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The "Chemicals from Coal® project at the Regional Research
Laboratory, Hyderabad, (RRL), has two broad objectives -

to extend and improve the usage of Indian coals; and to produce
chemicals and chemical feedstocks that would othei'wise be made
from petroieum. The two processes central to the project

are casification of coal to make a "synthesis gas" that is
then purified and suitably adjusted in zhamical composition:
and catalytic synthesis from the gas, to make reaction prod:cts
that can be processed to derive the chemicals and feedstocks
required.

Of the available approaches to coal gasification, the Lurgi

process had been chosen, and plant built and commissioned.

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 components 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 aga, 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 themselves stimulated questions and disussion.
He has made recommendations on both principles and details

of the work, including means of putting them into practice.




They include matters such as safety, thermodynamics, chemistry,
gasification engineering, the chemistry of catalysis,
maintenance, plant layout, experimentation, recording,
economic evaluation, programme coordination, university
research, Fellowships abroad, and management succession at

RRL. The recummendations have all been discussed 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 Oirector
of RRL, Dr G Thyagarajan, who was enthusiastic 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/commercial
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-economicg/market-appraisal group
couid begin 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 suggesting preferred economic directions of work ,
it would also help diffuse economic reality.

The combined facility at the Regional Research Laboratory

at Hyderabad 1s probably the only one of its kind in the world.
Accordingly it would be worth considering catering not

only for India's needs, but also, where such work could

be suitably scheduled, for the needs of other countries

on a ccmmercial revenue-earning consultancy basis.

There will be advantage in providing contiﬁuing 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 programme which should make
a valuable contribution to the development of the coal and
chemical industries in India.
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ABSTRACT

The pilot Lurgi high-pressure coal gasification plant nad begun
operations satisfactorily. It should become the basis for
valuable work leading to the development of Indian processes for
making chemicals synthetically frem coal. The experimental

work on synthesis and other process requirements will need to

be kept in phase with the progress in gasification. An overall
programme of experimental and technico-econoriic appraisal will
need to be drawn up.

Discussions were held on relevant aspects of the work, and
recommendations were made in respect of safety, gasification
and synthesis, maintenance, instrumentation, experimentation,
economic evaluztion, programme planning, Fellowships abroad,
further Consultancy and related issues.

The combined faciiity at the Regional Research Laboratory
a% Hyderabad 15 probably the only one of its kind in the

world. Accordingly it would be worth considering catering
not only for india's need, but aiso where such work could
be suitably scheduled, for the needs of other countries on

a commercial revenue-earning consultancy basis.




3ACKGROUND

There have previously been Consuitancy visits to RRL
including those by

H. Jungten - coal pyrolysis and gasificaticn -
February 1933

Lurgi staff - commissioning the pilot gasifier
installation - Qctober - December 1983

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

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

E. Klose - gasification modeiling - 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.




OUTLINE OF THE CONSULTANCY

The Regional Research Laboratory at Hyderabad {RRL) is a substantial
organization of some thirty years' standing, operating in advanrced
science and technology inter alia, in chemistry, coal processing,
chemical engineering and pharmaceuticals.

The purpose of this consultancy was to strengther the capabiltities

of RRL for research and devalopment on coal gasification for chemicals
production. RRL had made significant developments in processing

coal at ambient pressure, and in other fields nad 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 corganization, and also involved the use of oxygen,

with its potential hazards.

The staff at RRL are of nigh quality, and some had acquired
experience in otaser countries inciuding work at commercial Lurg:
gasification plants. Accordingly most of the necessary axpertise
was available, and indeed the wnole 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 working on different aspects
of subjects 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 appéar 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 Consultanis had been concerned
with particuiar issues: this Consultancy considered the work:
as a who'e, and how one section might best be fitted in withfénother.




[% also included examination of cartain details that RRL
staff felt to be important to them, and considered a wide
range of issues, both of principle and as minutiae that

arose during the disucussions. The subjects ranged from

the chemistry of catalysed synthesis reactions, to techniques
of gasifier operation, coal preparation, plant layout,
process evaluation, and economic analysis.

The recommendations made by the Consul:ant should enable the
wark to progress in a satisfactory and ordered manner. This
way it can best serve the main aim of the programme - 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.




THE OQVERALL "CHEMICALS FROM COAL" SCHEME

The 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 of 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.

: Lurgi 441 ; i
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Coal | Gasification | Treatment of
| Steam & gas ! by products |
 Air/09 purification |
| Processing of
f effluents
—— :
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; Catalyst ———-‘ Catalysis ]———-U'* Treatment of arzylL.,
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Some L Work-up of  I____gl Processing of )
' chemical ! main products effluents |
| treatments! I '
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LURGI COAL GASIFICATION

Simplified Process Scheme

{ex Lurgi - RRL Drg No. H-4-059)
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“HE LURGI GASIFIER INSTALLATION

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

1975 PRL 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 0xygen plant were
commissioned as also the coal preparation plaat. Despite
Timitations in staff and facilities, all the work was done
in-house. Precommissioning and pressure testing necessitated
relapping the ash Tock-hopper cone valve seating, and making
rubber seals for the coal lock-hopper valves Tocally. -

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 werks
(CSSR) (14 gasifiers on stream). Then another man visited
Resova (26 gasifiurs),

1983 October - Decemper - Lurgi staff commissioned the gasifier
and the tank farm - but neither the Benfield plant nor the
biological effiuent oxidation plant.

194 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 0fficer df UNICO. In March work began for
calibration of the mass spectometers and the computer : also
the Benfield plant was commissioned. The mass spectometer was
commissioned by the makers , Gasifier operation was confined
to air/steam react{on owing to Tow electricity voltages.

(A 350 hp motor driving the oxygen plant air compressor
‘ractured a coil owing to Tow voltage. It is now rewound
and working].




17/8/84 the 0, plant was commissioned at 15 bar at 80% and
90% of tull load: and then at 20 bar and 90% of full
full load.

23/8/84 HZO/O2 operation of the gasifier began.

24-27/8/84 the gasifier was operated on H20/02 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 breakdowns from:the public supply system
are common, especially or Wednesdays 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 commissioned
before the end of 1984

(Details supplied by RRL).




RECOMMENDATIONS

In general terms nere - the relevant Apperdices contain the details

General

The gasification and synthesis recommendations are mece in relation
to the stages of develooment ard complexity of the various components
of the work. For example, as the synthesis work expands, more
detailed recommendations will be able to be made, analogous perhaps

to those for gasification.

Recommendations have been made as to those aspects of both
sections of work that require attention immediately,and those that

apply particularly cver tne next year Or so.

As experience is gained then programmes 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 basis 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

<o

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)

Pipework should be colour-coded according to contents, (Appendix 10)
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6} The quench and tne waste-neat poiler should be separated to aid
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1)

operational flexibility, and separators cnuld usefully

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

“nriched air instead of oxygen , and also the recycling of tar and -
liquor to thebed, would be worth considering at a suitable

stage, (Appendix 8)

The experimental programme should progress logically through

the caking range of appropriate Indian coals, so as to characterize
them with regard to comparative process suitabiiity. (Appendix 3)
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)

A recording system should be set up rignt at the beginning of
this long term project. It should include a system of
nomenclature for the catalysts investigated.

As well as iron catalysts that are cheap, but easily poisoned,
cobalt/nicke! and other catalyst systems should be axamined.

Surface area blocking by non-reacting gases should be investigated.

) Mechanics of poisoning, eg, by sulphur, should be investigated.

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 presumably be needed.




2) The overall project programme should be taken into tne national

3
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lan at the right stage. Issues such as
)
requirements for indigenous production of
chemicals from coal

coal availability for chemicals in relation
to other demands

characteristics (cost as well as scientificaily’
of available coals

suitability of processes {incliding costs)
will need to be considered. Some form of cost/benefit appraisal
will presumably be needed.

The project programme in the national plan will need to be related
to the programmes of CFRI, BHEL etc.

A technico-economics croup should be set up at RRL, nct only

to inject commercial issues into the planned directions and
planned rates of progress of the components of the project.

[t will also make possible a better presentaticn of the RRL

aims and objects in the context of naticnal planning. A

similar set of reasons would suggest the need for a market-
orientated group (see 2 above). Both requirements might be

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

RRL in-house work could usefully be buttressed by university
work in India, tollowing practice in other countries. Research
laboratories and universities can engender valuable synergy.

There is good work in universities and research organizations
in many countries. RRL staff have already been to a number

of countries on Fellowships concerned with scientific work of
consequence to RRL. It would be usefyl for some of the younger
RRL staff to make visits abroad to widen their experience in
matters germane to the project.

There is need to ensure continuity in the technological
Teadership of relevant sections of work for this project

1

"Appendix 11).
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3) RRL possesses wrat is propably the only such “chemicals from
coal" facility in the world involving a pilot Lurgi gasifier
installation. RRL should, at the right time and to suit its
own work schedule, offer a worldwide service in coal characterisation
and consultancy in Lurgi coal gasification for synthesis.
Appendix 10).

9) The whole of this important project requires continuing review,
and updating. The oarganization at RRL appears to be good and
effective: specialist assistance to it will be worthwnile,
preterably in the form of return visits on a regular basis,
perhaps annually.

Matters where tne Consultant may be able to assist progress

1) Assisting in obtaining absolete gasifier spares.

2} Assisting in unearthing practical data on the biological
oxidation of Lurgi gasifier effluent.

3) Makina connexions useful for catalyst characterisation.

~

) Seekirg out sources of catalyst research data.

5) Heiping in securing Fellowships in suitable universities
and research organizations.

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

7) Periodically reviewing the quality of data from the
experimentation, and investigating anomolous results.

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

Generally the concepts and recommendations in this 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 companent of

external assessmentand continuous guidance.
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UNITED NATIONS M. Maung/eoug

RN 21 February 1984
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORCANIZATION

Post title

Duration

Date required

Duty station

Purpose of project

UNIDO

JOB DESCRIPTION
DP/TND/80/004/11~53/32.1.C.

Consultant in Design and Operation of Large~Scile Plants
(Coal Gasification)

15 days (about 10 days in Hyderabad, L day briefing or debriefinz
in Vienna, plus travel days)

Around September 1984

Hyderabad, India

To strengthen the capabilities of the Reglonal Research Laboratory,
Hyderabad (RALH) for R+D work oa coal gasification,

Cuties The consultant will be assigned to RRLY. In coasultaticn with the
scientists and engineers of the RRLH, nhe will advise them on thé
following: '

- Desiga and scale up philosophy of large-scale moving bed pressure
gasification processes,

= Principles of techno-economic evaluation of large~scale gasification
system for generation of meditm 3ty gas and synthesis gas,

- Guiding the experimental programme in the RRLU pilot plant for
the above obicct,

~ Gas cleaning and purification systemn,

- Raw gas conversion including shift conversiod and methanaticn to
convert the raw gas to town gas (medium Btu, SNHC and CO+lly for
synthesis purposes),

=~ FT synthesis including catalyse,

= Particle size fod to gasifier, utilization of 0~6 mn size,
pelletizaticn and conversion to formed coke,

= Slagging sressure gasification system.

Added at  ( - Combined-cvycle and power-gereration applications of gaSLfication'.'./_
RRLH Y- Fluidized-red jasification /combustion under pressure.

Applications ard cammunications rojarding this Snh Doser atan thasl be sent g
Project ferconnel Tsrptment Sannige Iad age e ot aticss Divisicn
DRICO, VIR TR A TION AL CENTTE NG L aen o Austng

‘ |




The consultant will submit a report to UNIDO
concerning his findings and recompendations,
particularly with regard to the experimental
programme that is to be pursued by RRLi to fulfill
the objectives of the proiect.

Qualificatiens A mechanical engineer with considerable experience in
desigaing and operation of gasification plants {pilot
plants, process development unit and commercial plants),
preferably based on £ized-bed gasification system. The
expert should have experience in planning of experiments/
runs, collection of data and evaluation of data for use

in designing larger piants.
Language English

Background information

A.pxloc olaaz Ior tha cocpze:e gasificacion of coal under praessure
wizh a capacizy of 140C ¥z’/ar ol raw gas was inporced from /s
Lurgi, West Germany. It has been erected ac a sit2 abouz 5 xa

from the main campus of R2LH. The gasifier is of 1 a. dia. The
pilot plaat has an oxygen planc (250 nz3/nr) suppliad by M/s

. ”~ ... PR . °
andg AG, West Germany. A high prassure boiler suppliad by
Borsiz AG to burn 0-6 @3 of coal is available to generate scteam.
Coal crushi: reeaing and scoring facilicies have been craated,
The product 2

3, S<
frem the gasifier will have the average cozpesition
as shown below:

Rav gas After hot potash war
C0,, Volume per cenc 25.8 2.0
HyS 0.2 -
Ca Ha 0.3 0.4
ce 24.0 32.0
H, 39.6 52.2
cH, °.8 13.0
Ny 0.3 0.4
Caloriiiz Value, Xeal/Vad 2800 3360

hoc potash wash for rezoving

The raw gas will be subjected 2o ho
snide. Afcer this, it «ill have

cachon dioxide and avdrogen sul
the composition 23 shown above.

Condensazion of byproducts and separation into tar, oil and liquor
will also be made. " The liqueor will Se subdbjecied to bioLowic&L‘
oxidation, While coal of 4-20 ma will be used in gasifxe; the
vadec-sizad =22l (0-5 mm) will be used ia the boilez. Thn'pLaAc

is expoctad o be ceanmissisned as soon as possible in accordance 7
with the conwanicace of che con;ul:‘nc(s).. Provisioa oxlscs for
adding wnits for shifr zonweriion and Iiner pu:er:z:Lon.. -




Date

24.8.1984

27.8.1984

28.8.1984

29.8.1984

31.8.1984

1.9.1984

Appendix 2

Programme for Mr 8rian Locke

RRL Coal Division

Morning

25.8.1984 to 26.8.1984 -

Discussion with the
F.T. Synthesis Team
(Committee Room)

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

Discussion with Coal
Gasification Team

{pilot plant operational
protlems)

(at pilot plant site)

Discussion with Coal
Gasification team
(evaluation of the pilot
plant data)

(programme on coal
gasification)(gas clean-up)
(Committee Room)

Work on slagging

gasification at British gas
fluidized
combustion, power generation,

Corporation :

plant instrumentation

Lecture 2

Afternoon & Evening

Visit to Coal Gasification
pilot plant
Hclidays

Lecture 1 - Synfuels

processes

Visit to laboratory
facilities TGA, CSU, etc.

- Gasifier

development and scale-up
{Committee room)
(eventually transferred
to 31.3.84.)

Lecture 3 - Evaluation of

gasification processes, under
the auspices jointly of

RRL and the Institution

of Chemical Engineers
(Committee room)




Appendix 3

The Lurgi Gasifier Installation

On 24 August 1984 the Lurgi Gasifier Installation was
visited.

Ly
2)

3)

Phctographs showing components of the Plant

Analyses of the principal Indian coals schedulecd
to be gasified

Plant layout and flow sheet.
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Characteristics of Godavari Khani coals

GDK No.7A GDK No.8A GDK No.10 GDK No. GDK No.
Incline Inciine Inciine Open Open cast -1
Particulars of Analysis 2 Seam 1 Seam 3 Seam 4 Seam 3 Seam
,,,,,,,, Main Bottom
S SURY £.[°3 511 S sec. M7 .
1. Moisture at 60% RH and 40°C 7.1 6.2 6.4 5.0 7.5
2. Proximate Analysis %!
(As rcceived basis). 3
[<%)
') Moisture % 5.6 4.6 3.8 3.9 6.0 3
i) Ash % 31.1 24.1 27.4 46.7 19.0 -
111) Volatile Matter % 27.9 33.1 29.6 20.1 27.6 2
iv) Fixed carbon % 35.4 38.2 - 39.2 29.3 47.4 e
3. Ultimate Analysis e
(@]
ey '
i) Moisture % 5.56 4.58 3.75 3.93 5.97 @
1) Ash % 31.15 24.12 27.38 46.73 19.06 o &
iii) Carbon % 48.05 55.84 53.03 36.00 57.53 .
iv) Hydrogen % 2.97 3.76 3.37 2.19 3.46 o
v) Nitrogen % 1.18 1.08 0.97 0.79 1.13 -
vi) Sulphur % 0.40 0.72 0.50 0.24 0.58 |
vii) Oxygen % (by 4iff) 10.69 9.90 11.00 10.12 12.27 J

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

i) Initial deformation p81nt ( C) 131C 1270 1300 1325 150
ii) Hemlspher1ca3 point { above 1400 1350 above 1400 above 1400 1355
iii1) Flow point (7C) above 1400 1370 above 1400 above 1400 1375

5. Chemical Analysis ¢f Coal ash

i) Loss on ign1t10n 0.17 0.76 c.84 0.37 1.05
ii) Silica as (Si0,) 60.95 58.94 60.52 60.75 57.75
111) Iron as (Fe, 0,5 5.68 7.75 4.19 4.94 12.97
v) Aluminium ag %Al 0 29.7 27.59 27.44 30.32 25.18
v) Calcium as {Ca0) 3.41 4.19 3.71 3.56 2.96
vi) Magnesium as (MgO - 0.55 0.78 - -
v11§ Sulphates as ﬁSO g - - 2.48 ~ )

4
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Appendix 4

Discussion on Fischer-Tropsch Synthesis (27.8.84.am)

1.Aims of the entire Indian programme

A.

Conversion of Synthesis Gas to make C, to C, olefines -
RRL work

The need is for diesel fuel and kerosine - so work is
concentrated on Fischer-Tropsch rather than direct hydrogenation
as the demand is for paraffins rather than aromatics. RRL nopes
to build a synthesis pilot plant if funds allow.

Commercial Fischer-Tropsch catalysts are not available, so

RRL 1is

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 m1 of catalyst in a mini-reactor, heated by a
fluidized bed of not sand. One particular Fe/Zeolite
catalyst shows promise when tested with CO/Hp -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

. Anothar group in RRL is working on CH, OH synthesis

with a second stage CHa OH reaction to make olefines

. The Central Fuel Regearcn Institute, Dhanbad (CFRI)

is separately working on Fischer=Tropsch synthesis

This is for liquid fuel production - middle distillates

- and the programme covers both catalysts and synthesis.
(RRL and CFRI are both under CSIR so synergy is aimed-
for between laboratories).




N
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v

0. Bharat Heavy Electricals Ltd(3rEl } 1s working with a2 descending solid

bed type gasifier for combined cycle power generation

Yet another BHEL group is building a filuidized 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 1A above

A.7he group at RRL nad been 1in existence some eighteen months, and
are working mainly with Fe catalyst - fused and otherwise -
because it is cheap and previous results have been widely
reported in general terms . The catalyst is hydrogen
activated. Zeolite is the support, of diameter some
0.2 - 0.2 mm for controlled pore size. Approximately 2 gm
catalyst are tested on each run. Pressures are used up to
20 bar and temperatures up to 500° C with up to 6000/n space
velocity. (Note - details of pore-size determination are important)

50 - 70 gn C, - Cqolefines canbe obtained per nm> synthesis
gas - which is similar to Ruhrchemie results - and samples have
run up to 60h continuously without C deposition.

