ,·r.it111g prc~'urc Jl"Jd .il!ll<J'>l pr"purtional tc the 
t~td\'!1 :;1g Vt..."i 1.h,;11y, 

1: : ::;1vc·11 !1c11 lr::mlcr J11~: •. 11111.;h murc he.it transfer 

""' "·' '!'·"l·:1r.:J :,,r 11lc J1rl:c.itcr lbJn !1H 1l1c s:cam ben
·-·r.1(1•,. I i11', .1rl\1..'"I PJftly h1.·i.:.1u'i.'. :he ;.;if !:J\ tD be h~::itc~ ti..; 

J ;:· ... ,!> ii1~lie1 r•:!nperJturc :han :Jic >lCJm -nence the 
Jr1\i:1,; :,>1..;c 1r1 1:. :.iw.:r-.111·~ ;iJrtly ht:cJusc the inte~r.al 

~lc'.1 1 11.1n·/c1 C:\le!l1i:1ent he•w·~en the llihc .mJ the heateJ 
:1111d ,, '·.w..:r w1lh Jir than it 1' w:th ,:cam. Onis is ne.-es
•Jf\ ii 11i&J1 fHC>\Utc Jrnps 1n the J1rl1cJter 1uh:s are to be 
.1V1>1J~d. I 

( ·,,11" 'i11c11t!y rh, volume <JI° "eJ rc4uircJ 1r Jn airhe:iter 
·' ,,,h,i.:i!l1:dly 11i~1.:r th111 th;1t in J ;tc.im ;5Cncratllr If it is 
:i,, 'i 11 ) ,[ 111,([ hi:d ckpths ,1i.,u1J Ill>( .xcced "'lo Ill ft. (thi" 
:' .11 .tic ·11111t <li' µ~lscnl c.\pl' ·:cn..:c) then Jirhe:it~1s lre 
1!11111,·.1 Ill 111:.x1111um :h11JiLing vdoci.i~' .. t". ,;iy. 2 tu.+ 

11., -c ... , "' li.:r.::is ,1.::1m gc11.:ral"r' ..:an :111pJ,1:, vek•:il1es up 
!1), 'I\ ]l) 11./.'\C.;. 

l !i.111,; 11>; i,i.,J in J supcrd1Jr~.:J .;unih1n.:J ~ydc power 
plJ111 .. ;11"ro: ~"rnplex 111an 1n Jll ;i1r cyde pbnt. The load 
rJngc· wl,,,;h .:Jn ht: J:t~ind 1c primarily dependent on the 
t.·n1pt: .. :t11rc r:ingit uvu whid1 J tlu1JizeJ combustion bed 
.:.111 t.c "i'<.'r.JteJ. O•c pre:.rqr 111J1cat1ons tlm is likely to be 
ir1J111 1,..u(tF Jow11 to !~150 or l,400''F. ,\t higher rem
f1'1.l11:1,-. ~hi: vnl~ti1iz,!11111 <Jf Jcle1erH1us :.lkali metals is 
!:~ei» r" he ~x~~s~1ve, :.inJ at lower lc!mperaturcs (the exac: 
luwi·r :111 ll will JcpcnJ p:irtly <lll the c:lioi~e 111" cx.:ess a1r) 
ihC c' •l!li"hl\•lll cf(i.:1Cl1C> will hi: lo'O !<JW. 

I"!k · i11, ·ion 1n :1e:i1 input t<J tuh111g :rnmcrscd in the 
hcd 1 .11 .. ;><:ni.:1.• '1CJl!l 1urh111..: 11utput1 wl1J1.:h may be 



J,·!u<.'vc:J bv .,·;i1-y1q; heJ temperJture i.; .;umcwhJl ;re.tlc'r 
•!un the VJrtJtiun rn temperJture Jll frren..:c '.'t:l W<.'l'll ~icJ 
.inJ tuht:. hecJuse J sigmtic;int pJr! JI the he..it transr"e· 1s 
Jue tu 1JJ1Jtiun: SLl that in er"frct lhc hc:Jt tr~msfc'r '''l'i.!l

::L'llt :°Ji!s wtth bc:d temp<:r;1lure. Even su. lhc: r:1rn-Ju1;rn 
whi.:h .:an be Jchieved m J ,ingk hc:J 1s liJ...c:I} '''Ii<: limil<:d 
1,i i>O tu (15":. uf 1\11! \,1~1d. Owr t!us rJngc tht'1t' \\'uulJ \cl'lll 

tu ~ie :10 maiur tedu11cJl pr1 ·hlems. Changing the :·uei input 
\\1il Jltcr the bed remperJture JnJ ther.:fore· I) th.: st,·:11n 
turb111c t1utput: 2) the :!JS turb111e e111rv temperJtllfL' JnJ :t~ 

puwer uutp11t. JnJ 31111 !\l'l> snar"t 111a.:h1nes. lh<.' ..:<>mpr,'s

'"' .11rtluw anJ pressure:. 
These sJ' turbllle .:k1uclcf1St1'S 111e:1t1 thJl rhe 1luiJi:.111g 

1,·l11..:1ty anJ excess Jlf rc'lllJln suh~tJ11tiallv .:11ns1.rnt •'ll'f 
rh.: iu.1J :Jtl~t' (henu: 1h.: pJrt-lt>;JJ ,·l!i..:iencv .. 1 t!it' de!.: 

:e::lJlrlS high). 
ll1>wevcr. '''reduce rht' load hL'll•W Jh1lU'. 11(11,J 11:'' · \\1ll 

;"ese:11 probkms. •Jn.: solut1un is t1> ~umpart111.::1l th.: 11.:J 

'" 'h;it succ:>>tve JreJs ,if the beJ :;in tie slurnp<:d. DetJiic'd 
.1:i.!J\,1s .,r rlw. appuadi revea!s a m1mher •}f f.1c,·1,: llr,tlv. 
t!.c -: :npJr1111enteJ bd ,e.-r1u11s 11.11<! to ~e ,,( Jitf,•:1:1;; 

,1.-:>. seu•ndly, the sy>tern is lim1rcJ tu une :n \\l,1.:h rho: 

e.\,e>> JJr iS srL'Jtcr rh:rn JbL>ul 1101
' Jt rtdl lllJJ. 

foe l··il"''111~ Jll:.dy,1s 1\1!! illustrate 1lw. latte: p1•1111. 
l. 11>;Jer ~ ,\,l<.'!11 ·.vhere rhe iit'J 1s 111 t"uur .:<Jr11pJrl111enr,·.J 
,,,11 .. n,, ·\.11.C. J1:J D. Further .:vnmk: the 'JtllJti<'il when 

111\ !·.~J ,e,1:,1n .\ 1s :1'."11'.JteJ J!ld ll.l". anJ U Jr.: ,!ur::pL·d. 

_\, 11le '.·.u.l :s 1n.:easd JnJ 8.C. :111d D .1re >llcc:ss1h· 1; 
·.·.t..:r:·;JteJ. rile lllJ"; tl"w thr11u~li 1•eJ se,·tll•ll A, .ll!J 
,1c11.:e the l!eJt 111put. :n.:reJ>e' (JS 1!1~ ,·pmprc,s1>1· lllllpt1 1 

.:: J pre,,,:r.: 1nd,'JSd. ll11111Lver. the.: heal 1h;11 .::lll he 1'\· 

·r .: •. :!1..·~ ~~1,111 :ht: ....:\)1tlp1rtn1cnt :\ ltll11 tht" _,rc:tin --·:lk ~·:· 

.L.:.:is 1111.re 11r le-.s .:<>rl'>!.1111. TI1u' rhe ,11dy w;i\ .11 \'111,11 
~!··.: heJ te:nperJ!ure .:Jn '.le rna111u1neJ ht.:lt>W I J.100'F i> 

b;. 11i-:e.1sin~ the :xces; .1ir . .-\t fall pL111t l1>JJ, bed ,ec11 .. 11 
.\ ·.,ii! ti·.: c1pera11ng .1t Jll e:-..:ess ;ur well ahuve 2!ll)1

"' .1nJ 

,,:1~ h:J -;c~tl<lll D .:Jn npcrJte JI i111' cx..:ess Jll. 
Tl11rilly . .:vcr} tum: J beJ 'cc:1,H1 is swrnpcJ I tl11s "'ill 

:11,,.n~ily hJpren when :ill the hd r..:mper:itures w:ll h.: .1l 
·I...:1r nun1mu:n1. thc tcmperJture 1n the rcm;ii11ing heJs 
::;,,,r he :n..:rc'JSed rJprilly frum rnin11num tu i;1J'l.Jllllll11 r,, 
J.curnpli'h J :;munth 1,,aJ chJnge. CSL has given .:uns1Jcr

Jhic thuugl1t ''' the Y>ays 111 wlud1 tlus o;tep .:hange 1n i11d1· 
,·J.i1:;il bcJs .:Jn he :1.:.:omoli>heJ smmithly. 

