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THIRD ANNUAL WORKSHOP ON
COAL AND BIOMASS CONVERSION PROGRAMS OF THE
USAID/GOI ALTERNATIVE ENERGY RESOURCES DEVELOPMENT PROJECT

The Third Annual Workshop on the USAID/Government of India Cooperative Program
on Alternative Energy Resources Development - Coal/Biomass Conversion was held
at the Maurya Sheraton Hotel in New Delhi on December 5 - 7, 1985.

The intent of the Workshop was to review the progress of the program during the
past year; to encourage U.S. specialists to discuss with their Indian
counterparts the direction and future of the program; to assess the status of
the individual projects through site visits to the facilities and to address any
concerns or anticipated problems in meeting the objectives of each of the
collaborative projects; and to provide a forum for technical exchange between
U.S. and Indian industry to understand the need for and availability of
technology, products, and services in the U.S. and India in specific areas of
interest in coal and biomass conversion.

There are six projects which have been selected for collaboration in coal
conversion and three in biomass conversion. The six coal projects are:

0 Evaluation of the Freeboard Performance in a Fluidized Bed Combustor
0 AFBC Boiler Scaleup
0 Hot Gas Cleanup
0 Cela Gas Cleanup and Separation
0 Rheology, Stability, and Combustion of Coal/Water Mixtures
0 Coal Beneficiation
The three major biomass conversion projects are the following:

0 Development of a Village-Level Gasifier (5 HP) Based on Charred
Agricultural Residue for use with Irrigation Pumps

0 Utilization of Producer Gas in Small (3-5 HP) Utility Engines

0 Development and Field Implementation of Small Wood-Based Gasifier
Engine Systems (5-30 HP)



The workshop sessijons included presentations by Indian scientists/engineers and
U.S. team members on the above-mentiomed projects, and representative of U.S.
industrial organizations. The presentations were followed by panel discussions.
At the opening of the Workshop, representatives from the Government of India,
some of the participating laboratories, and the Association of Indian
Engineering Industries, emphasized the need and importance of technology
development in meeting India's energy requirements.

At the request of the Department of Non-Conventional Energy Sources, Government
of India, additional presentations in the area of biomass conversion were made
on December 6 by scientists/ engineers from the Indian private sector and
government institutions.

At the workshop, th2 Program Manager, Mr. Daniel Bienstock of the Pittsburgh
Energy Technology Center (USDOE) was honored by Bharat Heavy Electricals, Ltd.,
India, in appreciation for his contributions to the Alternate Energy Resource
Development Program.
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AGENDA

THIRD USAID/GOI WORKSHOP

ON

ALTERNATE ENERGY RESOURCES

Thursday, December 5, 1985

Marning Session

10:00 a.m. - 12:30 noon

12:30 p.m. -

Afternoon Session:

2:00 p.m.

2:30 p.m.

2:50 p.m.

3:10 p.m. -

3:40 p.m.

4:05 p.m.

1:30 p.m.

Introduction - D. Bienstock, 1.S. DOE (PETC)
Presentations by the following orgznizations:
0 DNES - M.Dayal

0 CSIR - S. Varadarajan

0 BHEL - M.K. Sridhar

0 AIEI - V. Balasubrzmaniam

0 U.S. DOE (PETC) - D. Bienstock
Lunch

Coal and Biomass Technoiogies in the U.S. - K.T.U.
Malliah (BHEL), Chairperson

2:30 p.m.

2:50 p.m.

3:10 p.m.

[ ]

:40 p.m.

4:05 r.m.

4:20 p.m.

Status of the Fluidized-Bed Technology in the
U.S. - J.W. Bass III, D. Daugherty (TVA)

Current Coal Cleaning Practices in the
U.S. - A. Deurbrouck, U.S. DOE (PETC)
Paper presented by D. Bienstock

Fuel Gas Upgrading and Separation - M. Ghate,
U.S. DOE (METC)

50,000 tons/year Coal Water Slurry Production
Plant - C. Eich, Foster-Wheeler

Current Developments and Future Trends in the
Use of Wood Fuel in Fluidized Bed Gasifiers -
V. Flanigan, Univ. of Missouri

Concept for a Solar/AFBC 30 MWe Power Plant -
Raj Gopal, Westinghouse Electric

Applications of FBC Systems for Retrofits -
R.J. Gendreau, Stone and Webster
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4:30 p.m. - 4:45 p.m.
4:45 p.m. - 5:15 p.m.
7:30 p.m.

Pqper presented by Richard Grieve.
Break
Panel Discussion

Reception and Dinner

Friday, December 6, 1985

Coal Conversion Session

Morning Session: Combustion - Y.P.

9:00 a.m. 9:30 a.m.

9:30 a.m. - 10:00 a.m.

10:00 a.m. - 10:30 a.m.

10:30 a.m. - 11:00 a.m.

11:00 a.m. - 11:30 a.m.

11:30 a.m. - 12:00 a.m

12:00 a.m. - 12:35 p.m.
12:30 p.m. - 1:30 p.m.

Abbi (BHEL), Chairperson

AFBC Test Facility for the Evaluation of /

Freeboard Performance - S. Chandrasekaran,
A.V.V. Murthy (BHEL), R.P. Krishnan (ORNL)

AFBC Boiler Scaleup - K.M.V. Malarkkan, S.
Rajaram, G. Viswanathan, S. Sundararajan ./
(BHEL)

30 MWe AFBC Demonstration Plant - G. J
Viswanathan, S. Shanmugam (BHEL)

Break

Studies on Stability and Flowability of v/
Coal-Water Mixture (CWM) Fuel - M.
Chakraborty, T.K. Bhowmik, Mithilesh Prasad,
S. Chanda, S. Majumdar (CFRI)

Cevelopment of Coal Water Slurry Combustion
Technology Progress in BHEL - K. Nandakumar,
P.V.L.N. Sarma, R. Pattabiraman, K.M.V.
Malarkkan (BHEL)

Panel Discussion

Lunch

Afternoon Session: Coal Preparation and Gas Cleanup - R. Haque (CFRI),
Chairperson

1:40 p.m. - 2:10 p.m.

2:10 p.m. - 2:40 p.m.

Studies in Relation to Beneficiation of Small
Coal in Dense Medium Cyclone - A.K.
Chakravarti (CFRI)

Hot Gas Cleanup: BHEL's Program on Granular
Bed Filter (GBF) - R.S. Rangan (BHEL)
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2:40 p.m. - 3:10 p.m. Some Recent Trends in Cold Gas Cleanup - S.N.
Reddy, P. Vaidyeswaran (RRL)

3:10 p.m. -~ 3:3C p.m. Evaluation of Indian Coals for Coal Slurry
Fuels - Robert Powell (Coaliquids)

3:30 p.m. - 3:40 p.m. R&D Activities on Fluidized Bed Gasification
of Coal and COM Combustion - A.B. Datta, P.K.
Chatterjee, K.M. Kundu, B.B. Bansal (CMERI)

3:40 p.m. -~ 4:00 p.m. Break

Friday, December 6, 1985

Biomass Coversion Session

Morning Session - 0.P. Vimal (DNES), Chairperson

9:00 a.m. - 9:30 a.m. Develonment and Operation of Biomass
Gasificatiin System for 5 HP Irrigation Puwps
- Siddhartha Gaur, N. Anuradha, T.R. Rao,.
P.V.R. Iyer, P.D. Grover (IIT)

9:30 a.m. - 10:00 a.m. Utilization of Producer Gas in a Small //
Horsepower Engine - H.B. Mathur (IIT)

10:00 a.m. ~ 10:30 a.m. Field Implementation of Gasifier System for
Irrigation - M.B. Durgaprasad, V.K. Jain&/
R.N. Pandya, S.R. Patel, K.S. Shah

10:30 a.m. - 11:00 a.m. Break

11:00 a.m. - 11:20 a.m. Scope and Limitations of Utilization of
Biomass-Produced Gas in Dual-Fuel Operation
of Existing Diesel Engines

11:20 a.m. - 11:40 a.m. Remarks on DNES-supported Biomass
Gasification Projects - 0.P. Vimal

11:40 a.m. - 12:15 p.m. Panel Discussion

12:30 p.m. - 1:30 p.m. Lunch

Afternoon Session: Biomass Conversion, Continued - Dr. P. Parikh (IIT,
Bombay), Chairperson

1:30 p.m. - 1:55 p.m. Video Movie on Khandia Village Renewable

Energy System. Prepared by Gujarat Energy
Development Administration (GEDA)
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INTRODUCTIONS BY MR. DANIEL BIENSTOCK (USDQE/PETC)

The first speaker is Dr. Varadarajan. Dr. Varadarajan is the Director General
of the Council of Scientific and Industrial Research. Previously he served as
Secretary of the Department of Science and Technology, Chairman of the Engineers
India Limited, and Chairman of Indian Petrochemicals Corporation Limited. During
the Bhopal gas leakage, he was the scientist in charge of the investigation and
the neutralization of the remaining gas in the holders. He received the

prestigious award of Padmashri from India.

I would 1ike to introduce Dr. Varadarajan . . .
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Varadarajan

Mr. Bienstock, members of the group participating in this

workshop, ladies and gentlemen; first of all I would like to
thank Mr. Bienstock for arranging for my short presentation on
this very important subject. As you know, the Council of
Scientific and Industrial Research, which started in earnest in
1948, has had considerable interest in almost all forms of
energy. The Council has a large interest in coal through its
Central Fuel Research Institute and it has work proceeding on
coal in many other laboratories including Regional Research
Laboratory in Hyderabad, and Regional Research Laboratory at
Jorhat. We are of course, interested in other areas such as the
development of equipment and machinery in our Laboratories at the
National Aeronautic Laboratory at Bangalore, The Central
Mechanical Engineering Research Institute at Durgapur, and we are
very much interested in the problems of cleaning materials, such
as work at our National Environmental Engineering Research
Institute indicates. Our research laboratory at Bhubaneswar has
also been interested in the efficient use of coal by devising

acoustic methods.

We are also interested in other forms of energy. The Indian

Institute of Petroleum at Teratas is a major institute in this



area which has a main concern with the use of petroleum - the
refining of petroleum. 7Tt is remarkable that in India, with the
discovery of off shore oil and the increase in production by
about 25 million tons in the last seven years, it has been
possible to use existing facilities in our refineries tc manage

the production and conversion for many different kinds of

feedstock and produce our requirements inside the country.

Similarily, we have considerable interest in other forms,
especially in the renewable energy sources. It was the National
Physical Laboratory in Dehli which started work on solar energy.
We have now expanded this work into many other areas. India has
been able to devise whatever it takes, entirely on its own and we
aré now producing at the rate of over 2 MW per annum and it will
be expanded to 7 or 8 MW per annum. Similarily, in the whole
area of efficient combustion biomass, coal, or wood, many of our
institutions and educational training institutions such as the
Institute of Technologies, have taken interest. They are all
beginning to commercialize with many companies such as Bharat
Heavy Electricals Ltd., and Jyoti Ltd. They have a very direct
interest in both renewable energy sources, capital equipment, and
processes as well as more efficient use of nonrenewable energy

sources.

This particular workshop is the result of the cooperation with

O



USAID and the Government of India, and specific projects have
been proposed and pursued. There was an opportunity in February
this year to review the work that has Leen in progress, and I am
glad that another such workshop has been arranged to make the
proper review of these. It is necessary to produce in these
workshops the very kest of science that both sides can bring
because today the Indian laboratories and the Indian systems are
well advanced and are in a position to bring very good systems of
science, technology, measurement and so on. I hope that what is

going to be presented will reflect this capability on both sides.

We now have four projects that we are going to review. Three of
these are those which were mentioned earlier involving coal and
CSAR Laboratories. These involve the very important problem of
producing clean coal washing and particularly good attention to

midlings.

India has very large coal reserves and I expect through our
surveys we will still be able to find more. But nevertheless,
the quality of the coal is such that it requires specific
attention. Our present production of over 150 million tons is
expected to increase Lo 375 million tons in the next 15 years.
Indeed if India it going to progress further, and raise stardards
of living, we know that the rate of increasing enerygy will be one

of the biggest indicators of these improvements. As a result, I



am not sure that the amount will be restricted to recent family
intents. Much of it is due to ﬁnfrastructure problems, therefore
- we expect a steady growth in coal production and coal
utilization. When the utilization quantities were smaller and
certain inefficiencies could be tolerated. With the requirements
and usage increasing, there is a much greater need for very
efficient utilization of all coals. That means we know our
present problems of accumulation of midlings has to be tackled
and this will require a considerable amount of work. This is a
combination of good science and it is also a challenge for our
engineering and capital equipment producers to design equipment
which would withstand the new and specific conditions of high ash

coals and washery rejects.

The other area of very great interest to us is the transportation
of coal. Variable amounts of work have been done on
unconventional and modern methods of transportation in the form
of slurry. We have our best experience in iron ore and we have
established a very long pipeline for our new slurry in south
India where there are arid regions. A considerable amount of
work has been done in our laboratories on slurry transportation
pilot plants and there is now a proposal to work on very thick
slurries with small amounts of water. This is a very demanding
kind of work which requires innovation and the use of additives -

methods by which separation would be aviodable - the choice of

11



pumps and other equipment, new instrumentation for this purpose.
I do hope the workshop will devote some time to see what should
be done and arrange for some specific targets and objectives in a
time bound manner. If the objectives are challenging enough and
the scientific inputs are big enough, we from the Council of
Scientific and Industrial Research would be very happy to
concentrate our efforts in such areas and not necessarily limit
ourselves to assistance from outside sources. That is very
welcome. But, nevertheless, the most important outcome of this
joint workshop should be the meeting of minds and the challenges

that will be provided. I do hope that some very interesting

questions will be raised for the future of this work.

As cur requirements for éoal increase and our own committment to
cur environment improves, we have great interest in insuring good
quality environment. This is more easily said than done because
our rate of growth and usage of normal cnergy sources is
increasing very quickly, and as a result there are many changes
taking place. The city of Dehli, for instance, in the last
thirty years has changed enormously. I think all these areas
were inhabited by wild animals and it was quite difficult to get
from old Delhi to New Delhi and back in less than a day's
journey. But the changes that have taken place reflect the
amount of energy usage and the damage or effect o:x the

environment. So I am glad that one of the projects here has to

i2



do with methods by which coal purifications can be performed. We
are-particularily happy that a ;esearch project is devoted to
coal gasification and fluidized combustion. Certainly fluidized
combustion is something on which India has done a lot of work and
BHEL has now proceeded further to establish commercial
development. At this stage it is of reasonably small size but
there is no reason why this work cannot be expanded to take on
very much larger sized units. This has a great virtue of having
the ability to use different types of coal, of different sizes,
in which sublimation is not required in all cases. We believe
that the efficiency in energy, directly from coal will improve as

a result of fluidized bed combustion.

Last, but not least, as a result of all this, the fluid materials
will be of much better quality and the fluid process can be done
much better. The use of fluidized bed combustion offers us very

good opportunities.

There are many other areas that we would have much interest in.
There are many situations in which we require inert gases. This
may be particularily useful when we consider injection of such
gases in our coal mines. There are also many other situations
where we require inert gases. On the production of inert gases
by pure nitrogen, gas air separation process is expensive and it

is not often required for that purity. Similarily, use of other



material such as petroleum, and petroleum coke, to produce inert
gases is also expensive. When we want very large quantities,
there are opportunities to use coal combustion methods to produce
inert gases. I am glad there are going to be discussions in this

area.

We may be able to also identify new projects on an occassion cuch
as this, for consideration. Apart from reviewing old pro-ects,
I hope you will allocate some time for this. Now, what cculd
this be? Certainly we are very interested in the area of coal
gasification with a very high recovery. These are going to
depend on the adoption of very high temperatures and that
produces a whole series of requirements; controls, the use of
ceramics which can withstand this high temperature, the ability
to operate combine cycle, the generation of power using very hot
gases, recommending second grade level, and insuring all that can
be done on a short notice ~ especially dust removal -~ so that
the plants can operate well. This is an area in which work has
been done in the US. There are new processes which use certain
amounts of liquid matter as a method of having this temperature
contained, and also removing sludge contents. T hope we can
identify the ways and means of working on this type of project so
that we do not work only on the conventional technologies and
improvements, but also look for leap frogging into an entirely

new dimension. These are quite possible because there are new
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materials available, and we have good experience in ceramics, we
have good experience in process control and microprocessors, and
computer controls. BAll this would be highly suitable for Indian

coals because of the advantages these fluidized processes offer.

Although much of our cecal is free from sulfur, there are other
deposits of coal which do contain sulfur, which is such a
problem. Therefore, processes which are particularily helpful in
dealing with these high sulfur coals and low sulfur coals to
insure minimum effect on environment, may receive your special

attention.

We also have special problems using coal powder, coal dust and so
on. There are burners which use liquid forms by adding water or
0il. BHEL has dcne some work in this area, as has cur laboratory
at Bhubaneswar. This is a gcod opportunity to look at our
projects for the future, and the way in which these ideas can be
of benefit to this country. I hope this t'pe of work will be
two-way traffic. We are not only considering inputs and
assistance from USAID for work which would be of benefit to this
country, but also for projects in which our expertise and
experience may prove to be of interest to US Agencies. I think
there should be some specific attention paid to active interest
and greater cooperation with the United States. Recently, the US

has expressed more interest in forms of cooperation. If there



are specific projects which would be of interest, or some
problems which could be posed, ;nd if they are taken up as joint
projects in India, the whole interest in cooperation and joint
projects will increase., Otherwise, it will always remain on one
side a giver and the other a taker. But if there is enough of us
it may not be in large measure but it may be in very specific
measure. Our interest in future cooperation will increase and
many people will be very strongly motivated because they are also
involved as equals and committing to work elsewhere. There may
be opportunities for such work which has wide implications to be
applied elsewhere not only in India because science is common,
there may be opportunities in USAID which handles worldwide
interests in many countries. It may also be able to identify
some output from this country which has some relevence in some
other country. It may not be part of this USAID workshop, but
nevertheless, when you meet you may get some impression of the
kind of work USAID is supporting or assisting in other countries
in the whole area of energy and alternate energy sources. It is
possible that knowledge and experience the7 develop is of use to

others without any particular committment.

I do hope the brief survey I have made on the possibility of
future work and the review of our current work, will be of some
value to you. We are aware that India's requirements for energy

will increase and we are anxious to do a great deal in this area.
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The Department of Non-Conventional Eneigy Sources has been
supporting a number of new acti;ities. They have not only been
supporting activities in research but they have also been
promoting the use of such devices and forms of enerqgy. Therefore
we have been able to produce some sort of special assistance and
support whenever such uses occur. We also have other
organizations which are now taking interest in this area. We have
an organization called the Consul for the Application of Rural
Technology, or CART. This is now funding a number of
investigations, also assistance programs directed towards rural
development . In the last two vears we have had quite a lot of
success in getting many local programs integrated by the
application of technology. Otherwise there were many independent
programs like employment programs or rural development programs.
The input of good technology into those programs has increased

the value of such programs.

I would like to quote our prime minister as saying that the very
best of science should be used for every situation, and it's only
when we have used very good science that we hLave been able to
overcome problems and sclve them. So many of the presentations
will deal with our rural programs and village level programs,
localized efforts, use of local materials, by-products,
agricultural by-products, and other materials, or biomass. But

merely because they are not in big corporations, and mined on and
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big sums are not quoted, they should still receive the very best
cf science. I do hope this workshop will see that the kind of
science and technology we are applying in the renewable energy

sources and biomass programs are all of a very high quality.