B.RRL 1s interested in the possibility of a slurry reactor -
as it has many advantages in use. The programme vill include
catalyst regeneration. and the use of promoters such as Ti,V,
Mn, Cu.

C.UN has already provided a Hewlett-Packard gas chromatographs
butylene has been found to be a problem as it dissolves partly
in the Ma CH used to remove C02 from the sample. , Staff are
still characterising the analytical equipment. [t 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 make 2 - 4 kg of catalyst sample per batch
in=house.




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

1 tonne per day of cataiysts such as those for hydrodesulohurization,
hydrogenation etc.

These catalysts are made entirely for the oil industry (UCIL
collaborates with Girdler). CH3OH catalyst is made in Bombay, also
that for NH3 synthesis.

.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.

. There is as yet no work or plan to investigate surface blockage or
or poisoning or use of Co/N catalysts,Commercial issues are

not dominant yet. So this work is part of a logical scheme of
seeing how best to use gasification.

. CFRI 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 the extracts: residues would be
gasified.
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Qecommendaticns - Cataiysis

«t

1Y A nomenciature system willi D€ requireq for the differen
catalysts examined.
y It would de useful to consider tne Koibdel approach, and
Co/Ni catcalysts for specificity.
3) Work snould be done on surface ara2a blockage by non-
reacting gases.
4\ Work snoula be done on catalyst poisoning, eg dy Sulphur.
51 It would ve useful to set up a smail techno-economic
studies group (perhaps a cnemist, an engineer, and an
economist) that could begin, perhaps, witn tne comparative
economics of catalytic conversion, poisoning/purification
etc. and then point out the more aconomic diractions for
researcn and development, and aroduce costings for concievable
oroducts.
This would :
a) introduce process costing into RRL coal
orocess thinking

b) accustom the different disciplines to work
together

c: beuseful in suggesting preferred economic
directions of work

d} be useful when discussions start with chemical
industry, plant builders, government etc.

e) build up a body of process cost data
5) Market{ing) thinking snould be introduced, so as to

nelp quide the research programme towards products that
4i11 be needed when the processes are in operation.

Possibilitieswhers the Consultant may be able to

as3ist progress

Making connexians useful for Catalyst characterication
Seeking out sources of catalyst research data

Guiding the development of tecnnico-economic and market -

evaiyation




Those present at the Fischer Tropsch Synthesis Discussion

K. Seshagiri Rao Deputy Director in charge of
coal gasification

Or Y V Subba Rao Separation processes in coal tar
processing, currently engaged in
in super critical gas extraction

of coal

Dr G Murali Dhar F-T catalyst preparation and
characterizations

Dr M Janardana Rao F-T Synthesis - catalyst preparation

ana establishing process conditions
to produce C, - C4 olefines

K B S Prasad

-

Modelling of a Lurgi gasifier
Modelling of char gasification
Modelling of secondary pyrcly sis

B =T OS T AN

Modelling of briquette
reactor
5 Deactivation of catalyst

B Madhusudhan 1 Coal gasification
2 Mathematical modelling of fixed bed
gasifiers
3 Coal-gas cleaning

-

M M Mallikarjunan Modelling of vapour phase catalytic
reactions )

2 Kinetics of char gasification

3 Mcdelling of pressure gasifier

4 Modelling catalytic reactors

undergoing catalyst deactivation

K Radha Krishran F-T catalyst preparation and
establishing condition to produce . -
C

5 = Cgq olefines DY siurry reactor




¥ Durga Kumari

A Sudhaxar Rao

S N Reddy

KV L N Prakash

K Venkateswarlu

A Satyanarayana

B S Narayana Rao

] F=T catalyst preparation

characterization and evaluation
2 Cracking of methanol to C2 - C4
olefines
3 F-T kinetics

Hydroprocessing of coal-derived

liquids

1 Coal gasification of fixed bed and
fluidized bed

2 Gas clean-up

Preparation and screening of F-T
catalysts for the production of

C, - C4 olefines

2
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 Synfuels Processes (27 August pm)

The lecture covered the history and scope of work to

derive 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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Feedstocks and fuels from coal:
The need for process changes™

Brian Locke CEng FlnstE FIChemE~™

Origins
Feedstocks and fuels from coal are not new, and {rom
the beginning of coal processing their cuaracteristics
have had to be matched against, and reconciled with, the
needs of their users. The Romans usad coal in Britain
2000 years ago, and grumbles about poliution have
echoed through the millenig, even to today. Gaseous fuct
first appcar“d in 1691 (Clayton) and was com-
mercialized rom 1802 (Bouiton and Watt). Tar and ol
were distilled as primary products of coal carbonization
in 1782 (Dundonald); and the first gasification of
powdered coal for power generation was in 1806
(Niepce).

Synthesis

Modern synthetic processes derive Tom Sabatier &
Senderens (1902) via BASF (1913), Fischer (191.3‘;. and
Fischer & Tropsch (1926) — leading to the first plant in
1937 using ambient pressure synthesis gas derived from
coke oven gas. The original commercial purpose was for
svnthesis of ubricating oils, later changing to fuels as
the primary object. Koppers, Didier and othiers experi-
meated with versions of gasification; Winkler used a
Auidized gasifier; and, in 1938 Lurgi operated tneir
O./steam gasifier at 8-10 ata at Holten, An infiresting
problem thien was that increased pressure reduced the
gasoline output, while increasing ciesel fractions and
waxes. The products were treated by catalytic and
thermal cracking, aromatization and polymerization.

Hydrogenation

Fischer-Tropsch synthesis depends first on reducing
steam by coal (using the heat of partial oxidation of
more coal 0o CO) so as to add the hydrogen to thz
carbon (monoxide) by catalytic synthesis. The opposite
route to the same end - to increase the H/C ratio — but
by direct reduction of coal, began with Berthelot (1870).
Bergius (1913) reduced coal with hydrogen at 100 ata,
followed by Fischer jointly with Trepsen (1917), and
with Schrader (1912), the first Bergius plant being
installed in 1926 at Leuna to ireat coals and also tars
and oils {rom carbonization.

Work way also done i the USA, France, Italy, Japan
and Korea, for example, before World War 2, on both
synthesis and hydrogenation as well as the production
of liquid fuels and chemical feedstocks {rom coal car-
bonization and shale distillation. British work on
hydrogenation began in 1923, followed by a pilot plant
in 1927; and IC! built a commercial plant in [935.
There were also several Fischer-Tropsch experimental
units in Britain from 1935 onwards: end over 150
processes were considered up to the war. Most UK
iiquid fuels, however, were oils {rom overseas.

UK home production of iiquid {uels at the beginning
of World War 2 was as shown below: -

*From a paper given to the European seminar on, "eednocks and
‘uels ‘rom coal, held wn London, 14 September 1981

*Senjor Pantaer, Cadogan Consuitants, Londen

February [ 732

Heavy otls,
Creosoré.
Gasoline  dfesel oil
Process tpa tpa
High temperature coal carbonization 214 000 357000

Low temperature coal carbonization 4000 10 000

Shale ol distillation 23 001 68 000
tlydrogenation of coal and creosote 141 000 -

Oomesuc oud wells ~ 1000
Toial 382 000 436 300

;. Germany in 1939 where foreign oii supplies were a
problem there were ten hydrogenation, nine synthesis
plants with capacities of | 300 000 and 600 0Q0 tpa
respectively.

Solvent extraction

Deriving from analysis techniques, solvent extraction of
coal probenly began in 1918 (Fischer and Giuud) and,
uneil the 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 fesd
coals, and ranges of unsaturated aromatic, and some ali-
phatic compounds were found, resins etc. However,
there was never any sign of a commercial 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

Throughout the period up to the war the major problem
in coal processing was that of fitting products to
markets, economically. Synthesis produced good diese!
fuel, and olefines suitable for polymerization to
lubricants; but poor gasoline and a range of waxes
requiring individual treatments to substitute for existing
products. Hydrogenation produced good gasoline, but
no diesel or lubricating feedstocks. Both produced by-
oroduct 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 — it was cheaper and easier in most
places to go on using petroleum — despite the difficulties
of war. The pressurcs are different today, but we have
similar probiems, and must overcome them. -
After 1945 there was some work on synthesis,
lydrogenation etc, in the USA, USSR, Germany,
Britain etc, although (except in South Africa) process
economics could not compete against “alling oil prices.
The UK government continued to run Fischer-Tropsch
development begun before September 1939 including
work on mill-scale, Co, and other catalysts. The goverr-
ment's ‘oil from coal’ project of the 19505 provided for
high CO/H, ratio synthesis gas and the slurry synthesis
with Kolbel catalyst, based on slagging gasifier, gas. The
siagging gzasifiers so successfully developed by the
jovernment under contract at Sclihull and et



Table | Some basic properties of coals

Podasile Calorific Motscure Gray-

Coal Carbon  Hydrogen mater valae (ag} King BS

rank (dmmyf) (dmmy)  (drmmy) vdmmy) per coke Swelling Main uses®

code  (percent) (percent) (yercent) (Btuild) cent) ivpe number

100 92.9¢ 2339 29 15300-15830 J.9-2.9 A 0 Closed stoves, horucuiture,
malting, boilers

201 91738 3743 3-13.5 15500-15550 J.o-2.0 A-C 0-4 Closed stoves, boilers

_ 2024 90.5-93 3.1-4.3  13.5-19.5 15600-15950 J.5-1.3 B-G3 1->9  Bolers. blending lor coking
3ol 87-91.5 4.5-5.4  19.5-32 13300-16000 0.4-20 G4 and 6->9  Blast-furnace and foundry
over coke

Jjo2 86.5-91.5 4.4-54 0 19532 14900-15%00 0.7-49 A-G3 0-9 Boilers, carbonization

303 . (CRC 302 only)

400 845895 5.0.53 3240 15200-15900 3.9-2.5 GY and $4-9  Blast-furnace coke, gas

over

500 $3.5-88.5 51-53 32-40 14900-15700 1.0-4.5 G35-G8 J+-9  Blast-furnace coke, gas

6500 33-88 5.1-5.3 3442 14800-15600 1.5-0.0 Gl-G4 3-8 Blast-furnace coke, bouers,
open fires, gas

00 £1-87.5 50-33 34.42 1455015400 2.0-8.5 E-G 1-6+  Boilers, gas producers.
blending for carbonization,
open fires

300 30-86 4.9-5.7 34.45 14050-15050 3.0-14.0 C-D +-4+  Boilers, open fires, gas
producers

00 "8.5-84 4.9-5.6 3445 13600- 14800 4.0-14.3 A-B 0-2 Boilers, open fires

Dmmf - dry, mineral-matter-iree basis; ad — air-dried basis. | Btu/ib equals 2.326 kJ/kg.

*In assessing the suitabiity of'a coel for a specilic use (eg coke manufacture), account has usually also to be taken of other properties (eg ast
and suighur). "Closed sioves’ and ‘vpen fires’ are domestic appliances.

1By courtesy of the Ninonal Coal Boara)

Table 2 Some characteristics mainly related to ash

\ Hemisphere
Carbon Arsenic remperature
Description {sh Sulphur divxide Chiorine Phosphorus (ppm) of ash (°C) in
(percent) iperrent) (per cent) (per cent) (per cent) As.Oy reductng
atmosphere
A Very nigh 15.1 and 4.01 and .51 and Q.61 and 0.07! and 71 and 1460 and
: over aver aver over over over over
High 10.1-15.0 251400 1.01-0.60 0.3:-0.60 0.031-0.070 3170 1360-1450
Moderately high 7.6-10.0 201 2.50 - - - - -
Mode-ate S-S [ 54-2.00 0.51-1.00 0.16-0.30 0.011-0.030 11-30 1210-1350
E Moderately low - L1180 - - - - -
Low 16-5.0 Q51100 0.21-0.50 0.06-0.15 2.00510.010 4-10 1110-1200
Very low 2.5and J.50 and 0.20 and 0.05 and 0.0050 and 3 and 1100 and
under under under under under under under

Notes- (1) The step< detween adjacent ranges :ndicate the degree of approximation tc which each property should be reported. The figure
are "on air-dried coal’,
12) Indiv.dual coalfields may tend o have their own characteristics. Thus, in Scotland and South Wales where most coals hav
sulphur contents of under 1.3%, {.9%, tor example, wouid be "high’ rather than "moderate’.
$ (By courtesy of the Natonal Cval Board)

5 Energy Worl:




Leatherhead were the ‘orerunners of the British Gas
slagging gasifier at Westieid.

Some practical issues involved today

In the past, coals used for processing have, of course,
been specially selected to prcduce optimum results.
However, the tonnages so processed have been
relatively small compared with the demands likely to te
made upon coal as oil becomes relatively higher in price.
Much wider rangeas of coal will have 1o be considered in
future.

Coal, generally, contains:

Useful compenents Hydrocarbons (H, ™ J-6%)

Also, and invarying Oxygen
amounts Suiphur poth ordanic and inorganic
Nitrogen

Ash muaerals — some of which decompose
when processed.
Water

Oniy the hydrocarbons are of real value. All the other
components, even though they may represent some
value as by-products, are really a anuisance - either
directly, or, as a result of the processing, that may
produce compouads such as cyanides or thiocyanates
against whose toxicity special measures have to be
taxen. [n some parts of the world the hydrocarbons may
comprise less than half the weight of the coal as mined:
in some areas the nature of the coal is sucn that even
coal washing may leave substantial proportions of
minerals in the factions that can te sent forward to
processing — Brazil, or India, for example.
Before the post-World War 2 oil soom the principal
processes involved in treating coal chemically used
different means of performing the three mam operations
required
{(a) separating the hydrocarbon ‘compound’ in coal
into constituent fractions

(b} adding more hydrogen chemically

(c) adapting the resulting compounds for jale as
required by the markets

Let us examine the implications. The means were:

Carbonization. separated evervthing volatilizable, often
with some mild hydrogenation — then separated the
products for onward treatment usually in differeat
works:

Synthesis: split the initial hydrocarbon, either in two
stage: (via coke) or in one stage dircctly. into CO+H;:
synthesized; and processed the products;

Hydrogenation: reacted the coal directly with hydrogen
itself often derived from «c¢oal, via coke); and
processed the products.

The above are all heavily independent on carboniza-
tion utially — which is something we shouid not forget
a‘ter a mere couple of decades of relatively cheap oil.

The coal processing industry of the ruture will be very
different trom that in the past - and the present car-
Sonization industry in the world should really be
regar. :d as at an interim, rather than an ultimate stage.
During the ol boom energy demand has isen, and so
have the unit sizes no' only of processing plants, but
also the demands of customers for ruels and feedstocks.
And sociai and legal requirements have advanced, too.

Accordingly, in future, coal processing plants will be
different in the fcllowing respects:

—

Z larger throughput: for larger markets

Z larger unit size: to reduce replication of units

Z higher pressures, where possible: 10 reduce capitai
charges ‘
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nigher emperatures — (n many cases: t0 mprove
etfictency

reduced pollution: gaseous, liquid, particulate, noise
etc, in view of advancing social and legal require-
ments.

less manual labour: in line with social trends

{ess lgbour: for economic reasons

more on-line optimizaiion and process control. for
economics; and also as product specificaticns tighten
more amenity-oriented: in line with social trends

Lititl L}
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Mere scale-up, or replication of ‘old’ processes will
not suit the future.

There wiil also be the nevitable problems caused by
such trends, as seen in the ammonia industry for
example. The advantage of single product specification
and large output, so great while a long-term contract is
running, becomes a disadvantage when it runs out and
{lexivility of economic output and of product range
become desirable — but difficuit. Some of these issues,
along with insutficient coal/od price differentiais, have
oeen benind the soft-pedalling of major oii-from-coal
schiemes recently.

Accordingly when, in a decade or two, coal process-
ing plants come to be built in rising numbers, the
processes themseives 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 cnly from place
to place, but even from one seam to another in the same
mine. And of the processes available all not only have
different characteristics, but are capable of varying
outputs of different products, according to the
operational conditions chosen.

When the ou industry was evolving it could make its
nrogress step by step, each on a reasonably small scale
as the prices of its products fell — as a result of optimiza-
ticn of plants and outputs in reiation to the markets it
was largely creating. But the new coal processing
industry will not be able to enter markets with speciality
products naving good economic margins: it will have to
'go by’ rom the start, and with narrow economic
margins {most of which are suil negative today). This
maxes planning difficult.

Coal supplies

Tables | and 2 show how basic, and ash-related
properties vary in British coals, which are perhaps the
best classified in the world - as well as being of higher
‘quality’ than much coal around the world that will be
processed over coming decades.

Products in markéts
to be served by
coal-based feedstocks and fuels

(a) Gases: Tables 3 and 4 cover some of tl.e require-
ineats for gases in industry, and for pipe-line
purposes. Table 5 outlines the uses for gases from
coal processing.

tb) Liquids: Tables 6 and 7 cover typical specifica-
tions of the iiquid fuels from the ail industry and
trom coal carbonization to which markets have
become accustomed. Table 8 is a digest of some of
the requirements for transport fuels. Tabie 9 out-
lines some of the uses for liquids from coal
Drocessing. ‘

i) S(Jt'ids."1"r1c main uses ror souds {rom coal process-




Teble 3 Some industriai gas requirements
Scate of opera:ions
Quantity of gas or
Industry Method of utilization equivalent used per Quaiity of gas required Pressure
of zas unit of industriaf plant
‘thermsid)
Glass Heating glass furnaces Lpw 20000 CV 280 to 340 Btu/s.it? Not less than | Ibsin?,
Relatively constant composition but could be 100 to
Sulphur 1210 20 gz 100 1t* 150 {b/in?
[ron and Heatng cokez ovens Lo 100000 100 to 500 Btu;s.it’ unpurified Atmospheric
steei but fres from dust
Furnace heatng (exclud-  From 50 000 upwards 300 Btu, s.1t? or above High pressure could
ing integrated steel coke Low sulphur content be advantageous
oven plants)
Chemical Very low concentration of meth-
Synthesis of ammonia ane and suiphur
For ammomna synthesis; mix-
ture of N, CO, CO, and
100 000 upwards H, berore CO conversion o About 250 atm
required composiion
For alcohoi production etc:
Synthesis of alcohols and CQC. C0, and H, before CO
HCN conversion to required com-
position
Ceramuc 1Y Heavy clay products 3000 t0 20 000 Unpurified gas tree fron dust Atmospheric
12) Refractories Low sulphur advantageous
(3) Fine ceramics 1500 0 3000 Purified gas. Low suiphur
content
Coal Heating coke ovens Upto 75000 Unpurified. CV 100 to 500 Atmosphernic
Biw s.rt?
Brick kilas, coal drying 3000 t0 10 000
Table 4 Some town and natural gas characteristics
Height-flame-speed gases Low-flame-speed

gases (natural gas)

Coal- Continuous-
Coal gas/ Cicife- reformer gas A North Dutch
3as CWG reformer Sea gas Slochteren
mixture £as CRG- GRH- .
enriched enriched
Comrgosition
o, % vol 20 4.2 5.0 14.2 13.3 0.6 0.9
0, 0.5 0.6 0.4 ai ail — —
Co 7.5 14.8 20.3 33 5.5 — —
H, 5.8 48.7 49.8 48.6 55.9 — —
CH, 270 *20.0 *1L5 337 17.9 90.0 81.7
C,H, 02 - — — 7.0 5.1 2.7
C,H, and higher — — — — — 1.6 0.7
N, 6.5 6.6 5.6 0.2 R 2.7 14.0
Total 130.0 100.0 100.0 100.0 100.0 100.0 100.0
Specific gravity (air = 1.0) 2,422 0.482 0.550 0.467 0.470 0.618 0.643
Calonific Bru ft’stp(sat) 50 500 500 500 500 1033 881
value
‘ Bru/ft'stptdry) 5598 508.9 508.9 508.9 508.9 1051 897
MI/mi(st) 20.38 18.98 13.98 18.98 18.98 39.20 3344
Wobbe number : LK) 346 720 674 730 730 1315 oo _
iSh 32.42 2733 25.59 2771 27.71 49.92 41.76 -—
Weaver flame-speed
‘actor 'S hvdrogen = (u) 40.. 40.4 15 399 14.1 13.0

L
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are lxely o nciude:

Toxes: metaiiurgical raductons and meiting g

-on and steel

‘Desmoked’ coals and derivatives: domestc

neating appliances

Qesidues as uels: boier and domestic fuels to0

replace high S coals

Z Residues as carbon: to replace petroieum coke

:n anodes for aluminium atc, refining
= Residues as feedstock: to replace coking coals
in formed ccke for the steel and phosphorus
industries
T~ Siag and ash: for use as aggregates, or in
zement, or foamed or cast according to analysis
and local demand.