:\ p11tc·11t1Jl Jl!cr1utiw tu .:ompJrlmcnteJ h<:ds 1s to Jl1cr 
·!:..: hcn:ht '.•I the t]uiJilcJ bcJ JllJ ;!ms submerge more •>r 
!e\, 1>t rh~ tuhe ,urfacc in the bd. Tlus has the crfrc:t ut 
.ui..:nn~ rhc ;i·•eragc hcJt transfer u)dfo;1ent tu !he tub.: 

,urf:1,e hecause the heat transfer nlcffi.:ient io lubes sub· 
:ncrgc:J in the bed is many timi:'i greater than to tube> 

l'Xp11seJ in the frceboard. Model investigations have shown 
Lhat material .:an be transferred tu :inJ from the hed at J 

,utfo:1ently rapiG and controlled rate tll meet rates •>f l1JaJ 

.:hJnge of 51.), per rrunutc. 
A radi:ally different approach to the problem ,ii : • .-.;id 

~hani;ing 1s to carry out the functions of -:ornhust1on J11J 
heat trJnsfcr in two separate beds wnh rne;ins for pumrrng 

• I 
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F1gur'! 5. D1a9rammat1c arr,mgement of c1rculat1ng bee 
Flu1d1;ed bed is separated 11110 a lower combustion bed an< 
an uppt:r heat-tramfer bed. Output 1s controlled by corcu 

lat1ng the bed u~11111 mechanic~! 'as ,hown l or pneumat1 

!:\·I '"t~ ··:\ r:' i'r·i...' 11' !!1\,.' 11;t1·.:i. :\ 1:,,r:il•:...·: 1 1 ·.Jl~..;ttl,r.': 

f· .. , 1 1·; 1::t;._,._lt11..1.·J :r~tl1 :L·.: :ir''d ht."d .1.hk!: 11pt:r~:·· 

th~1 1 :i:..:it1•U'. Jl kr~q.h.:r:Jlur~~ ·.v1tL1n tht: i1:1llt, i"11r ~(11iJ ~~,r· 

hL.~i!tifl fht.• 1..1lTllbU\li11rl g,r..;t:~. ~1.t'i\ l/tf(1 1 1~ rhc upper bl 

1,!J, .. I: .;,11;1.1:1:' -;!:Jni ~~·::i~r:11,11·~ tuht:·. J11~ '11e her.ls,,, 
\l?t).!fJt:.:d ···y ,j h(lrlf\ t1L1I ".H!t.! \V.ty' ~Lr~c:1 ',•.h:~~, J!i\J\\~ J'-l 

111 ri:11·.~ up\1...1rJ') 1 1 11ly. A~h 11~n:rllov.i;~~ rr1.in rh~ r ,r 1
)1 .. :d: 

pump.:J .ii J .:l,lltr11lkJ r;1tc !:J,·I., ii• il:e J•>'.•,.:r 11.:J. Th· 
ft•1:q1,·: .iturc' 11!" tlil' !?:J~e> lcJv111g thl' tup fied Jilli~ J,,:,1r.g' 

th·:~-" 1urh111L' J1:;1e11d un the .:ir..:ulat1u11 rJ!e, JS Ju.:s ti 

~11"11111 "I heal tra11>lcrreJ tu the ;tc.1111 <· .:!.:. Th1•(1r~11..:J 
StllUIC\ 1JJV<.: h·:i:n lt1Jdl' uf tht> 1ypc 11! (1l11lht!';t11r. hut Ii• 

L'\pL':r1;;.:11t;tl w1>rk J> yet. 
,\, :11ent11111eJ pre•;1uusly. l·.iaJ chJni?1n~ Ii .1..:rnmplishl' 

111»rc ·-ifl!ply 111 .1id1e~1.:r .:y.:IL'\. HeL·au>~ thc IL'1:1pcr.tl11r, 
d1tlt:~L'11cc' he!wccn hcJ :ind ht:.1tl'Ll 1l111J HC rn:1,lt \·,. 

thJ!! 111 ,re:im ~cncrJt;n~ un1h. 1 h1! erlcct ·.ii .:hJnt;rnt; h•: 

rc111p,·1;itur<.' 1s rilll.:h grca!er. Tim 1> hclpL'J hy •he tJ,;i 1lr. 
:l.'i the !t1ad 1> redu,·1:J. the prL',,ure •)f .h•? heated tL1iJ 1 

rl'rlll~•:rl. >'iii'. h slill turthcr rc:dut:es the hi:Jl !:.1mfcr 1 1 :111 
fluid. It 1s .111:1c1p:ited rh.11 n11nc • ,f ihe 111cJ"::~·, Jn.:r1h: 
carl1c: :1 1h1' ;eL1111n ·,1,11.11lJ he 111·1 ·~''Jry .n .11rhc:1IL'r ~:•.:!.: 

State ol the development today 

If\ .,!! -:~~~i.!':) ;r:•;:,!VlrJg !!~"i',LJ'!/t.:J Lll'J·~·,i!\(\Uf], '~!e r' 
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turbine power is obt;ur.ed by c\p3m.ling J gJs .;,i11s1st111g 
·:n•1rely, or In part, uf the pwdu.;ts ur .;ombustiun uf ,·u.11. 
TI1e outstanding 4uest1un is whether or nut the turb1nc 
materials will suffer from -:urrusiun, erns;un lH Jcpo~ill<'ll. 

It was largely tu obtain sume init1;il expenc111:c in this 
tic!J that a ptk>t pilot was buLit at BCUR:\ Lrd. in the lJK. 
It operates at Jb<>ut o Jtm., and :he :1uidtzeJ hd ..:Jn i>c 

c1ther 4 x ~ ft. or 3 x ~ it. 1n :r0ss se.:tion. The c:<luu>t 
!;J>es, after .;leaning in a twu--;t;1!?e .:ydunc ..1rran;:cmcnt, 
p:iss !hrough a s.:gmcnt uf thc nuzzle ~u1de vJn, t'rnm ..1 
m:irine gas turh10e. Downstream !°rum this ".:asdd<: ." JI J 

r•·int whcrt.' the Ma·~h ~Ll. is JbtlUl O.t>, JfC two fJrgct 1uJs 
,Jr pin5. 

Over ..1 pcnoJ ,,f Jh1iut I ,l)OU hr. ,iperati,Ht Jt v;m 111g 
••pcrat111g .:u11J1uons wllh a number ,,f .;uals, but with i><:J 
:~:np<·raturcs ..1verag111g 1,4-.l1''F anJ .;..1,.·;iJc tcmpcr:ill:rc'. 
.. 1 I ,.iso · F. ;in \40 .:~s.;;ide ..111J \inH>J~J( 7'\ p1r1s 1c:na11;cJ 
:-.L::i,fJ!l{l~dly free: (r\lfn i..:urn1-.1\PI. Slldlltn1 Jnd ~,,il~b:-. t:;11 

rr·:,~;ll as J•'rusul 111 the ga;cs w:1> .ih,•ut I ppm 11.~ . .1l•<1ul 
1·· ,.r the Jlbli input). 

'\uh\equcr:r ,1pcratwn 1·,,r :LHl 111. JI l11ghe: k111per:1111res 
I I .750' F b,·J temper:iturc. up ru l ,70u F ~J,cJJ<.' 1i:m::>l'1 ". 
ture) pruJuccJ '<>rllC sultiJat:un JllJ..:k 111 Jn \4ll ._1,..: .. ,k. 

:"iu sulliJ..1111>n 01.:.:urr..:J in Jll Ll'K'5 pm. '"11 i111:rcr 
"pi.:rat1ng pt.:r1uJs are nei.:e,sJrv lX"lurc .my :irm .,:,1ni.:l1is1u11:. 
Jre drJ1\11. The alkali JCru>ul .;,mrcnt ul the c:V1J11;t ps<.'s 
»>J> Jhuut 7 ppm. JI these higher ternper;iturt.>s . 

. ·\t no sugc have then: beer; any signs ,,,- cr,hion. This 
w;i, tu be :xpe·.;teJ in view ,>f the ;,ift nature 01 the cxh.111;;t 
J1.nt 1Juc l\l :he re!Jmely luw ..:umhusllon tc:11pcr;itures) 
Jill.! its ;mall ;ize It) p1..::illy q5-;. less than l 0 :rncrun :inJ 
~5, .. less than 5 rni.:ron with J Ju,t .:uni.:cnrratiun "t' :1bn11< 
:uo ppm. I. 

( ,,rru;1u11 •f tube 111Jtl.'r1ab 111 the bed has het.>n C\Jlll· 

:ncJ :iuth m the prcssun1.cJ .:umbmtur .mJ lfl a spci.:1;.il 
-:u::1bu,tur upl.'r:Jt10g JI Jtmuspherii.: pressure JnJ J.:s1gni.:J 
r'1H .:ontrnuous uper:lllon. DatJ ai.:i.:umulatcJ 11vn 1nJnv 
ih"11>anJ~ uf huurs haw u•nlirmt.:J 1h;it .:urrusion ,,1 typ1-
,.1i bu1l.:r tube materials :s lt.•ss than m .:unventi •. 11al ..:u.d· 
:ireJ bu1krs. DatJ for rnet~s up.:r:itmg Jl the lu!)1 t,:mper:i
:ur..:s .;urr.:spo11di11g tu air heater ~y..:les Jr..: Jes:. l!:>.lcmi>l!, 
11ut suggest that currosiun r;itc:s would he: J.:.:cptabk . 