Before I finish I must tell you that there is increasing interest
in India in the application of biotechnolegy. It is
particularily suited to us. There are, by and large, many
biotechnology applications that do not require very large capital
investments. They are managable in small factories or production
units, or can be done in the field. We are now having very good
success in the propagation of biomass by the use of tissue
culture. We have made a specific plan and the banks have now
come forward to support this program. Our national chemical
laboratory is now involved with the rural development bank, and
is propagating in three areas large quantities of quick growing
species of biomass by supplying tissue culture methods, sapplings
which can be planted and can be insured to grow. Similarily, we
are looking at other species, especially other tree species,
which are quick growing. We will do a great deal of work in this
area. Then there are possibilities of incorporating new
properties in alternate energy systems, such as improved nitrogen
fixation and improved photosynthesis. We have had quite a lct of
success in the use of photosynthetic improvers. I think some

attention to rapid prcduction of biomass will be of considerable



interest.

There are some other areas also in biomass conversion which will
be available. There are some papers in the use of biomass
derived materials. We have an institute of microbiotechnology
which is attending to one particularily interesting problem for
India - the conversion of cellulcsic materials through the
application of biochemical biological processes into liquid
films. So far we have had yreat success. Brazil has been
converting sugar cane, which is a soluable carbohydrate. We have
very large quantities of nonscluable carbochydrate materials and
some method of bringing these into forms of energy will be
useful. At the moment most of it is used as energy by direct

burning but there may opportunities for conversion to alcohols.

We have considerable interest in such processes as photovoltaics
and the production of hydrogen. We have had some recent success
in photocatalysis and also in the conversion of air and water to
the very important material, ammonia which is a photocatalytic
process. But whether or not we have had successes there are
indications by some new novel principles by which one may
overcome the o0ld problems and be able to get a reasonably
efficient decent realized method of producing either hydrogen or
ammonia by these processes. I mention these as examples of very
high quality science which can be used for what might be called

simple problems but yet which may have a very big effect. I do

[,
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hope this insistence on using very high science will continue in
this workshop and we will be able to produce some new innovations

as a result of these interactions.

I wish the workshop every success and I thank you once again for

your kind invitation.



The next speaker is Mr. Sridhar. Mr. Sridhar is precently the

Technical Director of Bharat Heavy Electricals, Ltd. He was General Manager of
the Trichy plant from April 1976 and later became the Executive Director of
BHEL's Overseas Projects Division. In 1981 he took charge as the Executive
Director of the Trichy complex. He has been the Technical Director of BHEL
since October of 1983 where he is responsible for the engineering, technology,
R& and planning of the company. Mr. Sridhar is a mechanical engineer from the
University of Mysore, 1985. It is interesting to read that he was sent to US
Steel of Gary and was there for one year in machine technology and machine shop

administration.

Mr. Sridhar . .
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STATUS OF MAJOR COAL BASED RaD PROGRAMMES IN BHEL

BY

M.K. SRIDHAR
DIRECTOR (TECHNICAL)
BHARAT HEAVY ELECTRICALS LTOD.

During the last Government of India/USAID Workshop in
February 1985, the status of major R&D Programmes pursued by BHEL
was highlighted. Since then, we have made considerable progress
in these R&D Projects. I would like to briefly touch upon a few

of the major ongoing R&D Programmes.

'—l
o

ATMOSPHERIC PRESSURE FLUIDISED BED COMBUSTION
BOILERS (AFBC)

1.1 Development Work

BHEL in their AFBC test facilities at Tiruchi have success-
fully tested various fuels. Combustion studies with mill
rejects, Rice husk, Rice straw, various types of lignites,
Washery tailings, Baggasse, Spent baggasse, Wood bark, Paper
sludge and solvent residue have been conducted and operating
parameters established. Based on this a number of technical
and commercial proposals have been made including one 10 MW
unit for burning rice straw in Punjab where this materisl is
at present Just burnt out in the fields. The main problem
faced on this is for Rice Straw handling and feeding system.
No experience is available In the country For.this and

efforts are being made to import the system.
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1.2

Our joint project with USAID on "Evaluation of Free Board
Performance in a Fluidised Bed Combustor" has reached a
stage that the shaketdown tests of the Test Facility will be
started by end of December 1985. All the equipment and
control systems have been installed. The Data Acquisition
System imported with assistance from USAID has been
assembled and tested, and will also be put in position as
Soon as a shake-down tests are completed and performance
runs started for collecting data for the test programme

already finalised in consultation with us e&perts.

BHEL has also taken up development of Air Heaters, both
Tubular and Ceramic types, based on fluidised bed combustion
of agro-wastes or low grade coals. The application of these
are in Stirling Engines and Hot Air Turbines. Experiments
are being planned with a 25 k¥ Stirling Engine, thch is
being imported by Department of Non-conventional Energy
Sources (DNES). 1In addition, a demonstration plant is being

planned with Hot Air Turbine of 0.5 to 3 MW rating.

Design Development

The erection of 10 MW unit for M/s. TISCO for burning
washery rejects has started and the unit is expected to be
commissioned in another six months time. Ouring the last
One year, BHEL has bagged two orders for 50 t/hr and 60 t/hr
steam generating unlts for burning high ash sub-bituminons
coals. Few more orders in this capacity range are expected
shortly. With this progress, BHEL feels that it has

established the'confidence of its customers in_atmospheric
3



pressure fluidised bed combustion boilers for burning
various types of coals, for industrial applications. For
burning baggasse, 8 proposal for setting up 2 x 35 t/hr high
pressure boilers for generating process steam requirement,
inhouse power requirement and curplus 8 MW power for a8 sugar
mill of 2000 tons/day crushing capacity, is under active
consideration of Department of Non-conventional Energy

Sources, Government of India.

Design of our shell type fluidised bed combustion boilers in
the range of 5 t/hr - 15 t/hr are gaining populsrity in
Indian market. Three parties have been lisensed so far to
manufacture these boilers. One boiler of 5 t/hr capacity
has already been sold by one of our licensees. Design of 30
MWe (150 t/hr steam) unit has been developed and subsequently
got vetted by fVA 2ngineers through USAID assistance. The

modifications suggested by them have been incorporated and

-

the design is ready for demonstration/commercialisation. To

demonstrate 30 MWe FBC boller for utility application,
negotiations are beiBg held with few parties and it is hoped
a suitable site will be finalised very shortly. There is an
obvicus reluctance from prospective custoners to accept new
techrology for a plant of such high ratings. Hence it
becomes necessary for us to set up a demonstration unit with
the financial assistance of National/International agencies.
A proposal is being worked out for the above demonstration
unit with the assistance of Government of India, USAID, BHEL

and the customef.



1.3

2.0

Operational Experience

The 45 t/hr steam generating unit at Vizag has so far logged
more than 11,00C hours of opertion. After about 1000 hrs of
operation, the bed evaporator coils were replaced as there
was heavy silica deposits inside the tubes due to poor water
chemistry maintained by operators. This problem is not
being faced now after maintaining the required water quality.
After 4700 hrs of operation, the multi-hole distributor
plate was replaced with a nozzle type distributor due to
overheating of the multi-hole plate. This problem is not
faced. now. Coal impingment from side coal feed nozzle
caused erosion of some hed coils. Subsequently, when coal
feeding was changed to bottom feeding, this problem has not
been encountered. The mechanical precipitator provided by
customer for this facility is not giving the required
collection efficiency. This may be replaced by the customer
with an electrostatic precipitator or bag filters. Overall,
the operational experience has been very satisfactory and we
feel very confident of adopting this technology for

industrial boilers.

COAL BASED COMBINED CYCLE POWER GENERATION

BHEL is working on development of coal based combined cycle

power generation systems based on:

a) Coal gasification (both fixed bed and fluidised bed)

b) Pressurised fluidised bed combustion

The major development programmes are as follows:

[ L]
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2.1

2.2

2.3

2.4

Combined Cycle Demonstration Plant (CCDP)

A 6 MWe capacity CCDP Plant is being set up at Tiruchi
complex. This is based on Fixed Bed coal gasification
process. Phase I of .this project, i.e. commissioning of the
cycle with oil firing 1s planned for February 1986 and
Phase-II with coal gas for May/June, 1986.

Pressurised Fluidised Bed Gasification

A Process Engineering Development Unit (PEDU) with a
capacity to gasify 18 t/day of coal is planned for
commissloning by March 1986. Based on the results from this
unit, it is planned to develop a Fluidised Bed Gasifier of
150 t/day capacity to match the CCDP by December 1988.

Pressurised Fluidiser Bec Combustion (PFBC)

A 200 mm dia PFBC model has been commissioned and a method
of lighting up the bed with LPG has been established.
Further tests on this are in progress R test rig of
diameter 420 mm is also being set up at Hyderabad. This
will provide_experimental data to design large size unit.
It is planned to design a PFBC to burn 150 t/day to match
the cCOP at Tifuchi by -December 1988.

Demonstration Plant

To demonstrate the capability and the concept of coal based
combined cycle, BHEL is working on a proposal to retrofit
coel based Combined Cycle concept in a 60 MW conventional
coal fired power plant. This system will be based on fixed
bed gasification techneilogy.



2.5

3.0

4.0

Hot Gas Cleanup System

Cold model studies have been conducted on Rotory Flow
Cyclones. The data indicates that this may not clean the
hot flue gas to the levels of dust required for present day
Gas Turbines. Further work with Granular Bed Filters has
been taken up and the test rig will be operated alongwith
420 mm dia PFBC test rig.

MAGNETO HYDRO DYNAMICS (MHD)

The 5 MW thermal MHD Pilot plant has been commissioned this
year. One successful run with power generation for 40
minutes has been achieved. A 100 hr run is planned for this
month. As a part of future development programme, develop-
ment of combustors for direct combustion of coal is also

planned.

OIL _CONSERVATION IN PULVERISED COAL FIRED BOILERS

Petroleum fuels are now being used in pulverised coal fired
boilers for startup, warm up and also for low load flame
stabilisation. A large amount of precious 2il is being used
in the process in Indian power stations. To conserve 011
for the nation, BHEL has developed and demonstrated the
following systems successfully:

a) Low calorific Value fuel gas system for Boiler

startup, warmup and low load flame stabilisation;
b) High turn-down split coal Nozzle;
c) Direct Ignition of Pulverised Coal System



5.0

BHEL has successfully demonstrated the concept of using Low
calorific value coal gas for pulverised coal fired boiler
Ignition, warmup and low load flame stabilisation in one of
their 35 t/hr wall fired boilers. With the financial
assistance of Ministry of Energy, Government of India, the
demonstration project for the 2 x 60 MW boilers at Ennore is

in last stages of erection.

BHEL has successfully developed Direct Ignition of
Pulverised Coal (DIPC) System which when installed, will
eliminate most of the use of 0il for Warmup and low load
flame'étabilisation. BHEL has tested various Indian coals
and found them suitable for DIPC System. We are negotiating
with few utilities in India for installing this system for

commercial operation.

NEW PROGRAMMES PROPOSAL WITH USAID ASSISTANCE

BHEL has prepared a detailed project proposal for setting up
a 30 MW FCB demonstration plant, with part assistnce from
USAID. I hope the USAID team which is attending this
Workshop would be in a position to finalise their recommen-

dations for this proposal, during this visit to India.

In addition to this, we plan to make proposals for USAID
assistance as follows:
1) Setting up a Cembustion and high temperature
Research Institute,
2) Assistance from University of Tennesse Space

Institute for development of Slagging Combustor
for coal,



3) Design of 150 t/day coal combustion PFBC for
retrofitting with Ccor.

BHEL has been getting excellent help and cooperation from
USAID not only for all our Joint projects, but also for
counselling in other areas and in developing interaction with
various US organisations. For this, we are extremely thankful to
ONES, Government of India, USAID Mission in India, USAID Mission
at Washington and more so'to Mr. Daniel Bienstock, the USAID
Coordinata; for the Energy Programme. Dr. Bienstock has been
sincere in helping us and has provided more than his share in this
Programme. I am thankful to the organisers of this Workshop for

giving me an opportunity to present this paper.

Thank you,



BHEL'S COAL BASED COMBINED CYCLE PROGRAMMES
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LOW POWER OUTPUT COAL AGROWASTE BASED PROGRAMME
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AWARD PRESENTATION
by
Mr. M.K. Sridhar, BHEL
to
Mr. Daniel Bienstock, PETC

Mr. Sridhar . . .

As I said earlier, Mr. Daniel Bienstock has been one of us, a part of BHEL.
Without his active cooperation we would not have been able to develop this
technology and be where we are. As a token of our appreciation of his work I
would request Dr. Maheshwar Dayal to present a small memento to Mr. Bienstock.

Mr. Bienstock . . .

It is with deep humility that I accept this beautiful plaque. It comes at a
time that is particularly gratifying to me as it is happening towards the end of
my professional career. It was most fortunate that I had the opportunity to
work on this program and to meet the various Indian scientists and engineers.
They were most warm in their welcome and they were generous in their friendship.
I hope that we will continue to have programs such as this in the future and
that this will cement and bind the relationship of the people of India and the
people of the United States, and bring together the two great democracies of
this world. Thank you and God bless you all.
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Dr. Maheshwar Dayal was one of the earliest of the nuclear engineers and
scientists 1in this country and has been an international authority on energy
matters. He was associated with the design and construction of the first atomic
reactor in India in association with Dr. Bhaba. He was also in charge of
India's first atomic power station in Tarapur. In 1974 he was appointed
Minister of the Indian Embassy and representative to Unesco in Paris. He was
elected President of the Science Commission of Unesco. He was appointed
Secretary of the Commission for Additional Sources of Energy in March 1981, and
was appointed Secretary to the Government of India and the Department of
Non-Conventional Energy Resources and the Chairman of CASE on May 2, 1984. He
is a Fellow of the National Academy of Sciences, a Fellow of the Ins:itution of
Energy, a General Secretary of the Nationil Academy of Sciences and has many

publications.

Dr. Dayal . . .
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M. Dayal

Mr. Bienstock, Mr. Sridhar, Mr. Balasubramanian, ladies and
gentlemen. I am sorry that I delayed your coffee by a few minutes
but I am sure that you will bear with me, because if I build on
this calendar of speakers this morning, it would be most
appropriate to speak now and have coffee later. You know one of
the problems or preoccupatiors, rather, not so much a problem,
that we live with these days is the parliament session and it is
a very good thing - it keeps all of us on our toes, literally and
this is a very positive thing, as it keeps one very busy. We
have been told that while parliament is on, it has to take
precedence over everything else. They can ask questions on any
subject and usually they are quite helpful, but anyway, it has to
be done, and one has to be in attendence there when it is
required. And that is why, I must appologize that I was a little

late in coming here because of some parliamentary work.

I must express my very great pleasure in participating in this
workshop on Alternative Energy Resources Development, Biomass
Conversion, and Coal Conversion. The two earlier workshops have
helped significantly in implementing the projects in these areas.
These forums also provide an opportunity to review the progress

in the ongoing collaborative projects on biomass conversion and



coal gasification, as well as to discuss the areas of mutual
interest for further collaboratkon. Our department, the
department of Non-Conventional Energy Resources, is coordinating
this program on the Indian side and on behalf of the department
and the government of India, I would like to extend a very
cordial welcome to all the participants, both from India and the

USA, to this workshop.

Gasification of biomass, which includes a series of interlinking
thermal chemical processes like drying, pyrolosis, oxidation and
reduction, offers very promising possibilities to meet energy
needs both for stationary and mobile purposes. Producer gas, or
pyro gas can replace natural gas, gasoline or fuel oils used to
make steam for generating electricity, fire boilers to provide
heat for industries and homes, fuel internal combustion engines
for a wide array of purposes, and provide basic chemical

feedstocks such as ammonia for fertilizer and methanol.

In India the interest in this biomass gasification technology has
grown very rapidly in the last two years or so. There has been
significant progress in the area of both research and
development, and actual production of newer varities of
gasification engines, or gasifiers, and several applications of
tkis technology are already being tried out in the field. As you

all know, gasification, itself is not something totally new
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because during the war, for example, large numbers of trucks,
buses and other particularily mobile equipment was powered with
producer gas. But this went out of fashion because of the very
cheap, somewhat ridiculously low priced fuel that was available
immediately after the war. And as a result of that, development
of the technology had taken somewhat of a back seat. But this has
again been revived now, when people have started realizing the
problems of the conventional fuels, and newer technologies and
methods which are being developed, and which have been assisted
in a very considerable way here by our cooperative program
between India and the United States. With these new
developments, a number of much more economical and more advanced
and better gasifiers have been developed and they are proving to

be of very great interest for meeting both electric power,

mechanical power, and mobile power requirements.

I will not go into very great detail here abou: the scope of some
of these applications, except to say that since in India we have
a very large agricultural population and agriculture is the main
source of livelyhood for most of the people, there are both the
resources for biomass which are available in plenty as well as
very special conditions of dispersed rural populations not served
by transmission networks, not served by systems of energy
transportation which have to be catered for. So the need here

and the applicability of some of these recent realized enerqgy
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forms such as hiomass gasifiers, is much more than even in the
industrialized countries which glready have these systems, and
for this reason the economic viability of some of these systems
is going to be much quicker in our conditions than it is even in
the industrialized countries because here if yvou have to deliver
power to some area which is not served by a transmission line,
you have to think also of the alternative investment of putting
in a transmission line, the cost of the transmission itself, the
losses involved in transmission, the reliability of the supply
through extensive transmission lines, and all such types of
problems. As against that, if you can provide a gasifier base or
other renewable energy based power source right at the place
where it 1s needed in the rural areas, then you find that the
economics, even today are working out to be very, very
interesting. In fact, this is one of the technologies which I
feel can compete economically even today because we find that we
can put biomass gasifier based power units at a cost per kilowatt
that is even lower than the cost per kilowatt of very large
centralized thermal power stations. On top of that, we avoid the
investment required for transmission lines, we avoid the
recurring cost involved in transmission, we avoid all the other

problems I mentioned in regard to transmission lines.

We have also, fairly large resources to use for such gasifiers

because there is very large amount of agricultural wastes
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available in many parts of India, and at the same time there are
possibilities of growing captivé plantations, energy plantations,
on waste, non-agriculture land which could also feed such biomass
gasifiers. So, we have the possibilities of fueling many
megawatts of power to the application by this biomass technology
or for supplying a very large number of mechanical applications
such as for pumps, which are very much needed in our countryside,
particularily for providing drinking water or water for
irrigation. It might interest you to kiow that there are an
estimated 4 1/2 million electrical and 3 1/2 millicon diesel pumps
already operating in the country. And the provision of power or
diesel for these pumps is itself one of the very grave problems
the administration has confronted, because both are in very short
supply and we have to find alternatives for both electric power
and diesel. This technology which you are discussing can be of

very great use and very great importance.

I would like to mention other possibilities which I did refer to.
such as for production of liquid fuels, production of methanol or
ammonia, or other chemical products and these are also areas in
which one could look into. The R&D activities in the area of
gasifier based systems center, at the moment, around two major
components; one is the generation of clean producer gas for
thermal application, and the other is in regard to tha cuestion

of the applications themselves, the question of solid movements
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through the gasifiers and the effects of intensity and
distribution of vibraticn in various parts of the gasifier
assembly, hopper geometry, solid flow bottle necks, and ash

disengagment characteristics.

At present, water is the main medium for cooling and cleaning the
raw producer gas in order to have a more compact, maintenance
free and reliable design that operates at a small pressure drop.
There is need to initiate work on this aspect with the use of

less water or no water if possible.