(&) Product adjustment; The main adjustments to
nroducts 0 serve markets wiil be made during the
nrocessing and blending, but in some cases exter-
nal additives may be required.

Examples are:

for town gas or SNG: odorants; Wobbe Index
control; emissivity control

for gascline: Anti knock-TEL (in small quantity)
or MTBE (more modern)

O Ui

.

Some of the principal processes for coal

Carbonization: Conventional — low, medium and high
remperature
COED
Toscoal
NCB fluidized carbonization
Flash ayrolysis (and hydrogenation, pyrolysis)
Gasiftcation: Lurgi Dry Ash (conventional)
Slagging Lurgi 'BGC)
Koppers Totzex
Texaco/GVY
Winkler
Shell-Koppers
Cogas
CO, Accepror
Svntiiane
Syniheses: Fischer-Tropsch — conventional
Fischer-Tropsch — high CO (from slagging gasifica-
tion (BGCy)
CH,
CH, OH
CH, OH to gasoline
Hvdrogenation: Coalcon
H Coal
Catalytic hydrocracking
Synthoil
Hydrogenation using non-fossil-derived hydrogen,
and also using nuclear heat
Solvent refining, extraction and hydrogenation: SRC |
and 2
SCSE
LSE
Doncr soivent
Conso! synthetic

Some ancillaries to coal processes
Swnthesis gas composition adjustment and purification.
CO shift

Benfieid and
Stretford i developments
Rectisoi !

ammarco-Vetrocoke e

EfMuent tregrment: NeuirilZauon, precipitaton,

Fooruary [ vRl

hoilcgival  oxidation (from phenois, cvan:des,
:liocyanates ete) etc

Product work-up: Cracking, hiydrocracking, hydrotreat-
ing, reforming, hydrodenitrogenation (from indo.
juinolines etc)

Wnat the processes produce

(ases: Table 10 lists principal characteristics of most of
tne major gas-making processes that can be regardec as
operable on a commercial scale. Oil gasification
processes are included aicngsice those for coal and coke
gasincation and carbonization, for completeness. The
range ol properties of the product gases will be seen to
pe aimost as great as that for coais.

Tabie |1 lists some of the requirements for
hydrogenation and synthesis gases, in comparison with
1a) the way aliphatic synthesis products may vary, anc
tb) the way Fischer-Tropsch synthesis products may
vary according to process conditions, catalyst etc.

The selection of gasification processes for gas making
or tor syathesis, and the selection of synthesis details
should be relauvely straightforward, based on the
economics of the market place.

Liguids: there are perhaps 100 potentiai processes
under consideration or experimentation or pilot develop-
ment around the world.

These may produce useful liquids from coal, via gas-
ification (by fixed, entrained and fluidized bed; and in
one, two, or three stages) and synthesis, or hydrogena-
tion (including solvent, donor solvent and catalytic) or
carbonization (several techniques including muiti-stage),
or solvent extracton; and intermixtures of these
different techiniques, including potential product work-

Table 3 Tvpical uses for coai-based
gaseous feedstocks and fuels
Gascous
Feedstock  [(ndustry LUses
H, Foad Qi and fat
nydrogenat:on
Gil Hydrocracking
Hydrodesulphurization
Speciality Fuel Ceils — weather
stations eg
Transport {future) Fuei (if storage
techniques improve)
Fuel Cells
Coal Processing Hydrogenation processes
future)
iron & Steel Direct reduction
ifuture)
t, - CO  Chemical Ammonia synthesis
Chemicai * Methanol synthesis
Gas Town gas comoonents
Gas (future) Methane synthesis
for SNG
Industry generaily Burner & turrnace
{uels in ceramics,
glass, tobacco, food,
textiles, \eather,
rubker, ferrous and
non-ferrous metals,
paint drying
Agriculture CO; enrichment :n glass
nouses etc
Caal Feedstocks Fischer-Tropsch &c -
& ruels syntheses -
H, - Zas (future) pussibiy as
CO - CH, subsiitute Jor

gh-flame-speed
1own gas




Jp stages. The range of possibiz products is5 vast. Taere
are aiso shale and tar-sand processes, some of wiich
can be sensibly adapted to coel. Jor example, Toscoal. it
is interesiing to go into detail as to which particular
oroduct needs which particuiar work-up 10 suit it for its
market.

Each process -has factors 0 commend it, vet
experience suggests that only a handful will actually be

large costs of a coal processing plant.

Soddas: there should not be much problem over the
soiids produced, either as main products or as by-
products. Products such as cokes on the one hand are
tador-made to market requirements; on the other, burn-
abie residues wiil tend to be more-easily-usable than the
original coal — and so should be saleable directly. Other
by-products, such as asphaits, should generaily be

Suift and cperated on a sizeable scale. Presumably the
orotagonists will continue each ‘o axtcl the advantages
of each particular process or route untd market demand
selects winners. And this will be lengthy owing tc the

adaptabie to markets; and ashes, or siags, should bz
able to te dumped without undue difficulty, or solc
where demand exists.

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

Standard grade Gas, oil, Light Medlum Heavy
Lerosine Jiesel oil Juel oil Juel oil Juel oil
Properties
Class SG Cl'SH SG SG SG
Viscosity kinematic {cSt) at
40°C mun 1.0 i.5
40°C max 20 5.5
32°C max i2.5 30 70
Type ot od Disuliate Distillate Residual Residual Residua!l
CV—Gross Specific Energy
Ml kg 46.5 45.4 43.3 43.0 42.8
MIi/litre 36.7 38.0 40.1 40.6 41.1
3ty 1b approx 20,100 15,500 13,700 18,500 18,400
Therms, gallon approx {58 1.64 1.7 1.74 .77
Suiphur zontent “owt a2 0.8* 32 3.5 3.5
Mean specific 1t 0-:00°C 2.5 0.49 0.48 0.45 0.45
Relative densiy at i 5°C kgl Q.79 0.840 0.93 0.93 0.98
Min. hanchng temp °C Ameient Ambient 0 30 45
Min. sterage temp °C Ambient Ambent V) 25 35
Atomuzing remperature °C - Ambient 60-70 80-105 115-125
Flash pownt (closed) *C min 18 s5 66 66 66
(1o be updated)
*0.5% from | October (980
Table 7 Coal tar fuels
Caloriflc values
Pumping Density
CTF ;emperature et I00°F Net: Btu/gal at
minimum brgal Gross: Bius b Net: Bruilb atomizing
temperature
0 Atmospheric 350104 i6 500 to {7 500 15$900t0 16 650 166 000 + 10 000
°F °C
100 30 32 9.51010.5 16 500 to 17 500 15900 t0 16 650 162 700 + 9800
200 35 29 19.9:0i2.1 16 250 :0 16 500 15710t0 16 250 166 200 + 10 000
250 140 50 109w 12.1 16 200 :0 i6 700 156700 16050 176 000 + 10 600
300 .80 82 1l.4:20i2.6 16 050 t0 16 550 15550t0 15940 196 700 + 1] 800
400 270 132 il.9will 15 800 0 16 300 15370t 15750 177400 + 10 600

Notes—-1. The range given for densities and calorific values embrace coal tar fuels Jerived from the various sources of crude tar,
2. Net CV = 0.75 « (Gros3 CV + 4700). Btu/lb. —
J The CTF grade aumber indicates ‘he temperature (°F) usurily considered suutable for satisfactory atomization:
. Individual suppliers determine their own prices i negotiating wit the buyers, but . general the prices of Coal Tar Fuels are comparable
wnh the orices of petroleum luei oiis on a calonfic value dasis.
5. 3S 1469 covers grades. properties, samphng and tests.
/3y courtesy of The Association of Tur Disulers).
Jxg 100000 By, gal =

13.3 Mltiwe. ‘
Energy World

bib/gal = 993kgm-t | Buulh 2= 237 0
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Reconciling issues

Liquid uels and Tesdstocks will need the most etfort in
matching market reguirements, tecause they h
ranges of constitueats, mosty @ proportions dif'fercm
from those 10 which the markats have become adjusted.

It may be convenient o consider Synthod as just one
example of the issues n product work-up. The most
attractive targers would be diesel and et fueis and gas-
oine. Accordingly, the multi-ris ng aromutics would all

need selective hydrocracking — either to branched- or (o
cvclo-paraffins. [a turn this would make it desirabie o
develop special catalysts, prcbably of the zeolite or
perovskite types, and possibly in conjunction with tung-
sten or molybdenum sulphides. 2heacls and introgen-
and sulphur-containing compounds would need to be
nydrotreated. Even for use as fuel ol tiae carbon-
deposition propensities would nave to be considerably
reduced.

Generally, with coal-based liquids, it is the aromatic
cemponents that require the work-up, which means
adding additional hydrogen to the derived moiecuies
beyond what was possible in the criginal processing of
the coal.

Transport fuels

In parallsl with the efforts of coal procsssors to match
croducts to market needs the users, too, will be making
some efforts - in two main ways. Perhaps transport
engines are the most sensitive to fuel specification
change so they provide a convenient cxample. Recent
Zevelopments, such as stratified charge and straight-
through combustion chambers have teen made in the

Table8 Transrort fuels

CH,0OH S% as synthesized s Use direcdy in ¢iJ:l
lower than polluton compression ratio
regulations require. engine: or blend with
other gasoline components.
Water dilution must
be prevented

Diesel-light S c0.1% or icss, Low viscosity, pour
engines N according to local pounts etc. Fiash
poliution regulations. point especially
important. Boding
range J15-550°F.
Higher % of
paraffinic components

Diesel-heavy S c 1% or less. Higher viscosity, pour
engines N according to local noints, lash point;
pollution regulations. and storage stability
.mportant. Boiling range
350-800°F. Higher % of
aromatic components

Gus turbine- S ¢ 1% or less. Carbon residue low
land H munimum 11,3%,. (under 17%). Cther
Low metal contents in characieristics as for
ppm. N according (o diesel uels
«ocal poilution
regulations.

Jetengines S low, mercaptans below Some /small %) monocyclic
30 ppm. Olefines below  aromatics, but
%, Polycyclics below  aromatics generally below
6. CV 42.9 Mlikg 20%. Paratlisis and
mingnum. Low metal naphthenes desirabie

contents.
Gasoline Octane number balance. Octans number control
engine S 0.1% or less. oy aromutics, and
N according o local srarcned paratfins,
pcijution reguiatons. Praviously eahanced by

TEL.iniutsre by MTBE
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ordinary oourse Of engine evoiution, and come:
fortunately at a ume when there is already some movs
down the gascline octane number scale on pubic
opulton and general eccnomics grounds. Such develop-
ments snouid heip the assimilation of new gasolines.

Then, 100, there are the deveiopments made especially
10 widen the range of fueils — such as the introducticn c¢f
gasohcl that has already gone a litile w00 fast for
government-ad;usted economics in  Brazi recently.
There is experiment once more with cylinder methane
Jor motor cars. In London there have been, {or vears.
1000 taxicabs fuelled by lpg. And there has even been-a
re-sxamination iabroad) of the possibilities of revivinz
the UK war-uime vehicle gas-producer.

So the climate (s such tiat different gasolines woukd
be accepted — but they would have to be econcmic, anc
preferably intermiscible with current gasolines.

Metharol offers an especially interesting opportunity
ror ransport. Not only can it be acceptable up to
cerhaps 13% in conventional gesoline: it can also 5e
used on its own in engines of about 13:] compression
ratio. These, of course, wouid need to be macde.
Methanol is being seriously considered for transpor:
rieets where the savings can outweigh the inconvenience
of special filing stations.

he point is that fuel-users are continually developing
anyway, so their requirements are evolving. It is up to
these who are evolving coal processes to work hand-in-
hand with the future users of their products, so that boti:
types of evolution go in the same direction.

The way ahead

The costs of coal-processing plants will be in the range
of hundreds of millions of pounds; market preparaticn
wiil be inve'ved, and process selection will be difficu’. in
view of ‘e apparent surplus of some options and the
need for a range of developments in work-up for some ¢t
the products. There will be need for further deveiop-
ments in effluent treatments, coal handling, catalysis
and poisoning, and, possibly pretreatments of coals.
There will also, presumably, be new chemical processing
routes with new feedstocks (such as methanol) to

Tanle Y Typical liquid coal-based feedstocks
and fuels

Process producing
iiquid feedsiocxs
Sinthesis Motor fuels (inciuding methanol)

Alcohols

Olefines (for PYC, PE etc)

Ketones

- Aldehydes
etc

Components

Sulvent reflning Motor fuels
Botler fuels
Naphtha-type fracticns

Aromatics ~ and for cnemicals

Hydrogenation

Motor and aircraft fuels
Higher paraffins
Lubricants

Solvents

{(Nore - .t should be cheaper to burn coal, or solvent refining
residug, in iarge boilers than to manufacture special liquid (uel fop
this purpose. The combustion processes would inciude fluidized
combustion either at ambient pressure for simple cycles or under
etevated rressure for compined cycies. {t 13 a matier of some
incertanty witether zasification cycles solety for steam botler use
~ill eventuaily ne v.)mpem.vmy economic even though they may
2¢ 50 i ospecial cases i the short term.)



replace those based oo ecthviene ane acerviene .o the
oast.

The way Jevelopments have deen supported suggests
that the real power iies in the market. Each time a need
crystallizes the customer will descand deus ex machina,
and pick the then chesen process from the wide range
avaijable. dowever, the coal liquids so far produced by
most of the processes under deveiopment cannot be
used directly to replace ol products as now used. They
ail require considerable work-up to suit their markets, as
a result of process thinking, and starting by considering
new ways of handling coal.

But there is another approach. Simplicity can be
worth more than complexity, cr fascinatingly involved

Table 10 Some typical fuel and feedstock
gases

Cther
! Biuwscfequals cy §G Co,CO H, CH, com-
Q0322 em™? Biwsef Air % %% Yo % bustibles
=] 9%

Coal Gazsitlcation®

Producer, | Stage 160 09 4 30 12 25 0.2
Producer. 7 Stage 170 03 4 30 [§ 13 0.3
Winkler, air 100 09 0 5 15 0S5 —
Winkler, O, 250 075 28 30 40 ! —_
Flesch-Demag 145 09 § 30 15 — —
Ruirgas, air 00 09 5 0 10 — @ —
Ruhrgas. O. 250 03 20 S0 0 — @ —
Rummel. | shalt O, 180 07 I3 48 40 i —
Rummel, 2 shaf, ar 279 08 3 12 46 3 0.5
Lurg:, O,, dry ash 230 0.7 25 18 40 10 0S5
Lurgs, O.. slagging 340 08 6 59 26 7 0.2
Koppers-Totzex, O, 270007 12 X 35—  —
Lurgi pius GRH 0 05 45 3 6
Shell-Koppers 3007 1 65 6 — —
Texaco-GVV 270 07 12 46 38 — —
Coke Gaslilcadon®

Producer gas 30 09 5 30 i 05 —
Blue Water zas 295 05 5 40 50 | —
Flesch-Demag 45 03 5 30 15 — —
Lurgy, O, dry ash 260 0.7 25 23 45 2 —_
Lurgy, C,, slagging 260 0.7 5 63 28 ! —
Blast ‘urnace gas N S R
CWG gas ol G0 0T 5 30 36 8 1l
Coal Carbonization!®

Low temperature 890 06 4 4 30 50 6
CVR steamed 475 05 4 8 50 2 pa
Coke oven gas 525 04 2 7 54 28 3}
Horizontal report 360 04 2 8 52 30 4
CVR, no steaming 540 04 3 9 54 25 3
Ol Gasificstion

(a) Cyclic

Onig-Gegs, 950 sec ol 00 06 it 0 SO 1! 5
Segas, 950 sec ol 500 06 1 16 48 14 6
Jones, stcam, heavy ol 5§20 04 3 06 4923 3
Hall, steam, heavy ol IGO0 05 5 I 1330 30
0} Conrinuous

Sheil O, heavy oil J1I0 06 4 47 49 03 —
‘Texaco U, heavy oil 300 06 A 4 139 01 @ —
GLC, air, gas od 590 10 5 6 212 17
Hercuies, steam, CH, f00 0.5 5 T 4133 —
ICI, steam, naphtha 00 04 20 5 69 6 -
ICI, plus CRG S00 05 14 3 49 M —
{Clplus GRH 00 03 13 6 618 7
ICI, 'Town Gas’ 500 0.5 3 i4 34 34 —
Catalytic Rich Gas 840 2.5 1 i 177 —

Notes—1. Iacludes ‘unsats’, hydrocarbons, aromatics etc.

2. Coal means UK black :oal, and coke, us made from such.
Brown coais and the reactive semi-cokes made {rom them will tend
o vyield gases lower :n CO, and mgher :n CH, and other
combustibles.

{Vore-Anajvses depend on rzaciion conditions, and on the extzint of
CO sty and CO, -smovai. £i3ures are adicative)

crocss fiow sheets; and eisgance (s usually casier ¢
aandle i practice than sopiustication. A predu
criented approech 0 process seiection has ma
advantages, at ieast partly on the ground that whateve
the concept 1t becomes more complicated in th
Jdowsneet, which becomes more complicated in the plar
lavout, which becomes more complicated in operatior
which becomes more compiicated in the product work
up. which makes the products more expensive in th
catalogue. which lcads to lower return on cagital, and t:
commercial doldrums.

{t is lixely that the simplest route from coal to produc
will have the ultimate econcmic advantage when all th
costs are 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), ©
chemical feedstocks such as methanol, may well b
cheaper overall than most of the routes that produc
mixed iiquid products directly.