.. \Jthuugh with present mJtcri;ils we wt1uld h.:,1t;itc t() 
,u~cst uperating a gas turbine Jl J tcmpcr;itur..: hi~icr 

1h;J11, s;;y, I ,:\6o'F frum J ~onvcntit5nal 1]p1J1lcJ hcJ, 
.1rrJ11~e111cnb might be Jcvc!opeJ :u give lughcr kmpcr:1-

For cxJmple, part •JI the bed ~an he JrrangcJ J~ J ibrd
!ZeJ Jevo!Jttlize~ intu wlud1 the ..:ual 1s fed. Gase, l'rll111 :lu:; 
unit wuuk be ..:uoled and .:leJned thoroughly before bo:i:,!_! 
burned wnh JJJitiunal ~ombustion ;ur. The char i'r"m the 
devolatiliur wuulil be fed intu a ~onventional 1luidiLcd bd 
.:umbustor wlu.:h operated at a maximum of, say, I ,foo'F, 
The t·vo hut streams wou!J ~nm be mixeJ tu gm: a turbine 
ml et temperature of I ,SOO to I ,')00" F. 

Other .:xperience with the prcssurrz.:d ~ombustor is sum· 
marized below. Fur!her detai.ls have been reported hy l loy 
ar.d Roberts. f 7) 
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Figure 6. Effect of combustor temperati;rl! on sulfur reten

tion 111 pres~1.1rized combustor. Upper curve: dolomite addi

tion; Ca/S mol ratio is 2. Lower curve: limestone addition; 

Ca/S mnl ratio is 2. 

C. .. 11/·111 :1, ''I •'ffi< :c·1 .. . » B.:c;w:,.; ul t 1:e ,Icep b~ds Jr.J 

Jcnso: tul··o: p:i.-k1116 1nhere;1; 111 prc·:>sur1LeLI Jpplicatiuns, 5:1s 
bu~bie, .ire (·,.l)k•:n up bet'llre they bruw IJrge: Jnd there :> 
thercr,•r: herti.:r gJs·sniIJs cu11ta.:t1ng :h;;n Jt atmospher:·~ 
pre\su1:. Dq>e11tl111g on the ct.ukc "'° upcratrng parJn~eter; 
11 rs ;i•>"rhle :11 Jdueve lu~ .;umhu\t111n efflc1enc1cs 
lgrc.1ter 1lun 'J')": l w11huut the neeJ rur recydmg "f elutn
.1t.:J lllJICrJ:1i. 

S11//:ir r1·1,·1111"'' Resulrs 111>111 the ..:umhu~tur .:untirm 
thJt !11).'.i1 ,ullur relcflr;un CJll be "htJ1ned when Jolumite is 
JJJed 1" rhe hed. Results sun1111ar11cd 10 Frb'Ure fi >how 
thJI ·••er .111> !11\dy workmg range. ~untr:iry to Jtmuspheric 
pr«s>11r,: ·~\po:nen(t', there rs n" "Plllnurn temperature for 
,uJfur r·:ti.:11t1L•n. Althuugl1 un J 111 de rJtH> ba:.is, limestone 
1s lo:~' l':°lcLllvC than dui"mrtc. "11 a wi:1ght ha~i. there i:; 

littk "' ,!w"'" bl!lween the two, 
.\'Or 'm1.111011.· Figure 7 shuw·, Ja t:i fur \Ox emission as 

1 tun.t1,>n ,,1 excess Jlr. It will be sccfl 'hJt even at !ugh 
t:XLt.'Ss ,11r "..1!11.;s the \Ox cm1>s1un :~ 11niy .Jbout ~00 ppm, 

Plam for the futur,e 

rI1c pre~o:nt stale ,,f the Jrt rel.1trng tu pres·.unzed lluid-
1zd c<1::1bu,tillrJ .md its application lo power gcneralion 
have hee11 •JUl!ine'11n general tem1~. The lugi.:aJ next Hep 1s 
:n huild .111d uperJte J realist1<.:a!Jy.,1zed Jcmonstration 
plant. C ·mhuq1u11 Systems Ltd. is working towards this 
end, t" _, gr~ . .t extent in co-operation wi•h vanuus 5ponsur
tng J~~1:c :~:,, ~"ntractors and rnanutacturcrs. 

CSL w~; ,,ntinue tu develop the techn·>logy of lluidizcd 
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vdu.:1t1es \2-3 ft./sec.) with relatively shallow beds (4-5 it.\ 
and it is envisaged that work over the next two years wii 
extend this operating range to cover fluidizing velocllies o 

-• up tu 10 lt./sec. and bed depths ui up to S tt. In paral!e 
with this work. a number of control prublems, along wirr 
!heir puss1ble solutiuns. will be investigated. ;. 

-l..·-----·-
q 10 11 I? 
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The first ever pressurised rl.w.di.sed bed c:mbust.or (PFEC} 
carre into cperaticn at the lal:oratories of the British 
Coal Utilisation Research Association at Leatherhead in 1969. 
This operated at pressures up to 6 bar and ultimately had a 
themal input of 4.5 Mi. In the ensuing years other 
lab:>rato.ry scale cx::rrOustors carre into cperation with themal 
inputs ranging fran o. 4 m to a.ix::ut 2 • -i MV and with working 
pressures up to 20 bar. Scale-up of the technology began 
in 1980 wtien the 60 M-l ( t) PfBC test facility sp::insored 
equally by the G:Jve.mrrents of the lhited States of America, 

;' 'Ihe United Kingc:bm and the Federal Pepublic of Ge:r:nany carre 
into cperation at Grirrethorpe in the U.K. The scaling-up 
process •....as augrrented in 1982 when t.1Je 15 M-J(t) Conp:>nent 
Test Facility (CTF) built in ooll3.boration between .l\SF.A-A'.IOM, 
Stal-Laval;t:eutsche Babcock, c.nd the Sydkraft p:::iwer utility 
came into oi.:eration. 

~rehensive data on oomb.Lstion, hot gas clean-up and 
envirorurental aspects of the te<::ti.nology have been acamulated 
a:1d eesign studies have shown Chat carbined cycle PJNer plant 
based an PFBC have the FOtential to t:irovide electric po1Ner 
at lcwe.r busbar rosts than oonpeting advanced i::ow=r generating 
technologies. 

'Ihe pai.:er proviees an overview en the develoµrent of the 
tedmology, the tedlnical advances made, and those in the 
!?ipeline airred at making the systan even rrore attractive. 
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Status of Prcssuri.sL~ fluid.istX! Ded 
'~"'<.:.~lex.""/ ':":Xi..:l•/ - ,\ :<.evie• . .,; 

The rmtivation ~ develop flL.:.idisui-0<.X.: _,..rnL;ust.J..on syste.'TS has 
been its r:o tential far: 

(i) bu..."'11.ing a wic:E .:angc of fuels wit.:: rr.Lnl1ml se.'1S1tivity to 
char.ges in fll2l d"l.:lracte.c1st._;_cs 

(ii) reduci.r.g the dniss1.0n of sulr:hur c.L'L<..i nit....-og._:n oxic:Es at "'__o~ 

ca.p.i.tal cost and with 1..ow tl~al ::~.nalt.i.es 

(iii) .:edu::.ing the size ard capital oosc of steam-~11erat.ing or 
airheat.ing equiprent by virtLC of (a) the rugher rates of 
!i.eat transfer achieved with tubes imrersed in fluidised beds 
am. (b) eli.mination of the reed for larse furnaces .in which 
to a:xJl rrolten ash particles by r.:idiation refore they enter 
the convection passes. 

The :rotivation to develop pressurised fluidised-bed cx::atDustion (PFBC) 
·,.;as to add to the foregJ.ing the i;:otent.i.a.l adva.ntag=.s of (i) rmre 
~t plar1t cai;.able of a greater degree of shop fabrication (thus 
reducin;1 C3.i?it.1l cost) and (ii) higher pov.er ~at.ing efficiency 
by burning ooa2. directly in ccrrbi.ned gas and steam tum.ire dri wn 
~ generatL'1g plant. 

'lh.is pap:...r outlines the Y.Ork that has been done so far .in developing 
PFOC ar.d rrent.!.ons the ~rk that is L'1 progress or that is nee:3ed to 
sustain or enhance its preem.i.nenoo over rival techrologies. 

Conbi.red Cvcle Po..er Plant 

Gas turlJ.ires oonve.rt heat .into fOw:?r at higher tenperatures than are 
practicable in conventional i:::ov.er plant using steam turbines. Steam 
tw::bines, h::r..eve.r, reject heat at a lov..er ~rature so that ccrrbining 
gas turbines with st.earn turbines widens Uie t:eut:erature range over 
which heat is con~ed to p:iv.e.r, thereby increasing ~r generating 
efficiency. Large canb.iJ1ed cycle ;p...er plant a.re already in q::eration 
b.lrning clean fuels such as natural gas ard LPG. For the system to 
find ........ ide application ro·...ever the source of reat in the canbustion gases 
~ through the gas turbine needs to be wal. 

Fluidised-bed o::rrbustion under pressure offers the possibility of 
burning coal directly wit.rout incurring the losses inherent in first 
gasifying or liquifying the coal to :rerrove the ash. 'Ihe relatively 
low t:arpe.rature ( 8S0-9C0°cJ in the fluidised bed o::xrbustion system is 
considered to be the key fac""...or. It minimizes the extent to whim 
constituents likely to c.:iuse corrosion and fouling of gas turbi.'1e 
blades are released frc:rn the a!>n. The tarpe.rature is also belo..1 that 
at which ash partides vitrify and ::ecare rrore erosive. 
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~uny ty~ of carbined cyclE bu.&.."Ci on ?fOC have b:...~ prop::ised. 
~e design and costing stulit:::> orried out to :ilte (e.g. Refs. tl) 
a.n..d (2)) :1ave 500\Nn t.:1e Steam cycle (Fig. l) to be the rrost likely 
w be bot.'1 technically and ccmrercially successful . 