Fluidized bed gasification of certain biomass forms which are noc
suitable for downdraft type gasifiers even after briquetting is
another priority area. Then, with respect to power generation,
we need long term performance testing for reliabkility of engines
working on producer gas, duel fuel operations, modification of
injecticn systems for trouble free consistent operatien and
maximum possible replacement of other fuels or conventional fuels
utilizatien of gas in turbo charged diesel engines, various other
technclogical areas which merit a lot of attention. Sc there is,
as of course in other technologies, scope for a lot of
irprovement, and further R&D. Life is never static in any cf
these areas. But these challenges are very exciting because the
potential use is very great and is already coming to the stage

where it could ke applied on a very large scale.



I would also like to mention in passing the very interesting work
that is being done with regard to coal gasification and the
development of the fluidized bed boilers as part of our ongoing
program, in which there has been very good interaction between
Indian and United States scientists. Many of these applications
and developments of fallout and many other related areas of
technologies, applications for using other types of fuels, a
better understanding of the characteristics of coal combustion
systems, boiler technologies, and many other component
development aspects which have also come out. Therefore, I hope
very much, that in this workshop we vill be able to carry forward
the work that has been so well begun jointly between our two
countries and I do hope this will lead fo an even bigger program
of Indo/U.S. cooperation in the next two years, because the
foundation that has keen laid has been very good and has been
very positive and has yielded very good results. It is entirely
possible to build on this on a much bigger scale, to expand it
several fold, and to start applying the results of this

cooperation for actual use on a large scale.

Thank you very much.
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The next speaker, Mr. Balasubramaniam, is Vice President of Hindustan,
Brown-Boveri and Barota, and he is involved with AIEI. He is an electrical
engineering graduate, post graduate in power engineering, and a member of the
Institution of Engineers of India. He has been with Brown-Boveri for the last 25

years in the fields of switched-gear design, development and manufacture.

Mr. Balasubramaniam .
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ADDRESS OF MR. V BALASUBRAMANIAN, AIEI AT THE USAID/GOI
WORKSHOP ON ALTERNATIVE ENERGY RESOURCES: DECEMBER 5, 1985:
NEW DELHI

It gives me great pleasure to be present here this morning and

to address this distinguishe€d gathering. Mav I, on my personal
behalf and on behalf of AIEI, extend our verv warm areetings *+o
all the delegates. I have been allotted a slot in this morning's
programme to give you an overview of the power plant equipment
industry in the country and its progress, Aevelopment and

achievements over the past 4 decades.

Why are we talking of alternate eneray resources and their
development in the Indian context ? To answer this question one
needs to view, in perspective, the energv secene in India and
particularlv what we are heading for bv the turn of the centurv.

Let me throw up a few indicative fiqures for vo" to look at:

1) The total enerqy demand by the vear 2000 is expectad o be
of the order of 1000 Million Tonnes of Coal Replacement (MTCR).
Of this, coal requirements would be 265 MTCR, 0Oil 256 MTCR
and Electricitv 396 MTCR.

2) To match this level of eneray consumption we would reaquire:

272 million tonnes of Coal
70 million tonnes of 0il
458 Twh of Electricity

3) Beyond the year 2000, the anticipated growth in energv

consumption is about 10%.

This is the magnitude of the problem we are arappling with.

There is yet another dimension to the problem and this relates
to per capita consumption of energv. Our national average is onlv
178 kgs of coal equivalent of commercial enerav and 137 kas of roal

non-
equivalent of/commercial energy against an average of 6360 kgs.
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for developed countries and 449 kgs for developing countries. If
our energy growth is to even come anvwhere near the international
levels, we would most definitely be faced with an enerqgy crunch,

To continue mv presentation on a few indicative figures, let me turn

to the pressures and demands of electrical snerqy:

i) Energy consumption in India is up 14 times in 23 decadas

ii) Electricity qrowth rate has been 10% per annum on the
average

iii) Accelerating demand from the aaricultural sector and the

effect of multi-cropping.

At the rate we are going and with the constraint of resources, I am
afraid this countrv is going to see a continuing and major shortfall
between the demand and the supply for electrical eneray. It is,
therefore, not a day too soon that we look z+ all other alternate
sources of enerqgy and gear ourselves to meet our fast axpanding

energy requirements,

It is in this context that I welcome this Workshop which would dis-
Cuss key areas of coal conversion and bio-mass conversion. The
Department of Non-Conventional Enerqv Sources is alreadv in the
midst of a very major progqramme for the development of non-
conventional energy sources and, over the years, we shall be able

to alleviate some of the problems that we are having to cope with.

Since my brief this morning is to trace the capabilities of the
Indian heavy electrical industry, let me begin by stating that we
have indeed come a long wav. Our capabilities in *he heavy
electrical field comprise a wide range of aeneration, transmission
and distribution equipment and services. The basic items produced
by this segment of industrv cover steam and hydraulic turbines and
generators, boilers, transformers, switchgears and controls. Some
of our outstanding companies are household names not onlv in India
but abroad and manv have excellent and highly successful technoloqyv

links with world leaders. To mention onlvy a few :
- Bharat Heavy Electricals Limited

- Crompton Greaves Limited

- Siemens India Limited

- Hindustan Brown Boveri Limited
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- General Electric Co. of India Ltd
- English Electric Company Ltd

- Kirloskar Electric Company Ltd

- Jyoti Limited .

- Asea India Limited.

There are nearly 200 Companies engaged in the manufacture of
electrical equipment, many having access to foreign technoloqy

adapted for local usage.

It is commendable that the electrical industry in India has,

within a short span of 30 years, risen to the occasion by
developing capability to manufacture and deliver 90 - 95% of

the requirements of power generation, transmission and distri-
bution eauipment indigenouslv. The technical tie-ups with the
foreign manufacturers have helped in introduction of the latest
technologies whenever these have become available and requiring
onlv adaptations to the local conditions. Since the above

defines broadly the competence of the Indian Electrical Industry,

I am not digressing into the details of which Company manufac*rurers
what products as this is a continuous process. Of course in
certain specific areas like instrumentation and control, HVDC
transmission etc. acquisition and absorbtion of new technologies
may be necessary. With close interaction with the user, I am quite
confident that the electrical industry will be able to meet the

demands of the user industry in these areas also.

It is interesting to note that a number of Companies engaged in
electrical equipment manufacture have also in the recent past
diversified into renewable enerqgy areas. This also seems to fit

into the pattern of Government's thinking where recently a single
Ministry of Energy nas been created which encompasses not only
electrical power but also other sources of enerqgy like renewables.

It appears to be t'at the in-depth knowledae of power - the

availability as well as nonavailability, the pattern of ronsumption
and the consumer needs - are the kev elements which has drawn the

Electrical Equipment manufacturers to thrust into renewabhles and
renewables equipment manufacture. This synthesis will certainly
go a long way in an inteqrated development of the enerqy require-

ment of the country as a whole,
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In the coming decades, I see four distinct opportunities and
challenges which the electrical incdustry will have to grab

in:

- improvement of the plant performance and reliability
& efficient nee
- conservation/of energy and equipment needed €or it

- modernisation of existing plants

- use of renewables and renewable equipment manufacture.

In the first area of improving the plant performance and
reliability, the Utilities as well as the manufacturers will
have to pool their resources and closely interact with each
other to achieve the results. The operational parameters have
to be clearly spelt out and the ability of suppliers to meet
with these irrespective of the cost factor, will be a key to
this. This subject is currently receiving attention of all
the authorities concerned and I do hope that lastinag s=olutions

will be found.

Energy conservation must get very high priority in scheme of

things. Some of the comparisons of energy consumption per unit

of output of some basic materials, are quite revealing - e.q.

- crude steel: the lowest energv consumption is in the ranae
of 180, average around 500 whereas the Indian
figure is 1160.

- Similarly, for cement, the lowest 90, average of about 120 and
India 170.

- For aluminium, lowest 950, average about 1400 and India 2300.

While there may be some variations in these figures because of
assumptions and mode of calculations, the wide variance clearly
indicates vast scope which exists in reducing the energy consumption

per unit which may need change of processes, methods and

associated actions. 46



Modernisation, which is partly covered under the title of
improvement of plant performances, involves more sophisticated
controls using microprocessbrs and other electronic instrumen-
tation. 1In India we have already announced a massive programme
and I am sure the results will be seen within the next few

years.

Let me now turn to the subject of the renewables. It is a
potential area for entry by the electrical enagineering industrv.
India has embarked on a massive programme of Adevelopment of
non-conventional and renewable energy sources. By the vear
2000 A.D a significant percentage of the country's needs will
be met from renewable sources. There is marticular relevance
and scope for coal conversion and bio-marc=s conversion. In the
area of coal one has to very effectively qrapple with the
problem of high ash and fluidised bed combustion technoloav
could be one answer. But I believe that a Workshop like this
must debate on other technologies for utilisation of low grade
coal. To us, in India, this would be a subject of tremendous

importance.

Related to the utilisation of coal is the crucial subject of
environmental protection and pollution control. Let this
Workshop not forget this important aspect. In develping any
new equipment, design or technologies, we must integrate into
the system adequate ways and means of controlling pollution.
This is a challenge for technolngists and a challenge which
can be met through adequate planning and design in the ititial

stage itself,

We,
USAID and are, in fact, jointly implementing a programme in the

in AIEI, have had an opportunity to work very closely with

area of enerqgy conservation. We believe this to be one of the
most important elements in our long term eneraqv planning. At

the rate that this country's energy demand is growing, the neer
for energy conservation becomes vital. Indeed, the Eneraqgv
Committee of our Association has taken a ronscious decision that
it will concentrate entirely on the subject of enerav conservation

over the next 3 vears. 47



Let me end bv making a plea for the scientists, technoloagists
and policy makers present ,here to discuss new methods,
processes and systems bearing in view not only the capabilities
to use different raw materials but also ensuring maximum

conservation of energy and protection of the environment.

I would like to thank the organisers of this Workshop for
giving me this opportunity to share some of my perspectives

and thoughts with you.

Tﬁank vou
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ABSTRACT

For the past several years, the U.S. electric utility industry has been
developing atmospheric fluidized bed combustion (AFBC) Considerable
progress has been made at the Tennessee Valley Authority's (TVA) 20-MW AFBC
Pilot Plant at Paducah, Kentucky. Test program successes and aggressive
boiler vendor marketing have led to three utility demonstrati>n projects:
TVA is repowering a unit at the Shawnee Steam Plant in Kentueciky with a new
AFBC boiler; Northern States Power (NSP) is retrofitting a boller at the
Black Dog unit in Minnesota; and Colorado-Ute Electric Association is
uprating a unit at the Nucla Station in Colorado by adding a new
circulating AFBC boiler.

This paper provides a summary of the 20-MW Pilot Plant test r2sults and a
description of the demecnstration project at TVA. In addition, it presents
a brief description of the demonstration projects at NSP and Colorado-Ute.



STATUS OF THE FLUIDIZEL BED
TECHNOLOGY IN THE UNITED STATES

INTRODUCTION
The United States' electric utility industry is facing a major challenge to
develop an economically viable means to generate electricity within the
confines of the Clean Air Act of 1970 and subsequent amendments. One
promising technology to meet this challenge is atmospheric fluidized bed
combustion (AFBC). This technology is an advanced coal combustion process
that provides a near-term alternative to conventional pulverized coal steam
plants with flue gas desulfurization systems. AFBC has the ability to
control SO, and NOy, without these add-on systems. The attractiveness
of AFBC has been confirmed at a number of industrial units put in service
in recent years. However, there are still developmental requirements that
must be further evaluated before AFBC can be commercialized for utility
applications. Some of these areas are: higher efficiency requirements,
different emissions regulations, unique turndown and load-following
constraints, higher steam temperatures and pressures, and stringent
reliability/availability constraints. To achieve commercial acceptance by
the electric utility industry, AFBC performance, reliability, and economics

need to be demonstrated on a utility scale.

A major step leading to a utility-scale demonstration of AFBC was under-
taken by the Tennessee Valley Authority (TVA) with the construction of a
$68 million, 20-MW AFBC Pilot Plant (Pilot Plant) at the Shawnee Steam
Plant in Paducah, Kentucky. This and other research and development
efforts have lead to the initiation of three AFBC demonstration projects in

the U.S.

51



TVA and several cofunders have joined to form a demonstration project that
involves the installation of a new 160-MW AFBC boiler at an existing plant.
The bubbling bed AFBC will burn high-sulfur, high-ash coal available from
nearby mines. The new AFBC boiler will replace the existing pulverized
coal boiler and will utilize the existing turbogenerator at the station.

Construction began in 1985 and operation is scheduled to begin in 1988,

Another AFBC demonstration plant project is being carried out by Northern
States Power (NSP) and three cosponsors. This demonstration will convert
one of NSP's existing pulverized coal (PC) fired units to AFBC operation.
The 125-MW AFBC retrofit will be located at the Black Dog Plant near
Minneapolis, Minnesota. This bubbling bed AFBC boiler will burn a low-
sulfur, hign-moisture coal that had required a derating of the existing
pulverized coal boiler. Site preparation was initiated in 1984 with

operation expected in mid-1986.

& third demonstration, which involves utilizing circulating fluidized bed
combustion (CFBC), is being hosted by Colorado-Ute Electric Association.
This project involves uprating an existing 36-MW plant to 110-MW by adding
a CFBC boiler and an extraction turbine at Colordao-Ute's Nucla Station.
The new CFBC boiler will burn a low-sulfur, high-ash fuel that is available
at low cost. Construction started in 1985, and operation is scheduled to

begin in August 1987.



TVA'S 20~MW AFBC PILOT PLANT

TVA took a major step toward a utility-scale demonstration of

beiler technology by constructing a 20-MW pilot plant at its Shawnee Steam
Plant near Paducah, Kentucky. The unit is operating successfully in a test
program cosponsored by the Electric Power Research Institute (EPRI). TVA
operates the facility, analyzes and interprets the data, and performs other

activities related to the operational testing of the Pilot Plant.

The Pilot Plant is an intermediate step between the small process develop-
ment research units and commercial size utility demonstration pcwer plants.
Its size, design, and flexibility allow for comparing and screening various
options for feeding, recycle, and control on commercial size equipment.

The basic unit arrangement is shown in Figure 1.

Both underbed pneumatic and overbed spreader coal feed systems are
provided. The bed area is large enough to simulate commercial unit
process and operating characteristies. The fly ash reinjection system
has the capability to recycle either cooled or uncooled material at up to
Five times the coal feed rate. Water and steam circuitry and parameters
simulate utility conditions. Table 1 summarizes the design parameters

incorporated into the unit for testing.

The Pilot Plant has operated for over 12,000 hours since the first coal
fire in May 1982, Over 9,500 hours of testing were with underbed coal
feeding, while 1,500 hours were with overbed coal feeding. The coal burned

has been high-sulfur Kentucky No. 9. Two local limestones have been tested.



Table 1
20-MW DESIGN PARAMETERS

Design Flexibility

Bed area (ft2) 216 58,108,166,216,288
Superficial velocity (fps) 8 4, 8, or 12

Bed temperature (°F) 1,550 to 1,650

Bed depth (ft) l to 6

Coal feed rate (1lb/hr) 12,000 to 22,000

Steam capacity (1lb/hr) 111,200 to 170,000

Outlet pressure (psi) 2,100 2,400

Outlet temperature (OF) 1,000 1,000

Process performance tests have been encouraging. Results for some key

parameters incluce the following:

o Combustion efficiency improves significantly with recycle of fly ash
from the mechanical cyclone collectors back to the fluidized bed.
Figure 2 shows combustion efficiency versus recycle ratio (defined as
the ratio of cyclone catch fed back to the bed to the rate of fresh coal
fed) for the underbed and overbed tests. Comparable combustion
efficiencies of over 97 percent can be attained with both underbed feed
and overbed feed at a recycle ratio of 2 to 2.5. However, combustion
efficiency drops considerably when feeding unwashed coal overbed with
significant fines content because the coal fines do not get into the bed
and, therefore, have less time to burn before being carried out of the

combustor,

e Sulfur capture efficiency depends primarily on the amount of sorbent
(limestone) 1n the bed, its surface area, and residence time (time in

the unit when reactions can take place). For economic reasons, the
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amount of fresh limestone being fed must be kept as low as possible;
therefore, the best option for lowering S0, emissions is to recycle

the unsulfated sorbent that would be lost to disposal. Figure 3 shows
S0, retention versus Ca/S (molar ratio of calecium to sulfur being fed)
for various cyclone catch recycle ratios for the underbed feed tests and
overbed feed tests. Ninety-percent retention can be reached using
underbed feed with a Ca/S of 2 to 2.5 and recycle ratio of 2 to 2.5.

The overbed washed coal results show the same trend with only a slight
reduction in performance. Overbed feed of unwashed coal shows poor
performance and the need to limit and normalize the amount of coal
fines. A substantial amount of S0, forms by fines burning in the
freeboard where there is not enough residence time for good performance.
The washed coal provides much more stable operation and better

performance because of the control on the amount of fines.

NOy emissions are below environmental ljmits (.6 lb/MBtu) for all
conditions tested. Due to the low combustion temperatures in AFBC, the
generation of thermal NOy is insignificant. Figure U4 shows how NO,
emissions are dependent upon the amount of excess oxygen in the flue
gas. Note that at the expected 3 percent excess 0, operating level,

emissions are approximately 0.25 1b/MBtu,

One objective of the test program is to evaluate load control methods.

At the AFBC Pilot Plant, four methods have been tested: velocity turndown,

recycle rate, bed slumping, and bed inventory control. Approximately

20 percent turndown has been achieved by decreasing air velocity to drop

level and expose tubes (velocity turndown). Combining recycle feed rate

variations with velocity turndown has reduced loads up to 45 percent. The
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ability to cut off air flow to a bed compartment (bed slumping) and restart
bed compartments has been demonstrated without problems, and when combined
with velocity turndown, 65 percent load reduction has been achieved.
Regulating the bed mass in the boiler to control the bed height (bed
inventory control) provides quick response to short-term load reductions,
but its application appears limited due to increased capital costs and slow

response when increasing load.

The Pilot Plant has demonstrated that the AFBC systems are capable of
supporting utility operation. The boiler has operated reliably with no
technology-related forced outages, and there have not been any major
unresolved AFBC system-related problems. There has not been a single
boiler tube failure. Corrosion has not been experienced, and erosion rates
have been acceptable. The critical feed and disposal systems' components
have been verified, and areas for further refinement have been identified.
Operation of the Pilot Plant has provided design engineers with a data base
of operating experience and maintenance history, which has benefited the
design, equipment selection, and maintenance planning of future utility

plants.

160-MW AFBC DEMONSTRATION PLANT AT SHAWNEE

A major step in the demonstration of fluidized bed combustion in a utility
environment is being undertaken with the construction of a 160-MW AFBC
Demonstration Plant at the TVA's Shawnee Fossil Plant near Paducah,
Kentucky. EPRI, the Commonwealth of Kentucky (Kentucky), Duke Power

Company (Duke), TVA, and Combustion Engineering (C-E), and the Atmospheric



Fluidized Bed Development Corporation (formed by other participants
including coal companies, other utilities, and railroads) have joined

together to fund this demonstration plant.