The !undamental advantage of the singie product syn
thesis is that market need can be suppiied directly wit:
minimal work-up. Processes that make a variety ¢
products need to work-up and place each produc
separately on the market — and the result can easiy b
that several of the products realize prices belov
economic costs. A two-product industry, such as cokin;
and gas-making, gives trouble enough since optimurn
demands tor the two products hardly ever coincide. £
single, controlled product can be much tetter to handl
than the ranges of products of different specification
from so many of the coal-using processes now bein
developed.

1 he conclusion {rom this may, perhaps, be surprising
[t is nor that all process routes should be abandone:
except tae synthesis ones. It is that, whatever the mos
¢legant approach to handling and processing coal, ¢
approach (0 marketing shculd be similarly simple and, :
possible, eiegant.

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 wi
be not one preferred process, but a spread of types ¢
plant and route.

There is no quick answer to process selection; and o
prices are not yet low enough in relation to coal prices ti
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 questici
will be 'what processing is both necessary and sufficier
10 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 -
firing the boiler or furnace, powering the motor car ¢
truck or plane or train, or making the plastic or fertilize
etc. User and feedstock producer can work togethe
wnen the coal processor convinces the user that rec
costs have to mimimized. Incidentally, the appropriat
national and international standard specifications an:
codes may then have to bte adjusted.

918
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Conclusion
Coal processing in the future wii] be quite different ffor
what it has been in the past: and so will be the fuels gn
feedstocks produced. There will te some parallels wit.
the ol industry as it emerged, with different crudes fror
Jitterent oil fields (and with different impurities-) - eac
possible product seeking the rqarkcts as they emerge.
Lneryy Wor:



Table 1! Some typical hydrogenation and syntiesis gases

Hydrogen jor Hydrogen
hydrocracking Hydrogen Ammonia Metkano! sor
tor edible synthesis synthesis electronics
From From ot Avdro- gas gas etc (small
partial steam genation scale)
combustions reforming
Composition
H, mol % 98.4 96.5 33.5 74.2 68.5 >99.999
cO — — — — 14.6 . -
Co, — — — _— 13.0 Purified
CH, 1.2 3.5 0.5 0.7 39 by
N. 0.2 ail ad 243 — palladium
Alr 2.2 al ad 03 — diffusion
Totai 100.0 100.0 100.0 100.0 100.0 —
Trace umpunues
CO. ppm mol / / - ! -
- <2 - <20 — R
of0) ppm mol \ } < )
Sulphur ppm w/w <2 <2 ! <2 <2 —_

Synthesis of hydrocarbons on supported Group 8 catalysts

Catalyst
corposition C ¢fficiency (%)
Temperaiure  Pressure GHSV
°C) (psig) (h=%) %RA Y%Fe Methane  Methanol Acetaldehyde Ethanol Acetic acid
300 1000 4000 5.0 — 37 ) 24.0 16 20.0
300 1000 3900 — 1.0 69 12 0.3 10 0.2
300 1000 2700 2.5 1.35 5i 19 0.6 23 0.6
300 1000 3000 2.5 0.68 44 20 1.0 30 1.3
328 2500 11000 5 —_ 41.0 1.6 5.2 49.0
125 2500 9500 2.5 1.35 39.0 13.0 37.0 4.0
325 2500 9300 2.5 0.135 52 2.3 13.0 31.0
325 2500 8700 2.5 0.135 46.0 1.4 5.0 36.0

Fischer-Tropsch synthesis with various catalysts and developed, and largely outside the coai and car-
benization fields: but coal processing now will have to
fit into the structure that oil has already [aid out. It will

cataiyst 1o have to face ught specifications, poilution controls, and
Ju e s smail profit margins.

Coal in tuture will need to substitute for natural gas
Process conditions as well as for oil, as the worked deposits of both
g;’:g:‘::!‘;é;‘(:gr nour) {38 199%10 } (1)(5) progress along the path of increasing cost of extraction.
H,CO rato 301 03 3 Similar factors, too, will affect coal costs, as pollution,
Pressure (aum) 1 20 18 amcmty considerations of sites, movements of labour
Reactor Packed Packed Fluidized etc all have their effects. But the size of the long-term
Recycle ratio — 10 : coal reserves makes it certain that coal will in future
P"(’:d““ compaosition (%) 3 (2 9 supply carbon for much chemistry, and initiaily, too, for
c, 3 6 3 endothermic reaction heat — though moving -towards
c,-C, 9 25 30 energy from renewable and from nuclear resources to

C,-C, 25 22 32 supply driving forces for endothermic reactions.
g. CC' 32 b7 15 So coal processing will be in transition for some
L 8 6 decades while the economic need to develop resources
Cion .0 balances itself with the need 10 supply evolving marke:

demands, and the processes themselves develop and

(4) 100 Co:18Th0,:100 kieselguhr. evolve to form an entirely new industry.

;r)) g:’oxxdtlkoclé %{S’::‘c‘gj The need is clear; the path can be derived in the light
of technological possibilities and market needs; good

planning will be both important and difficult; the costs

il be enormous and much greater than mere precess

development; and the timing wil be delcrmmed oy the

Feoruary ;58 | e
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LETTERS TO THE EDITOR

upen research :ato | names, however, wil be mentioned
' the fate of {ormer colleggues wl.o were | without permission. Communications,
forced 0 emugrate un he \anx plcasc, to be addressed to:

i Postrach (139, 4
Germany.

W Goidstepet (Senior Fellow)

‘1o them and to their families. Under t

i chairmansiip of Dr Karl-Heinz Ludwig, | -
professor i history at the University of | Ste heat I'CCOVCI'y/
Bremen, a committee has been formed, | [ believe

| whose membership also comprises

! former victims of Nazi persecution.

t fellow mcm&crs of the!
[nstitute of Eneegy who work in the area
| of waste heat recovecy, wiil be interested |
amo

| Vames and ! o know that ook by Prof H |
| addresses ! Hausen is beinig pubiished tw.English for
: { the firgg-fime, early this vear.

- sought " ¢ book, Heat iransfer in co-cu

. A first step must be to 'ry to obtain Counter-current and cross flow was {irs
"the names and addresses of engingerS | published in German in 1950 by Spr-
;who emigrated — either direc cor | inger Verlag. Unofficial English transia-
them, or ‘rom others who cagfélp locate | tions of parts of this book were prepared
"them. Any information all wiil be: and circulated among some peopie
‘grcadv appreciated _add this wouid be ! working in the fieid, but these were never
! followed up by- 4 questionnaire about | published. In 1976, Prof Hausen

~

~ ; been responsible for the editing of th

1 Engiish transiation.

{ It may be of interest to note it h:
, i been necessary to include translations
a number of sections from the !
i edition. Reference is made to these :
,P of Hausen in the 1976 version ar
ithus it seemed, to the translator ar

¢, i myseif that these should be included .

?appcndices tc the translation.
understand a translation cf the [9°

editidn has now appearec in Russian.

AJ WITLMOTT PhD {(Member)

University of ¥

POTTER & LOCKE, The mining engineer, 63, June 1966.

1 conditions gpthat period and subsequent | published a thoroughly revised 2nd *Ths English version of the edition
t effects of emigration. This will heip as a , edition in German which has now been ; ; ;
being published by McGraw H Ed.
:Wr an account of the lives of our | translated by Mrs M 'S Sayer; [ have <
Feedstocks and fuels from coal «n ! H
Loc: : | The Institute
result of politically unforecastable stresses. But the job | E
wiil have to be done. (o) ner
. - .. |
There will be advantage in simplici.y of approach—to | gy
the chemical enginesring of the processes, to the fitting :
of the products to the markets, and to the economics. It i
wiil be the economics that unites chemnical engineers and | Future events reminder
customers in the search for the most useful ways of |
satisfying the needs for fuels and feedstocks. ;
| .
Brief bibliography, with sources used . 20April Annual Luncheon
SEBATIER & SENDERENS, Compres rendues, Seances | nn on the Park, W')
Acad.Sci. 1902, 134, 514, | Sae this issue for ticket
BASF, German Patent 293, 787, 1913. | .. .
FISCHER, Brennastoff Chemie, 4, 276, 1323, [ appNcation foCm
BASF, Franch Patent 571, 355. ! %
Berichte Deutsch. Chem-Ges, 59, 832, 923, 1926 i
LOWRY, Chemistry of coal utdization, Wiley, [945. ! '
BERTHELOT, Ann. Chim. Phys., 20, 1870, 27 May The Cougcil/Sections’
BERGIUS, German Patent 301, 231, i313. \
DSIR, Fuel Research, 1917-1953, HMSO, 1960. | Affairs maeting
UNIDO, Hydrogenaticn of coal and coal tars, UN, 1972, i followed by
BRAME & KING, Fuel, Arnold, 1966. } ¢ APM
Coal Technology, Europe, 1981, Colcgne, 9-11 June 1981. ’ 23
OLLIVER, Ou and gas from coal FTBI, 1981, ‘ {at 18 Devonshire St, W1N 2AU
[

NCB, Liquids from coal - Aug [978.
BP, Gas making and natural gas — April 1972

LOCKE, Fuel efficiency handbook - NIFES, i981. i
VOGT & van der BURGT, 72ad AIChE Annual Meeting, San }
Francisco, Ca, 19 November 1979. !
GVVY, RAG/RCH Projekt, Essen und Oberhausen, Februar 1977, |
SHARPLEY. Chemical engineering :n the cosl industry, |
Pergamon, 1956.
GREENWOOD, IGasE & InstF, Hastings, 10-14 Sept 1962, [
CUSUMANO, DALLA BETTA, LEVY, Catalysis in coal conver- |
sion, Academic Press, [978. !
ERDA, Quarterly reports on gasification, liquefaction, etc. !
BACCN, The Fuel Cell, J Electrochem Soc, 126 No |, Jan 1979, !
Cas Counail & NCB, Lurgt Study Group Report — October (363, |
GOODGER, Energy Veorld, Masch-May 1981, ‘
MEISEL, Roval Society, Londen, 22 May i980. ' \ !
SHASIN, Serman satent o, SU3. 233, Juiv 12750 ‘ )
y ;

16/17 Nov /’

Two day conference
exhibition at Kensingto
Conference Centre
Coal — new industrial
opportunities

{Watch future issues of £frergy World
for programme and registration “dotails)

B 10
|




Appendix 6

Discussion with the Briquetting Group on
Formed Coke - (28.8.84 am)

Or Agrawal described how : 75% of Indian coal is nocn-coking,
velatiles 20-30%
fixed carbon 30-50%
ash 20-50%
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/1 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
D) briquette coals with binder and then

carbonise
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¢) Lignite briquetting in Assam
d) Separating petrograpnic constituents
of coalieg. one sample of 27% ash
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 would be interesting
to examine a =-1mm fraction. If it
proved possible to separate fusain and
durain from clarain and vitrain, then
the latter might prove useful for
coking. Also, ash may reduce coke strength .
e) It was just pussible that solvent
refining might concentrate a coking
fraction of coal.

Discussion also included:

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
extruders 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 compared and contrasted with
regard to the Inichar, Lurgi/Ruhrgas and other processes

The Consultant's (joint) papers on "Coals for Carbonisation
Processes” and (in draft) "Indigenous Rural Power Centres” were

given to RRL.
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Appendix 7

Discussion witn Coal Gasification Team
(29.8.34. am also 31.8.84. am)

Practicaiities 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 (GDR, USSR, FRG, UK, USA etc).
However, although RRL staff nad operated many pilot plants on a
similar scaie, 1t was recommended that, in view of the
complexities, unknowns and safety implications, there should be a
rigorous approach to cperation and recording. Oxygen, for
example, could be a major nazard. Safety, whether as risx 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
nazardous mixing in pipework or reverse flows, or misplacement of
the gasifier reaction zone, or by-passing in the bed - should be
2 specific concern, and the responsibility of one person.

The Lurgi Operation and Maintenance Manual (which also contains

an account of commissioning and start-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 additional to those points made by Lurgi.

o | T | Il | | 1 | _ | 111 | | | S | |
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Gasifier - Practicalities

The following recommendations were made

Mass balances and ) instrumentation should be arranged so

Heat balances are )} that these balances can be prepared for

both important for every unit - and for the whole installation -

experimental rigour S0 as to check upon matching between the
units.

Safety should be in the charge of one person - every item should
be considered froma safety point of view, and interaction toco.
eg. is there any possibility of oxygen passing into steam lines,
or upwards into ccal, 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

schedule drawn up and carried out.

Monitoring of gasifier performance is useful - criteria for
assessment include - eg.
- Coal feed rate kg/h
- 0, and Hy,0 flow rates (also a safety matter)kg/t
- OZ/HZO 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 procadure

- there will be different techniques worked
out according to cause - eg. failure of
power, 0,, H,0 or steam supplies, fracture
of pipes etc; and a technique for voltage
drop (as it can drop from 440v to 360v or
s0) or perhaps an air supply to keep the
gasifier going in the event of interruption
of 0, supply. Emergency shut-downs should —
be pgactised. . \ -




Wear and corrosion measurements should be recorded from these

early days - gasifier internals, lock-nhopper stei iite valve
faces, grate mechanism, Benfield plant etc etc.

Bleckages and fouling will occur, and these should be both

alleviated and recorded, along with observations on the
effectiveness of measures tried.

Recurding system - it is desirable to set up a comprehensiva

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 fall, say, to 360v (as does, apparently, happen) will
be difficult, and might on occasions he 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 Balances

Samples - coal, incremental samples aggregated, coned and
quartered, air dried(recorded); and despatched
to the Taboratory 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 recorded 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 amd CV

Flow rates

- coal (by weight over duration of test)

- ash (by weight over duration of test)

- air, 02, steam to gasifier

- water into (or steam out from) jacket and waste
heat boiler . _

- gas({es) at appropriate puints to suit the units
involved




- tars and tiquors, at appropriate points to suit
the units involved
- lock~hopper gas (measure holder)

Tamperatures
- ambient
- beneath coal lc:zk
- gasifier outlet
- ash lock
- steam/oxygen (or air) mixture
- at different heights above the bed (gas samples
too) for analysis of bed/reaction conditions

Pressures
- everywhere there is steam, air, oxygen, gas Jr

Tock gas, flow and temperature measurement




Discussion with Coal Gasification Team 29.8.84.

Present

K Seshagiri Rao

T S R Anjaneyulu

G Ravindranath

M A Khaleelakmal

M S Subrahmanyam

M M Mallikarjunan

K B S Prasad

K 8 S Saisabu

K H V Prasad

B Madhusudhan

J V Prasad

L N Kota

S N Reddy

KV RS Musty

A Satyanarayana

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 Gasificatfon
Coal Gasification
Coal Gasification

Chemical Engineer




Appendix 8

Jiscussion and Lecture Headings on

sasifier Development and Scale-up -
(31.8.84. amj

General

The plant includes, eg. coal receipt, preparation and handling;
02 and steam production; receipt, nandling and usage of other
raw materials; gasification; waste-neat usage; by-products;

gas cleaning; synthesis; recycling; product work-up; storage

and despatch; effluents; management; legalities.

Issues for the process as @ whole -

Flexibility, effluents re legislation, provision for unit
failure, intermediate storage, interpretation of energy inputs
and outputs, optimisation - computer-aided-f1owsheet-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 elsewnhere

or even on rigs for single values. Transparent models for visual demonstration
and measdJrement, 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
suild-up (amount vs proportion) eg. CZHZ in 02 slant, 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 moni toring,continuing

process improvement.




Recommendations made to RRL

Gasifier etc.

—
~——

Tt is esscntial to have a safety discipline anc also

emergency shut down procecdures.

2) A planned maintenance scheme snouid be instituted.

3) The use of enricned air should be considered, to compare
the economics with those using "pure™ oxygen.

4) Recycling of tarsand liguors should be considered.

5) 3lending coals may be useful to extend the range.

A Typical Gasifier Programme

N

1) Continue tne present mode of operating, incorporating the
recommendations made herein - particularly as regards safety,
maintenance, instrumentation, heat and mass balances.

2) Taking one coal, study the reaction zone geometry at
different H20/02 proportions and different flow rates. The
coal should preferably be at one end of the acceptable range
of caking characteristics - say the nen-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.

u
~——

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 with biological oxidation of Lurgi gasifier effluent.
3) Possiblefellowsnips in Britain - Universities (eg Sheffield -

or Imperial College ) or British Gas
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Those present at the Discussion and Lecture on Gasification
Develcpment and Scale Up  37.8.84.

1. K Seshagiri Rao Coal Gasification

2. Mrs AZz - Mirza Coal Division

3. B S Narayana Rao F T Synthesis

3. Y V Subba Rao Gas Extraction

5. M S Subrahmanyam Coal Gasification

6. G Ravimoranath Coal Gasification

7. M A Khaleel Akmal Coal Gasification

8. M Ehran Coal Gasification

9. A M E Rahman Briquetting
10. C SN Prasad Briquetting
11. A Krishna Reddy Design & Development
12. A Satyanarayama Coal Gasification
13. D A K Sivazi Chenical Engineer
14. A. ? 0ils and Fats )
15. H Shripathi Rao 0ils and Fats
16. 'V K Dutt 0ils and Fats
i7. S A Hamud Coal Engineer
18. T S R Anjaneyulu Engineer ' _
19. 8 Madhusudhan Chemical Engineer in Coal

Gasification




20.

21.

22.

24.

25.

T Krisnradu

J V Prasad

0 Rambabu

S N Reddy

MM Mallihajunan

K'Y RS Musty

[Oh}
]
[}

Coal Gasification Programme

Mechanical Engineer

Data Processing

Coal Gasification

Coal

Coal Gasification




Appendix 9

Discussion and Lecture Headings on

Tvaluation of Gasification Processes

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,
eqvironmental issues, reliability and risk, complexity-
(This leads to a short 1ist of processes)

c) economics

a) Markets, coals and process suitability

Consider now markets for products may change over the years

of planning and building (5?, 10?, 15?) and cperating (207,

30?) the plant. If development is involved (57, 107 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 easiiy as regards analysis,
temperature, pressure? Are by-products worthwhile? Are

some units very critical and sensitive? Is one type of unit more
suitable tnan ather types? (eg wnicn type of oxygen plant will be most

suitable - gaseous, liquid or pressure-swing?)

b) Principles and Practicalities

Ts 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

5 " C
olafines are made, wno will use them?  Can the coal be used

be near the coal or the user of its products? (eg if C 4 -

directiy, or does it require special pre-processing? Fank




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. What are the gaseous and liquid effluent
implications? manpower needs? top grade maragement

needs?

Also what is the potential for process improvement
during operation?

These issues lead to notional plant design, and to the
bases for economic evaluation. A "feel" will be obtained for the

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

A short 1ist of processes can now be drawn up, comprising
the best choices from the wide range of pessible
processes

¢) Economics
Previous considerations will have led to a short Jist. It
wiil probably consist of some of (in the case of the RRL
project) : Lurgi (dry ash); 8GC Slagging Lurgi; Winkler;
and Koppers-Totzek that have operated over sufficiently
large tonnages of coal to be considered conventional.
Texaco G V V , Shell-Koppers and Cogas can pe
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 procass, the better the economic data - capital and

operatiny cost - and the less the risk.