.::t .:.s ~nv:..saged t.'":.::it o~ating p~ssures will be .i..n the range 12-17 
:..:ur, bee :.enparat:..xes a_ro1..u1d 350 C-9a:Pc .:ll1d t.h.:lt up to alx>ut 30 
?errent of the -;:o.;er sent out 'N'ill be gent:r.:ited by the gas tu...."bine. 

The fQtent.ial be.refits from adopting the ?FOC steam cycle as o:rrpared 
wi.t.'1 o:mventional pulverised coa.1-fi.red p::iwer plant having -.et 
scrubbers w redoce S02 emission have been est.i.rrated (Ref. 2) for 
USA rondi tions to be, 

(.:.) 3-4 c:iercentage !_Xlints increase in txJWer generat.lllg efficiency 

I.Li) al::.out 13 percent loi..er capital costs, and 

(iii) a reduct.ion of around 10 t=ercent in the busbar oost of 
electric ~· 

The relative .i..mEXJrtanc:E of the savings in c.p:?rat.i.l~g arxi capital 
cnst~ will of course vary from 001.ntry to country. ~rere o:Ja1. is 
exp:nsive (e.g. in the UK) high efficiency will be given priority 
o~r reduction in capital costs. 

A rn ... "Tber of issu:s ha~ yet to be resolved howe•.er before installaticn 
of large (e.g. 200 Mi(e) upwards) units can be envisaged with 
oonfidence. As might be ext:Ected the m:lln uncertainty lies in the 
long-tezm durability and aerodynamic perfornance of the gas ttu:bine 
blares, i.e. can PFOC oor.bustion gases, af<:er treatrrent in practicable 
designs of rot gas clean-1..p equiprent, be expanc:Ed th.rough gas turbines 
without causing unacceptable rates of fouling, erosion, or corrosion? 

n-e answer to this key question can only be obtained by operating 
industrial designs of gas turbine on PFOC carbustion gases. The large 
eXfenditure inmlved has !io far precluded this. Tests have been carried 
out in which static ,::asc.ades of blades or S.Tall rotating elements have 
been exp:ised to canbusti<in gases (Pefs. 3, 4, 5) • The results have 
generally been satisfactocy but the underlying ooui:t has led to proEXJsalS 
(Pef. 6) l:eing made to operate the first PFIC systerrs as pressurised 
toilers i.e. the 'I\J.rbocharged boiler (Fig. 2). The ~ turbine v.ould 
op:rate at relatively low inlet terrperatures (e.g. 400°c-5aJ°CJ and 
only sufficient EXJY.er '.-.Quld be recovered from the c:aroustion gases to 
dri~ the air carpressor. At these lower tenparatures it 1..0uld be 
Si.Jrple to achieve efficient operation of the gas clean-up system and 
the possihili ty of a::i:::-rosi ve attack on turbine catp'.).nents 1..0uld be 
minimised. There would ~ver be a loss of a.bout c....o percentage points 
in ~r generating efficiC"J1cy. 

1he :rain market fur the PFBC catbined-c..ycle is likely to be for plant in 
the size range 5CO a'le to 660 M..ie - alti'ough turto-charged boilers rruy 
be used in Sll'aller sized units, e.g. c. 100 t--W(e). When connected to 
a mlJOr distribution r.etwork oorrbined cycle plant rray not be required 
to operate much outside the range €0% rrcr to 100% mer with the ability 
to aca:mm:x:late load changes of 3-5% per minute. In other applications 
the ability to operate o\er the range 30% mer to lCXl% rrcr and to 
acoomrc<late load dianges of 3%-5% JrCr per minute over that range a:iuld 
!:e L'T'pJr'"....:int and ':'...o s.hi.ft ~ration r.u·1 ,:ilso be reqw.red. 

II I 



•q 
- Ou -

Oriqu1s of t.".e Tec..'molocr: 

':he ?Jt.ent.l.:il ~efits of the ?ITJ.: -,..ere f.:..1:-st J.!_Jpreciatcd by t.'1e late 
D::Juglas Gl.:..ott ·.-Jhilst -:it ::;,e L"K Ce.ntral flectricity Generating Beard 
'.GQJ) and staff at the British coal Utilisati.m Resea..rd1 Z\ssociation* 
.!.n late 1% 7, and the first:-€ver ;iressun.sed fluidised-bed carbustor 
.~-re L"1to operation at Leat:.'1erhead in 1969. \...Ork on PFOC at Ieatherl1ead 
has, s.:..."1ce 1972, rrainly been funded by tte Lhited States Cepar'°Jrent of 
Eherq/, by its prerecesscrs, and by org.-::misations either directly or 
i.M.directl1· ass.xi.a.ted -....-it.1-i it. 

Other organisations that have had a significant i.n.1.olverrent in the 
G.eveloprent of '.:..'1e technology at Le.a.thert:.ead or for <NtUch test ·,..erk 
has been :::arr.:..ed ct:t inclure Stal-Lav.:ll (n<fiol ,\SEA-PFEC), ~.eral 
E:.lectric (USA) , Arrerican Elec;t-._ric Power, The Electric Power Researd1 
Institute (USA) , Fluidised C....~ustion Contractors Ltd. (FCCL) , Br:.tish 
Cclurrbia :-!ydro, StNedi.sh NE Board, CUrtiss--Wright and IEA Grirret."x:lrpe. 

Yajor contributers to the reveloprent of the technology elsewhere include 
Ex.'<01 ....t-10 !.::egan work in 19 73, Curtiss-Wrish t ( 19 77) , IEA Gri.rrethorpe 
(1980), General Electric--Malta Rig (1981), New York t.niversity (1983) 
and ASEA-Sta.l-Laval Malrro Rig (1981). 

Several design stu:iies for PFEC pov.er plant fa the size range 2C:0-66:J 
:"l·-l(e) have been carried out or are in prog:ress, e.g. 

(i) ~sti..':.ghouse (Pef. 7), for the USA EnvL""Ol"lrrental Protecticn 
Agency in 1971-73: 

{ii) CG (Pef. 8 j for the US OOE in 1981 

(iii) Burns and Poe (Pef. 1) for EPRI in 1980 

(iv) Gilbert Associates (Ref. 2) for US OOE (1982) 

(v) Coal Proressing Consultants (Pef. 9) for BC Hydro (1982) 

(vi) Brown 13o\.'eri in .:issoci.ation with Foster Wt-eeler and Lurgi/ 
Canbustion Engineering (Pef. 10) for EPRI (1983). 

q;:erating Conditions i:'xnlored 

1!1e test rias th.at ha·._ produred or a_re producL"1g significant data for 
PFOC syster.s are listed in Table l together with the \.IH)er limits of 
sorre of the operating crndi tions explored in them. 

Coals fran the USA, UK, West Cenrany and Canada ha~ been burned. 'fr.ese 
have rrainly :t:.een high volatile bitt.minous or se.rni-bituminous coals with 
ash ccn :.er. ts ranging fran n to 44 % • 

fr S:.r1ce l.977 t..~ ~~G Coal Ut.iU.sat.llln Pesearc.'1 L.:lborator1 
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The :-oals r.ave rra.inly been fed dr1 (near zero surfare rroisture) with 
a tcp size in the range 3-6 rmi c:'er:;encling upon the flu.i.disi.i."lg velocity. 
Pressurisation has usually been effect8d using a loc.lt h~ system 
from · ... hic:h in i70St recent installations the outflow of coal has been 
control2.ed :.:iy rotary val~s. The coal i.s then transportee rn air to 
t..".e carbustors. 

Tests ha\:e also been carried out 111 t . .'1c 20 atm rig at Leati'.emead (fig. J) 
in ·Nh.ich coal-water mixtures e01ta.ini."1g 70% ooal with a tcp size of J rrrn 
have been burned at pressures in the range 10-16 bar. Tu.is rret.'1od of 
feeding eliminates a:>a.l drying, sirrpll.fies pressurisation, and elfau .. nates 
the need for inert gas for pressu..""isIDg lock oo~. 

'll'ere is hoHe~r a reduction in fD~ gene.....rating efficienc-J ~Fig. 4 J • The 
reduct.ion (Ref. ll) depends, as might be exi;ected, on the \.later crn.ter.t of 
the slurrJ, and also UEXJn the a:n tribution the gas t:w::bine mclces to 
t:..11.e total fD'~ output (at cm.stant turbine inlet tenperature this mainly 
der:entls upon the e>:eess air value). ~'here the gas tw:bine p:wer is 
about 30% of the total the estimated loss is atxrut a.a percentage E=Qint 
increasing to a.bout l~ percentage E=Qints for the pressurised boiler cycle 
where tre gas turbine generates only sufficient p::wer to drive the air 
carrpressor. 

An alternative approach to reducing the cost of feeding coal - narrely 
eliminating tre drying stage and increasing the top size to 25 nm -
has also been tried (~f. 12). 

'Ihe so2 sorbents used have been l.i.Irestmes (raw, and precalcined) and 
cbiomrtes. These have nomally been fed dry crushed to ha'.e a tcp size 
appropriate to the fluidising velocity but in sare tests in the Leatherhead 
20 aen rig the so:rbent has been fed as coal-water mi.xtu.re. 

AltOOugh fllLi..dising velocities as high as 3. 7 nVs have been used the 
rrajority of the testw::>rk has been at fluidising velocities of 1.5 ni./s 
or lov.er and bed ~oths for the rrajority of tests have been sufficient 
to provide gas residenCE tines of 0..0 seoonds or longer. 