TVA's Shawnee Steam Plant is composed of 10 pulverized coal units of
identical size and design. The AFBC boiler will be installed in a new
powerhouse adjacent to the existing powerhouse as a replacement for the
unit 10 boiler. An artist's rendition of the facility is shown in

Figure 5. It will utilize the unit 10 turbine generator set and be
nominally rated at 160-MW. The existing boiler will not be dismantled but
will remain online during the construction of the add-on AFBC boiler. To
minimize cost, existing auxiliary equipment will be used wherever possible.

A list of the existing equipment and new equipment is provided in Table 2.

The steam generator and accessories will be built by C-E. A schematic of
the boiler and related equipment is provided in Figure 6. The steam
generator will be a balanced draft, drum-type AFBC boiler. It will supply
superheated stcam to the existing high pressure turbine at 1848 psia, 1003°F
and rehvated steam to the low pressure turbine at U475 psia, 1003°F. The
bubbling bed will be divided by windbox compartments into 12 firing zones
that can be fired independently to achieve at least 3 to 1 turndown.

Boiling and final superheat surfaces will be located in the bed. Primary
superheat, reheat, and economizer surface will be in the convection pass.
The boiler will use a combination top- and bottom-supported design with an

expansion joint in the freeboard section.

Solids entrained in the flue gas will be collected upstream of the air-

heater with mechanical cyclone separators and a portion recycled to the
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bubbling bed. Flue gas will exit the cyclones and pass through a fabric

bag filter before going to the stack. A regenerative air heater will be

provided with flexibility for 230 to 270°F exit gas temperatures,

Boiler efficiency is guaranteed to be 87.53 percent at maximum steam
production with a ratio of 2.8 pounds of coal to 1 pound of limestone,

based on the design fuel and limestone.

Table 2.

EQUIPMENT UTILIZATION AT TVA DEMONSTRATION

New

AFBC Add-on Boiler and Auxiliary
Equipment

FD Fans
Air Heater

Mechanical Dust Collectors and
Char~Handling System

Spent Bed-Material Disposal System
Limestone-Handling System
Coal-Handling System (Boiler Building)

Coal/Limestone Feed System

Emergency Boiler Feedwater Pump

Control System

Boiler Building

Station Service Transformer
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Existing

Turbine

Generator
Condenser

Water Treatment System

Boiler Feedwater Pumps
Condensate Pumps
Main Transformers

Common Auxiliary
Transformer

Circulating Water
Pumps

ID Fans

Baghouse and Fly-Ash
Handling System

Flue-Gas Chimney

Coal Handling



The existing coal handling system will be used to bring the coal to a new

conveyor system that will transport the conl into the AFBC boiler building,
The coal will be crushed and sized and dried with flue gas before going to
the feed system silos. The design basis coal is Kentucky No. 9, a typical

esastern high-sulfur, high-ash, bituminous coal.

A complete limestone handling system will be added and will include a
receiving hopper, crusher, and a screening system. Redundant crushing anc¢
screening systems will be provided for reliability. Once crushed to the
appropriate size, limestone will be conveyed to the AFBC boiler building
and stored in silos. The limestone can be fed underbed with the coal or
overbed via a separate operating feed system. The design basis limestone

will be similar in reactivity to limestone found in the area.

The boiler will have an underbed feed system for both coal and limestone.
One of the concerns associated with this type system has been the plugging
and erosion of various system components. To resclve these concerns, C-E
has developed a new feed system. This system has been installed at the
Pilot Plant and successful confirmation testing has been in progress since
mid-Januvary 1985. This feed system will provide a constant and evenly

distributed stream of coal and limestone to the AFBC boiler.

The major milestones for the project are identified in Table 3. Site

preparation is underway, and startup is scheduled for mid-1988.



Table 3
MAJOR MILESTONES

Activity Date
Complete integrated project construction schedule 4/15/85
Complete conceptual design 7/1/85
Complete detalled integrated construction schedule 8/15/85
Begin site preparation 9/1/85
Submit air permit application 10/15/85
Release boiler for fabrication 11/1/85
Start construction 4/1/86
First fire and begin test plan 5/1/88
Steam to turbine 7/1/88
Begin commercial demonstration 6/1/90
Begin commercial operation 6/1/92

A Y-year test program consisting of shakedown, parametric testing is

planned. The major objectives of the test program are:

e To demonstrate a large-scale AFBC unit's operating, economic, and

environmental performance.

e To demonstrate plant capability and performance for load following and

shift operation.

o To demonstrate a large-scale AFBC plant in a commercial utility

environment.

o Test a wide range of principal coals avallable to U.S. utilities.

A 6-year commercial operations period will follow the test program, through
which time TVA is committed to provide plant performance and reliability

data to all project participants.
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The project, including the test program, is estimated to cost $205 million.

A total of $236 million has been committed to the project as follows:

TVA = = = = = = = = = = = = = = = = = = $U40 Million

Duke= = = = = = = « = = =« = = = = = = ~ 10
Kentugky= = = = = = = = = o = « = = = = 10
EPRI= = = = = = = = = = = o =« = = = =« 75
CoE = = = = = = % = e v == 2 a5 === 20
AFBDC = = = = = = = = = = = = = = = o = 51
DOE = = = = = = =« = = = = =2 = = =« - 30

125-MW AFBC DEMONSTRATION PLANT AT MINNEAPOLIS, MINNESOTA

In the mid-1970s, NSP began an extensive program to extend the useful 1life
of a number of its older and smaller fossil power plants. In late 1981,
NSP's 15-MW French Island Plant, a 1948 vintage stoker coal-fired boiler,
was converted from oll-fired peaking to AFBC waste wood-fired cyclic
operation. As a direct result of the success of this plant, NSP began to
investigate the conversion of an existing pulverized coal unit to AFBC.
Unit 2 at the Black Dog Station, located near Minneapolis, Minnesota, was

chosen.

The project involves the upgrade and refurbishment of the existing unit 2
equipment and system (including the turbine-generator unit, condensate and
feedwater systems, partiéulate removal systems, and the control system).
Black Dog unit 2 was originally rated at 100 MW. The unit was switched
from firing a blend of bituminous coal and low-sulfur subbituminous coal in
the early 1970s in order to reduce SO, emissions. Since the fuel switch,
the unit was derated to 85-MW and availability was reduced. The AFBC
retrofit will allow NSP to increase the boiler capacity to 125-MW even

though firing only the lower cost subbituminous coal.
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The existing coal-handling system and structural steel will be modified to
accommodate the new AFBC systems. New limestone receiving, handling,
storage, and feeding systems will be added. The existing boiler and air
heater systems wlll be retrofitted to the AFBC system configuration (See
Figure 7). The bottom half of the furnace is being replaced by three

fluidized bed cells. The beds will contain boiling and superheat surface.

A regenerative air heater will be used. An existing electrostatic
precipitation (ESP) will be supplemented by a second ESP for final
particulate removal. The unit is being designed with an overbed coal and
limestone feed system and will burn Sarpy Creek coal as well as other

subbitumin~us coals and lignites.

Demolition and refurbishment work on the existing unit began by NSP and
Stone & Webster in September 1984, Construction of the new AFBC boiler
retrofit by Foster Wheeler began in March 1985 with initial operation

scheduled in mid-1986.

A 3-year test program is presently envisioned and may include demonstration
of co-firing refuse-derived fuel and petroleum coke as well as demonstra-
tion of eastern coals in cooperation with EPRI, the Consolidated Edison
Company of New York, and the Empire State Electric Energy Research
Corporation. The cost estimate for the project when completed and ready

for operation and testing is $55 million.,



110~-MW CFBC DEMONSTRATION PLANT AT NUCLA STATION

Colorado-Ute is hosting the third AFBC-demonstration project. In 1983,
Colorado-~lUte and EPRI underéook a cooperative design and experimental
program to establish a solid technical basis for a CFBC project. Tests
at two circulating AFBC pilot units showed that Colorado-Ute's high-ash,
subbituminous coal was easy to burn in a CFBC boiler and that good SO»
control was also easy to achieve. Design studies carried out by C-E/
Lurgi Chemie and Pyropower/Ahlstrom resulted in designs that were judged
to have low technical risks for economic performance on the design coal
and that appeared to be capable of providing valid design data for more
difficult coals that migiit be tested. Thus, the Colorado-Ute project was

chosen for funding support hy EPRI.

The project involves adding a new CFBC boller and additional turbine generator

capacity to a retired 36-MW power station to extend its output to 110-MW.

The new CFBC boiler (see Figure 8) will consist of two independent
combustion chambers each with its own fuel and air supply, ash removal
system, and structural support. Two refractory-lined hot cyclones are
provided downstream from each combustor for capture and recirculation of
unburned carbon and unused limestone to the combustor. Flue gas passes
through the cyclones, convection pass heat transfer sections, tubular air

heater, and fabric filters before exiting to the stack.

In addition to EPRI and Colorado-Ute, Southern California Edison, Salt
River Project, Public S~arvice Company of Colorado, and Peabody Coal have

committed financial support to this $110 million project. Pyropower/
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Ahlstrom was awarded the boiler contract in early October 19€4., Construc-
tion completion is scheduled for August 1987. Colorado-Ute will operate
the unit for two years in accordance with an EPRI-specified test program.
Testing will include scale validation, turndown and load following, and

fuel flexibility.

SUMMARY OF DEMONSTRATION PROJECTS

Table 4 provides a summary comparison of the three demonstration projects,
Each project has a unique set of parameters that reflects individual
utility's needs as well as the diversity of design options available with

AFBC.

TVA wanted to prove scalability of AFBC to large (up to 500-MW) units.
Furthermore, TVA required that the unit meet SO; emission limits with a
high-sulfur bituminous coal. The first requirement effectively dictated

bubbling bed technology--the second required underbed feed with recycle.

NSP wanted to retrofit and upgrade an existing PC boiler while burning a
low-sulfur, subbituminous fuel. The first requirement dictated a bubbling
bed design. However, the less stringent SO, removal requirements and the
high volatility of the coal permitted use of the mechanically simpler

overbed feed system.

Colorado~Ute had no interest in extremely large units and wished to burn
a very high-ash fuel while maintaining broad flexibility for future fuel
supply. The circulating bed design appeared to be the most economical

answer to their needs.



SUMMARY COMPARISON OF U,S. DEMONSTRATIONS

Location
Size, MW(e)
FBC Type
Supplier

Scope

Coal

Startup

Steam Conditions
Feed system

Air Heater

Dust Collector

Structural Design
Dispatéh Schedule

Startups Per Year

Table U

TVA NSP Colorado-Ute
Paducah, KY Minneapolis, MN Nucla, CO
160 125 110
Bubbling Bubbling Circulating
C-E FW Pyropower/

Ahlstrom

Add-On Boiler

High Sulfur
Bituminous

1988

Reheat
Underbed
Regenerative
Baghouse
(Reverse Air)
Top and Bottom
Support

Base Load,
Some Cycling
20

Boiler Conversion

Low Sulfur
Bituminous

1986

No Reheat
Overbed
Regenerative
ESP

Top and Bottom
Support
2-Shift, 5-Day
Cycle

250
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Add-on Boiler
and Turbine
Generator

Low Sulfur,
High Ash
Bituminous
1987

No Reheat
In-Bed
Tubular
Baghouse (Shake-
Deflate

Top Support

Baseload

Less Than 10



SUMMARY

The successful operation and performanee of small AFBC units has spurred
the develcpment of three complimentary demonstration projects that will
allow the utility industry to determine that AFBC systems can function
reliably and economically. Once the technology is demonstrated, there are
chree ways in which AFBC can penetrate the utility industry: new capacity,

replacement capacity, and conversion to coal.
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Figure 1. TENNESSEE VALLEY AUTHORITY 20-MW AFBC PILOT PLANT
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A.W. Deurbrouck
Director, Coal Preparation Division
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Coal washing is currently being practiced in the United States at a
scale never before attained. This dramatic move to the utilization of wash-
ed coals is primarily in response to pressure from environmental agencies to
burn lower sulfur content coals. Today, as much as 68% of the coal burned
by the eastern electric utility industry is washed, compared to 45% only 5
years before. The benefits of coal washing have long been recognized.
Using data from extensive washability studies, various State and Federal
publications have characterized the sulfur and ash reduction potential of
our principal coal seams. in addition, the available coal preparation
equipment is known to be reliable and efficient, and able to provide final
clean coal products with predicted sulfur and ash levels.

There are other reasons for the move to washed coals by the electric
utility industry, aside from environmental pressures. Studies of Eastern
U.S. roals have consistently shown that sulfur reduction potentials of 20 to
35% are attainable with high Btu recoveries and at low cost using conven-
tional equipment. The electric utility industry realizes that increasing
the firing of coals of reduced mineral matter content and of constant quali-
ty is cost effective on the basis of lower bus bar costs of electricity
produced per dollar spent for fuel. And finally, as the demand fcr steam
coal increases, production from thinner, lower quality seams will also in-
crease. Such coals will require washing to meet desired sulfur and Btu con-
tent levels.

To obtain the increased tonnage of washed coals necessary to meet the
market demands, coal preparation plants that normally operated only one
shift per day are now working two, and even three shifts, in some cases. In
other plants where only the coarser sizes of the coal were washed, circuits
were added so that the finer sizes could also be washed. This is particu-
larly important, as liberated pyrite tends to concentrate in the finer size
fractions. And finally, some new plants were built that reflect the current
thinking of the industry as to the type of equipment to utilize.

Table 1 is a summation of the installed equipment in our coal prepara-
tion plants in 1978 and 1983. While there are no dramatic changes, there is
an apparent move to more dense-medium cleaning at the expense of jigs, and
more fine-coal washing equipment being used. These trends are an indication
of the desire to wash coals more efficiently and to take advantage of the
impurity liberation possible when reducing plant feed top size.

Perhaps the best way to illustrate advanced-conventional physical coal
preparation practices would be to describe a new coal preparation plant that
embodies equipment and circuits that are recognized as best available state-
of-the-art technology. While there are a number of plants that fall in this
category, I have decided to describe the Galatia plant of the Kerr-McGee
Coal Corporation.
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This facility is rather unique in that the Kerr-McGee Corporation de-
cided to go out with separate bids for the design of the plant and its con-
struction. This was done to assure that the plant was designed to meet the
desire of Kerr-McGee to have operating flexibility at maximum recovery and
at the same time low main:enance. The Dravo Corporation won the design con-
tract. The Roberts & Schaefer Company was later awarded the building con-
tract. However, Dravo personnel were kept on the job throughout the con-

struction and start-up phases.

This joint effort between the coal company and the two contractors has
resulted in a 1,000 ton-per-hour-capacity coal preparation plant being built
and brought on-line with only a minimum of start-up problems. When the mine
is at full production, the preparation plant will be expected to process
about 2 million tons per year of Illinois #5 and #6 seam coals.

To assure low maintenance and on-line reliability, the materials of
construction were carefully chosen to resist erosion, because of the pyrite
and hard shales associated with this coal, and corrosion, because of the
chlorine content of this coal.

In general, this is a standard preparation plant, cleaning coarse, in-
termediate, and fine-size coal in conventional washing devices, heavy-media
vessels, heavy-media cyclones, and froth flotation cells. What is unique
about this plant is the attention paid to the ancillary operations. Screen
areas are generous as is the supply of plant circulating water. Thus, rela-
tively sharp separations are attained on the screens with little misplaced
material, This is crucial in obtaining efficient separations in the coal
washing devices and in assuring low magnetite losses on the heavy-media
drain and rinse screens.

While the plant routinely removes about 25% refuse from the incoming
raw coal, it is engineered to remove up to 50% refuse. Thus, large changes
in the raw coal washability do not derate the preparation plant washing ca-
pacity.

To minimize the handling problems associated with refuse disposal the
1/2-inch by 28-mesh heavy-media refuse is centrifically dewatered here in
48-inch vibratory CMI centrifuges.

In the fine coal circuit the clean coal products from the two flotation
circuits are dewatered in Bird screen-bowl centrifuges providing a final
product of as little as 13% water.

At full operation, the plant would devote 17 shifts per week to produc-
tion and only 4 to scheduled maintenance. To minimize downtime, the plant
has extensive by-pass capability except for the coarse coal circuit and the
static thickener. Every piece of equipment can be taken off-line for repair
without the necessity of shutting down the entire plant. To assure ease of
maintenance, a low profile design was selected that made every major piece
of equipment accessible by a l5-ton~capacity overhead traveling crane.

The Galatia plant uses electronic instrumentation and control systems
to achieve optimum efficiency and yield. Plant softwace is designed to con-
trol as weil as to monitor equipment, sump levels, rates of flow, and chemi-
cal additives. Also, specific gravity can be controlled to within 0.002 by
the electronic controls.



Clean coal is stored in 12,000 ton capacity silos. Two are already in
use and two additional units are being built at the present time. Plant
feed coal is stored in two 12,000 ton capacity silos.

This preparation plant cost 52: million dollars to build initially.
After the new clean coal silos are completed and minor modifications are
made in the plant, the total cost for the facility will be approximately 60
million dollars.

There is no one generic coal preparation plant design that is capable
of dealing with the wide range of coal washabilities found in the United
States. Consequently, there are many modifications that could be made in
the Galatia plant, especially in the intermediate and fine coal circuits.
Some of these modifications would be totally dependent upon the washability
of the coals to be processed while others would be influenced by the per-
sonal preferences of the plant operator. Figure 1 shows the intermediate
size coal washing circuit at Galatia. Here a dense-medium cyclone washes
the 1/2-inch by 28-mesh coal in a conventional circuit. The minus-28-mesh
coal is cleaned by froth flotation. However, with a coal of high pyritic
sulfur content, or an oxidized coal, the size range of feed coal to the
heavy-medium cyclones might be extended down to 100 or 150 mesh. This cir-
cuit is used in a few existing U.S. facilities.

The Galatia plant has a unique split froth flotation circuit for clean-
ing the fines (Figure 2). Here a classifying cyclone separates the low den-
sity coal at about 100 mesh while the coal associated heavy impurities are
separated at relatively finer sizes until the heaviest impurity, pyrite, is
separated somewhere between 200 and 325 mesh. Thus, the classifying cyclone
overflow contains 100 mesh by 0 coal, most of the clay slimes, and only the
finest size pyrite particles. This fine coal is washed in trough type flo-
tation cells and the final clean coal product is relatively pyrite free.

The classifying cyclone underflow product containing a large percentage
of the minus 28 mesh pyrite is deslimed on Derrick high frequency screens at
100 mesh. The underflow from the Derrick screens goes directly to the re-
fuse thickener. The screen overflow is washed in cell-to-cell flotation
units. Unfortunately, too much of the 28- by 100-mesh pyrite reports to the
clean coal product in the coarse size flotation cells. Therefore, the Ga-
latia people are considering modifying the circuit slightly by removing the
high frequency screens and replacing them with spirals (Figure 3). The
spirals should remove most of the minus 28 mesh pyrite prior to flotation,
thus providing a clean coal froth of lower sulfur content.

Another useful modification for a flotation circuit where the clean
coal ash content is too high is shown in Figure 4. Here the primary clean
coal products are both rewashed. Because the ash content of the Galatia
flotation products are acceptable they are not considering this modifica-
tion. However, rougher-cleaner flotation circuits are a viable option.

Finally, the reverse pyrite flotation process could be employed to re-

duce the pyrite in the coarse size flotation circuit. This is an option
that might be considered at the Galatia plant (Figure 5).
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As mining costs increase and the quality of the coal seams generally
deteriorate, the importance of coal beneficiation assumes added signifi-
cance. Through careful design considerations, new plants can provide pro-
ducts of required quality efficiently in a cost effective manner.
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TABLE 1

MECHANICAL CLEANING OF COAL

BY TYPE OF EQUIPMENT,
CLEAN COAL PRODUCED

Tvpe of Equipment
Wet Methods:

Hydraulic Processes: :
JIgS ..
Concentrating Tables .. .. ...
Water-Only Cyclones .......
Others....................