A convenient approach to economic evaluation is to list for
2ach process considered, for a given notional works output:

3asic Data

Gas [or product) output per ynit or section
J/nour, or tonnes/day

Number of units or sections

works output [the same rfor eacn process cons idered)

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 weight - 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) -

Cost of steam (including water) -

Cost of power (excluding 02 plant) -

Cost of water (excluding boiler water) -
Cost of catalysts, bought-in items, chemicals - "

" " "

Cost of labour {including maintenance) -

11 " i

Capital charges -

n n 1

Gross cost of gasification/operation -

n i (1]

Less credits for steam sold elsewhere -

n 1] 1] "

hy-products " -

off gases -
Net cost of gasification/operation -

———
——
SN
P
——renser
—
P
P
——
RS-
P
——
e e
praerm——
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Many of these figures may involve lengthy calculation, so
computer aids may be useful.

Then comes the soul-searching - how practically real are
the figures? I[s 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 carefully in the light of the
1ikely tolerance of the figures being compared.

A practical exampie

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
its costs; process data; and the costs of steam and power,

investment and lean gas production.
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Economic and technological evaluation of different Lurgi

gasification process flowsheets - for the same site and coal

Examples from the report of the Joint

Lurgi 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
ir some detail (Moorgreen, Desford and Newstead) From these
Newstead was selected as the best - see Tables [ and II.

Tnen, 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
ti.en evaluated, - Tables V and VI, and compared as summarized

inr Tables VII to XII.

Table I

Analytical Data

Colliery Moorgreen Desford Newstead
Moisture e 5.6 U (0.7
Ash ° (5.0 5.4 242
Volatile matter " 9 290 255
Carbon dioxide 0.5 .2 —
Fixed carbon 238 40.4 9.6
120.0 100.0 0.0
Sulphur ’, 17 .2 0.5
Chlorine >, 0.4+ .23 0.27
Calorific Valuz  Botu. lb. 10,092 9,50+ 3,327
Ash Fusion C. 1,27 P s0 L400
Ash Fusivility: comment  Satisfactory Low Satisfactory
Coke Residue  comment  Weakly Sandy: Weakly caked:
(various testsy: caked: weakly sintered: many
sintered: swollen, unchanged.
frothy, many particles,
expanded, unchanged ioose
particles particles, cunglomerates.
little loose.
changed.
Swelling and comment Less Satisfactory  Satisfactory.
caking satisfactory  except ior
properties: than Merrylees
alternative  componcut. -
coals. Two -
constituent
seams not

recommended.
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Table ]
Gasification Data and Cost Lnden
VMoorgresn Desrord SNowodead
Composice Comoosie O mravge
[9n puns Tun3y

Comparvan of Gaviproution Data

{Dased ondean gas Teaving the 2asiiiers
Las therms per gasiner pur

hour . o ! ML
Gas therms per ton of coui

idry ash-frec bavy 2M oAz 37
Coul b ddry asiv ey per

therm cay ST IR s
Oxygen cul {t. per thernt gus 3 i NS
Steam b, per therm gy i U 24
Gastfication Cost [ade
(Destord 100 an:iy)
Coul o2 9.1 S
Oxygen 17% 169 |2
Steam 13.8 9.3 i+
Capual “harges on Lurg: zasifier 3.2 4.3 iy
Gusiication Cost [ndev 102.0 Y VXY 94 3

The Newstead site was selected

Table III

Biological Treatment of Lurgi Effluent Liquor fromi Dorsten

Withour (O Shift With CO Shifi
[ e i Ve
fdetore Afler Betore Afier
Treatment Teeatmen: Ureatment Treatment
Phenois DoLm, 260 390 1424 230260 I
Ammoni - 250 1o o 40 160 TG0 S0 .
Thiocyanates " P60 230 Nl 3 ah a7 Nib2
Permanganate
value . A T H- 7h 150 5060 343 .
Biologicui
Oxvgen demand 2424 P2
Suspended solids ., — t0 appros, - H) approx.
Retention ume hrs. IS 7

“Including removal of fixed ammen:a by Jistalaaon ah lime,
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Table IV

A Summary of Design Study Specification

1.

a)

b)

d)

GENERAL

The plant was to be designed to producs purified Iean gas at minimum
cost using adequately established technicsl means under guarantee-
able conditions. The plant output was to correspond to the gasitica-
tion of a nominal 750.000 tons of (specified) coal per annum.

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.

DESIGN

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
munimum of three process streams was specified.

Load factor. 86.5°; was specified. In addition estimates were also to
be given of lean gas costs at an average load factor of 70 %.

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

Processes. The gasification was to be based on data supplied by the
Lurgi Company; and the carbon monoxide 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 conditions
specified by the Gas Council and the National Coal Board, and
after trcatment to be discharged fo the River Trent in accordance
with the requirements of the Trent River Board. Gaseous cffuents
were to satisfly the Alkali Inspectorate, whose probable requirernents
were provided. Steam and 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.

COSTINGS

Cap.al estimates were 10 be accurate to within 747, on the total
iigure The cost of lean gas was to be given in pence per therm
along with the contractors’ estimata of its accuracy. The method of
steam and pqwer costing, and the rates for capital charges, labour
and maincenance, were specified.
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Table IV {Continued)

.The following rates were specified fur by-products:—
4) Tar and oil—as crude tar at 10d. per gallon.
by Beazole —us crude bensoie at 10d. oer gullon.
¢} Ammonia —as 25”7, concentrated fiquer at 3s. od. per unit
tlater amenled to 25, Ad. her unit),

d) Sulphur —as elemental sulphur at 150y, per ton,
¢} Phenoi —as crude phenot at £45 per ton.

For the purpose of the exercise. all coal wes to he cnurged at 3.25
pence per therm irrespective ol siza.

3. COAL SUPPLY AND ASH DISPOSAL

Coal supply was to be takea from an N.C.B. COMeyYor run to the
plant boundary. Contraciors would be responsible for receipt,
handling, crushing and grading as necessary. of the coal, and for
providing both strategic and seasonal stocks. Ash was to be disposed
to the adjacent colliery spoil heaps.

5. STANDARDS

Standards of design and construction, battery limuts, the extent
of ancillaries, and obligations and conditions of contract were all
specified.

7. PRESENTATION OF REPORT

Details were given of the categoties into which the capital and the
operating cosis were to be itemised. Cortam specimen costs wers
to be given and also the costs of removing carbon dioxide to varying
final concentrations. Heat and materiul halances, gas analyses and
drawings required, and the forms of process description were all

specified.
%. DATA PROVIDED 10O CONTRACTORS

Contractors were given datails of the mahe-up of the coal supply,

delivery of raw coa! und its serecnng analvaist also its probabie

beliiour on crushing, screering and cochimation tro stock. Fuail

analytical data and gasifier performance J s of the Lurgi Company

were also given. A process spesitication for huiogical oxidation was -
provided along with analytical details of 4 typical treuted effluent

and the requirements of the Trent River Board.
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- Table V

Data provided in Contractors’ Design Studies

ftem Scheme " 4" Scheme "8 Scienme |
Purified lean gas productoen --
\Miilion therms per annum RN R 1203
No. of Gasiners (inc. stardhy, s S 3
Type of Oxygen Plunt Brinahi fande Low  HLR.L Low
Oxvpen Pressure Pressure
Co. Low
Prossure
Method of Carbon Dioxide and  Benfield Adip Vetrocoke
Hydrogen Sulphide Removal  Process and  Process® Processes
Tower Purniticr
Coal Gasified tons year 774,000 776.600) 779,500
Coal ured on boilers  tons year 150000 217.200 204 800
Sieam produced by boiler plant
b hour 3110 450.000 390000
Power produced (inciuding
mechanical equivalent) MW "2 25 230
iigh Pressure Steam uscd for
Ciasification ibhour {96047 196,200 16,889
Oxvgen used Jor gasiricatuen
195%) ib hour 72,720 73362 T2.617
No. of men employed 207 201 250

By-Products Recovered

Suiphur tons.year 2057 3,085 3,250
Phenol tons year 2,791 3468 2,652
Ammoma tons vear 7425 6,983 6,259
Tar miltion galls year RYD in3 b 403
Wash Oil million galls vedr .93 2173 oo
Bengole million galls ve 1TOR3 3424 1403

Approximate Analysis of Purified Leun Gas

€0, RIDE P
(0 4.8 5
: CH, fe9—-11.3
H,: A6 68T
¢ b noo0a
) N 1 0-- 33

(.'V—-n-ommally 350 B.tu. s.c.f.

*including a simple tower absorber for final trace removal of hydrogen sulphtde.




Table VI

Summary of Contractors’ Process Designs

Scheme ‘A’ Scheme ‘B’

1. Oxygen plant 3 units = 275 tons/ 3 unuts < 253 tons/
day. B.O.C. low day. Linde low
pressure. Efectric-  pressure. Electric-
ally-driven wr-  ally-driven aur-
compressors. COMPpressors.

2. Main boiler 3w 1750001b.’hr.  3:2 225,0001b -hr.

Scheme ‘C”
2 unns « 390 tons/f
day. H.R.L. low
pressure.  Steam-
driven  air<om-
Presscrs.

34 190,000 tb./hr.

plant 1675 p.s.1.g.950°'F. 2400 p.s.i.g. 950-F. 1500 p.s.i.g. 950°F.

3. Gasifiers 6 working: 2 standby: 3.2m. daam.e

4. Benzole Absorption by oil  Absorption by oil  Sec 3 velow.
removal wash. wash.

5. Carbon Raw gas conver- Raw gas conver- Raw gas conver-
monoxide sion Lurgt process-  sion Lurgt process-  sion Lurgi design.
removal improved Jesign. moditied desiyn.

6. Hydrogen \ ¢ r_uiokcs d”ts
sulphide ' l process. (Sodium

‘ ! ! carponate, sodium
removal 1 arsete solutir

| Benfield process. | Adip process. aneiste sulution.)

(Potassium  car- (Organic sulvent.) Veiracoke €O,

7. Carbon © bonatz sululton.) process.  (Potas.
dioxide ' i ' 1 sium  carbonate/
removal , PUtassIum arseidte

K solution.)

8. Benzole Sec 4 above. Sec 4 above. Abscrption by oii
removal wasii,

9. Final Iron oxide towers Simple iron and Intezral with HS
purification (Bischotl system). zinc oxide tuwer removal above.

(trace removai).

10. Odorisation Lo
Activated Alumina

{1. Drying Glycol-regcner-
regenerated by hot  ated by distilla-
2as. tion.

12. Sulphur Modified  Claus Vetrocoke low

recovery Kin=-from ucid pressure process-
gas. from acid gas.

13. Phenolrecovery . ... ... ..
14. Ammonia
recovery

15. Effluent
treatment

....... Tetrahydrothiophene

Refrigeration and
Glycol.
Glycol  regener-

ted by distillation.

Integral with hy-
drogen  sulphide
remnval process.

s PHENOSOIVAN PPOCESS . e,
Distillation of free and fixed ammoria ...

Biologicai oxidation as specified hy Study Group ...




Table VII

Cost of steam and power-- pence per therm ol lean gas

Scheme Scheme Scheme
e s o
Cost ot purchased clectricity .90 a2 0.03
Cost ui boiler coal .76 i1z 104
Caprtal charges and other ¢osts 090 .24 0.95
2.68 24N 202

Table VIII

Costs of Biological Treatment of Lurgi Plant Etluent
(expressed in pence per therm of lean gas made)

Cupial Operating  Towsl Runung

Charges Costs Costs
Scheme "A’ 1.066 0.065 0.131
Scheme "B’ 0.035 v.030 0.063
Scheme 'C 0.046 0.034 v.080

Table IX

Total Investmient

Schemu Scheme Scheme

e e "

2000 £000 £000
Plant capital cost 13,805 17.784 15,548

[nterest on capital during

construction 865 970 85)
Total cavial cost of works 16,670 18,754 16,399
Working Capital 356 418 413

Total Investment 17,126 19,172 16,812
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Table X
Cost of Lcan Gas Production
Scheme ‘A" Scheme ‘B’ Scheme '
d. therm d. therm d./therm
Coul for Zaseication +.130 +.200 4096
Coal {or steam and
pOWCT geaciatick 0.7k .7 R -
Purchased clectrnicits 53 VRRT) 0.030*
QU raw maiernials 0310 U. 83 U273
Operating labour 0203 0,300 0,383
Maintesance (A IDR i.Jol 3935
Capatal ¢haraes .83 3.267 2783
A.237 10402 5 54T
Chedit tor by-products L i.294 i 01
T un6s 9.i08 ». 346

SPower consamed at purping siation at River Trent.

Table XI

Effect of Loud Factor upen Lean Gas Cont

load Focor Scheme ™ 4 Scheme i Screme (7
937 Fuel ote. 99 453 434
Capital cte. AH0 +.31 382
Totul I S U7 Aaas o D
365", Fuel cte. Sy 454 NIRE
Capital ete. RIS 465 411
Total — 0 anT o7 B WA
Ty Fuel cic 4o 4.5+ 434
Capital cte. hRVA AR RAR
Fotat - fO (e T 0 n Toowdl
307 Fuel e, 494 .54 4.3+
Caprtad cre. T00 S 741
Total 20 T8 R T
Table XII

Cost of Gas Production - Comparison with Desfurd Estimate

Lean Gas -
d. therm
Desford Scheme as reperted to Select Committee 9.61
[xesford scheme resised® 10.78
Now g Seheme TAT 92.07
Sows vl Scheme B 92.17
Yeowatead Scheme LT 445
The estumates in this Table ussume a foad factor of 86,577, -

*Revised 1o take acvount of cost darg used in the nrewent studies,




Appendix 10

Summarizing Discussions

-on subjects under consideracion sequentially during

B

the week up to 1 September, 1984

1} Pressurised Slagging Gasification. The work of the

UK government oil-from-coal programme of the 1950's

was further outlined. This had involved siagging

fixed-bed type gasifiers at the Gas Council Midlands
Research 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
tnat worked satisfactorily.

The 2CURA gasifier followed experiments in slagging
at ambient pressure. Various configurations of hearth
and slag tap were used, and many succesful running hours

were logged.

The programme eventually led up to the present-day
slagging 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 were also shown original reports and documents

from UK experimental and pilot plant work. (Appendix 12)

Note - The Godavari Khani coals intended 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.




2)

The criterionused 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 expressed as a 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 temperature the
greater is the quantity of fluxes that have to be used

to bring the slag-tap operating temperature within the range
practicable for refractory life and operational caontrol.

Godavari Knani Coals

GDK GDK GDK GDK GDK
7A 8A 10 open 4 open cast I
seam 3 seam
Silica Ratiog 877% 8247 875% 8732% 7857%
Estimated
temperature

for a slag 1680°c  1580°c 1700%C 1700%  1520%
viscosity of
250 poises

Fluidized Combustion, The nistory of fluidized combustion

in UK and elsewhere was outlined, including circulating
as well as conventional deep and shallow beds, and
operation at both ambient and elevated pressure.

Scme papers were left witn RRL. This subject, interesting
in itself, was of peripneral interest, and can be continued
in greater depth on another occasion.(See pp77-110 and Appendix 12) -

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 lLayout

Matters -

a) General instrumentation would be improved if

flow measurements were provided for

i) oxygen and steam floﬁ separately, into the gasifier -
deriving from the flow ratio controller (FRC 4301)

ii) feed water to the gasifier jacket

iii) steam to the ash lock-hopper (F421)

iv) steam into (during start-up) and from the L P steam
drums (E438 and r435)

v) liquor recirculation to the guench (on top of E437)

vi) tar from the waste neat 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 Benfield piant,
then they could require similar consideration for
instrumentation. (See Appendix 3)

b) Pipework should be colour=-coded according to contents,
particularly
oxygen
air
h.p. steam
1.p. steam
fced water
recirculated liquors
cooling water,
These points are noted on the RRL flowsheet.(Appendix 3)

¢) 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. Alfthough it should be possible to
derive a set of operating conditiens where tar and
1iquers would separate properly, such conditions would
not be able to be maintained when experimenting with
different regimes and different coals.

It would be worth considering separating the waste

heat boiler from the guench; and also instaliing

separators between quench and waste heat boiler, and -
a]s@ before the gas cooler. Then the plant wouid be

more flexible in operation as the different functions
would be performed separately.




d) The position of the reaction zone cculd not be judged

in detail at present, tne only bases 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 small bore austenitic gas

sample tubes 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 gasifier flange, (or an extra ring of flange 1.d.

and 0.d.) could have radial holes for instrumentation unions
alternately with flange bolt holes. Thenthe sample tubes

and thermocouples (appropriately stayed inside the gasifier,
which nad no stirrer,) could be assembled and connected to
the union nalves inside the vessel. The external instrumentation
connexions could be made to the external half unions. This
way the instrumemtation neither interfered with nor was
complicated by the offering-up and bolting of the top dish

section 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 height of the
reaction zone - and appropriate operatipg measures could

be taken.

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.
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5) The Gasifier Plant Generally Basically the plant, although

newly operating, was 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 paints suggest two consequences.

a) The instrumentation is rather out of date, although it
warks, of course. There will be a shortage of certain
spares, which it would be worth trying to coliect.

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
iikely to increase worldwide, RRL could usefully
consider offering its facility on a commercial 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 couid be well worthwhile.

Two papers on fluidized combustion follow.

"Fluidized Combustion of Fossil Fuels" 8y A.G.Roberts,
H.R. Hoy,H.G. Lunn & H.B. Locke. Coal Prdcessing Technolagy,
Volume Two, 1975.

"Status of Pressurised Fluidised Bed Technology Today -
A Review" - Engineering Foundation Conference

Combustion of Tomorrows Fuels - [I. By H. R. Hoy,
J. E. Stantan, A. G. Roberts
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Fluidized Combustion of Fossil Fuels

Highiy efficient and operating at low temperature, 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, England
and
H.G. Lunn and H.B. Locke
Combustion Systems Ltd.
London, England

Fluidization, a widely accepted technique for bringing
about heat and mass transfer in the chemical and processing
industries, has more recently been extended to cover the
combustion of tossil fuels in tluidized beds ol inert particu-
late matter,

In nuidized combustion, high efficiency and high rates
of heat adsurption can be obtained 4t low combustion tem-
~eratures. The consequent advantages of this technique
compared to conventional combustion plant include: reduc-
iron in boiler size and coust: reduced NOx emission: effective
SO, removal with low capttal and operating custs; the pos-
sibidity of passing the combustion gases from low-grade
fossil fuels through gas turbines; and particularly in the case
of coal, reduced fuel preparation costs together with a
widening of the range ol solid fuels that can be fired with
satisfactory results.