ExCEss air values of about )'.)% or above ha~ predominated since fran the 
lX>int of v'l£M of cycle efficiency high excess air is not a disadvantage. 
in corrbined cycle plant and it si.rt;'lifies attaining the required rates 
of load change. 'Ihe greater interest in reducing capital oost ncM awlying 
in sarre oomtries has resulted in rrore effort being directed to o~ration 
at la,.,er excess air values. 

Bed tert"peratures ha•.e been in the range 720-9':/::Pc but because of the need 
to minimise aJJ<ali release the upper limit has ~ually been in the range 
8S0-900°c. 

Both tapered and parallel bed ccmbust.or geoiretries have been tested. So 
far as the steam cycle is concerned, rrost of the exparienCE has been 
with oorizmtal or near horizontal tu!::es with3packing w.sities lrl the 
ran<J=! fran a.tout 7 m2;m3 bed to a.bout 19 m2;m • 
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The foulina, erosion and carrosion ;:n:-::i~si.ties of the c:arbustion 
g;:ises after cleaning in cyclone type dust collee'""...ors have been assessed 
by ?<3-SSing ~.hem through cascades of t.lri:Jine blares/airfoils, or s:iul.:. 
roto.t..i..'":.g blade asserolies. 

The Perfor:rrance Cbtained 

IrnpJrtant isstes .inclure: carbust.i.cn and sulphur retention efficiencies, 
NJ emission, so1 formation and its effect in limiting st.ad terrperatures, 
al.Z:il.i concentrations in t.~ corrbustion gases entering the turbli1e, the 
ability to load-follOW', and factors that affect availability such as 
t:.ii::e bank rre tal wastage . 

The rra.in findings are surmari.sed below: 

C.crrbusti.on Efficiency: ~parture from c:orrplete bum-out of the 
cnrousti.on rraterial fed to the o:.nbustor is alnost e.nti.rely dt.e to 
inccrrpletel;rbumed rt1ateri.al. being elutriated fran the bed. With 
but fr~,., excepticns this is captured by the first-stage cyclmes. 
Corrbustiai efficiencies close to, or al::x:Y1A:~ 99% can be e."q:ected where 
the bed t.errperature is above atout aso0 c, excess air is above about 
~% , bed residence tine is 3 secx:nd.s or longer, and where the coal be.i.'1g 
burned is high-volatile bituminous or sani-biturninous. Corrbustion 
efficie.'1cies have been sarrewhat higf'er at 16 bar, than at 10 bar and 
below (PEf. 13 ) • 

As might be expact.ed l~ caroustion efficiencies apply when l<:1t1-
mlatile coals are tA.tmed and also at lDw loads. P.eduction of load 
to .30%-40% rrcr, for axanple, v.Qllld in"\.Olve ope.ration (a) with redured 
bed height (e.g. giving a bed resic:Ence t.:i.Ite &:""'Ot.nd l second) ; 
(b) with redoc:ed bed t:eftt:erature (e.g. c. 750 C) and (c) with redu:ed 
pressure. Unless corrective rreasures are taken, e.g. by recycling 
primary c-1clones fines to the canbustor, cx:nbusticn efficiency is likely 
to recline fran 99% to around 95% (P.ef. 4). 

High conbusticn efficiencies (99%+) have been obtained when bwning 
coal-water slurries and efficiency appears to oocl.ine less rapidly 
with drop in bed t:enperatw:e than when the coal is fed dry - see 
Fig. 5 (Pef. 6). 'Ihe slun:y tends to foon globules of carbonaceous 
material as it lea'weS the nozzle. 'lhese probably inc:orp::>rate the 
fines in such a way as to increase their residence tilre .in the bed. 

Serre explorator1 tests in whkh the fluidising .J.ir was admitted in 
c..o sta~s with the objective of reducing NO emission shOW'ed 
significantly la..er o:.nbustion effici~ies Q}eI1 operating at 10 bar 
pt"P..ssure, particularly at excess air valLeS belON' al:out 25%, see Fig. 
6, (P.ef.16 ) • 

Scaling-up frcm the small rigs (e.g. 30J nm x 3CO nm) to the largest 
pressurised fluidised bed carbustor (e. g 2 m x 2 m) has not so far 
resulted in significant reviations fmn the carbust.ion efficiency values 
that '-'Ould have been anticipated £ran a correlation developed at an 
earlier stage .in the investigaticns. 'Ihere is, however, sare 
uncertainty as to the effect an i:erfor.nanoo of ccal feed nozzle spacing 
and th.is is unlliely to be resolved until mu:h larger-sized plant corres 
into operatioo. (t-\Jre retails of the larger scale operation ~Nl.11 be 
?r<>...sented in Cl later paper) . 

II I I 
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Sul?1ur capture: 'Ihe ability to rreet c:!.r:U.ssion regulations at an 
acreptable cost for so2 sorbent is of r...ar:urount i..rrp:irtance to the 
success of PFOC. Pell..::ibl.e predictions of sulphur captu..re by 
lirrestone or dolomite added to t.~ bed st..;.lJ.. relies heavily upJn 
carrying out test ~rk ur.der operat..i...'1'J C01d.itms closely approx.:...TU.ting 
to those that will apply in comrercicil tJlant. 

Perfonrance is influenced by many factors and their interacti.cns: 
notably, res.ldence tirre .in the bed and freeboa.rd, Oed t.errper:i ture, 
reactivity of the so:rbent (particularly accessibi.l.lty of the fXJre
structure), particle size, and oxygen ccncentration at the l::ottan of 
the bed. Correlations have been evolved that take these .into 
account reas01ably well and fran which the sult:X1ur capture i:;erformance 
in a large carrbustor can be predicted with a reasonably high degree 
of cai.firenc:e using the results of tests carried out in a small 
o::irrbustor. 

Sarre guidance as to the perfo.mance of a so.i::bent in a canbustor can 
also be obtained by carrying out tests rn a small sa."Tple of so:i:bent 
in pressurised thenrogravirretric analysers and using the Westinghouse 
(Pef. 7 ) rrodel (with suitable adjustrrents) to intexpolate the data. 

'fue choice of so:i:bent will, .in rrost .instances, be based on local 
availability because the cost of transp:Jrt is nom.ally the rrajor factor 
in its cost at a plant. High calcium utilisation is inl=ortant; the 
degree of util.isatioo affects the quantity of material required, the 
quantity of rraterial to be di.SFQsed of, and the cost of treating 
effluent waters fzom the di.sFOsal site .in orcer to avoid contaminaticn 
of gromd water and strearcs. '!he.re is o:nsequently a need to review 
the sulftlur capture perfoim3Ilce periodically to see to what extent this 
might be inl=>ro~d. 

Ch the basis of the calciUI!V'sulftlur ratio, Cblc:mi.te is about t'w'i.ce 
as effective as the best lirrestones and 90% sult:hur capture can be 
e..~cted with a Ca/S nol ratio of 1. 5 und:r typical PFOC operating 
conditions (but en a mass ratio basis there is little difference bebleen 
the perfonnances attainable with <pod li.rrestones and d::>lc:mi.tes). 

I I I I I 
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l.'ntil c:orrp:irat.i.vely recentl:i: sulpmr wpture t:erfornunce was 
sUf.er.:.or Cl.S regards :.:.Ot11 t..he C:a/S r.::it.:.o .J.nd nuss r-1tio to that 
achieved :.:i:/ i\.i."Ks ;_:sing lc...rrestones. :uded by tall freeboards 
and fines recycle, 90% sulphur capc..:.re has recently been achie\~d 
i.r1 r'u-""Ks _:it C:l/S ;rolar ratios of about 2.0 ~ing l.urestone, anc 
sult=r.ur captures of 90~ are clai:red fo::- circulating beds O(:erating 
at Ca/S rrolar ratios of as low as l. 2. There is scope r-o\..ever 
for i.rnproving PFK sulphur capture perform:mce, e.g. by (a) usillg 
low (app. 0. 9 rr/s) fluidising velocity.; this results in a srraller 
bed particle size, (bl using deep reds-and hence long residence 
ti.'Te.S, dJ"ld (Cl by recycling fines captured by the primary gas 
clean-up stage. 

Sulphur capture nay also re improved by a.s much as ))% by adoptl..ng 
tv.o-stage oorrbustion, Fig. 7. (Ref. 18). 'Ihe engineering proble.r;s 
inml ved in supplying air at b..o levels in a large bed are, hcrwe ... -er, 
fooni.da.ble and fran this txiint of view it is probable that alternative 
solutions will be eJ<plored first. 

Sulftlur Trioxide: Very little so
3 

is likely to be present in the 
cx:xtDustion gases leaving a fluidised bed to which sufficient sort:ent 
has been added to capture 90% of the sulfilur. Oxidation of so2 to 
so3 in the gases cb...nstrearn of the bed will hor,,.e~ proceed (Ref. 19) 
to an extent which depends t.JF.On factors such as, (a) operating 
pressure, (b) excess air, (c) residence t.irre, (d) presence of 
catalytic rraterials, and (e) the presence or otherNise of the 
unreacted sm:::bent. Ust:ally on the srra.11 test rigs, less th.an 5% of 
the total sulphur oxides emitted has !:den pre.sent as SO 

3
. 