Dense Medium Processes:
Magnetite.................
Sand ...

Coal Produced, %

1978

46.6
10.5
2.7

1983

39.3
10.5
5.7
8

34.9
2.7
.0

4.8

1.3

100.0

NO./9759
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by
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INTRODUCTION

It is very important to consider the needs of the fuel gas utilization system
prior to selecting the fuel gas upgrading or separation system. In the case

of Indian coals, which are high in ash and low in sulfur, the technologies
developed for the U.S. high-sulfur coals may require careful optimization.

In the current paper, attempts are made to summarize various gas separation proc-
esses and particulate removal devices that are applicable tec the coal-derived

fuel gas.

The major types of pollutants in both gasification and combustion are sulfur
compounds, nitrogen compounds, carbon monoxide, and particulates. To meet
air pollution standards, the particulates, nitrogen oxides, and sulfur oxides
must be removed. If the gas stream is to be used for further processing, it
must be purified to very low concentrations of sulfur, alkali, particulates,

and carbon dioxide.

Nitrous oxide is best controlled during the combustion prccess by changing

the ratio of air to coal and reducing the residence time. High-temperature
~leanup processes pose the problem of fuel-bound nitrogen being released. Low-
temperature cleanup systems, such as water washes and wet scrubbers, do not

have this NOx problem.

To remove large particulates, cvclones are effective. Since cyclonic separa-

tion efficiency decreases with temperature, the cyclones should be operated
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at lower temperatures. At high temperatures, filters are the best available
method of removal; however, these processes are expensive and must operate
under limited conditions., If small particulates are present, they can be

better removed by wet scrubbers or electrostatic precipitators.

Acid gases (C0,, HaS, and COS) can be removed by four major methods: adsorp-
tion, physical absorption, chemical absorption, and chemical conversion.
Adsorption is used to eliminate organic sulfur, CO;, and trace amounts of H,S.
Physical absorption is most effective for high-pressure gas streams containing
large amounts of sour components since the amount of acid gas absorbed is
direccly proportional to the acid gas partial pressure. Chemical absorption
is more useful if a high degree of removal is necessary or if the acid gas
partial pressure is low. Chemical conversion is used to catalytically convert
impurities such as CO, CO,, and organic sulfur compounds to other useful or

easily removed substances.

Cleanup schemes can be classified as high or low temperatures. High-temperature
processes are less expensive since heat exchange equipment is not needed to cool
the product gas. Low-temperature processes, although less economical, are more

documented and are commercially available,

CONTAMINANTS FROM COAL GASIFICATION AND COMBUSTION

i. Gasification

The three basic feed streams needed for the gasification of coal are coal,
steam, and a source of oxygen. Oxygen can be supplied to the gasifier by
either a stream of pure oxygen or a stream of air. The choice between
oxygen and air is usually determined by the end use of the gas. Oxygen-
blown systems produce an intermediate-Btu gas with a heaiing value roughly
in the range of 280 to 400 Btu/cu ft. On the other hand, air-blown sys-
tems produce low-Btu fuel gas with a heating value generally in the range
of 120 to 200 Btu/cu ft. The major difference in the product gas produced
from using air or oxygen is the amount of nitrogen present. A compari-
son of air- versus oxygen-blown gasification is listed in Table 1 for a

FW/BCR-type gasifier with an Illinois No. 6 feed coal.
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TABLE 1 (17)

Comparison of Air- Versus Oxygen-Blown Gasification
FW/BCR-Type Gasifier
Coal -- Illinois No. 6

Air Blown Oxygen Blown

Mol % Mol %
CH4 3.37 6.04
Ho 13.68 29.50
co 28.75 35.33
C0, 3.03 12.51
HoS 0.67 1.03
Cos 0.07 0.10
Np 48.02 0.45
NH, 0.43 0.64
H,0 1.98 14.40
HIV-Btu/SCR 171.20 270.80
Oxidant/Coal Ratio 2.78 0.594
3team/Coal Ratio 0.144 : 0.597
Transport Gas/Coal 0.088 0.088

Ratio

Cold Gas %:r iciency 83.0% 85.7%

The major contaminants produced in the gasification of coal are listed

below:

a. Sulfur is converted mainly to hydrogen sulfide (HgS), but the gas will
also contain carbonyl oxysulfide (COS), carbon disulfide LS 5), sulfur
dioxide (S02), sulfur trioxide (SO3), mercaptans, and thiophene.

b.  The nitrogen content in coal produces nitrogen oxides (NOx), ammonia
(NHz), hydrogen cyanide (HCN), and sulfocyanide compounds in the gas

stream.

c. The volatile matter in coal can appear as tars, oil, naptha, phenols,

cresols, etc.
d. Halogens are converted to their acids.
e. Alkalis present in the ash are volatilized.
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f. Reactive or readily vaporized elements such as beryllium, arsenic,

selenium, cadmium, mercury, and lead are potential hazards.

g. Hydrocarbons and carbon monoxide may also have to be controlled.

Combustion

Burning of coal is a major source of emissions of waste materials both

from the standpoint of quantity and variety of pollutants. For instance,

combustion of coal for generating electricity contributes nearly 60 per-
cent of all sulfur oxide emissions and about 25 percent of all nitrogen
oxides emitted from anthropogenic sources in the United States.

Combustion of coal produces these major contaminants:

a, Particulates matter evolves during combustion and is made up of smoke
(unburned solid combustible material) and ash (mineral matter from
the coal).

b. Sulfur in the coal is oxidized to form sulfur dioxide (S02) and a
small percentage of sulfur trioxide (5803) depending on the amount of

excess air used.

c. Nitrogen oxides (NOX) are formed both from nitrogen compounds in the

coal and from the nitrogen in the combustion air.
d. Alkalis present in the coal ash are volatilized.

e. Trace elements and trace organic compounds present in the material

matter of coal are emitted upon combustion.
f. Hydrocarbons and carbon monoxide may also have to be controlled.
Many factors influence the quantities and rates of emissions from coal

systems. These include coal feed, efficiency of the process, emission

control technology used, and the type of process employed.
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Coal Feed -- The most important variables are the percentage of sulfur,
the ratio of organic to inorganic sulfur, the percentage of nitrogen, the
percentage of volatile matter, moisture, ash content, heating value of

coal, and the range of sizes of the coal particles.

Control Technology -- Reduction of pollutants can be achieved by one or a

combination of the following:

¢ Change the process so smaller amounts or less hazardous pollutants

are produced.

¢ Contain the undesirable elements both within the plant and within

wastes.

¢ Decrease amount of wastes by using them as by-products.

¢ Remove the pollutants by means of emission control equipment.

Process Type -- The process variables that affect the pollutants emitted
are the amount of excess air used, the type of catalyst utilized, the

process pressure and temperature, the reaction vessel configuration, the
feed entry geometry, the cooling rate of decomposition products, the zas

velocity, and the type of control equipment used.

PRODUCT GAS SPECIFICATIONS

The degrees of gas purity may be fixed by environmental regulations or by down-
stream processing requirements. For example, stack gases from the combustion
of coal to generate electricity must be sufficiently free of nitrogen oxides,
sulfur oxides, and particulate matter prior to discharge to the atmosphere.
This is because of their detrimental effect on the human respiratory system,
their corrosive nature when in solution with water (acid rain), and their tend-
ency to form eye-irritating photochemical smog. In the case of gasification
products, downstream processing requires that corrosive and maladorous contami-
nants be removed. These impurities can cause damage to the processing equip-

ment, can poison catalysts, and can produce unwanted by-products.
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Because of the great variety of gas stream cleanup processes available, it is

necessary to know what contaminants need to be removed and to what degree they

should be removed to effectively choose the best process. As a rule, the end

use of the gas defines how pure the stream should be and, consequently, which

process should be employed.

1.

Turbines

Steam turbines, as their name suggests, are operated by steam which is
generated from the heat of combusted coal. The main restrictions for the

stack or flue gases are environmental.

Gas turbines are driven by the hot pressurized gases produced by the com-
bustion and gasification of coal. Usually, the turbine exhaust gas is
discharged directly to the atmosphere 'so it, too, must meet EPA emission
standards. However, scrict l.mits on contaminant concentration in turbine
fuel due to corrosive effects of the dirty gas on the material of construc-
tion, generally, exceed those set environmentally. Particulate carry-over
causes erosion of turbine blades The larger particles (less than 5 to

10 microns) erode the blades at a nigh rate making the turbine inoperable
after a relatively short time. Smaller particles (2 microns or less)
adhere to the surface upon impact and cause fouling of the stationary tur-
bine cascade. In addition, alkali, composed mainly of sodium and potas-

sium species, are corrosive and also shorten gas turbine lifetime.

Synthesis Gas

Synthesis gas must be significantly pure to avoid catalyst poison, to pre-
vent the formation of undesirable by-products, and to assure the maximum

conversion to the desired products.

For instance, to convert syngas (CO and Ha) to pure hydrogen, the syngas
must be desulfurized. Also, the CO, originally present in the gas and any
COz formed in the shift reaction of carbon monoxide and steam to hydrogen

must be removed.



In the synthesis of ammonia, a stream of high-purity hydrogen and nitrogen
is needed. Thercfore, the gas must be 99 percent free of sulfur, carbon

dioxide, and carbon monoxide.

The catalyst (Cu-Zn-Al) used in the production of methanol from syngas
allows the use of milder reaction conditions. However, the catalyst
requires very high degrees of purity, especially with respect to chlorine

and sulfur compounds.

The production of methane from synthesis gas is achieved in the presence
of a nickel catalyst. Deterioration of the catalyst can be at a minimum
if carbon moncxide, hydroger sulfide, and other organic sulfur compounds
are removed and if carbon deposits resulting from the Boudouard reaction

are suppressed.

Synthesis gas used in the Fischer-Tropsch process produces aliphatic
hydrocarbons within a wide range of carbon numbers from gaseous products
to high-boiling paraffins. The synthesis gas is made up of hydrogen and
carbon monoxide and needs to be sufficiently free of sulfur compounds and
carbon dioxide. Data from the SASOL I plant to convert coal to hydrocar-
bons and gas indicate that a clean stream containing 86 volume percent of

a Hz-CO mixture and 12 volume percent CH4 is sufficient.

Fuel Cells

In a fuel cell, electric current is generated by converting the chemical
energy of a fuel into electrical energy. The fuel is oxidized, and the
resulting chemical reaction provides the energy that is converted into
electricity. High-temperature fuel cells, with a molten carbonate mixture
as the electrolyte, offer the prospect for use with coal. In this case,

gaseous mixtures of hydrogen and carbon monoxide can be used as the fuel.

The contaminants of concern are sulfur compounds, halogen compounds,
nitrogen compounds, metal and trace elements, hydrocarbeons, and particu-
lates. Sulfur compcunds cause significant performance as well as endur-

ance penalty to the molten-carbonate fuel cell (MCFC). This occurs when



the sulfur-containing contaminants corrode the electrode and the current
collector, and when carbonate loss results from compositional changes in
the electrolyte. Halogen compourds such as HC1 and HF degrade the elec-
trolyte and promote stress corrosion cracking. Molecular nitrogen, NHj,

and NOx act as diluents at the anode and cathode. The effects of metal

and trace elements are to change the physical prouperties of the electro-
lyte and to deposit on the anode and cathode. Also, hydrocarbons deacti-
vate the electrodes and lead to carbon formation. Lastly, particles can
lead co partial plugging of the anode since the small particles can dif-

fuse into ihe pores of the fuel cell porous nickel anode.

Therefore, the contaminant level in the fuel supplied to a MCFC must be

within strict tolerance limits.

FUEL GAS SEPARATION PROCESSES
Fuel gas separation processes can be classified into two major categories:
(1) conventional and {2) unconvertional. The conventional processes use basic
gas-liquid contacting mechanisms such as:

¢ Physical absorption.

® Chemical absorption.

® Adsorption.
Because of the high energy cost involved in the operation of these conventional
processes, the Department of Energy has started a program to explore certain
unconventional techniques to separate fuel gas. These include:

® }Membranes.

® Biological.

® Chemical complexity.
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1.

Conventional

Adsorption

In this method, impurities are removed from the gas phase by becom-
ing concentrated on the surface of a solid. The solid material is
usually a granular particle that has been commercially prepared to
have a large surface area per unit weight. Usually, a fixed bed of
these granular particles is employed. In the bed, a concentration
gradient exists between the gas inlet and the gas outlet with respect
to the liquid and the gas phases. As time proceeds, the concentra-
tion gradient shifts toward the gas outlet as the adsorbate is picked

up and held by the adsorbent.

Absorption

The mechanism of absorption is the transfer of a substance from the
gas phase, through a phase boundary, and into the liquid phase.
Absorption may occur by two methods: the substance is physically
dissolved in the liquid, or the substance reacts chemically with the
liquid absorbent. Figure 2 shows the operating lines for physical

versus chemical absorption processes for acid gas removal.

® Physical Absorption

Physical methods depend on the fact that the solubility of a
gas in a liquid is greater at aigher pressures than at lower
pressures. Therefore, the contaminant is extracted from the
gas undar pressure by an organic solvent. When the pressure
is reduced, the dissolved contaminant is released in gaseous
form from the solvent. The amount of acid gas absorbed is
directly proportional to the acid gas partial pressure in the
sour gas stream. These processes are most effective for high-
pressure gas streams containing appreciable amounts of sour

components.
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¢ Chemical Absorption

In chemical methods, a.chemical reaction occurs between the sub-
stance and the absorbing medium. Most chemical absorption meth-
ods depend on the use of weakly alkaline material that combines
and removes the acidic contaminants. The impurities are removed
from the liquid absorber by heating in a reboiler. Other proc-
esses also utilize weakly alkaline solution, but the absorbed
substances are removed by oxidation. Chemical absorption is
most advantageous when the partial pressure of acid gas in the

feed is low, or when a high degree of removal is required.

2. Unconventional Methods

a.

Membranes

Gas separation by membranes is based on the principle that different
components of a gas mixture permeate across a membrane at different
rates. The driving force is the partial pressure of the gas. Sepa-
ration, therefore, can occur over a range of conditions. The only
limitations are the physical properties of the membrune. In gas
separation, a combination of high flux and high separation factor
make a membrane economically feasible. Membranes can be made from

a number of materials including rubber and polymer. Each membrane
has its own characteristics and is more suited than others for cer-

tain applications.

The advantages that membrane separation has over other methods of
gas separation are the reduced capital costs, reduced utility
requirements, lower fuel consumption, and lower space requirements
for the unit. Additionally, modular units can be employed to mini-

mize downtime.

Supported Complexes

Metal complexes can he used to separate gases in order to recover

valuable components and remove undesirable contaminants from a gas
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stream. Pacific Northwest Laboratory (PNL) is studying organometal-

lic complexes and is researching the incorporation of these complexes

with polymeric supports.

The supporting matrices were selected from a group that included
organic polymers, silica gel, and glass beads. Polystyrene was the
preferred choice due to the previous experience with it at PNL and

of other gas separation specialists.

The organometallic complexes that were selected for further study
were (Pdz[dpm]2Clp), (where dpm = PhoPCH,PPh,) for CO sorption,

(Ir [MepPCHpCHpPMe,]2)CL for CO, sorption, and Ru (CO2) (PPh3)3 for H,
sorption. The most promising is (Pd,[dpm],Cl,) since it reversibly
sorbs CO with ease even in the presence of CO,, Oz, N, and Hp,. All

three complexes have rapid and quantitative uptake of gas.

Particle Control

Particle control devices can be classified into the following broad

categories:

Inertial.

Electrostatic.

¢ BRBarrier.

Granular bed.

¢ (Combination.
Cyclones can be used to remove particulates from high-temperature
gas streams also; however, the efficiency of cyclonic separation

decreases with operating temperature. Furthermore, the efficiency

decreases as the cyclone diameter increases as is needed for high
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CONCLUSION

gas flow rates. Instead of increasing the cyclone diameter to han-

dle these high flows, banks of small cyclones are usually arranged

in parallel. Unfortunately, this arrangement is susceptible to

plugging.

Electrostatic Precipitators

Another high-temperature as well as low-temperature method of
particulate capture is electrostatic precipitation. The gas
streams are usually close to 700°F (370°C). At these high tem-
peratures, the electrical resistivity of the particulates is
lowered and the removal efficiency is increased. The relia-
bility of the hot precipitator, however, is questionable since
even a relatively brief outage might cause severe damage to
turbines. Additionally, the upper range of temperature is set
primarily by operating instabilities caused by thermal ioniza-

tion which results in sparkover and loss of corona generation.

Filters

The best available method for removing particulates from hot
gases at present is filtering. Filters can be categorized as

surface or depth filters,

During the past few years, progress has been made in advancing

these techniques to meet the end-use requirements.

In summary, there are several new processes/techniques under investigation.

The only driving force is to obtain higher efficiencies, better ecorcmics, and

meet tbhe environmental recuirements. However, the selection of any of these

processes should be made only after thorough systems analysis.
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Status - Low Temperature Processes
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® Conventional Commercial Process
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Status - Sulfur Control
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Particle Control Devices

Device

Electrostatic Precipitator
Screenless GBF

Ceramic Cross Fiow Filter
Cz=ramic Bag

Magnetically Stabilized GBF
Dry Plate Scrubber
Electrostatic GBF
Electrocyclone

Fixed GBF
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Type

Electrostatic
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Barrier, Fiexible

GBF, Moving

GBF, Moving
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GBF, Fixed
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Status - Particle Control

Cross Flow Filter

One element operated 80 hrs. on intermediate PFBC
— Met environmental performance requirements

— 15 to 20 inches of water pressure drop

— Demonstraied tolerance to severe upset

Has 7 to 10 time surface area to volume ratio
of bag filter

Potential for pressure imbalance during blow
back of multiple elements

inconsistent manufacturing techniques resulted in
some eiements cracking
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Status - Particie Control
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Electrostatic Precipitation

® Subpilot scale PFBC test at 1450 deg. F
— Met environmental performance requirements PFBC
— 2 to 3 inches of water pressure drop

e Léboratory scale test to 1650 deg. F
— Significant increase in current above 1550 deg. F
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Status - Particle Control

Screenless Granular Bed Fiiter

® Operated 1500 + hrs. on AFBC
— Met environmental performance requirements
— 20 to 30 inches of water pressure drop
— Demonstrated tolerance tc upset

@ Potential for pressure imbalance in media
transfer lines

© Full scale concept design mechanically complex
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Summary

® All new processes are still in the various
stages of development

® Often process efficiency and cost
advantages

- ® Selection of a given process requires in
depth systems analysis
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50,000 TON PER YEAR COAL WATER SLURRY PRODUCTION PLANT

by
C. C. EICH

I thought it might be of interest to you to report on the design start-up
and successful operation of a 50,000 ton/year coal water slurry plant in
the State of Tennessee in the United States of America. This plant uses
the Carbogel (*) process for making heavy loaded coal water slurry of the

70% coal 30% water type with less than 1% chemical additives.

Approximately three to four years ago, Foster Wheeler Corporation and

A. B. Carbogel of Sweden agreed to join forces in the U. S. A. and form

a jointly owned company called Carbogel U. S. A. Inc. This company was

to Ticense the Carbogel technology in the U. S. and further develop the
technology involved in coal water slurry manufacture for all types of coals.
I am sure we all realize that the technique of forming slurry both in the
mechanical aspects and the chemical addition and mixing aspects are very

coal specific.