A great deal has been written and published (7. 2. 5. 4,
Sy amplilying the merits of Tuidized combustion and deal-
mg with the attendant phenomena in detarl. Consequently
this discussion will be limited to reviewing the application
of pressunzed fluidized combustion to electric power gener-
aton.,

The present impetus to develop novel power generating
systens anses from two main sources: tirstly, the continu-
g environmental fubby, i ceriain areas, demanding low
SO,, NOy and solids emissions: and secondly, the over-
whelming desire since the “energy cnsis’ of 1973/74 for
encrgy impurting countries to become self-suflicient. This
lutter statement for most of Western Europe and North
America implies, regardless of the status of national nuciear
programs, an ongoing comuniiment to power generation
trom fossd fuels. As these fuels become more difficult to
win and consequently more expensive, it will become in-
creasingly desirable to combust the low grade solid fuels or
“*the bottom of the barrel.”

Work on fluidized combustion started in earnest in the
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U.K. in 1964, The depth and scope ol the R&D progru
has continually expanded with major contributions to th
technology being made by the National Coal Board (NCB
BCURA L:d. and British Petroleum Ltd. (BP). The prese:
state ol the art in the UK is denved from over 20,000 hr.«
operating experience on 4 variety of pilot plant and cur
bustion rigs, and 4 substanuia! proporiion ol the expend
ture to date (both capital and man-hours) has been directe
towards the investigation of pressunized Tutdized combu
tion,

In 1972, the National Coal Bourd and Britsh Petroleun
together with the National Research Development Cory
{(NRL() tormed Combustion Systems Ltd. (CSL). Th
object of CSL is to commercially exploit the know-how ¢
its parant companies in the field of Nuidized combustu.
and to continue with the development ot the technology

The number of possible thermodynamic cycles is large
and only a tew will be described. Broadly speaking, the
cen be classitied into two groups. In one the working 1o
1 air and/or combustion products; in the other there ur
two working fluids—steam and combustion products.

Thermodynamic cycles where air is working fluid

Open-cvele gas turbine, This is the sunplest possib
cvele o which all the working tluid is used as Husdizing ai
and s heated 1o turbine inlet temperature in passin.
tuough the bed. Although this cycle represents the uln
matz i simplicidy, it does not utilize one ot the main ley
tires of a Nuidized bed namely, the high heat transfe:
rates Lo surtaces immersed in the bed- und all the workirn;,
{Tuid has to he cleaned before it reaches the turbine.

“Atr heater” cvele. This is o derivative of the simphk
cycle and is shown in Figure 1. Air from the compressor ¢
split mnto separite streams and most of it (up to approx
mateiv two-thirds) passes through tubes immersed in the
fluidized bed, where it 1s heated to a temperature approach




Figure 1. Simple “air-heater’ cycle. Part of air is used 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 1 cycle requires a smaller combustor than the
simple open<ycle, with a smaller quantity of gas requiring
cleaning. It also follows that combustion is carried out at a
lower excess air than in the simple open-ycle.

}

CYCLONE TYPE
oust sspmuon?
PRESSURE i
VESSEL 7
FLUIDISED WASTE HEAT
Y BED RECOVERY —
. FOR PROCESS
ASH 1130 STEAM OR
p—] i DISTRICT
FUEL ~ \Cogn'km" HEATING
EMERGENCY
| VALVE
I compUsTion
| AIR
: 800°C
|
!
| COMPRESSOR fuRomE CENERATOR
]
e

Figure .. 66-MWe air heater cycle with waste heat recov-
ery. Air is compressed in a two-stage compressor with inter-
coolers, giving a thermal output of 118 MW for district
heating, in addition to 66 MW electrical power.

A scheme for 4 60-MWe attheater cycle, based cn ar
existing weil-proven industrial gas turbine, is being faunchet
by associates of CSL. A diagrammatic arrangement of the
cycle is shown in Figare 2. The scheme incorporates twas
Huidized combustors each with a gross heat input o
130-MW and operating at 16 atm. The bulk of the sensible
heat remaining in the exhaust gases after the turbine i
recovered in a district heating boiler giving 2 heat vutput ui
118-MW in addition to the electrical output of 66-MW, witk
an gverall thermal etficiency of 72 and a power generatine
efticiency of 26% (27.2% if the district heating boiler is
omitted). Estimates indicate that the capital cost of this
plant would be only 65% of the capital cost of an equiva-
fent coal-fired steamn plant with back pressure turbine and
stack gas cleaning,

Civsed cyele gas turbine, In this cycle, the air heated in
the tubes forms part of a closed-cyc.: unit. Generally such
units operate at a lower pressure ratio than conventional g3
turbines, but at a significantly higher pressure level. This
leads to substantial increases in the heat transier coefficient
between the air and the tube wall and hence to a reduction
in the amount of heat exchange surface required. The
combustor can either be pressurized, in which case the com-
bustion gases pass through an open-cycle gas turbine, or 1t

EXHAUST HEAT
RECOUPERATOR
b Ai? COOLER/BCILER

N
~
. \\ X
~. \
{ ;(l: HP STEAM
= [E _ lipsteam

COMNCENSATE

345 MW

/f\? )
T

CLCSED CYCLE
FLUIDISED COMPR/ TURBINE
[ as'o
|
N
FUEL
SHUNT STEAM

TURBINE

COMPRESSORS
350 kg /sec

-

CONDENSATE

Figure 3. Flow diagram for a 360-MW composite plant
with a pressurized fluid-bed air heater. The same general
arrangement can be used for a district heating plant capable
of 260 MW electrical output and 500 MW heat output.

35—




cdnooperdie gt atnosphens riesure.

Compplex sysiems cun he 2nvaaged using cesad svelte 2us
wrbines. The example shown i Fgwee 3
vatput of 360-MW at an efiicency of 40 o 427 Wasie

gves an clectnid

fieat s recovered frum the closed ovele foop in g pressunacd
covier bader with the sicumn turnne bemng used todive the
compressors Tor the open ovdle s turhine,

Apurt frum the Closed oy oo comprossor and turbiie, L
he rotaning components wre sonumneraaly avaitaig,

The high heat rranster cocniient 1o by mamened W
dud beds together with umiorm hecting, vpen up a vade
cnge ol possibiitties. Oiher tluids sich as potassae vapor
or helivm could be used m the closed cvete loup bui we are
Imuting the scope of tlus article w cycles that may be
evpivited with 1 mmum of” levetopment eftort, Fraas has
discussed the potentizl use of potassiun vapor cvcles clse-
where. (#)

[nan authoritative study carned out omed-i973 ) the
ceprtal costs of 3 060-MW pressurized tluidized combustion
combined oyele system were shown to be 177 fess than
those for o convendonal P.E. system. Sumalur reductions
(e, 17729 in the compuriative cost o clectric power were
aiso indicated.

This type ot cycle is dlustrated in Figure 4. Although
there is some scupe for variation i tae way in which the
steam generating surface is disposed, there are fewer pos-
sible ¢ycle vanations than with the wr cycles. This scheme
s basically o high efficiency cycle and the mai . scope jor
mgenuily hes i ransterning as much h2at as pussible iom
the gus turbine exhaust bucis o the seam cyele.

Thers s some {reedom of chowe i the operating parum-
eters, however. Although 1t s appieciated that an increase
weogas turbine indet temipersture wil increase the vy e o
engy, t0is perhaps Jess immediately obvious Diat operating
with higher excess air (Up to, say. 1D07) also increases the
ciliciency as well s abrening the ratio of power output Tom
die steam turbme and uas turbine This s aifustrated in
Tubie I.

Of coune, operating the tluidiced bed at high excess air
mareases the size of the bed per hw of total output and
Shus ncreases the contumment and gus cleaming costs On

1850 asg 1005°F
= xS 125
[ r Stegm L Y
. ENL st -
! Tarbines T8

Economiser

Figure 4. Combined steam-gas turbine cycle of 140 MWe
output.
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Table 1. Typical cycle efficiencies at
different operating conditions

Gus turbine inlet temperature 1600°F 1700°F
Seovsan Lo 20 ...100 .. 26 .. 0
Syl ethoenay v, .30 417 400 L 4y
Cot Cweinnre oythut

ToacSotut, .20 0 30,2201

dee b hamd, the refutive covennt of steam generating

serin o he comibusior s considerabic reduced, the com-
Prstososiaation s muore exabic, corresion of tubes in the
beoorob twrhine blading s oven tess likely, and certain
ot oprehems wineh are Iscussed inogreater ety

Ochoah Lrnade casier,

Effect on tluidized bed dimensions by cycle type

AT L ot s wsetud to descass the etfect of the type
of crole on the phiysicai dimensions of the Neidized bed. [n
presstnized thudized combusiioi the very high volumetric
freat cofease rates that are teavible miean that the depth of
hed v contruiled by the need to accomimodate the heat
transicy suriaee rather than by combustion considerations—
even Hiouph hieat transter coetticients to the surface are in
the vanze 00 to 70 Buuse.tthe, FL The heat release rate—
and consequently the depvol bed —is directly proport:onai
o thie uperating pressure and aimost proportional te the
tourd g veloanty,

Foeovgiven heat trenster duty, much more heat transfer
st o resaired tor thie gidhicater than tor the steam gen.
Srated, P arises partly because the sir has 1o be heateg 1o
a eeah hugher rmnperature than the sieam -nence the
derving roree (10 15 tower —and partly hecause the internal
neat Gansfer coetticient berween the wine und the heated
Jud o fower with e than it s with steam. (This is neces-
ary ot high pressure drops in the airheater tukes are 1o be
avoided )

Cunsequently the volume ol Ped required is an airheater

sonbsitially nigher than that ina stesm generator I it s
avceptes] that bed depths shouid not oxeeed ¥ to 1O 1L (this
oal he it of present expesience) then airheatss age
fupred o momum adizing velociaes o say, 2 1o 4
few, whereas steam generators can anploy veleuities up
To, sas U s ses,
Charging doad i g superchurged combined cycle power
plant = more complex tnan in an air cycle plant, The load
range winch can be attrined is primarily dependent on the
temperatiere rangs over which g fluidized combustion bed
can e operated, On present indications this is likely to be
trom 1ou0”F down 1o 1,330 or 1,400°F. At higher tem-
peratutes the voletuizetion of deletenious sikuli metals is
haely ta be excessive, and at lower temperatures (the exac:
tower anat will depend partly on the choice of excess air)
the cotmpustion efticiency will be teo Jow,

e v tion in heat mput to tubing unmersed 1n the
bedt s ence steam lurbine output) which may be




awueved by varying bed temperature is somewhat gredter
than the variation in temperature ditference between hed
and tube. hecause a significant part of the heat trunste: 13
due to radiation: so that in erfect the heat transter coerti-
ctent falls with bed temperature. Even so, the tarn-down
which can be achieved in a single bed s likely 1o be hmited
to 60 o 637 of tull foad. Over this range there would seem
to be 10 major technical problems. Changing the fuel input
wiil alter the bed remperature and theretore: 1) the steam
turhine vutput; 1) the gas turbine entry temperature wnd :ts
power oulput; and 3) 1 two snaft machines, the compres-
sor artlow and pressure.

These gas turbme churactenstics mean thut the tudicing
veloctty and excess e remain substantially constant over
the foad range (hence the part-oad efticiency of the cyele
sins high).

l

owever. (o reduce the foad befow shout 60 to 637 will

em
}
sresent problems. One solution is 1o compartment the hed
w that suceessive areas ol the bed can be stumped. Detailed
widvais of this approach reveals a nusmber of fucets: fiesthy,
the o mpartmented bed sertions huve to be of ditfening
wees: secondly, the system s Hanted to one in which the
excess air is greater than about 607 ut il toad,

The toilowing snalysis will iflustrate thus fatter pomnt,
Consider o svstem where the bed is in four compuartmented
se twons, AB.Coand D. Further consider the situation when

civ Bed section A ts actated and B, and D are stuniped.

A the tond s increased and BUC, and D oare suevessivety
cactivated, the mass tlow theough bed section A, and
dence the heat nput, increases (s the compressor output
s pressare increase). However, the hear that can be e-
racted trom the compartment A into the stewn cycle re
aeins more o less constant, Thus the only way 1 which
e bed tomperature can e mamtained helow 1007 1
by increasing the excess air, At tull plant Joad, bed secnon
A widl b operating Jt an excess ar well above 007 and
aily bed section D can operate at fow excess Jait.

Tlurdly, every tme a bed section s siumped (this will
normaily happen when all the bed remperatures will be
Leir munimum), the temperature 1n the remaining beds
Suint e mereased rupidly from minimum o madamum fo
securplish o smooth load change. CSL has gven consider-
shie thought to the ways v which thus step chunge inindi-
vidual beds can be accomplished smoothly.

A potential alternative to compartmented beds is to aleer
“hie herght ol the uidized bed and thus submerge more or
fess of the tube surface in the bed. Thus has the etfect of
diening the average heat transfer coetficient (o the tube
surlface because the heat transter coeflicient to tubes sub-
merged in the bed is many times greater than to tubes
exposed 1n the freeboard. Model investigations have shown
that material can be transferred to and from the bed at a

.utticiently rapid and controlled rate to meet rates of load
change of 5% per minute.

A radically different approach to the problem ot ivad
changing is to carry out the functions of combustion and
heat transfer in two separate beds with means for pumping

)
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Figure 5. Dragrammatic arrangement of circulating bed
Fluithzed bed is separated into a lower combustion bed anc
an upper heat-transfer bed. Output s controlied by circu
jating the bed using mechanical fas ;hown) or pneumats
meafs.
Bot b et ore o e othens A nanber o anatons
thi T rder are poenbles oo on whrchos shown i P
\A

Foot o mtoeduced o the st bod whach operuts
theonghiont ai temperatures within the Limit tor 2ood con
busiton. The combustion gases puass throngl the upper be
win b contins steam generating tubes: and the beds G
seoarsted My oahorizonta] Tore waysereen which atlows g
o mowe upwards onlv, Ash ovenitowine trean the top hed
punmped at 1 controlled rate back to the dower bed, The
teriperature ol the gases leaving the tap hed and pasiing
the vas turbime depend on the arculation rate, as Jdoes i
arnount ot heat transterred to the steam o cle. Theoretivy
studies Mave heen made of this type of combustor, but n
enpetiental work as vet,

As mentioned previously, Toad changing 5 accomplishe.
more aaply aicheater cycles. Because the temperatur
ditterences between bed and heated tlud are mach e
tharr v steam wencrating units, 'he eftect of chunging be
tempesature 1s thuch greater. This is hefped by the tact -
as the toad o reduced, the pressure of the heated 1laid
reduced, which st further reduces the heat tramster v e
flund. Htis anacipated that none ! the measares desenhe,
carticr v this section would he recessery o airheater oy ole

State ot the development today

I G0 v dles sevadving oresaarized contastion, the g
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turbine power s vbtained by expanding 4 gas consisting
2nurely, or i part, of the products ot combustion ot cadl.
The outstanding question is whether or not the turbine
matenials will sufter from corrosion, erosion or deposition.

It was fargely to obtain some initial expericuce in this
tietd that o pdot plant was bullt at BCURA Lid. in the UK.
ft operates at about 6 atm., and the luidized bed can be
erther 4 x 2 fr. or 3 x 2 ft.in cross section. The exhaust
gases, alter cleaning in a two-stage cyclone arrangement,
pass through a segment ol the nozzle guide vane trom g
marine gas turbine. Downstream trom this “cascade,” at o
peint where the Mach No. is about 0.6, are two target rods
JF DINS,

Over 4 period of about 1000 hr. operation at vanang
operating conditions with a number of coals, but with bed
emperatures averaging 1 470°F und cuscade temperature:
of 1430 F, un X40 coseade and Nimonie 73 pns remanicd
sunstantiably free from corromon. Sodium and potass vin
present as derusol i the gases was about | ppm i1, about
[ ot the alkali mput).

Subsequent uperation for 200 hr. at higher temperatures
(1,7507F bed temperature, up to 1,700 F cascade temper.-
ture) produced some sullidation attack in un X320 cascade.

No sulfidasion oceurred in an EPKSS pin, but longer
operating penods are aecessary betore any {irm conclusions
sre drawn. The alkali aerosol content of the exhaust gases
was about 7 ppm. at these higher temperatures.

At no stage have there been any signs of erosion. This
was 1o be expected in view of the soft nature ot the exhuust
Just (due 1o the relauvely low combuston temperatures)
<nd its smail size (typreally 937 less than 10 nucron and
337 less than 3 micron with a dust concentration of aboui
200 ppmu).

Corroston oF tube materials in the bed has been exam-
ned both an the pressurnized combustor and in 3 special
curmbustor operating at atmospheric pressure and designed
for continuous operation. Data accumulated over many
ihousands of hours have continmed rhat corrosion of typi-
cai botler tube materials is less than in conventivnal coul-
fired buiers. Data for metals operating at the high tempera-
tres curresponding to aitheater cycles are less extensive,
hut suggest that corrosion rates would be acceptable.

Although with present materials we woulld hesitate 10
suggest operating a gas turbine ut 3 temperature higher
than, say, 1,560°F from a conventional tvidized bed,
arisngements might be developed (o give higher tempera-
LUfes,

For example, part o the bed can be arranged us 2 ilurd-
wzed devolatilizer into which the coal s fed. Gases fron ius
umit woul< be cooled and cleaned thoroughly before bein
burned with additional combustion wr. The char from the
devolatilizer would be fed into a conventional tluidized bed
combustor which operated at a maximum of, say, 1,500°F.
The two hot streams would then be mixed to give a turhine
njet temperature of 1,800 to {,900°F.

Other experience with the pressurized combustor is sum-
marized Selow. Further detauds have been reported by Hoy
and Roberts. (7)
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Figure 6. Effect of combustor temperature on sulfur reten-
tion in pressunized combustor. Upper curve: dolomite addi-
tion; Ca/S mol ratio is 2. Lower curve: limestone addition:
CaiS mol ratio is 2.

Contusien officiency: Because ol the Jeep heds and
dense tube packing inherens i pressurized spplications, 218
bubbies ure broken up before they grow lurge: and there =
thererore better gas-solids contacting then at atmosphere
pressure. Depending on the chwice of vperating parsmeters
it s possihle to achieve lugh combustion efficiencies
(greater than 9975 without the need tur recycling o elutri.
ated materai,

Sultar retengem. Results trom the combustor confirm
that hen sulfur retention can be obtained when dolumite is
added o the hed. Results summarnized in Figure 6 show
that ever any likely working range. contrary (o atmospheric
prossire 2nperience, there 1s no optimum temperaturs for
sulfur retention. Although on u mole ratio basis, limestone
1s fess eftective thun dolomite, on a weight basi; there is
iittle to choose between the two.

NOv cmission: Figure 7 shows data fur NOy emussion as
Liunchion of excess wr. [t will be seen that even at high
excess i values the NOx emission s oniy about 200 ppm.

Plans for the future

[he present state of the art relsting 10 pressurized fluid-
ized combustion and its application to power generation
have been outlined in general terms. The logical next step is
o build and operate a realistically-sized demonstration
plant. Combustion Systems Litd. is working towards this
end, o yreat extentin co-operation wirh varivus sponsor-
Ny agenoes, contractors and manutacturers,

CSLwul cntinue to develop the techaology of Nuidized
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Figure 7. NOy emissions from pressurized combustor.

coumbustion using all the resources available to it, and in the
near future a new program of work will be started on the
BCURA Pressure Rig. So far this plant has operated at low

ROBERTS, A.G.