The acid CeNt:Oint te.nperature increases with increase in ro anC. 
water vapour conamtratiuans, l::eing higher for exanple for Cwr·1 than 
for dry coal, see Fig. 8. With o~ation at 16 bar burning dry 
ooal \.o/i.th sufficient sorbent to ensure 90% suli:;tlur retention, so

3 concentrations of 3-8 P?ll can be ~cted. unless oorrective 
rreasures are taken, e.g. by ensuring that finely-sized sorbent is 
present in the gas path, the exhaust gas te.rr;:erature from PFBC 
systems ·...oul.d need to be about s0 c to 20°c higher than .fro.m ncn
pressurised syste~ L., order to awid acid oond:msation. 

~'emission: ~. emissions fran PFB:'s operated i.nder o:ndl.tions 
o c:ornrercial in~rest a.re generally ...ell \.o/i.thin current regulator'/ 
requirerrents, see Fig. 9. Since there are already more stringent 
re:jl.l.i.rerrents in sorre locations, and trere is a possibility of these 
becoming rrore widespread, tests have been carried out to see 
whether a '-'Orthwt.ile redu:tion might be !T'ade by o.o-sta~ air admission. 

'Ihe reduct.ion obtained in these tests (Ref. 18) was marginal and 
v.ould not justify the cost and ronplication involwd in owrcaning 
the considerable engineering problems involved in providing an 
additicnal air distributor. 
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!-rut Tr:msfcr: Heat c:-ansfer rates h.J.ve been shown to i.nc.:::case 
'...rith pressure. It w.:.E be seen from i?ig. 10 (Ref. 13), ci12.t by 
.:.ncreasing the pressure fran lO bar to 20 bar, dle a.verag:: c.:onvecu \€ 

heat transfer coef:ici.ent (to ·~ter cooled tu.bes) was increased 
fran about 280 to a.bout 340 W/nfK. 'Ille heat transfer data cbtainec 
:ran fre Gr..: .. rrethJrpe carbustor are re;:orted in another paper to tlus 
session. The data appear generally to have reen in line wit.!.1 
pred.ict...:..rns fran dat.J. ::rem the srrall rigs. 

Serre indication has al~ been obtained (Ref. 20) of the rate of heat 
trarsfer co surfaces in the splash z.one when a l:ed level i.s l:elow 
the top of t:Jie tube bank - as '...Ould apply in operatim at part load. 
::::t ·..,rill be see..1 fran Fig. 11 that i.n the tests the splash zcne 
extenred for a.bout 6CO mm above the nan.inal top of the bed. 

Elutriation: Gas-borne rraterial leaving the bed includes 
particulates fran the coal and sorbent feeds of elutriable si.:.:; 
breakcbwn products fran lxlth; inc:x::iir'flletel y reacted coal partk les ; 
and material 'splashed' out of t:l"e bed dte to eruption of butbles. 
The extent to which the latter enter the hLJt gas-cleaning system 
dep:mds t.Jt:Or1 factors such as freelxlard height, gearetry and gas 
~locity. 

For a USA ooal widely used in the test work in srnill rigs, typically 
abcut 20 peri:ent of the material withdrawn :fran the bed ·...ould be 
coal ash and the rerrai.nder 'cblamite'. Thi: UK coals ~ver have 
teen associated with a larger prc;:ortion of minestone and this has 
teen the i;;red:lrninent cmstituent of the material withdrawn fran 
the bed. 

Signific:antly rrore naterial has !:een elutriated £.ran large (e.g. 2 m 
x 2m) than frcm snall car.busters (e.g. 0. 9 m x o. 6 m) operated 
Lll1der other..ri.sP. similar cx:ndit:.l.ons. Tue larger cross-section rrore 
probably allows full growth of bubble size ar.d energy and hence 
'splash' effec.ts are increased. There also appears to be greater 
breakcbwn of sorbent particles i.n the larger beds. Tue nett effect 
ar:pears to l:::e to about cbuble the arrount of material elutriated 
a::rrpared with 'smtll' bed operatic:n. It is t.1-ought that loss of 
material by splashing could be significantly reduced by having much 
rrore closely spaced tubing at the tcp of the tube bank than in the 
remll.nde.r . 

'!he relative anounts of sorl:>ent and coal ash elutriated and the 
arrounts retained in the bed can be calculated fran analytical data 
with a reasonable degree of a:nfidence, but. it is less certain that 
elutriation can be correlated with operating cc:nditions with an 
acceptable degree of accuracy. 

Alkali Eml.ssion: Alkalis, ;?articularly :in association with sulphur 
cx:mp::)Unds, are considered to be the principal sources of corrodents 
at high terrperatures. A.lka.Li.s enter the PFI3C system in the coal a.sh 
and i.n the sorf.»....nt. Mainly they lea'-€ t.'1e system via the excess 
material disd1arged fran the bed and :in the dust discharged from the 
cyclones. About 5% will tYRi.cally be present i.n the carbustion Ja.E>es 
and gas-oorne particles of d45t after the C'/clcnes. 'lhe p::itent..iali:; -
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conrensible CO'lcentrat.l.on of sodi.t:m .:ll'.d fXJt.:lSSiurn in the '-j.:lSeS 
pa.:;sing tf1rough the turbine a.rrount.s to .:.ess thm l Pfr.· of ~ach, 
but these concentrations are much in e.xcess of "'hat is cee.rred ::.o 
be acceptable in oil - fired g35 tu..-iJ.i:,es. The presence of fwe 
pa....."ticulate :natter together wi ti: be lcv.er te.rrp:ratures and the 
corrosion resistant materials envisaged for the coal-fired plant 
can be e..~ed to provide sorre ~nsaticn. 

n-.e indications fran the cascade tests rrcnt.i.Jned previously ( 'l, 5) 
....ere that provided bed tenperatures are not higher than arout 
850-880°c r.aterials/coati.ngs may be available to provide 
satisfactorily long blade life. Serre of the issues invoh-ed are 
discussed in reference 21. By restricting the operat..i.ng 
t:enperature to the above levels it h.as also been shJwn tJut dust 
defXJsited on blares can be readily renovable using cmventional 
on-line cleaning rrethods • 

The over-riding need is roi,..ever to expand PFBC gases through a 
turbine with industrial style blading in order to have a t~ 
rreasure of the problems that might need to be faced. 

Engineering ~veloprent 

High availability will be a major factor in the acbption of PFBC 
systems. '1he beneficial effects of higher r::ower generating 
efficiency and lower mp.ital cost are rapidly lost if the 
availability of the plant 00es not natch that of current s'jSte.'TS. 
The status of de~loprent of the 'Various carponents of a Pm: 
S'jStan can be surmarised, in the authors' opinion, as follONS: 

Solids Preoaration, Pressurisation and Feeding: Experience has 
ccnfimed the need to rerrow surface rroisture to ensure reliable 
feeding of solids in tneurratic sys tars. The lock hq:per, despite 
the h.i9, energy loss incurred and the present requirerrent of inert 
gas for pro...ssurising, is currently the only pro'.e'l rreans for 
introducing my coal into a pressurised S'jSt.em. Pota.Iy valves are 
na.,r available for crntrolling the rate of feed from pressurised 
h::lppers into i;:neumatic transr:ort systerrs. 'Ihese provide rruch 
rrore satisfactory cx:ntrol of fla.; than any solely i;:nel.m'dtic system 
and also .inmlw la.-.er feeder ho~ pressures. 

Sr1ble coal-water mixtures ccnta.ini.'1g 7Cfl, of roal with a top size of 
3 rrm can be produced without the a.id of additives, and these can be 
reliably purrped into cx::irrbustors operating at high pressures (e.g. 
16 bar). 'Ihe soi::bent can also l:ie incorporated into a coal-water 
:ni.xtw:e, all:e.it with an increase in the water input to the 
a:irrbustor and oorrespond.ingly higher loss of efficiency. The 
indications are that a:mrerci.ally-available preparaticn and pll!TlJing 
equiprent should be ad:quate to reliably and eoonanically rrcet the 
roquirerrents of large PFOC plant. 
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'ltere i~ ha..-.e-..,..er sccpe fer de\.ielornents to (i) enable run-of-mine 
coal to be used with:mt &e need for preparation other than to 
reduce the top size to alx>ut 25 rrm and (ii) to e"olve an alternative 
':o the lock hopp:r for pressurising that will. have lov.er c:nergy 
losses and obviate the need for using L'1ert gas for pressurising 
the contents. 

Corrbus tor Cesign 

In ·the au tho.rs' view the trends will r;e: 

{i) to ope.rate at relatively low fluidising velocity (e.g. 1 m/s) 
and with reep beds {e.g. 3 m upwards) to enhance CorrbUSt!.On 

and sulff1ur capture perfo:rnance. 1Dw wlocity is also 
aes.irable to m:i.nimise tube bank :retal wastage. 

(ii} to use canbusto.rs with tai;ered beds in order to si.Itplify air 
distributor design, and to s.i.'1-plify distribution of coal and 
the rercoval of ~ss rraterial fran the bed, and 

(iii) to use dl.ange of bed level as well as change of bed t:enperatures 
as the rreans for changing load. 

Differences of approach are likely to be in the distri.b.Jtion of heat 
transfer surface and in the design of the cx:::rnbu.star cx:nt:ainrrent. 
'll1e main altemative as regards heat transfer surface is W'hether the 
functions of evaµ:>J:at.i.ai, super-heating and reheating are carried 
out in separate beds, eadl with separate ccntrol m fi::ing rate, or 
~ther they are C01fined into single beds. 