A complete laboratory was set up and a batch plant, capable of making one
ton batches of slurry, wasbuilt and put into operation for developing the
specific grindings and chemical requirements on a coal specific basis. We
were thus able to take any coal; develop its particular slurrying recipe;
check it out on a batch basis and predict the entire properties of the
resultant slurry. Ve also are able to tailor the slurry to suit the coal

and the end use of both from a technical and a commercial standpoint.



It soon became obvious, however, that- this level development was not at

all capable of producing the type of information which would be necessary

to scale up the equipment for a full scale slurry plant. Information had

to be developed using commercially available equipment such as mills, flotation
cells, mixers of such a size as to be able to obtain complete performance data.
This data could then he used to properly engineer, spec out equipment and do
the detail engineering for a full size commercial plant. This data would also
be used to determine the investment and operating economics of large plants.
Foster Wheeler felt that with this data, we would be able to establish a

firm price for engineering design and construction of such a plant and predict
operating costs. It is our intention to build, own and operate such a plant

in the future when the economics indicate that this would be a éood invest-
ment. To this end, Foster Wheeler has a production license in the United

States.

Foster Wheeler therefore decided to build a nominal 50,000 ton/year plant
which would operate on a continuous flow basis using commercially available

equipment.

We found an unused zinc ore reduction plant in Elmwood, Tennessee which we
Teased on a long term basis. This plant has in place material handling equip-
ment, wet ball mills, flotation equipment, environmentally approved settling
ponds and many other features which we could use in the conversion of this

plant to a coal water slurry production plant.

A schematic diagram of the Carbogel process is shown in Figure 1. It
consists of a wet ball mill, grinding section with screens and recycling of
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rejects from the screens to obtain the proper range of coal particle sizes
(20 mic - 200 mic). From there, the coal water is passed to a series of
flotation cells which are used to beneficiate Lhe coa} by reducing the ash
content. As part of the process of removing ash, we remove pyritic sulphur
as well. The degree of ash removal obtained by this process is coal specific

as some coals beneficjate better than others.

The Carbogel process does not require beneficiation in order to make a
siurry. The degree of beneficiation and sulphur removal depends on the
analysis of the total process economics as well as end product process
requirements. Items to be considered are
i. relative cost of raw coal in relation to ash content
and sulphur content;
2. ease of beneficiation ir relation to the above;
3. effect of ash content of slurry on capacity of boiler if
being used as boiler fuel;
4. effect of ash content or sulphur content on process if
used in other processes, such as gasification or heating;
5. environmental requ%rement relative to emissions.
After flotation, the mixture is vacuum dried to a dryness very close to
the end process -- 70% solid - 30% moisture -- at which the chemicals are

mixed in which then produces a stable 70-30 coal water mixture.

Fugure 2 1is an aerial view of the Foster Wheeler Elmwood plant showing the

plant itself with the settling ponds.



After solving the normal minor mechaﬁica] start-up probiems associated
with a process of this type, our first commercial run was made in November
producing the first 25 tons of slurry. This slurry was shipped to the
D. 0. E. test facility outside of Pittsburgh for use in a burner test which

Foster Wheeler was performing. It was successfully burned.

In February of 1986, Foster Wheeler will test a 100,000,000 BTU/hour
utility type burner in a totally water cooled boiler at a General Motors
plant in Indiana. This test is being done under the joint sponsorship of
Foster Wheeler, General Motors and EPRI. Two hundred fifty tons of fuel
for this full scale test will be produced by Foster Wheeler at our Elmwood

plant.
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SYNOPSIS

Thie paper presents a discussion of several new and developing
uges of fluid bed reactors in biomass gasification processes. The
reactors include syBtems for producing low and medium Btu fuel
ges along wvith syngas in certain applications. Fluidizing mediums
uging air, oxygen, and steam will be discussed along with feed
materials of wood, charcoal and rice hulls.

INTRODUCTION

The fluid bed reactor was developed for use in the petrochemical
industry in the 1940’'s(1l1). Principally, the development found
ite use in r~=iracking units producing light hydrocarbons from
heavier crude oil fractions. The standard fluid bed system
normally defines a vessel vith a height to wvidth ratio agreater
than one containing some type of inert bed material, usually
sand. The system design includes provisions for feedinag and
mesns of supplying @ controlled fluidized medium uniformly
through the bed material. Fig. 1 is the normal or standard
sketch of a fluid bed gystem. The distributor plate is desianed
to produce a pressure drop of the magnitude to insure an equal
flow of the fluidizing medium through the holes in the plate. The
equal flov through the plate results in the inert material
receiving a consistent flow per unit area eliminating channeling
and other bed flovw problems.

The fluidizing medium flowv rate is adjusted to establish the
desired bed characteristics. The initial point of interest is
the incipient fluidization condition defined by a flow rate
sufficient to just provide dynamic support to each individual bed
particle. This incipient point is the first condition where the
pressure drop across the bed is equal to the density of the bed
times the height of the bed. Further increases in the flow rate
produces the desirable bubbling bed phenomena. As the rates are
increased the bubbles become larger, limited only by the reactor
geometry. UOnce the bubbles grov to span the reactor cross
gection a slugging condition is defined. An even ifurther
increase in the flow will result in an entrained bed system. The
different conditions: incipient, bubbling, slugging, and
entrained reactor bed sre depicted in Figs. 2 throuagh 5.

The designed height of the reactor must provide suffic.ent height
for disengaging the bed material returning the bed to the bed
inventory. In some cases an increased area can be used to insure
this disengaging lev=l. The increased area reduces the product
velocity resulting in a loss of aerodynamic support. Figs. 6 and
7 show these Bystems with the disengaging heights defined in the
figures. With this simple review of the fluid bed physics, the
important issues in this paper are the utilization of the fluid
bed principles in biomass gasificetion processes. In order to
examine these developing systems a list of the advantages and
disadvantages, as relating to the conversion processes, have been
listed.
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The advantages are:
1. The bubbling bed of the fluid bed system adopte the
properties of a fluid.

a. The temperature and pressure can be measured and
controlled.

b. The rapid circulation provides a constant temperature
throughout the bed.

c. The bed material provides a large thermal mass

dampening small perturbations.

2. Feed material ingserted in the bed demonstrates:
a. Large flux rates as compared to fixed bed
reactors.

b. The possibility of high moisture content without
severe operating problems.

c. Heat transfer betveen the bed material and
the individual cold feed particles.

d. High ash content materials can be used.

e. Ash can be easily removed from the bed.

f. Particle size variations are permitted.

The disadvantages are:

1. The gystems are complex.
a. Larger fans are required.
b. Increased powver requirements.
c. expensive material required in construction.

2. Product gas is dirty.
a. Large bed carry-over.
b. Increaged tar and char production as compared to
normal down-draft system.

DISCUSSION

One of the major disadvanteges of these systems was the normal
deeign complexity. The University of Missouri-Rolla (UMR)
Gagsification Research on Wood (GROW) project, has been testing a
small fluid bed syztem which has de o nstrated a much simpler
system design. The .1016 meter (4 in.) reactor is constructed of
a 1.83 meters (6 ft.) black iron pipe. Figures 8 and 9 provides
a schematic of the sygtem (2). The distributor is a simple .1524
meter (6 in.) leyer of washed gravel. The developed system would
be a stand-alone engine system for pumping water or generating
electricity. Charcoal is the chosen fuel principally because it
reduces the clean-up requirements of the feed Bystem. The fan(if
required) ie driven by the engine. Present levels of the
operation suggested a 6 to 7 kilowatts output and the desian cost
is targeted a 1,000 to 1, S00 dollars.

In the same regard, the GROW staff (3) have been developing a
similar reactor system for rice hulls. This unit is .1524 m

(6 in.) in diameter and approximately 3 metere (1@ ft.) high.
Fig. 1@ provides the schematic of the unit. The real point of
this fluid bed system development ig its sdvantages to produce a
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high performance design for rice hulls. Rice hulls are one of
the moet difficult fuels to convert to usable enerqy. (4) There
are several reasons for the rice hull gasification problems, with
the principal difficulty focused on the ash properties. The ash
content is usually 20%, with a 95% silica content along with
traces of other alkaline materials. The silices encapsulates the
raw carbon in the hull and high temperatures crystallize the
Bilica, making the carbon almost impossible to use. The same
high temperatures generate e sticky huil surface conglomerating
the hulls in the conversion reactor.

By using the temperature measurement and control characteristics
of the fluid bed reactor, a system can be deesigned to provide =&
gasification temperature between 704°C (1300°F) and 982°C
(1800°F). This range permits good gasification performance using
ground hulls with carbon conversions above 7@%. The design also
provides a low velocity high residence time within the reactor.
The long solids residence time is necessary for these carbon
convereion levels. The temperature control alleviates the
problems of a sticky ash residue and the high ash levels are
handled easily. The ash is removed with the product gas and
separated using a high efficiency cyclcne.

Operating performance is demonstrated in Fig. 11 and simple
efficiency estimates would suggest operating a 10 kw powver plant
with this .1524 meter (6 in.) unit. Clean-up equipment and other
operating changes are presently being investigated.

The flux rates of the feed are listed as an advantage in the
earlier discussions. The multi-solid system developed by
Battelle Laboratories (Columbus) (5) has demonstrated even higner
ratesgs than the normal fluiZ bed gasifier. The multi-solid system
certainly points out the flexibility and level of development
that is possible in using the fluid bed concepts. Fig. 12 shows
the unit operation. Sand is used to provide the gasification
energy by circulating the heated sand from the combustor into the
gteam fluidized bed reactor. Through-put rates oi 9765 ka/m®hr
(2000 1lb/ft®hr.) have been demonstrated using wood chips or
savdust. The gas produced is a medium Btu gas 18630 kJ/m? (SQ0
Btu/scf) and the production requires no oxygen streams. Several
experiments indicated that the feed moisture content did not
affect the gas gquality, only the conversion percentages. The
typical run data produced is shown in Table 1. The gas
production cost based on a 29300 kw (120 MM Btu/hr.) plant was
suggested to be 1.36 cents/kv/.r. ($3.99/MM btu). The system has
demonstrated good performance with commercialization expected
soon.

The Institute of Gas Technoloc:r (IGT) has constructed a pilot
plant facility to examine an oxygen/steam gasification
approach. (6) The system is a presesurized fluid bed system
designed to operate up to 982° €(1800°F) with pressures of

3446 kPa (500 psig). Fig. 13 shows the schematic of this system.
Table 2 shows the results of earlier runs from this system.
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Considerable vwork is being done with this resctor and economic
and performance comparison will be available in the near future.

The Univereity of Missouri-Rolla has demonstrated another
approach to heating the bed by using an in-bed heater to provide
the necessary gasification energy. (7) The system schematic is
showvwn in Figs. 14, 15, and 1l6. The idea is to supply high
tempernture flue gas to the tubes submerged in the bed, thus
transferring energy into the bed material in the reactor. The
flue gases can be generated by using the char and tar produced
along with an additional quantity of green biomass resource, if
required. The waste eneray stream can be used to generate the
steam for fluidization. The bed temperature controls the CO, H,,
char, tar, and the Btu level of the product gas produced. The
splits are determined by the end use of the gas: be it methanol,
fuel gas, or gas turbin. energy. Sample data from the system are
shovn in Table 3.

A recent paper at the IGT conference suggested that the Italians
have a commercial system with in-bed heating. (8) Ergon Fluid Bed
of Jackson, Missigsippi is developing an interesting in-bed
circulating system. Several years ago Deborah Fluidized
Combustion in England sold several in-bed circulating combustion
systems. Ergon Fluid Bed has modified the system to provide a
multi-dimensional circulation along with variations in the feed
points. The most important feature presently identified is
increased bed residence time permitting even greater CO/H.
production levels if desired. The funding of the demonstration
project of the Ergon Fluid Bed design is being considered by
several different funding agencies. The use of the in-bed
heating developed at UMR is also being considered in the Ergon
design.

SUMMARY

In summary, the design advantages of the fluid bed system provide
innumerable opportunities for biomass gasification. The above
discussion are just a few of the developing systems that
point-out the capabilities of these designs. During the next
several years many innovative systems will be built using the
important features. Those of us interested in these systems will
be challenged to use the concepte to provide a more efficient use
of these valuable biomass resources. Fluid bed systewms will be
used as an integral part of total conversion plants providina gas
for heating, powvwer production and for the production of liquid
fuels. These systems will not only provide efficient conversion
but will provide environmentally acceptable operations.
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Run Number 2.13
Run Condition S
Wood Type Bark
Moisture, % 20. 40
Wood Feed Rate, Kg/hr 48, 53
Dry Feed Rate, Kg/hr 39. 00
Gagifier Temperature, C 800. 20
Gasifier Pressure, KPa 14,51
Hitrogen Feed, Kg/hr 2.00
Steam Rate, Kg/hr 143, 00
Gagifier Gas Velocity, m/sec 9,37
Combustor Temperature, C 845. 00
Combustor Pressure, KPa 15. 20
Combustor Gas Velocity, m/sec « 46
Product Gas Rate, NM? /Kg-MAF .63
Carbon Conversion to Gas, % 38. 80
Product Gas Compoegition, X Ne Free
Hydrogen 22.77
Carbon Dioxide 20.01
Ethylen® 6. 26
Ethane . 90
Acethlene 0. 00
Methane 14. 18
Carbon Monoxide 35.85
H2/C0 Ratio .64
Product Gas HHV, KJ/NM? 16730. 00
Wood Analysis, 7% Dry Basis
Volatile Matter 74.52
Fixed Carbon 16.954
Azh 8. 54
Carbon 47. 06
Hydrogen 5.74
Nitrogen . 39
Chlorine .01
Sulfur .11
Oxygen(by difference) 38. 15
KCal/Kg (dry) 4335. 69

3. 20
N-S
Gum

15. 00
157.82
134.00
744. 00

19,35

46. 00
198. 00

4.85

832. 00
17. 28
. 66
.64
59. 68

18. 21
15. 04
4.53

.91

. 23
16.61
44, 51
.41
17214. 00

83. 47
15.72
Q.81
49. 94
S. 30

. 16

.02

9. 00
42.77
4726. 00

3.23
N-S
Sawdust
40. 00
154, 20
93. 00
699. 00
23. 50
58. 00
195. 00
4. 59
882, 00
23. 50
.42
.95
47.95

14.16
12.02
4.74
l.06

0. 00

16. 26
31.75

.« 27
17587. 00

8l1.92
17.43
@.63
33.92
6. 353
.21

.04

.04
38.61
S5010. 12

N - Nitrogen

S - Steam

TABLE 1.

BATTELLE LABORATORIES COLUMBUS

MULTI-SOLID SYSTEM TYPICAL GAS


http:17587.00
http:17214.00
http:16730.00
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Test No. GT-1 6T-2__
Pressure, KPa 2231.00 2231. 00
Temperature, °*°C 816. 00 892. 00
Feed Rate, kg/hr(wvet) 369, 00 313. 00
Moisture, wt. % 8.35 9. 50
Steam, kg/kg Feed (wet) 2.79 Q.71
Oxygen, kg/kg Feed (wet) 2.21 2.25
Purge Nitrogen, kg/kg Feed (wet) ©.52 Q. 45
Product Gas Flov Rate, NM3/hr 1001.00 813. 00
Superficial Gas Velocity, m/s 0.67 @.5%9
Cas Yield, HNM3?/1b Feed (wet) 1.231 1.177
Tars & 0ils, kg/kg Feed (dry) 0.022 0.Q13
Dry, Inert Free Product Gas Composition, vol. %

He 26.36 27. 4S5

COo 15.17 14.82

COs 38.94 39. 83

CH, 18. 41 17.16

Ce He 2. 25 0.020

Ce He 2. 67 0. 07

CaH, Q.00 0. 00

Ce Ha . 0.20 Q.67
Gross Heating Value (KJ/NM3) 13551.00 13270. 00
Dry, Inert Free Gas Yield, NM? /kg Feed(wet)

Q.224 @. 230
Cold Gas Thermal Efficiency, % 75.08 76.15
Carbon Conversion to Gas & Liquids, %
92.0 94. 4

z2127.00
982, vV
332. 09
9.70
.60
Q.34
0.5}

934. Q0
@.76
1.276
0. 003

30.67
22. 40
34.98
11.95
Q.09
9. 00
Q.00
2.00
11520. 00

6. 256
73. 85

S94.8

TABLE 2. IGT OXYGEN/STEAM GASIFICATION EARLY RUN
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Run_No. A B c —_ D

Feed (Kg/hr) Qak Flekes (2/2 mm x 1.5 mm thick)
Feed Rate 54. 4 95. 3 146.5 181.4
Moisture (%) 7.0 7.0 7.0 7.0
Steam Rate(Kg/hr) 167.8 183.7 195.0 267.6
Steam Temp. (°C) 330.0 527.0 683.0 604.0
Bed Temp. (e C) 615.0 649.0 737.0 S584.0
Propane to Burner(Xg/hr) 14.8 16.6 41.9 24.6
Air to Burner(Kg/hr) 375.0 348.0 870.0 404, 0
Gas Preoduced Dry(Kg/hr) 36.2 66.0 112.9 128.0
HHV (KJ/NH3) 16.7 21.2 17.4 19.4

Composition(vol. %)

He 16.06 19.12 26. 45 12.91
co 46. 16 27.97 42. 4 37. 40
COe. 20.25 22.69 15.88 27.11
CH. 6.31 20. 19 9. 30 13.93
Ce Ha 3.27 3.74 2.28 2.60
Ce He 1.0 1.14 1.02 1.3
Cs* 2.91 3.15 2,05 4. 43
0= 1.28 @.39 0. 06 2.01
Ne 2.97 1.62 @.57 0.58

TABLE 3. TYPICAL DATA FROM THE UNIVERSITY OF MISSOURI-ROLLA GASIFIER
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INTRODUCTION

Good morning ladies and gentlemen. On behalf of the U.S. Agency
for International Development and the Pittsburgh Energy
Technology Center, U.S. Department of Energy, I would like to

extend a warm welcome to each of you.

Two years ago, at the first Workshop for this program on SLIDE 1
Alternate Energy, I indicated that it was our objective to

accelerate the development of coal-based and biomass-based

conversion technologies suitable in the Indian ccntext and

utilizing domestic resources. Today I can say that we have, in

great measure, accomplished the objective we set out to achieve.

In 1983, the Indian Government identified areas in coal and
biomass conversion for joint collaboration which would focus
primarily on increasing the utilization of coal and biomass
feedstocks with new and efficient advanced technologies.
Subsequently six projects were selected in coal conversion for

collaboration:

o) Evaluation of the Freeboard Performance in a SLIDE 2
Fluidized-Bed Combustor

o Scale-up of AFBC boilers
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o Coal-Water Slurries
o Coal Preparation
(e} Hot Gas Cleanup

o Cold Gas Cleanup

The three projects in the area of biomass conversion are: SLIDE 3

o Development of a Village-Level Gasifier Utilizing
Charred Agricultural Residue

o Utilization of Producer Gas in Small Engines (3-5 HP)

o Development and Field Implementation of Wood-Based,

Gasifier/Engine Systems (5-30 Hp)

Some of these projects, especially in the areas of fluidized-bed
combustion, biomass conversion, coal slurries, and coal preparation, were
designed so as to provide an in-depth technical database at the
completion of the program. This would permit the

immediate application of the technology and possible

commercialization. Workplans for the other projects were

developed with a view to allow long-term research and development

to be pursued. I am pleased to report that our approach has

worked well.