LUNN, H.G. LOCKE, H.8.

velucities (2-3 ft./sec.) with relatively shallow beds (4-5 ft.)
and it is envisaged that work over the next two years wii
extend this operating range to cover tluidizing velocities o
up tu 10 ft./sec. and bed depths of up to 8 rt. [n paralle
with this work, a number of control problems, along witt
their possible solutivns, will be investigated. =
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ABSTRACT

The first ever pressurised fluidised bed combustor (PFBC)
came into operaticn at the laboratories of the British

Coal Utilisation Researth Associlation at Leatherhead in 1969.
This operated at pressures up to 6 bar and ultimately had a
themmal input of 4.5 M. In the ensuing years other
laboratory scale cambustors care into operation with thermal
inputs ranging fram 0.4 MW to about 2.4 MY and with working
pressures up to 20 bar. Scale—up of the technology began
in 1980 when the 60 Mi(t) PFBC test facility sponsored
equally by the Govermments of the United States of America,
The United Kingdom and the Federal Republic of Gemmany came
into operaticn at Grimethorpe in the U.K. The scaling-up
process was augmented in 1982 when the 15 MW(t) Component
Test Facility (CTF) built in collaboraticn between ASEA~-ATOM,
Stal-Laval/Deutsche Babcock, and the Sydkraft power utility
came into operation.

Cagprehensive data on cambustion, hot gas clean-up and
enviranmental aspects of the technology have been accumilated
and design studies have shown that cambined cycle power plant
based on PFBC have the potential to provide electric power

at lower busbar costs than competing advanced power generating
technologies.

The paper provides an overview on the develomment of the
technology, the technical advances made, and those in the
pipeline aimed at making the system even more attractive.




Status of Pressurisad Fluldised Bed
Technology Todavy — A Review

Introductizn

The notivation o0 develop rluidised-wpoed canbustion systerns has
been its potential for:

{1) burning a wide range of fuels with minimal sensitivity to
charges in fuel characteristics

{11} reducing the amnission of sulphur and NITrogen cxides at low
capital cost and with low thermal penaities

(1i1) reducing the size ard capital st of steam-generating or
airheating equipment by virtue of (a) the higher rates of
heat transfer achieved with tubes immersed in fluidised beds
and (b) elimination of the need for large furnaces in which
to cool molten ash particles by radiation before they enter
the convection passes.

The motivation to develop pressurised fluidised-bed cambusticn (PFBC)
was to add to the foregoing the potential advantages of (i) more
campact plant capable of a greater degree of shop fabrication {(thus
reducing capital cost) and (ii) higher power generating efficiency
by burming acal. directly in comoined gas and steam turbine driven
power generating plant.

This paper outlines the work that has been dane so far in developing
PFEC and rmentions the work that is in progress or that is needed to
sustain or enhance its preeminence over rival technologies,

Cambined Cvcle Poser Plant

Gas turbines cocnvert heat into power at higher tenperatures than are
practicable in canventional power plant using steam turbines. Steam
turbines, however, reject heat at a lower temperature so that cambining
@Rs turbines with steam turbines widens the temperature range over
which heat is converted to power, thereby increasing power generating
efficiency. Large cambined cycle power plant are already in coperation
burning clean fuels such as natural gas and LPG., For the system to
find wide application however the source of heat in the canbustion gases
expanded through the gas twbine reeds to be coal.

Fluidised-bed cambustion under pressure offers the possibility of
burning ccal directly without incurring the losses inherent in first
gasifying or liquifying the coal to remowve the ash. The relatively
low temperature (850~900°C) in the fluidised bed combustion system is
considered to be the key factor. It minimises the extent to which
constituents likely to cause corrosion and fouling of gas turbine
blades are released from the asp, The tamperature is also below that
at which ash particles vitrify and becare more erosive.




- 37 -

Many types Of cambined cycle based on PFBC have been proposed.
The design and costing studies carried out tc date (e.g. Refs. (1)
and (2)) have shown the Steam Cycle (Fig. 1) to be the most likely
to be both technically and cammerciallv successful.

It s envisaged that cperating pRessures will be in the range 12-17
bar, bed temperatures around 350°C-900°C and that up to about 30
oercent of the pover sent out will be generated by the gas turbine.

The motential berefits from adopting the PFBC steam cycle as campared
with conventional pulverised coal-fired power plant having wet
scrubbers to reduce SO; emission have been estimated (Ref. 2) rfor
USA conditions to be,

() 3-4 percentage points increase in power generating eificiency
(1i) about 13 percent lower capital costs, and

(iii) a reduction of around 1O percent in the busbar cost of
electric power.

The relative importance of the savings in operatiig and capital
costs will of course vary from cowntry to comntry. Where coal is
expensive (e.g. in the UK) high efficiency will be given priority
over reducticn in capital costs.

A number of issuss have yet to be resolved however before installation
of large (e.g. 200 MW(e) uypwards) units can be envisaged with
confidence. As micht be expected the main uncertainty lies in the
long-term durability and aerodynamic performance of the gas turbine
blades, i.e. can PFBC corbustion gases, after treatment in practicable
designs of hot gas clean-up equipment, be expanded through gas turbines
without causing unacceptable rates of fouling, erosion, or corxusion?

The answer to this key question can anly be obtained by operating
industrial designs of gas turbine on PFEC camustion gases. The large
expenditure inwolved has €o far precluded this., Tests have been carried
out in which static -ascades of blades or small rotating elements have
been exposed to cambustion gases (Refs. 3, 4, 5). The results have
generally been satisfactory but the underlying douikt has led to proposals
(Ref. 6) being made to operate the first PFBC systems as pressurised
boilers i.e. the Turbocharged boiler (Fig. 2). The gas turbine would
operate at relatively low inlet temperatures (e.q. 400°c-500°¢C) and

only sufficient power would be recovered from the cambustion gases to
drive the air campressor. At these lower temperatures it would be

simple to achieve efficient operatian of the gas clean-up system and

the possibility of corrosive attack on turbine camponents would be
minimised. There would however be a loss of about two percentage points
in power generating efficicacy.

The main market for the PFBC cambined-cycle is likely to be for plant in
the size range 500 Mée to 660 Mde - although twix~charged boilers may
be used in smaller sized units, e.g. c¢. 100 Mi(e). When connected to
a major distribution network combined cycle plant may not be required
to operate much outside the range 80% mcr to 100% mcr with the ability
to accormodate load changes of 3-5% per minute. In other applications
the ability to operate over the range 30% mcr to 100% mcr and to
accommodate load changes of 3%-5% imcr per minute over that range oould
be rportant and two shift operation may also be required.




Origins cf the Technoioay

The potential benefits of the PFIC were IZirst appreciated by the late
Douglas ELL:iott whilst at che UK Central rlectricity Generating Beoard
{CZE@) and staff at the British Coal Utilisation Research Association*
n late 1967, and the first-ever pressurised fluidised-bed cambustor
came into operaticn at Leatherhead in 1969. Work on PFBC at Leatherhead
has, since 1972, mainly been funded by the United States Department of
gnergy, by its predecesscrs, and by organisations either directly or
indirectly assocliated with ik,

Other organisations chat have had a significant inwlvement in the
cevelomment of the technology at Leathertiead or for which test werk

has been carr:ied cut include Stal-laval [now ASEA-PFBC), General

Electric (USA), American Electric Power, The Electric Power Research
Institute (USA), Fluidised Combusticn Contractors Ltd. (FCCL), British
Celumbia Hydro, Swedish NE Board, Curtiss-Wright and I[EA Grimethorpe.
Major contributers to the development of the technology elsewhere include
Exxon who began work in 1973, Curtiss-Wright (1977), IEA Grimethorpe
(1980) , General Electric-Malta Rig (198l), New York University (1983)
and ASEA-Stal-Laval Malmo Rig (198l1).

Several design studies for PFEC power plant in the size range 200-660
YW(e) have been carried out or are in progress, e.qg.

(1) Westinghouse (Ref. 7), for the USA Enviranmental Protecticn
Agency in 1971-73:

(i1) & (Ref.3) for the US DOE in 1981

{1ii) Burns and Roe (Ref. 1) for EPRI in 1980

(iv) Gilbert Associates (Ref. 2) for US DOE (1982)

(v)  Coal Processing Consultants (Ref. 9) for BC Hydro (1982)

(vi) Brown Boveri in association with Foster Wheeler and Lurgi/
Cambustion Engineering (Ref. 10) for EPRI (1983).

Cperating Conditions Fxoplored

The test rigs that hawv. produced or are producing significant data for
PFBC systems are listed in Table 1 together with the upper limits of
some of the operating canditions explored in them.

Coals fram the USA, UK, West Germany and Canada have been burned. These
have mainly been high wvolatile bituminous or semi~bituminous coals with
ash contents ranging fram 7% to 44%.

* Since 1977 the NCB Coal Utilisation Research Laboratory
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The ~cals have mainly been fed dry (near zero surface moisture) with
a tcp size in the range 3-6 mm depending upon the fluidising velocity.
Pressurisation has usually been effected using a lock hopoer system
fram which in most recent installations the outflow of coal has been
controlled by rotary valwes. The ooal is then transportec in air to
the cambustors.

Tests have also been carried out in the 20 atm rig at Leatherhead (Fig. 3)
in which coalwater mixtures containing 70% coal with a tep size of 3 mm
have been bumed at pressures in the range 10-16 bar. This method of
feeding eliminates ooal drying, simplifies pressurisation, and eliminates
the need for inert gas for pressurising lock hoppers.

There is however a reduction in power generating efficiency (Fig. 4). The
reductian (Ref, 11) depends, as might be expected, on the water cantert of
the slurry, and also upan the contribution the gas turbine makes to

the total power output (at constant turbine inlet temperature this mainly
depends upcn the excess air value)., Wwhere the gas turbine power 1is

about 30% of the total the estimated loss is about 0.8 percentage point
increasing to about 1% percentace points for the pressurised boiler cycle
where the gas turbine generates only sufficient power to drive the air
campressor.

An alternative approach to reducing the st of feeding coal - namely
eliminating the drying staf;e and increasing the top size to 25 mm -
has also been tried (Ref. 12).
The SO, sorbents used have been Limestones (raw, and precalcined) and
dlomites., These have nommally been fed dry crushed to have a top size
appropriate to the fluidising velocity but in same tests in the Leatherhead
20 atm rig the sorbent has been fed as coal-water mixture,

Although fluidising velocities as high as 3.7 nys have been used the
majority of the testwork nas been at fluidising welocities of 1.5 ny/s
or lower and bed depths for the majority of tests have been sufficient
to provide gas residence times of two seconds or longer.

Excess air values of about 30% or above hawve predominated since fram the
point of view of cycle efficiency high excess air is not a disadvantage.

in combined cycle plant and it simplifies attaining the required rates

of load change. The greater interest in reducing capital cost now applying
in same countries has resulted in more effort being directed to operation

at lower excess air values.

Bed temperatures have been in the range 720-950°C but because of the need
to minimise alkali release the upper limit has ysually been in the range
850~900°C.

Both tapered and parallel bed combustor geametries have been tested. So
far as the steam cycle is concerned, most of the experience has been
with horizantal or near horizontal tubes with _packing densities in the
range fram about 7 mz/m3 bed to about 19 nrz/m3.




The fouling, ercsion and corrosion propensities of the cambustion

gases after cleaning in cyclcne type dust collectors have been assessed
by passing them through cascades of turbine blades/airfoils, or small
rotating blade assemblies.

The Performmance Qbtained

Important issues include: cambusticn and sulphur retenticon efficiencies,
‘\O‘( emission, SO, formation and its effect in limiting stadk temperatures,
aixali omoentrag_ions in the combustion gases entering the turbine, the
ability to load-follow, and factcors that affect availability such as

tupe bank metal wastage.

The main findings are summarised below:

Combustion Efficiency: Departure fraom complete bum-cut of the
comoustion material fed to the cambustor is almost entirely due to
incampletely-bumed material being elutriated fram the bed. With

but few exceptions this is captured by the first-stage cyclmes.
Combustion efficiencies close to, or abowve 99% can be expected where
the bed termperature is above about BSOOC, excess air is abowve about

X%, bed residence time is 3 secnds or longer, and where the coal being
burned is high-volatile bituminous or semi-bituminous. Cambustion
efficiencies have been samewhat higher at 16 bhar, than at 10 bar ancd
below (Ref.!3).

As might be expected lower cambustion efficiencies apply when low-
wlatile ooals are bumed and also at low loads., Reduction of load

to 30%-40% mcr, for axample, would inwolwve operation (a) with reduced
bed height (e.g. giving a bed residence time g.mund 1 second) ;

{b) with reduced bed temperature (e.g. c. 750°C} and (c) with reduced
pressure, Unless corrective measures are taken, e.g. by recycling
primary cyclanes fines to the cambustor, carbustion efficiency is likely
to decline from 99% to around 95% (Ref. 4).

High combustion efficiencies (993%+) have been obtained when buming
coal-water slurries and efficiency appears to decline less rapidly
with drop in bed temperature than when the coal is fed dry - see
Fig. 5 (Ref, 6). The slurry tends to fomm glcbules of carbonacecus
material as it leaves the nozzle. These probably incorporate the
fines in such a way as to increase their residence time in the bed.

Some exploratory tests in which the fluidising air was admitted in
two stages with the objective of reducing NO_ emission showed
significantly lower cambustion efficiencies e&m coperating at 10 bar
pressure, particularly at excess air values below about 25%, see Fig.
6, (Ref.16 ),

Scaling-up fram the small rigs (e.g. 300 rm x 300 nm) to the largest
pressurised fluidised bed cambustor (e.5 2 m x 2 m) has not so far
resulted in significant deviaticons fram the carbustion efficiency values
that would have been anticipated fram a correlation developed at an
earlier stage in the investigations, There is, however, some
uncertainty as to the effect an performance of coal feed nozzle spacing
and this is unlikely to be resolved wntil much larger-sized plant comes _
into operation. (More details of the larger scale cperation will be -
oresented in a later paper). w
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Sulpnur Capture: The ability to meet cmussion requlations at an
aceeptable cost for SO, sorbent is of paramount importance to the
success of PFBC. Rellable predicticns of sulphur capture by
lirestone or dolamite added to the bed stili relies heavily upon
carrying out test work under operating conditans closely approximating
to those that will apply in commercial plant.

Performance 1is influenced by many factors and thelr interacticns:
notably, residence time in the bed and freeboard, ped temperature,
reactivity of the sorbent (particularly accessibility of the pore-
structure), particle size, and oxygen concentration at the bettam of
the bed. Correlatiocns have been evolved that take these into
acoount reasmably well and fram which the sulphur capture performance
in a large cambustor can be predicrted with a reasonably high degree
of confidence using the results of tests carried out in a small
cambustor.

Same quidance as to the performance of a sorbent in a cambustor can
also be ohtained by carrying ocut tests on a small sample of sorbent
in pressurised thenmmograviretric analysers and using the Westinghouse
(Ref. 7 ) model (with suitable adjustments) to interpolate the data.

The choice of sorbent will, in most instances, be based on local
availability because the cost of transport is nommally the major factor
in its cost at a plant. High calcium utilisation is important; the
degree of utilisation affects the quantity of material required, the
quantity of material to be disposed of, and the cost of treating
effluent waters from the disposal site in order to awoid contaminaticn
of ground water and streams. There is consequently a need to review
the sulphur capture performance periodically to see to what extent this
micht be improved.

On the basis of the calcium/sulphur ratio, dolamite is about twice

as effective as the best limestones and 90% sulphur capture can be
expected with a Ca/S mol ratio of 1.5 under typical PFBC operating
conditions (but on a mass ratio basis there is little difference between
the performances attainable with good limestones and dolamites).




Until comparatively recently sulphur capture performance was
superior as regards both the Ca/S ratic and mass ratio to that
achieved by AIBCs using limestones, Aided by tall freeboards

and fines recycle, 0% sulphur capture has recently been achieved
in AFBCs at Ca/S molar ratios of about 2.0 using limestone, anc
sulphur captures of 90% are claimed for circulating beds operating

at Ca/S molar ratios of as low as 1.2. There is scope however
for improving PFBC sulphur capture performance, e.g. by (a) using
low (app. 0.9 m/s) fluidising velocity.; this results in a smaller

bed particle size, (b) using deep beds-and hence long residence
times, and (C} by recycling fines captured by the primary gas
clean-up stage.

Sulphur captwre may also be improved by as much as 0% by adopting
two-stage combustion, Fig. 7 (Ref. 18). The engineering problers
inwlved in supplying air at two levels in a large bed are, rowever,
formidable and fram this point of view it is probable that altermative
solutions will be explored first.

Sulphur Trioxide: Very little SO, is likely to be present in the
cambustion gases leaving a fluidiSed bed to which sufficient sorbent
has been added to capture 90% of the sulphur. Oxidation of 502 te
503 in the gases downstream of the bed will however proceed (REf. 19)
to an extent which depends upon factcrs such as, (a) operating
pressure, (b) excess air, (c) residence time, (d) presence of
catalytic materials, and (e) the presence cor otherwise of the
mnreacted sorbent, Ustally on the small test rigs, less than 5% of
the total sulphur oxides emitted has Leen present as SOB'

The acid dewpcint temperature increases with increase in SO

water vapour concentratiuons, being higher for example for &W‘i than
for dry ccal, see Fig. 8. With operation at 16 bar burning dxy
coal with sufficient sorbent to ensure 90% sulphur retention, SO3
concentrations of 3-8 ppm can be expected. Unless corrective
measures are taken, e.q. by ensuring that finely-sized sorbent is
present in the gas path, the ex’naust qas t:e,rrperature from PFEC
systems would need to be about 5°C to 20°C higher than from non-
pressurised systems in order to awid acid condensation.

NO,, emission: NO _ emissions fram PFBC's operated under omditions

of commercial interest are generally well within current regulatory
requirerents, see Fig. 9. Since there are already more stringent
requirements in some locations, and there is a possibility of these
becoming more widespread, tests have been carried out to see

whether a worthwhtile reduction might be made by two-stage air admission.

The reduction obtained in these tests (Ref. 18) was marginal and
would not justify the cost and camplication inwolved in overcaning
the considerable engineering problems involved in providing an
additional air distributor.

|




Heat Transfer: Heat transfer rates have been shown to increase
With pressure. It will be seen from Fig. 10 (Ref. 13}, that by
increasing the pressure fram 10 bar to 20 bar, che average convective
heat transfer ccefficient (to water cooled tubes) was increasad

fram about 280 to about 340 W/m“K. The heat transfer data cbtained
fram the Grimethorpe cambustor are reported in another paper to this
session. The data appear generally to have been in line with
predictions fram data fram the small rigs.

Some indication has also been cbtained (Ref. 20) of the rate of heat
transfer to surfaces in the splash zone when a bed level 1s below
the top of the tube bank - as would apply in operaticn at part load.
It will be seen fram Fig. 1l that in the tests the splash zone
extended for about 60C mm abowve the naminal top of the bed.