'1he alternatives as regards canbustar conta.i.rment are (i} t.11e large 
st;here designed to oontain both the corbustor and the bulk of the 
hot gas cleaning equiprent and (ii) separate cylindrical vessels for 
the <Xlrbustor and the gas cleaning system. 'Ille latter is suitable 
for prefabrication off site. 'Ihe ch:>ice is likely to be site
dependent. 

further de'Veloprents are ccnsidered to oo needed, (i) to emlw tube 
bank gearetries and rreans for protecting tubes that Will result in 
1.o,.,er rates of rcetal wastage, and (ii) to enable run-of-mine coal to 
be burred without accunulation of shale particles in the bed that can 
lead to defluidisaticn. 

Control 

Control of load in a system in'.Olving steam and gas t:w:bine plant 
together ·,.,rith a c.arbustion system having significant inertia is 
inevitably carplicated. This has received attention in the test 
v.ork particularly at Leatherllead and Gri.rreth:>rpe. 'Ihe data obtained 
on system reSt:0I15e to changes in firing rate haw contributed to 
the: foIJTlUl.ation of designs for coot.ml systems o\.er whicn there is 
no,..r considerable o::nfidenre. 
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Hot Gas Cleai1-Up 

cyclones appear to be cipable, when c.per.:i. ting a5 i:Esic:;ned, ..J f 
rerrov:ing r.-:u-""....icles fran the gas st.re.:im th.:it are larger than lO 
microns and the great rro.jori ty of particles larger than 5 micrcns. 
It is cmceivable that three stages of cycLone.5 might be 
sufficient to reduce the dust loading .:i.a::Ept3b.!.e to a large 
industrial gas tw:bin.e where relative '."eloci ties a.re low. It. 
i.s rrosr. unlikely, hov.ever, that t.he dust loading will approam that 
needed to rreet the USA EPA emission li.mi.tation of c. JO ppn and 
hence the turbine i...ould need to be follOINed by an electrostatic 
preci.pitator or a bag-house filter. 

The elimination of the need for this large and e..~si~ equiprrent 
by the de'..eloprent of particulate reno'l.:al equi.prrent suitable for 
installation ahead of the turbine is an irrp:lrt.ant objective. Several 
systems are under developrent. Peliable equiprent for on-line 
rreasurenent of dust concentJ:ation to gi',~ y,arni.ng of rral-fun~~-i.on 
of t.be clean-up syst.ems is urgently requiree. 

Solids Rerroval and !Rpressurising 

The principal rreans for depressurising dust/ash is the lock mi;per. 
!Rveloprents i.n recent years ha\E led to val-ves that will seal in 
hot and duscy envi.rorurents. '!he val ·ves are expensive and 
rrai.nteranc:e requi..rerrents can be severe / ccnseqtently an apt'roach 
new befag adcpt.ed is to cool the solids before they enter the 
lock systan so as to reduCE the duty and r..ence capital cost of the 
valves. Sare skill will be :required, ha..ever, in the designing of 
rreans for cooling the fine dust capt~d cbwnsteam of the primary 
collectors. 

sumra.ry 

Data from both the srrall and frc.m larger-scale test facilities are 
new available to aid the design of PEOC systems. 

'llle are areas· of the technology where the data base is .1ot as 
cx::rtprehensive as could be desired and hence additional fl~ility 
will need to be built into the design of p~.ant and/or a rrore 
cautious approach will need to be adopted. 'Ihese areas include: 

(i) Combustion efficiency - at low loads or with low ....olatile 
coals: the.re is unCErtainty as to the extmt of fines 
recycle needed to achieve or to maintain a high caroustion 
efficiency and as to the effect recycle will have on the 
quantity and size distribution of the material to be renovcd 
from the carbusticn gases. 
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(ii) Sulft1ur retentim efficiency - the effecti~ess of 
rec1cling in enhancing sultiJ.w.. retention needs t.o be ful.:..y 
quantified and as for \i) t.'ie .:er.sequences as far as hot 
gas clean-up is concerned neees tu be assessed. ':here is 
also still a need for a sinple laboratory test that will 
enable the t:0t.ential effecti·.-eness of a sortent to te 
reliably quantified. 

(iii) Elutriation - the data available so f.:ir do not enable 
reliable predictions to re mad= of the quantity or of the 
size distribution of the rratert.al t:hat will be elut.ri.ated. 
Serre skill .is therefore neered in interpreting the data. 
n-.e data also do not t.ake ao:ount of :"eC'Jcling. 

(iv) Tube bank <Esign - the current indications a.re that f:ran 
the p:Jint of view of minimising rretal wastage, fluidising 
velocities at the top of the bed srould not be higher than 
al:xmt 1 m/s. It nay ~ver be p:JSsible to cperate with 
higher fluidising velocities at lov.er levels in a tube bank 
in a tat:e:red bed without incurring unacceptably high rates 
of rretal loss. ~r <Eveloprent is needed to establish 
00\ol best to arrange the tubing over the full depth of a 
be:d whilst at the sane tine a\.Oiding rretal wastage even with 
the rrost aggressive coal ashes. 

(v) Sintering of bed material - some mi.xtw:es of lirrestcne and 
coal ashes show tendencies to foim sintered agglcirerates 
that can lead to defluiciisation. 'lhe ten&mcy can be 
:reduCEd by operating at higher fluidising ~.lDcity (e.g. 1.5 nv's) 
1n the l.CTwolQr ~ of the cati:Justcr ... a f:eature of a tat:ered 
be4 - and aw~ bigh bed ~- (•.q. ~ al:out 
800°C). 

(vi) Control of load - a:mtrol of load in a bubbling-bed system 
in rccst instances will inml~ change of bed level. The 
feasiliil ; ':.y of dlanging bed level has been sho,.;n but the 
ability co follow the manges in load dem:md ext:erienced in 
utility ~r systerrs over prolonged periods has yet to be 
cerrcnstrated. 

(vii) Hot Gas Clean-up - the adequancy or othe.r:wise of hot gas clean
up equiprent to rreet the requirements of a gas turl:>ine in 
a carbined cycle can cnly be established by carr1ing out tests 
in which the cle.aned gases are ~ded through a gas ':.utbine 
having blading :representative of COJlrercial designs. 

'!he aim srould be to satisfy both the tw:bine and the EPA by clean
up equiprent .installed ahead of the tw:Dine. 'llle early developrent 
and application of the pressurised boiler cycle will provide a 
valuable rreans for establishing PFOC tedlnology ir:l the power 
indusb:y and for obtaining ext:erience with advanced oosigns of gas 
clean-up equiprent unrer less ardu:itlS ccnditions than in the a::rrbined 
c<JCle. 

I I II I I I 11 
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In Conclusion: 

It is justifiable to have oonfici!n~ that eccnanic solut.icns -... 111 
r.:e found to me rerraining tccmic::il ;:rrobl· .. :~ns which noed to Lie 
o-....ero:me before the PFBC cor.bi.ned cycle pJwer plant is in canrercio.l 
operatior.. The new prograrme at the UK Gri..rrethorpe Test F.J.C.llity 
c.J11 be ext:ected to make a rrujor mnt.ribution to this end. 

Future ceveloarents 

i!ic;her r::ov.er generating efficic . .;ncit:s are p:ltentially feasib.:.e 0y 
acbpting the cEveloprents in st.ear:\ pressures and temperatures 
envi.saged for ccnvcnticnal pulverised coal-fired plant. With 
stream pressure of c. XO gar and cbuble reheat giving stecun 
t:.enperatures of arotnd 620 C the currently envisaged efficiency 
aixlut 40% could increase to a.rout 42.5% 
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Table 1. Pilot Scale PFEC Rigs 150mrn or Larger 
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.703)'26 
xxxxx 

31 August, 1984 
aa fram CadQvaa Con.W.tanta 
37 ~an Street 
London SW 3 2ia 
UlC 

To 
or.M. Maun9, 
ID0/0..VIO 
UNIDO, VJ.enna Internationa.l Centre,, 
A-1400, 
Vienna, 
Austria 

India Guification Pro 1ect1 

I have tried to telephone, as you asked, but the awitch 

board could not niake connection. :-lhan we met in Vienna on 20th 

August 198'6 you briefed me most intereatinqly on the Indian RRLH 

coal gasification and 8l'nthesis project. 'Dl8 re}:JOrt ia ~r way, 
You al.&0 asked me to let you Jmow about a nwaber of point.a, both 
of pr1nciple and of deta11, so here are the points1 

1. 

or. a. 'l'hyagarajaa, the RRL Director 1a concerned about 
this. Also Mr. S.sh491r1 Rao, Deputy D1rectm:', Coal Division 

and Mr. ~~~.rNcU"ay~~J.~'£/\.sai:st~t Director, are shortly to ,,$'+ . . 
retire in 1986~ (So too ia the Director of Chemical ln9J.aeeri119J. 

l'hia is a cor:aon probl .. of new la.borator.i.e• that S9C%Uit8d 

a.1m1l.arly - ac;.d youn9 staff, when they opened. 1'r•l• ere bei.Dg 

made throuohout IllcU.a. There are expatriate XDcliana of l•ader•hip 
ability and initiative, but local aalarJ.ea cannot a~tract ~ 

nor can local educational aDd domest.ic conditions, now they are 
uMd to We•tem waya. 

., ........ 
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nii• vork must have a leader, and the RRUf Director 
is excellent. He would encourage the right Coal Division 

D1.rec:t.or but first the right man (in hi.s active •o•a) na.ist 
be found. and otbera_to buttress him. 