I would like to stress that the successful achievement of the
objectives of the individual projects has depended, to a large

extent, on the close cooperation and interaction between the
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Indian and U.S. engineers and scientists associated with the
program. Their enthusiasm and just plain hard work has made it
possible to realize our goals thus far, and the momentum
generated wiil be carried through to the completion of the

program.

Before I briefly discuss the status of the projects, I would like
to indicate the U.S. role in the program. The U.S.
responsibility in the program has been primarily to provide
technical assistance, to train Indian engireers in the U.S., and
to equip the laboratories associated with the program with the
state-of-the- art instruments. As the agenda points out, the
principal investigators will discuss the technical progress made
on their projects. I will focus briefly on the technical
accomplishments, the training of the Indian sceintists in the
U.S., the major equipment obtained for the projects, and

how the funds for the overall program have been expended so far. SLIDE 4

In the past two years, we have had fifteen (15) Indian
engineers visit the U.S. under the program -- two more are
scheduled to visit the U.S. early next vyear. Their visits have
included site-visits to U.S. facilities activily involved in
their respective areas of research to obtain training and
hands-on experience in the operation and maintenance of
instruments, to participate in design review meetings, and

technical discussions with experts in their field of interest,
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and to attend official technical conferences to update them on
the current status of the technology and its future direction. In
addition to the previously mentioned activities, another facet of
their visits, which I firmly believe is equally important, is
that it has enabled these young engineers to establish personal
contacts with some of the best technical experts in the U.S. and
it has opened doors for independent communications and continued

cooperation.

It must be noted that the various research laboratories in the
U.S., both government and private facilities, have actively
cooperated with us in arranging these site-visits, and at no
cost to the program. This has been made possible because the
Pittsburgh Energy Technology Center and the Morgantown Energy
Technology Center, of the U.S. Department of Energy, have funded
many of the ongoing U.S. research and development programs at
these laboratories, as well as through the interpersonal
relationships of the U.S. specialists and the industrial,
university, and governmental project managers involved in

the U.S. programs. Therefore, I would like to acknowledge their

hospitality and thank them for their efforts and the time spent.

Equipping the Indian laboratories with modern and sophisticated
instruments is another important segment of this program. The
equipment and instruments provided are similar to those currently

being used in U.S. laboratories for similar projects. This
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should facilitate rapid data acquisition and analysis.
Procurement and dispatch of the instruments is a tedious process
primarily because of rules and regulations which include
competitive bidding procedures, and export/import restrictions.
In addition, long lead time for delivery from the suppliers, and
their inspection and clearance makes it a time-consuming process.
Despite these difficulties, we have fulfilled the complete needs
of the biomass projects and a majority of the coal projects in

the short span of less than a year.

At the beginning of the program, budgets earmarked for the

biomass and coal projects were $705,800 and $1,118,200 SLIDE 5
respectively. The expenditures incurred thus far under various
catagories - equipment, training, workshop, U.S. specialists,

support services, and DOE management - are shown in Figures

1l and 2 for the biomass and coal projects. SLIDE 6

STATUS OF THE COAL AND BIOMASS PROJECTS

o) Evaluation of Freeboard Performance in a Fluidized-Bed Combustor

SLIDE 7
The lm x lm FBC test facility designed to generate 65 tons/hour
of hot water is in the final stage of erection. Shakedown and

trial runs are expected to begin shortly.
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The combustor is being erected.after elaborate reviews and
evaluations of the BHEL design by engineers from the U.S.
associated with Oak Ridge National Laboratory, Tennessee Vally
Authority, Electric Power Research Institute, Combustion
Engineering, Babcock and Wilcox, and Morgantown Energy Technology
Center. This is a very well instrumented test facility equipped
with the state-of-the-art instruments capable of handling
high-ash Indian coals, washery rejects, and high sulfur U.S.
coals. Scme of the major instruments supplied from the U.S.
include coal gravimetric feeders, computerized data acquisition

system, and a gas analysis system.

Cn this project, five engineers have visited the U.S. to
participate in review meetings, and to obtain actual hands-on
experience in the operation and maintenance of the instruments.
These engineers - C. Bhaskaran, A. V. Vasudevamurthy, S.
Shanmugam, S. Sundarajan, and K. Seetharanan have visited
facilities at PETC, METC, ORNL, TVA, EPRI, B & W, George
Washington University, Merrick Corporation, Hewlett-Packard,
Combustion Engineering, and Beckman Industrial during their

visits.

o Scale-Up of AFBC Boilers SLIDE 8

The engineering design of the 30 MW(e) AFBC boiler including



subcomponents developed by BHEL has been reviewed and evaluated
jointly by TVA and ORNL both in the U.S. and at the BHEL-Trichy
facility. Comments and recommendations have been incorporated in
the final design and the final report will be submitted shortly.
The U.S. experience gained in operating the 20 MW(e) AFBC boiler
at TVA has been used in the present design aimed at burning
high-ash Indian coals and washery rejects. In this sense it
represents the state-of-the-art design. However, I must point
out that while U.S. experience can be appliedl with sufficient
confidence to subsystems such as coal handling, ash handling, and
gas cleanup, it is necessary that actual operation utilizing
high-ash coals or washery rejects is necessary. This is because
in the U.S. the technology has focused on the problem of
high-sulfur present in U.S. coals and information regarding use
of coals in AFBC boilers containing large quantities of ash is
sparse. The high-ash present in Indian coals could have a
significant effect on the performance of the boilers due to
problems such as erosion of bed-tubes, control of

bed-temperatures, etc.

Secondly, if the Indian utility sector is to accept the AFBC
boiler as a viable commercial alternative to conventional boilers
and a successful means of burning Indian ccals and washery
rejects, it is important that this technology be demonstrated on

a sufficiently large scale of operation.
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During the demonstration project, the present USAID/BHEL
experimental FBC test facility would be very useful in obtaining
critical data required for fine-tuning and validating the design
parameters. In the U.S. similar support has been provided to TVA
in the demonstration of the 20 MW(e) AFBC boiler, by the 6' x 6

AFBC boiler at Alliance, Ohio, and the strategy has worked well.

On this project, G. Viswanathan and S. Sundarajan visited the
U.S. to participate in review meetings. They visited the AFBC
facilities at Faducah, Kentucky and Georgetown University, TVA,
ORNL, METC, and Shamokin Industrial Development Corporation. S.
Sundarajan also attended the Eighth International Conference on
Fluidized Bed Combustion in Houston. The conference was jointly

sponsored by USDOE, EPRI, and TVA.

o Coal Prevaration SLIDE 9

On this project, the erection of the bench-scale heavy medium
cyclone system is underway. The slurry tanks, receivers, and
collectors fabricated at the CFRI Workshop have been installed
and erection of the equipment supplied from the U.S. - screens

and cyclone - is in progress.

Besides the erection of the system, laboratory-scale

investigations to characterize the feed coals to be used in the
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bench-scale unit have been undertaken. Experimental data on
coals from the Jharia coalfields representing moderately
difficult and very difficult cleaning characteristics have been
collected and analyzed for their properties. Also, experimental
studies to characterize the magnetite powders to be used in the

beneficiation process have been concluded.

The major equipment and instruments supplied from the U.S.
include the Heyl and Patterson cyclones, the Sweco Screens,
tne Microtrac for particulate analysis and characterization and
the Haake Viscometer for characterizing the coal/magnetite

slurries.

Mr. A. K. Chakravarti, principal investigator on this project,
visited the U.S. last year. His itinerary included site-visits
to PETC, EPRI's coal cleaning facility at Homer City, Dravo
Corporation, Roberts and Schaefer Company, and Iowa State
University. During his visit he also attended the Engineering
Foundation conference on "Impact of Coal Quality on Down Stream

Processes."

o Coal Water Slurries SLIDE 10

This project is being jointly carried out by CFRI and BHEL

(Trichy). At C¥RI laboratory investigations have focused on the
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preparation of CWS using non—cbking coals. Primarily the studies
conducted so far have been exploratory in nature, aimed at
identification of dispersing agents and principal parameters

which influence the rheology and stability of CWM fuels.

At BHEL (Trichy) where the combustion characteristics of the CWM
fuels are to be investigated, a 0.5 x 0.5 m fluid-bed facility is
being retrofitted with atomizers and burners. The bulk handling
systems such as slurry preparation and storage tanks, and the

atomizers and burners are being fabricated at the BHEL workshop.

The U.S. has supplied these facilities with the state-of-the-art
instruments which include the Haake Viscometer, and Microtrac
for laboratory investigations. On-line viscometers, mixers,
dozing pumps and density mass flowmeters have been procured for

the combustion test facility.

Under the auspices of USAID, both the principal investigators -
Dr. M. Chakraborty and Mr. K. M. V. Malarkkan - participated in
the conference on "New Coal Technologies" in Honolulu, Hawaii. At
this conference the present status and recent developments in the
CWM technology were discussed. Also, Mr. T. K. Bhowmik visited
the U.S. on this program. Mr. Bhowmik and Dr. Chakraborty each
spent three weeks at the PETC coal-water slurry facility

performing experiments and acquainting themselves with the
state-of~the-art instruments used in the U.S. Similar

166



instruments have been supplied to CFRI.

o} Hot Gas Cleanup SLIDE 11

The process design of the granular bed filter and subsystems has
been completed and mechanical design and detailed engineering
have been recently completed. Fabrication of the system
cémponents is underway and procurement of equipment and

instruments has been initiated.

From the U.S., this project will be supplied with a computerized
data acquisition system, and some control and monitoring
instruments such as venturi and mass flowmeters, and a cascade

impactor for particulate analysis.

R. S. Rangan, the principal investigator, visited the U.S. to
discuss the developments of the hot gas cleanup systems, with
particular emphasis on Granular Bed Filters. He visited the
facilities of PETC, METC, VEC, Accurex Corporation, Combustion
Power Company, Institute of Gas Technology (IGT), Research
Cottrell, Westinghouse Research and Development, Kellogg/Rust/
Westinghouse, and Denver Research Institute. Two more engineers,

Mr. S. R. Rao and S. Chakravarti, are scheduled to visit early
next year to obtain 3 weeks of hands-on experience and training
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at the New Tcrxk Wniversirtv,

o Cold Gas Cleanup and Separation SLIDE 12

The scope of this program entails the creation of an R & D
facility to study newer concepts in gas cleaning and separation
such as membrane filters, metal oxides, and activated carbons.
Accordingly, a laboratory scale experimental unit to conduct

exploratory research in this area is being built.

From the U.S. we are providing the project with microprocessor-

based gas chromatograph, gases, flowmeters, valves, and regulators.

S. N. Reddy visited the U.S. recently to discuss the developments
in this field. He visited the facilities at PETC, METC, VEC,
IGT, State University of Buffalo, SRI International, Lawerence
Berkeley Labs, National Bureau of Standards, and Battelle Pacific

Laboratories.

o Development of a Village lLevel Gasifier (IIT, Chemical

Engineerinqg Department) SLIDE 13

A wood-~based gasifier/engine, gas cleanup train supplied from the

U.S. was installed and experiments using wood charcoal as fuel
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were completed. This system is being used to provide operational
experience to the team members. Additionally, two gasifiers have
been designed and fabricated at IIT and laboratory testing has
been completed. Modifications of the gasifiers to improve their

performance and further laboratory testing is underway.

Two engineers, Dr. K. K. Baveja and Dr. T. R. Rao, were provided
hands-on experience in the operation and maintenance of gasifier
and engine systems at the University of California, Davis and at
the University of Missouri, Rolla. Each spent four weeks at

these facilities.

From the U.S., some of the major equipment/instruments includes a
small gasifier and gas cleanup train engine, Hach/Carle
chromatograph, HP data acquisition system, bomb calorimeter,

high-temperature furnace and necessary accessories.

o Utilization of Producer Gas in Small Horsepower Engines -

(3 to 5 HP) (IIT, Mechanical Engineering Department) SLIDE 14

On this project, tasks relating to the design, development, and
laboratory testing of dual-fuel diesel engines of small
horsepower have been completed. A standard retrofit procedure
has been developed to burn low calorific value gas in diesel
engines. A diesel engine has been hooked up with the

village-level gasifier developed by the Chemical Engineering

169



Department.

Dr. L. M. Das and Dr. K. Pal each spent four weeks at the
University of California, Davis, and the University of Missouri,
Rolla as part of their training program. They were trained on
the gasifier systems at these facilities, much attention was
given to the operation of the gasifiers, monitoring, and data
collection procedures. Operating and maintenance procedures for
much of the equipment/instruments provided from the U.S. was part

of the training program.

This project has received from the U.S. a gasifier, HP data
acquisition system, IMEP meters, gas chromotograph, carbon
monoxide safety monitors, and accessories such as pressure

transducers, thermocoupnles and flowmeters.

(o} Development and Field Implementation of Small Wood-Based

Gasifier-Engine System (JSEI) SLIDE 15

The gasifier/engine system designed and fabricated at JSEI has
been extensively tested in the laboratory. Both short- and
long-term laboratory tests on the small wood-based gasifier and
on dual-fuel diesel engine pumps have been successfully
completed. The gasifier/engine system is being currently

field-tested at a farm near Vallabh Vidyanagar to obtain
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field-performance and operation data.

Mr. R. N. Pandya and Dr. M. Durgaprasad were trained for four
weeks in the U.S. at the facilities of the University of
California, Davis and the University of Missouri, Rolla on
training programs similar to those developed for the two

previously mentioned biomass projects.

Equipment supplied to this project includes HP data acquisition
system, gas calorimeter, cutting mill, moisture and CO monitoring
meter, condensers, and accessories such as pressure, temperature,

flow, and torque transducers.

CONCLUSION

Before concluding the morning session, I would like to
re-emphasize that through close cooperation it is possible to
transfer technology effectively and we have been able to
demonstrate this quite well in several areas of coal and biomass
conversion through the course of the program. However, I am
certain you'll agree that there is room for futher collaboration
in both these areas. We have at this workshop several
representatives from the U.S. as well as the Indian private
sector primarily involved in the energy business. I hope this

workshop will provide a forum for technical exchange which will

171



enable a better understanding of the need for, and availability

of, technology, products and services in specific areas of

interest.

Thank you.
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APPLICATIONS OF FBC SYSTEMS FOR RETROFITS

R. J. Gendreau

Stone & Webster Engineering Corporation
245 Summer Street
Boston, MA 02107

INTRODUCTION

Fluidized bed technology has been successfully applied to numerous processes
in many different industries since it was first used by Fritz Winkler, in
Germany in 1926, for the gasification of powdered coal. It was first used
in the U.S. during World War II, in the fluid catalytic cracking process for
the production of high-octane aviation fuel. Since then, fluidized bed
technology has been used in the U.S. in processes for ore-roasting, calci-
nation, waste disposal, incineration, coal gasification, and many others.

Fluidized bed technology was first applied to the combustion of coal for
steam generation in Great Britain during the late 1950s to the early 1960s,
so that the British could use their large low-grade coal reserves.

Concentrated work on fluidized bed combustion (FBC) began in the U.S. in the
late 1960s. Initial interest in FBC arose primarily because of its ability,
when using limestone as the bed material, to remove sulfur dioxide (803)
from flue gas and thus meet Environmental Protection Agency (EPA) emission
limitations without resorting to the installation of costly flue gas desul-
furization (FGD) systems. Today, many operating FBC systems have clearly
demonstrated not only this capability, but also other major advantages that
these systems have over conventional boiler technologies. These include the
FBC system's ability to--

A Burn a wide range of fuels, including low-grade coal and waste
fuels

b Produce low levels of oxides of nitrogen (NOX)

* Produce a single, dry, solid waste material that is relatively

easy to handle and is not harmful to the environment

Successful commercialization of ever larger FBC units in retrofit, repower-
ing and grass-roots applications, together with ever diminishing utility
capacity versus demand margins, has increased utility interest in FBC
technology dynamically.

FBC technologies can be separated into two broad classifications: Atmo-
spheric fluidized bed combustion (AFBC) and pressurized fluidized bed
combustion (PFBC).

AFBC units are similar in many respects to pulverized coal and stoker-fired
boiler technologies. They are bzlanced draft and incorporate many of the
same design features (e.g., membrane water walls, convection, superheat,
reheat and economizer surface) and auxiliary equipment (e.g., air pre-
heaters, fans, baghouses) as are used on conventional solid-fuel-fired
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boilers. Steam generated in an AFBC also is generally used in conventional
steam turbine cycles. The ma'or difference is the inclusion of a dense,
"bubbling" or circulating fluidized bed along with the conventional beiler
Components.

PFBC systems are very differeat from conventional boiler technologies. They
burn fuels at pressures ranging from 3.5 to 20 atmospheres. To accomplish
this, the fluidized bed and associated components are enclosed within a
pressure vessel that is supplied with pressurized air for combustion. The
hot pressurized flue gas (1500 to 1600°F) either can be expanded through a
gas turbine to generate electricity before going to a waste heat boiler to
generate steam for additional electrical generation (combined cycle), or it
can be cooled (800°F) before expansion. In this case, most of the electri-
city is generated using s conventional steam turbine cycle, and the cooled
pressurizec gas is expanded through a process turbine to generate power for
compressing the combusion air and possibly & small amount of electricity
(turbocharged cycle).

During the early rtages of FBC development AFBC and PFBC technologies were
following parallel development paths. It was thought by many at that time
that. AFBC technology would be limited to mostly industrizl applications,
because of the large size, mechanical complexity, and relatively poor
performance of early designs when scaled up to utility size units, and that
PFBC technology would be selected for utility FBC applications for the
reasons highlighted below.

L PFBC improved plant performance by lowering plant heat rates,
because the technology used the combustion turbine in a combined
cycle configuration.

L PFBC units had more compact, higher-power density designs, which
lend themselves to shop fabrication of large modules.

L PFBC units showed higher combustion efficiency and improved use of
sorbents.

AFBC units, as expected, were rapidly accepted for many industrial applica-
tions. The results of these applications, along with work sponsored by the
US Department of Energy, Tennessee Valley Authority, Electric Power Research
Institute, Northern States Power Company and others led to significant
improvements iu AFBC designs, including the development of circulating
fluidized bed (CFB) designs. These improvements and accumulated operating
experience have provided the confidence and the data base from which to
proceed confideatly with utility applications of AFBC technologies. Table 1
lists wutility AFBC projects currently underway or recently completed,
including those being sponsored by EPRI as part of their AFBC Demonstration

Program, circulating fluidized bed projects in Europe, and one recently
anpnounced in the U.S.
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While AFBC teChnologies were Progressing rapidly, PFBC development was
slowed by the need to develop and demonstirate equipment apd Systems fore-

Applicatjopg for fluidigzed hed systems Can be brokep down ijpte the
following:

@ Retrofits
. Repowering
New plants

Although the focus of this Paper is the retrofijt Option, a Similar approach
is Tepowering, 4 repowering consists of building a8 new fluidized bed unjt
and duxiliary Systems apg €quipment to Provide steap to an existing turbine

Utilities are interesteg in fluidizeg bed retrofit apg Tepowering Projects
for the following reasons;

° Cost savings frop burning low grade Coals

° Cost Savings frop burning wWaste fuels

° Fuel independence.