Elutriation: Gas-bcrne material leaving the bed includes
particulates fram the ocal and sorbent feeds of elutriable sice;
breakdown products fram both; incampletely reacted coal particles;
and material 'splashed' out of the bed due to eruption of bubbles.
The extent to which the latter enter the hot gas—cleaning system
depends upon factors such as freeboard height, geametry and gas
velocity.

For a USA ocoal widely used in the test work in small rigs, typically
about 20 percent of “he material withdrawn from the bed would be
aal ash and the remainder 'dolomite'. The (K coals however have
been associated with a larger preportion of minestone and this has
been the predominent caonstituent of the material withdrawn fram

the bed.

Significantly nore material has been elutriated fram large (e.g. 2 m
x 2m) than from small oarbusteors (e.g. 0.9 m x 0.6 m) operated
under otherwise similar conditions. The larger cross-section more
probably allows full growth of bubble size and energy and hence
'splash' effects are increased. There also appears to be greater
breakdown of sorbent particles in the larger beds. The nett effect
appears to be to about double the amount of material elutriated
campared with ‘small' bed operation. It is thought that loss of
material by splashing could be significantly reduced by having nmuch
more closely spaced tubing at the top of the tube bank than in the
remaindex.

The relative amounts of sorbent and ocoal ash elutriated and the
amounts retained in the bed can be calculated fram analytical data
with a reascnable degree of cmfidence, but it is less certain that
elutriation can be correlated with operating conditions with an
acceptable degree of accuracy.

Alkali Emission: Alkalis, particularly in association witn sulphur
compounds, are considered to be the principal sources of corrodents
at high temperatures. Alkalis enter the PFBC system in the ccal ash
and in the sorktent. Mainly they leave the system via the excess
material discharged fram the bed and in the dust discharged fram the
cyclones.  About 5% will typically be present in the carbustion jases

and gas-borme particles of dust after the cyclones. The potentially =
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condansible concentration of sodium and potassium in the gases
passing through the turbine amounts to less than 1 pmm of 2ach,
but these concentrations are much in excess of what s deemed to
be acceptable in oil-fired gas turbines. The presence of fine
particulate matter together with the lcwer tenperatures and the
corrosion resistant materials envisaged for the wal-fired plant
can be expected to provide some carpensation.

The indications fram the cascade tests mentioned previously (4, 5)
were t_hat provided bed temperatures are not higher than apout
850-880°C materials/ocoatings may be available to provice
satisfactorily long blade life. Some of the issues involwed are
discussed in reference 21. By restricting the operating
temperature to the above levels it has also been shown that dust
deposited on blades can be readily removable using canventional
on-line cleaning methods.

The over-riding need is however to expand PFBC gases through a
turbine with industrial style blading in order to have a true
measure of the problems that might need to be faced.

Ehgineering Development

High availability will be a major factor in the adoption of PFBC
systems. The beneficial effects of higher power generating
efficiency and lower capital cost are rapidly lost if the
availability of the plant does nct match that of current systems.
The status of development of the various camponents of a PFBC
system can be summarised, in the authors' opinion, as follows:

Solids Preparation, Pressurisation and Feeding: Experience has
oonfimmed the need to remove surface moisture to ensure reliable
feeding of solids in meumatic systems. The lock hopper, despite
the hiq. energy loss incwrred and the present requirement of inert
gas for pressurising, is currently the only proven means for
introducing dry coal into a pressurised system. Rotary valves are
now available for controlling the rate of feed fram pressurised
hoppers into pneumatic transport systems. These provide much

more satisfactory control of flow than any solely meumatic system
and also inwlve lower feeder hopper pressures.

Stible mal-water mixtures containing 70% of ooal with a top size of
3 mm can be procuced without the aid of additives, and these can be
reliably pumped into cambustors operating at high pressures (e.q.

16 bar). The sorbent can also be incorporated into a coal-water
mixture, albeit with an increase in the water input to the

combustor and correspandingly hicher loss of efficiency. The
indications are that cammercially-available preparation and pumping
equipment should be adequate to reliably and ecanamically meet the
rquirements of large PFEC plant.
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1here is however scope for developments to (i) enable mn-of-mine
ooal to be used without the need for preparation other than to
reduce the top size to about 25 mm and (il) to ewlwve an alternative
to the lock hopper for pressurising that willi hawve lower energy
losses and obviate the need for using inert gas for pressurising

the contents.

Combustor Design

In the authors' view the trends will he:

(1) to operate at relatively low fluidising velocity (e.g. 1 m/s)
and with deep beds (e.g. 3 m upwards) to enhance cambustion
and sulphur capture performance. Low welocity is also
desirable to minimise tube bank metal wastage.

(ii) to use cambustors with tapered beds in crder to simplify air
distributar design, and to simplify distribution of ooal and
the removal of excess material fram the bed, and

(iii) to use change of bed level as well as change of bed temperatures
as the means for changing load.

Differernces of approach are likely to be in the distribution of heat
transfer surface and in the design of the cambustar containrment.

The main alternative as regqards heat transfer surface is whether the
functions of evaporation, super-heating and reheating are carried
out in separate beds, each with separate control an fi-ing rate, or
whether they are canfined into single beds.

The alternatives as regards combustor containment are (i) the large
sphere designed to contain both the cambustor and the bulk of the
hot s cleaning equipment and (ii) separate cylindrical vessels for
the cambustar and the gas cleaning system. The latter is suitable
for prefabrication off site. The choice is likely to be site-

dependent.

Further developments are cmsidered to be needed, (i) to ewolwe tube
bank geometries and means for protecting tubes that will result in
lower rates of metal wastage, and (ii) to enable nm-of-mine coal to
be burned without accumilation of shale particles in the bed that can
lead to defluidisatian.

Jontrol

Control of laad in a system inwlving steam and qas turbine plant
together with a cambustion system having significant inertia is
inevitably camplicated. This has received attention in the test
work particularly at Leatherhead and Grimethorpe. The data obtained
on system response to changes in firing rate have contributed to

the formulation of designs for control systems over which there is
now considerable cmfidence.
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Hot Gas Clean-Up

Cyclones appear to be capable, when operating as designed, of
reroving particles fram the gas stream that are larger than 10
microns and the great majority of particles larger than 5 micrms.
It is conceivable that three stages of cyclanes might be

sufficient to reduce the dust loading acceptable to a large
industrial gas turbine where relative velocities are low. It

is most unlikely, however, that the dust loading will approach that
needed to meet the USA EPA emission limitaticn of ¢. 30 ppm and
hence the turbine would need to be followed by an electrostatic
precipitator or a bag-house filter.

The elimination of the need for this large and expensive eguipment
by the development of particulate rencval equipment suitable for
installation anead of the turbine is an important objective. Several
systems are under development. Reliable equipment for on-line
measurement of dust concentration to giwe warning of mal-function

of the clean-up systems is urgently required.

Solids Removal and Depressurising

The principal means for depressurising dust/ash is the lock hopper.
Developmrents in recent years hawe led to valves that will seal in
hot and dusty envircnments. The valves are expensive and
maintenance requirements can be severe, cmsequently an approach
now being adopted is to cool the solids befare they enter the

lock system so as to reduce the duty and hence capital cost of the
valves., Sare skill will be required, however, in the designing of
means for cooling the fine dust captured downsteam of the primary
collectors.

Summacy

Data from both the small and frum larger-scale test facilities are
now available to aid the design of PFBC systems.

The are areas of the technology where the data base is aot as
camprehensive as could be desired and hence additional flexibility
will need to be built into the design of plant and/or a more
cautious approach will need to be adopted. These areas include:

(1) Combustion efficiency - at low loads or with low wolatile
coals: there is uncertainty as to the extent of fines
recycle needed to achieve or to maintain a high cambustion
efficiency and as to the effect recycle will have on the
quantity and size distribution of the material to be removed
from the cambustion gases.




(i1) Sulphur retention efficiency - the effectiveness of
recycling in enhancing sulphuw: retention needs to be fully
quantified and as for (i) the oconsequences as far as hot
gas clean—up is oconcermed needs to he assessed. There is
also still a need for a simple laboratory test that will
enable the potential effectiveness of a sorbent to be
reliably quantified.

(1i1) Elutriation - the data available so far do not enable
reliable predictions to be made of the quantity or of the
size distribution of the material that will be elutriated.
Same skill is therefore needed in interpreting the data.
The data also do not take account of recycling.

(iv) Tube bank design - the current indications are that fram
the point of view of minimising metal wastage, fluidising
velocities at the top of the bed should not be higher than
about 1 m/s. It may however be possible to cperate with
higher fluidising velocities at lower levels in a tube bank
in a tapered bed without incurring wnacceptably high rates
of metal loss. Further development is needed to establish
how best to arrange the tubing over the full depth of a
bed whilst at the same time awoiding metal wastage even with
the most aggressive coal ashes.

{(v) Sintering of bed material - same mixtures of limestane and
cal ashes show tendencies to form sintered agglomerates
that can lead to defluidisation. The tendency can be
reduced by operating at higher fluidising velocity (e.qg. 1.5 nv's)
in the lower part of the wumbustcr -~ a feature of a tapered
bedo— and avelding high bed temperatures. (e.g. abowe about
880°C).,

(vi) Control of load - control of load in a bubbling-bed system
in most instances will inwolwe change of bed lewel. The
feasibili+y of changing bed level has been shown but the
ability o follow the changes in lcad demand experienced in
utility power systems over prolanged periods has yet to be
demonstrated.

(vii) Hot Gas Clean-Up - the adequancy or otherwise of hot gas clean-
wp equipment to meet the requirements of a gas turbine in
a carbined cycle can only be established by carrying out tests
in which the cleaned gases are exmanasd through a gas *urbine
having blading representative of camercial designs.

The aim should be to satisfy both the turbine and the EPA by clean-
up equipment installed ahead of the turbine. The early development
and application of the pressurised boiler cycle will provide a
valuable means for establishing PFEC technology in the power

industry and for obtaining experience with advanced designs of gas
clean-up equipment under less arcduous conditions than in the cambined
cycle.
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In Conclusion:

is justifiable to have confidence that econamic soluticns will
found to the remaining tecwnical problems which need to be
overcome before the PFBC corbined cycle power plant is in camercial
13+

operation. The new programme at the UK Grimethorpe Test Facrilty
can be expected to make a major contribution to this end.

&«

Future Develooments

iilcher power generating efficiencies are potentially feasible by
adopting the developments in steam pressures and temperatures
envisaged for canventiocnal pulverised coal-fired plant. With
stream pressure of c. 300 Sar and double reheat giving steam
temperatures of around 620°C the currently envisaged efficiency
about 40% could increase to about 42.5%
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Table 1. Pilot Scale PFEC Rigs 150mm or Larger

Rating PressureiBeds Depth Tgmp Fluidising Status
Na MW(t) }Plad m C velocity )
name (Max.) | (Max) iz\rsa’ (Max.) (Max)| m/s

Coom i i (Max)

o i |
Argonne National g l |
Laboratory USA | 0.15 6 10.02 0.9 980 1.8 A

!
NASA Lewis i
Laboratory USA | 0.5 8 0.04 2.4 | 870 2.1 B
Exxon Eng. ;
USA 1.7 10 0.07] ¢.3.6| 980 2.1 B
New York
Universicy USA 7 7 0.4 3.6 | 950 2.4 A
General Electric
Malta. USA 1.6 10 0.07 1.6 950 0.9 B
Curtiss Wright
(Airheater) USA 4.9 6 0.66 4.9 900 0.8 = C
NCB CURL 1 .56
U.X. 6 6 - 2.8 950 2.1 =L

0.88
NCB CURL 2 :
UK 0.3 6 0.07 1.2 | 95C 3.7 -:C o
NCB CURL 3
U.K. 1.2 20 10.09{ 3.1 {950 1.5 c
IEA Grisethurpe
U.x. 60 12 4 4.5 950 2.5 N A~
ASEA PFBC ° .
Sweden 15 16 2 Rppp.3.7 | 900 0.9 .. A :

Status: A - Operational
B =~ Not in use or Mothballed
C - Dismantled or being dismantled

Note: NCB-CURL Rig 3 being reassembled at NCB Stoke Orchard Laboratory.
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as from Cadogan Consultants
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31 August, 1984

37 Cadogan Street
London SW 3 2FPR

UK

To

Dr.M. l'!lunq

IDO/Chem/I0

UNIDO, Vienna Internaticnal Centre,
Vl‘nnl.

Austria

India Gasification Pro jects

I have tried to telephone, as you asked, but the awitch
board could not make connection. When we met in Vienna on 20th
August 1984 you briefed me most interestingly on the Indian RRIH
coal gasification and symthesis Projects The report is under way.
You also asked me to let you know about a number of po.tnts. both
of principle and of detail, so here ars the points:

1.

Dr. G. Thyagarajan, the RRL Director is concermed about
this, Also Mr, Seshagiri Rao, Deputy Directors, Coal Division
and Mr, wug:ayma Rao, Assistont Director, are shortly to
retire in 1986A (So’t:oo is 'the Director of Chenical Engineering).
This i3 a common problesm of new laboratories that secruited
similarly - aged young staff, when they opomd; Trawls are being
made throughout India, There are expatriate Indians of leadership
ability and initiative, but local salaries camnnot attract them
por can local educational and domestic conditions, now they are
used to Western ways.

~
seoboooe




This work must have a leader, and the RRLH Director
is excesllent, He would encourage the right Coal Division
Director but first the right man (in his active 40's) must
be found, and others to buttress him,

2.

The relationship is one=sided apparently., RRLH
thinking is generally in sympathy with the National Plan,
but does not form part of it (so they say). The RRLH work
is of course, part of the general programme of CSIR, I
have recommsnded that RRLH form a small techno=econonic
atudy group that shculd (in time) help keep process
aspirations in line with economic reality and also build
up & useful body of expertise and data,

Also, no process (on a scale relevant to coal gasifi-
cation and synthesis) could, from RRLH now, meet a market
demand in under 10 years - more like 15 or more. So I have
recommended a marketing study to consider warkets for

proaucts from today, over thec next couple of decades. Also,

it may well be necessary for India to ‘buy in’ some
technology to add to whac it develops itseif,

RRLII gesificaticn work is acud, fut at o earl; a
stage fur the National Plan to rel; on it,

3. How much work has been adons on the glant?

Good, useful work, still troucle-shcoting and training -

only new on axygen (previously air). Waste~heat~boiler
wAtsr-levels surges grate drive seals leaks valve spindles
Selze., Thezc are problems with the tar/liquid condensstion
and circulation. These are common "teething troublcs* and
therw will be more., <he synthesioc catalyst work is gocd,
but has as far to go as gasifier characterisation of coals,




What is needed now is a programme and an increasing
intellectual/commercial discipline. RRLH seems to be
capable of providing the right background and environment -
and has had successes in the past. Some “"catalysis® of the
staff during this coming difficult period of changing
leaders, would be of great benefit.

4, Ihe purhose of the gasification(gxgthasis WOLK = support?

This seems to be largely self-propelled by RRLH, to
make use of its expertise and o keep level-pegging with
CFRI and other initiatives (such as those of BHEL)., This
healthy competent competition i3 prob:bly verv good. But
RAUH will probably value scme external influence to appear at
intervals and lelp keep things moving forward, They will
Get the Lest support when their recults justify it. This
will take tlae,

Se RRLH—Universigx Bridgess

There ire muny, it secms, hre on a pecrsonal level,
not as meguardy research wouke Therc «re cabobly many minor,
but useful research contr=cts that RiILH could place with
universities, The 3~year Ph.D tire t7ble will have to be
reckoned-with, providirg vet anotho- reason for deriving
3 prograune of work kringing in feseorch, progress elsewhere,
techno=eccncemic studies, auxi m2r..cting reclities, as well as
all the interiocking aspects of the gasification, catalyst
and synthesis work thuat will be necscary. At present the
vork ic (epparently) organised ad hoc,

6. U £ gasisier ashs

There is no real consideration, now of the use of
2sh. I have outlined some possible uses = but at the present
stage of the work, ash is of low priority. As disposal is,
of course, a problem throughout coal=-using industry throughout
Inddia,




Te Pollgshigs 3

Some should be useful -~ sec report
8. Need for a return visit:
M

I am making some recommendations for activity and
the Director of RRLH 13 keen on the proposal to set up a
mmall (pert time) techno-economic unit. A returr visit
ia perhaps six or twelve months would k< useful to ol
keep the prog¢ramme moving, and to cnsure planned rather
than ad hoc activity, isfter that some regular arraagenent
could be cecided, The objectives of the work arc worth-
while and it will be worth MAing sure that it mckes real
progress. The first priority 13 O opcrate tie gasifier
satisfactorily. '

-

Se e generzl usefulness or thae works

This work «<ould lead to a 'rajor advence in Indiz, Is
could ales nrovide a hase from wi-ich to compaore bounhit-in
LroCaesses from abroesd, The ~Ccipetenca is available, and ope
can see useiul indigerous Hrocesses bz2ing developed for use
by Indian industry, I0CusAgarant wil) ko aezacd, ec the
progracme must keep paca with i1.aat jio h2ing dcne elgeviere
in the .orlc.

I hope this may be helzful. Perhaos we can talk about
the ixmplicaticns when you have n.d an oprertuaity tc ccnsider
nty report,

I shall lock forward to heuring from you,

With Xéngd regarcs,

signed

Brian Locke




Appendix 12

Literature given to RRL by the Consultant

A Papers by others

Hebden D, Edge R F

and Foley K W

Ricketts T S

Ricketts T S

Harvey F

Elgin D C &

Perks H R

Elgin D C

Jones JEM

"Investigations with a Small Pressure
Gasifier" Gas Council, Research
Communication G C 14 : November 1954

"The Westfield High Pressure Coal
Gasification Plant" [ 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
Westfielid,Scotland” British Gas

“Gasificatior of US Coals at Westfield,
Scotland” [ Gas E Communication 946 :
November 1974

Commissioner, Summary Report (Full scale R
tests of Kentucky No 9 Coal in a Lurgi

Gasifier at Sasol One) Bureau of Energy

Research and Development : August 1982

Kentucky




Roeger A and

Jones JEM "Testing Kentucky Coal to set Design
Criteria for a Lurgi Gasification Plant"”
S5th Annual Energy Conservation Technology
Conference and Exhibition, Houston,
Texas : April 1983

British Gas - International Consultancy Service - Brochure

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-Frese 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” [ Chem E Jubilee Symposium,
Imperial College, London April 1982

Locke B "Energy Flux in Chemical Engineering Design” I Chem E
Symposium Series No.78 : October 1982

Locke B, Choudhury R & Lecamwasam D C D "Indigenous Rural Power
Centres" draft for Institution of Mechanical Engineers,
London, April 1985

.




Papers in this Report

Roberts A G, Hoy H R, Lunn H G, & Locke H B, "Fluidized
Combustion of Fossil Fuels" Coal Processing
Technology, Vol 2, 1975

Locke B, "Feedstocks and Fuels from Coal : The Need for Process
Changes" Energy Worid : February 1982

Hoy H R, Stantan J E, Roberts A G, "Status of Fressurized
Fluidized 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, but, 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,
carborisation under pressure, and
monthly progress reports;

for example.

BL/AB 1.11.85
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