'l'he relationahip is one-sided apparently. .R.RLH 

thinking 1a generally in sympathy with the National Plan, 

but does not focn part of it (so they say). The RRLH work 

is of course, part of the general program.. of CSIR. I 

have recoaaended that RRLH form a small techno-economi.c 

study group that .should (in time) help keep process 

aapirations 1n line vi th economic reality and al30 build 

up a uaeful body of expertise .~ data. 

Also. no proceaa Con a scale relevant to c:oa.l gasifi
cation and aynthtit.sia) could• from .RRUi now. meet a market 

demand in under 10 years - more like 15 or more. So I have 

recoanended a marketing stldy to consider uaarkata for 

p.roducta from today. over the uext couple of decddea. Also, 
it may well be :ieces.oa.ry for India to 'buy in' some 

teciu>ology to add to wha~ it de;relopa its.:.lf. 

ruu.a g~sificat.ion o.rork is ~1cvd, r~t ut t:.oo tiWZ'.!:i u 

at.age fur the IiatJ.o.oal rlan to x-el~- o~ it. 

l. Hov much wvrJs h~s heen don1t "n the plan!i? 

Good, useful work, at.ill t.roul;le-shco~ and tra~io9 -
only new on oxygen (previously air). W<?Sta-heat-boile~ 
water-levels .surge1 grate drive k.Jla le4k1 valve spilldlea 
seize. There are probl~ with til~ tar/liquid coDdea•atJ.on 
and circulation. 'l'heae are c:omaon "teethJ..cg t.roublca• and 

then. will be mere. ~· aynthesiu Cd.t.1.lyst wurJc ia goc;d, 
but haa aa far to, go aa gaaifier. characteriaati-=>o of coAls. 
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What is n .. dad now ia a progranmc and an increasing 
intellectual/CC1G1Dercia.l discipline. RRLH seems to be 

ca~able of providing the right background and environment -

and has had succesaea in the paat. Soz:e •::atalysia• of the 
a taff during th1a cam1ng difficult period of changing 

leaders, would be of great benefit. 

'• The purpose of th! gasific~tio~/sypthesia work - support? 

'.l.'hJ.a .. ems to be lugely self-pro~lled ay RRLH, to 

ci~e use of ib e;c'-'ert.iso cllld to keep level-pegging w1 th 

CF.RI aDd other 1nit1-lt.1ves (euch a!l those of BHEL). This 

h.:!a.lthy compGtent comp~t1t1on !3 prob~bly very good. But 

RRUJ will prob.lbly value sane ext.er.la! influf!'nce to -!!'!;"!'!r at 
interval• iUlU h~lp keep thin9s mao11ng fo:wc?..""d. '11'My will 

<;~t the Wfi t St,.;.p:x>.rt wh-=n their re~-:.U t3 ju~tify 1 t. Thia 
. ._,il.l take tJ.iae. 

s. RRLH-On!versity Bridges• 

1'hl're ;.re ratm3, it ne<:ms, bt.:t on a pe.c~o1wl level, 

not as reg~d.:J z.-eaenrch wo.i.·k. Thtt"c c-1re p31Cbc:.:.bl~· ma!l:f mi.nor, 

but usP-ful 1-e!"e.:u-ch cout.t·~cts that RJ~Ui could plr.ce with 

un1versit1f's. 'lbft 3-yecir Ri.D tir.ie t;·hl" t1ill ha,,e to be 

reclcoaed-4ir:ith. providiP9 :ref;. di"1ot-hr.:= i::c.:ison for deriving 

a f-r,~r.~.::1nc of wcrk bring.i.n~ in rc!:c.~rch. progress elsewhere, 

techrie-eccr.cr..ic studiea. c.JIU m~r:-.c tir19 re~l i ties, as well as 

all the interlocking aapc.cta of the gn=-if1c:at.1on~ r.ata..lyst 
and synthe:;i:J work thut will be P\?c~·!'~ary. At preoent the 

work 1~ (apparently) organ1aed dd hoc,, 

6. Uf! gf a~sifi~r aBh& 

Ther. is no nal consideration, now of the uae of 
ash .. I h;ive ~utl.ined some possible uses - but at the preaeDt 

stage of the work, ash is of low priority. Aa c::U.•posal i•, 
of CO'.Jrff• a problem throu9hout cotJl-using 1ndustr.{ throughout 
India. 
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7. Fellqvshipsa 

Some should be useful - sec report 

8. Need for a return visit& 

I am m.'lking some recamnendations for activity and 

the DiActor 0£ RRLH is keen on the proposal to set up a 

small (part time) techDO economic un.1t. A r.:?turr. visit 
1a perhaps six or twelve ?DO:ltl"..s would be ua£..:.! to !1cl;> 

keep the pX"Oqramne mov1n9. and to c!lsure &>la."'lned r:-. thcr 

than ad hoc activity. After that so.-ne rcg-.Uar ar=a:ige::lent 

could be c:ec:Jded. The objecUves of tile ~~rk ara worth

while auJ 1 t w.ill be wortb rnt3...;.i~g 3"~ re t!iat it nklkes real 

progres•. The f.irst priority i_s to operate the ~asi.fier 
saU•factorily. 

Thia w,)rk •:ould lean to a •r.aj-::-= .:.c.-.ra:)Ce 1n Ir:~.:.. It 

could al~o _:)rovidP- a b<ise from w: ·1ch t.o C-;)mp.-Jre boi.l·~ht-in 
_9roc~.sseo:i from abi."'O~d. 111e -:c:;-~et.en~.=J is Jva.i.!;;.blc, a.,d one 

can Me use(uJ tndiger.ous ~)r.Jeesse11 bzi'ig :ieveloped ~or use 

by Ir1Cicin J.,..,dustry. ,-:;,co..i:.;s"'":!'ent :1.!l! ~~ m1::.~~'1, ~= tr.e 

prograane must; ke'!p pac,,. wtth l.n~t. i:2 t°1'.'ing dcno elae~~here 
in th• ~.or l<.:!. 

I hope this may be hE-l::·ful. Perha_os we er.in tr1lk Cibout 

the i::iplicat.1cns "-'hen you h~:ve t!.;d .-m op1--c~nit-.1 to ccna1der 
nry re1)Qrt. 

I shall lock forward to he'1r.ing from you, 

signed 

Brian Locke 
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Appendix 12 

Literature given to RRL by the Consultant 

A Papers by others 

Hebden D, Edge R F 

and Foley KW "Investigations with a Small Pressure 
Gasifier" Gas Council, Research 
Communication G C 14 : November 1954 

Ricketts T s 

Ricketts T S 

Harvey F 

Elgin D C & 
PerKs H R 

Elgin D C 

Jones J E M 

"The Westfield High Pressure Coal 
Gasification Plant" I Gas E Publication 
567 : June 1960 

"The Operation of the Westfield Lurgi 
Plant etc" I Gas E Publication 633 : 
May 1963 

"High Pressure at Solihull" I Gas E, 

Midland Section : 5 March 1965 

"Results of Trials of American Coals in 
Lurgi Pressure-Gasification Plant at 
Westfield,Scotland" British Gas 

"Gasificatior of US Coals at Westfield, 
Scotland" I Gas E Communication 946 : 
November 1974 

Conmissioner, Sunvnary Report (Full scale 
tests of Kentucky No 9 Coal in a Lurgi 
Gasifier at Sasol One) Bureau of Energy 
Research and Development : August 1982 
Kentucky 
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"Testing Kentucky Coal to set Design 
Criteria for a Lurgi Gasification Plant" 
5th Annual Energy Conservation Technology 
Conference and Exhibition, Houston, 
Texas : April 1983 

British Gas - International Consultancy Service - Brochure 

B Papers by the Consultant 

Potter N & Locke H B "Coal Supplies for Carbonisation Processes" 
The Mining Engineer : Vol 125, June 1966 

Locke B & Lunn H G "Advances in Pollution-Free Heat and Power 
Generation made possible by Developments in 
Fluidized Combustion Technology" Achema, Frankfurt, 
Germany : June 1976 

Locke B & Schomburgh I "The Introduction of New Technology into 
Systems and Plants" I Chem E Jubilee Symposium, 
Imperial College, London April 1982 

Locke B "Energy Flux in Chemi ca 1 Engineering Design" I Chem E 
Symposium Series No .78 : October 1982 

Locke B, Choudhury R & Lecarn1,o1asam D C u "Indigenous Rural Power 
Centres" draft for Institution of Mechanical Engineers, 
London, April 1985 
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C Papers in this Report 

Roberts AG, Hoy H R, Lunn H G, & Locke H B, "Fluidized 
Combustion of Fossil Fuels" Coal Processing 
Technology, Vol 2, 1975 

Locke B, "Feeds tocks and Fuels from Coa 1 : The Need for Process 
Changes 11 Energy War id : February 1982 

Hoy H R, Stan tan J E, Roberts A G, "Status of Pressurized 
FluidizGd Bed Technology Toady - A Review". 
Engineering Foundation Conference, Combustion 
of Tomorrow's Fuels, London, October 1975 

D Manuscripts shown to RRL 

Original manuscripts concerning British Government contract work 
done by the British Coal Utilisation Research Association were 
discussed, bu:, of course, could not be given to RRL. 

They covered subjects such as 
slagging gasifier design, 
calculating performance data, 
tuyere raceway geometry, 
slag analysis/viscosity relationships, 
carbomsat1on under pressure, and 
monthly progress reports; 

for example. 

BL/AB 1.11.85 

• 
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