® Plant 1jife eéxtensiop

. Improved plant Performance and availability

L4 Low cost Plant Capacity lnoCrease

L Reductiop in plant emissjopg (acid rajp legislation, etc) without

the neeq for FGD Systems
4133-5323642-B1
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U Ease of permitting

L Short schedules; ability to quickly add additional reliable
capacity

AFBC RETROFITS TO EXISTING BOILER UNITS

General

The advantages of fluidized bed retrofits include:
L The advantages of fluidized bed boilers.

. Low cost. While highly site specific, the Black Dog AFBC Retrofit
Project, for example, will cost approximately $450/kW

° No major increase in real estate

° Short schedules. The Black Dog schedule is 36 months overall
including preliminary engineering and licensing.

® Plant life extemsion

L Possible ability to increase the electrical generatiag capacity of
the unit, the Black Dog Project, for example, includes a 40-45 MWe
capacity increase

SWEC recognized the many potential benefits to our clients of retrofitting
existing boilers to AFBC in the early 1980s due to our extensive involvement
in fluidized bed combustion in general, and the work we were doing on the
first AFBC retrofit of a utility unit at Northern States Power Company's
French Island Unit 2 in particular. OQur belief that AFBC retrofits are a
cost effective and environmentally sound approach to meeting many of our

clients' needs was suggested by the work we began in early 1983 on NSP's 125
MW Black Dog AFBC Retrofit Project.

For most fluidized bed retrofit applications, SWEC recommends the bubbling
AFBC design. It will generally require significantly less building,
foundation, and equipment modifications then a circulating fluidized bed
retrofit would require. SWEC also recommends that overbed fuel feeding be
used except when coal with very high fires content is to be used.

SWEC performed a study several years ago to determine the size of the
potential US domestic AFBC retrofit market. Similar studies have been
performed by the AFBC system vendors, Electric Power Research Institute
(EPRI), and others. It is very interesting to note that the initial
screening criteria used in many of these studies is very similar, resulting
in similar conclusions.

The initial screening criteria used by SWEC were:

® Unit plan area heat release rate < 1.5 x 10° Btu/hr - Ft?
L Unit size < 300 MW
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. Unit ordered after 1948
L4 Unit designed for coal

Since 1948 there have been 270 units that meet these criteria. These units
have an average capacity of 100 MW or a total of 27,000 MW. The majority of
these units are 20 to 30 years old making them prime candidates for life
extension and AFBC retrofit.

The plan area heat release rate (PAHR) is defined as the amount of heat
generated (Btu/hr) per square foot of boiler plan area at the fuel burnmer
level within the combustor. The PAHR in a conventional boiler (PC, oil,
gas) is proportional to the quality of the fuel with respect to slagging and
fouling characteristics. O0il and gas fired hoilers bave much higher PAHRs
than coal fired combustors.

The PAHR limit of 1.5 x 10% Btu/hr - ft2 was selected for practical reasons
rather than any limiting techmological factors. Bubbling fluidized beds
have a relatively low PAHR compared with PC fired boilers. The PAHR is a
direct function of the fludizing velocity which for most retrofits will be
around 10 ft/sec. The average PAHR is approximately 750,000 Btu/hr - ft2.
Therefore, retrofits of PC units with PAHR's of 1.5 x 10% Btu/hr - ft2 will
require up to twice the plan area of the existing furnace, which we feel in
general is the practical limit, or a derating which we feel in most cases
will be unacceptable. Although fluidized beds can be stacked in a vertical
arrangement to reduce plan area requirements, this approack has potentially
significant design difficulties and it is not recommended.

Fortunately most of the boilers built between 1948 and 1965 have PAHRs that
are less than 1.5 x 10°® Btu/hr - ft2. The PAHR for the origimal Black Dog
boiler, for example, was approximately 1.0 x 10% Btu/hr - ft2.

The size limit of < 300 MW is based again more on reasons of practicality
than on any limiting technological factnrs. We feel that bubbling AFBC
technology using overbed fuel feeding and a single level design, is the
preferred approach for most retrofits.

The increased plam area required by the AFBC retrofit along with overbed
feeding system limitations make 300 MW a practical screening limit. Also,
we feel that the present state-of-the-art for AFBC systems is around 300 MW.

Again it is fortunate that most of the boilers built between 1948 and 1965
are 300 MW or less in size,

The year 1948 was selected because it marks the beginning of significant
power generation activity following World War II. These units also were
designed for more modern steam cycles with much better heat rates than
earlier designs making them better life extension candidates.

Units designed originally for cecal were selected because these units have
larger furnaces and gas passes with much lower flue gas velocities coampared
with units designed for oil or gas firing to accommodate the fouling and
slagging characteristics of the coal and the ash loading in the flue gas.
These design values are usually acceptable for the AFBC retrofit without any
derating. These units also generally have many of the auxiliary systems
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required to handle, store, and prepare coal, and to collect, store, and
dispose of ash. Much of this equipment will be required for the AFBC
retrofit. Even when this equipment is no longer serviceable, or it has been
removed or never installed at all, at least space is generally available for
these and other systems that will be required when the unit is retrofitted.
Units designed originally for oil and/or gas firing have smaller furnaces
(much higher PAHRs) with smaller gas passes and much higher flue gas
velocities. A 40 to 50 percent derating will usually be required due to
these factors, if retrofit with a bubbling AFBC. There is some possibility
to retrofit these units with a circulating FBC due to its more compatible
PAHR (approximately 1.5 X 10% Btu/hr-ft?) and its higher operating
velocities. These retrofits tend to be more complex and space intensive
however, and the economics are not well established. As far as SWEC has
been able to determine, no commitments have been made for a CFBC retrofit of
an existing boiler. 0il and gas fired units should definitely be considered
for repowering with CFB technology. Even more critical in many cases is the
lack of space around acd under the furnaces, in the boiler house, and on the
plant site to accommodate all the new systems and equipment required for
firing coal in geuers) and the AFBC retrofit in particular.

AFBC recrofit applications are highly site specific. These criteria are
only a very general basis for screening potentisl retrofit candidates.
Units that do not satisfy one or more of these criteria may still turn out
to be good AFBC retrofit applications.

Once a potential candidate for an AFBC retrofit is identified, a rite

specific screening study should be performed. This study should address the
following:

. The condition of the existing furnace and convective section
pressure parts, insulation znd lagging, casing etc.

While the condition of the existing boiler is important, several
facts should be kept in mind. Fifty percent of the heat released
in the boiler will be absorbed by the new heat transfer surface
located in the fluidized bed allowing great flexibility to remove,
modify, or replace existing surface that may be in poor condition.
Also the cost to replace the entire existing boiler (i.e, pressure
parts, casing, insulating and lagging, etc), with all new
components may add only 10 to 20 perrent onto the AFBC suppliers'
contract price if the drum and support steel can be saved.

o Available space around the existing furnace for the AFBC retrofit.
As discussed earlier, most AFBC retrofits will require an increase
in furnace plan area. Also space will be needed for the new coal
and limestone feed systems, air plenum and ash removal system
under the bed, recycle system and other components associated with
the new AFBC retrofit,

Space considerations are more critical when an increase in unit
capucity is planned as part of the retrofit (e.g., Black Dog
increased capacity generation 30 percent).
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The forced draft fans will have to be replaced or booster fanms
added in most cases (cyclone furnaces may be ap exception) because
an AFBC requires high pressure air (60 to 70 in w.c.). New ID
fans or changes to the existing fans (new wheels, motor, speed
control, etc.) may also be required due to the added pressure
drops associated with the recycle multiclone and baghouse (if
required) and increase in flue gas flow if the unit capacity is
increased.

Existing, regenerative type, air preheaters will need to be
replaced. The high air pressures required by the fluidized bed
will cause excessive leakage across thke existing regenerative air
heater seals. If the unit has a tubular air preheater in good
condition, it may be adequate. Both Black Dog and TVA will be
testing new Lungstrom air preheaters with automatic leakage
control systems which are designed to maintain low leakage (9.5 to
10.0 percent) with the high differential pressures produced with
the fluidized bed.

If the unit has an ESP for particulate control it may have to be
modified or replaced with a baghouse. ESP's designed for medium
to high sulfur coals will generally be too small to handle the
high resistivity ash produced by most AFBC units. An evaluation
of the condition, size (specific collection area), controls, and
latest performance data will be necessary. Flue gas conditioning
or other method for accommocdating the expected ash characteristics
should be copsidered.

The existing boiler support steel and foundation design needs to
be checked. The retrofitted boiler will be heavier than the
existing boiler in most cases. Also, weight distribution may
change due to the revision, replacement, or addition of equipment.
The fluidized bed will generally be bottom supported, expanding
upward. The remaining portions of the boiler, in most cases will
be supported as originally designed. If it was originally top
supported and designed to expand downward, a circumferential seal
around the furmace will generally be included to accommodate the
differential expansion where the existing furnace and the ne— AFBC
system are joined.

The plant electrical system may need to be revised due to the
increased FD and ID fan power requirements and the addition of new
loads for the coal feeders, limestone handling and feed system,
bed material cooling and disposal system, char recycle system, and
char disposal system. These new requirements are offset somewhat
by the elimination of the coal pulverizers, exhausters, etc.

The following is a typical list of systems and equipment required for an
AFBC re“rofit project:

Fluidized Bed Steam Generator

Watercooled air distributors with nozzles and plenum enclosures
with headers

4133-5323642-B1

182



Ccal Feed

Fluidized bed waterwall enclosures with headers
In-bed watercooled coils and headers

In-bed superheater coils and headers

Convection superheater coils and headers

Bare tube in-line economizer coils and headers

Necessary additional superheater headers for revised superheater
circuity

Superheater transfer piping internal to the boiler
Superheater spray control headers
Boiler circulation pumps

Necessary downcomer piping, feeders and risers (no welding to the
steam drum is required)

Access doors and observation ports
Refactory, insulation, lagging and casing
Lower furnace wall headers

Nonmechnical seal between new fluidized beds and existing boiler
furnace

System

Limestone

Spreader feeders

Feed System

Limestone feeders

Combustion Air and Fuel Gas System

Air preheaters
Air ducts from air heater to fluidized beds

Gas flues from economizer outlet to air heater and air heater
outlet to precipitator or baghouse inlet

Steam coil air heaters
Air flow control and shutoff dampers

Expansion joints, hangers and supports
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o Insulation and lagging for air ducts, air heaters and gas flues
supplied

L] Air flow elements and instrument connections

Spent Bed Systen

° Spent bed material removal system
° Spent bed material coolers

Flyash Reinjection System

. Mechanical dust collector with hoppers

. Transport air blowers (including drivers)

L Lock hoppers

° Interconnection piping, fittings, and support
° Char coolers

Start-up System

. In-duct gas fired burner
. Freeboard gas fired burner
L Valves, piping and supports

¢ Burner management and fuel safety systems

. Local control panels
Instrumentation
. Local instrumentation including process control drives and
positioners

Structural Steel, Platforms, Stairs and Railings

° Structural support steel including baseplates, buckstays, support
saddles, hangers, platforms, stairs, and railings for access to
new or modified equipment.

Piping S'.' *ems

L] Drain piping
. Seal, cooling, and purge air
4133-5323642-B1

184



Valves

Attemperator spray control, isolation, bypass, and check valves
Drum and superheater safety valves
Superheater power relief valve

Boiler drain and vent valves

Combustion Air Handling System

FD fans and ducts

Flue Gas Handling

Modified or new electrostatic precipitator systems or baghouse

Induced Draft (ID) fans

Fuel, Sorbent, and Ash Handling Systems

Coal handing system and equipment
Pneumatic sorbent handling system and equipment

Bed material, mechanical collector ash, and fly ash handling
system

Pressurized bed mate;iél handling system
Bed material storage tank equipment
Vacuum fly ash system

Fly ash storage silo

System controls

Also generally required, especially when capacity increases are included
with the life extension and AFBC retrofit, will be modification, upgrade or
replacement of some of the following BOP equipment and systems:

* Turbine/Generator
o Instrumentation and Controls
L Condenser
L Condenser Air Removal System
L Condensate Pumps and Related Piping
L Boiler Feedwater Pumps
. 4133-5323642-B1



® Deaerator
° Feedwater Heaters
L Heater Drain Pump
° Circulating Water Pumps
° Electrical Upgrades
® Structural Upgrades
L Plant Control System
Northern States Power's French Island Wood Burning AFBC Retrofit

Background

French Island Unit No. 2 was initially built in 1948 as a 12.5 MW coal-fired
electric generating plant. Both Unit No. 2 and its predecessor, Unit No. 1,
were converted to oil during the early 1970s due to their inability to
comply with air quality regulations.

Northern States Power (NSP), which serves over ome million customers in
Minnesota, Wisconsin, and the Dakotas, had little previous experience with
the operating characteristics of wood fuel for utility boilers. Tests were
therefore conducted at *wo NSP plants, including French Island, to explore
wood handling, combus: . n performance, boiler capacity, and other special
requirements of waste fuels. It was determined that, fiom the boilers
tested, there was sufficient grate area and furnace volume to burn wood. It
was also learned that Unit No. 2 had the potential for being retrofitted to
burn waste wood using an atmospheric fluidized-bed process.

The French Island plant is located on the southern tip of French Island in
LaCrosse, Wisconsin, about 150 miles south of Minneapolis on the Mississippi
River. A significant factor in the decision to proceed with the
fluidized-bed conversion was the number of lumber mills located near the
plant within the hardwood forests of west central Wisconsin. An adequate

bark, wood, and sawdust fuel supply was available within a reasonable
distance irom the plant.

Fluid Bed Boiler Conversion

Although fluidized bed combustion is more commonly associated with coal
firing, in combination with limestone for sulfur capture, fluid-bed systems
have been used in the wood products industry for several years for the

incineration of wastes and the generation of process heat for steam
generation and wood drying.

This industrial experience was a key factor in NSP's decision to proceed
with the fluid-bed t-iler conversion at French Island.

Fluidized-bed combustion provides compiete burning of the wood fuel because
abrasion of bed solids on the burning wood-char continuously creates fresh
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combustion surfaces. The bed solids also provide a large heat resasrvoir
which maintains combustion temperatures at an adequate, but relatively low,
level compared to other combustion processes, even when fuel quality
changes. As a result, efficient fuel combustion is accomplished at
relatively low NO_ emission levels and does not require the fuel to be
uniform in size and moisture content.

Main Fuel Requirement

Wood fuel is fired at the normal rate of about 19 tons per hour (tph) on
"performance" wood, or about 24 tph on the '"design-grade" wood (Table 1). A
peak firing rate of approximately 20 percent above the normal rate, or a
maximum of 29 tph on "design-grade" wood, is possible for short periods of
operation. Assuming a 33 percent capacity factor for the unit, this results
in an annual consumption of from 55,000 to 66,000 tons per year of
"performance" wood or from 70,000 to 84,000 tons per year of "design-grade"
wood.

Table 1 lists the typical characteristics of the waste wood which is now
being burned. )

Economic Justification

Although research and development-oriented, the French Island project was
justified strictly by economics and was financed entirely with private
funds. Its $6.5 million conversion cost is expected to be recouped in only
10 to 12 years, based on estimated fuel savings.

Boiler

The shallow bed or FLUID FLAME fluid-bed combustion system, provided by
Energy Products of Idaho, Inc. (EPI), consists of a rectangular containment
vessel attached to the bottom of the existing boiler furnace (Figure 1).
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Ultimate Analysis

% by Weight
(As Fired)

Ash

Sulfur
Hydrogen
Carbon
Hoisture
Nitrogen
Oxygen

TOTALS

Higher Heating
Value (Btu/1lb)

4133-5323642-B1

TABLE 1

WASTE WOOD FUEL ANALYSES

"Performance"
Wood

3.60
0.11
3.20
30.57
40.00
0.06
22.46

100.00

5206

188

"Design-Grade"
Wood

3.00
0.09
2.66
25.49
50.00
0.05
_18.71

100.00

4339

Wood
Range

0.5-6.0
0.7-0.13
2.2-3.9
21.0-37.0
30-60

0.04-0.1

15.4-27.0



This vessel contains the above-bed fuel injection system, the over-fire
combustion/under-bed fluidizing air system, the bed material feed and tramp
drawdown systems, the in-bed cooling water system, and the fluid-bed preheat
burner system.

To achieve the required system outrut and design parameters for the
ronversion, some modifications to the fluid-bed system weve provided by the
manufacturer. Najor differences in design and operational parameters from
the normal FLUID FLAME unit supplied by EPI are shown in Table 2.

Since the fluid-bed combustion chamber is operated in a low excess air-fuel
efficient mode, a fluid~bed ccoling system was needed, consisting of in-bed
cooling surface supplied with boiler circulating water from the boiler mud
drum. This surface supplements the incoming air to control in-bed
temperatures to levels consistent with good operating practices. This
cooling surface is located so that it is immersed in the bed when fluidized
and clear of the bed when slumped. The heat dissipated from the bed to the
boiler circulating water through the in-bed cooling surface is pumped back
into the boiler at the main steam drum. The in-bed cooling surface thus
acts as additional boiler water evaporation surface.

The in-bed tubes are of a hairpin design and have a surface area of 630 sq
ft. The in-bed cooling surface functions essentially as a
forced-circulation boiler with a design flowrate leaving the bed of 10 parts
condensate tc one part saturated steam. The in-bed boiling surface combined
with other changes from the manufacturer's usual design and operational
parameters allows ar _ncrease in the fluid-bed power density of from 370,000
to 760,000 Btu/hr-ft2 for wood firing.

Normal operation of the fluid-bed results ir ed temperatures of from 1200

to 1800°F, and a freeboard gas temperature .. approzimately 2000°F at the
full-load condition.

Preheated under-bed or fluidizing air at 375°F 1is forced through
distribution manifolds and bubble caps in controlled amounts so that bed
media particles are suspended in the air stream.

The bed media consists of a fired clay inert sand with a density of
approximately 80 lb/ft3, and a mean particle size of 14 mesh. Once the bed
has been properly preheated, wasie wood is injected onto the bed from the
three pneumatic spreaders located slightly above the bed in the furnace
front wall. With proper combustion established, the preheat burner bypass
system is secured and the wood-firing rate increased, as desired, by the
operator, and as permitted by the turbine and boiler operating requirements.

Many waste fuels contain large amounts of "tramp" material raugiang from road
rocks to sand. If allowed to build up, this material will eventually
contaminate the bed to a point where proper fluidization is not possible.
The fluid-bed system thus hus a bed drawdown and cleaning system to remove
the "tramp" matciial and control the bed level.
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TABLE 2
FLUID BED BOILER DESIGN AND OPERATION
FOR

WASTE WOOD FIRING

French
Normal Island
Design Design
Power Density (Btu/hr-Ft?) 370,000 760,000
Furnace Excess Combustion Air (%) 100 40
In-bed Heat Transfer Coefficient -U,
(Btu/hr-Ft2-°F)  eeee- 50
Bed Temperature (°F) 1,200 1,200
to 1,800 1,800
Furnace Temperature (°F) 2,000 2,100
Superficial Bed Velocity (ft/sec)¥ 12 13

* Superficial Bed Velocity is the upward velocity of the total products

of combustion at the above-bed or freeboard area temperature and
effective flow area.
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Due to the unique design c¢. the below- or under-bed drawdown hopper system,
the bed media is relatively sfree of unburned carbon and fairly cool by the
time it is removed from the unit. This bed drawdown material is processed
to remove and dispose of botL "tramp" ané oversized material before the
acceptably-sized bed material is reinjected into the bed.

Fuel is metered to the boiler from one of two live-bottom metering or surge
bins. The combined surge capacity of the metering bins is approximately
10 minutes at the design rating of the unit.

Proper combustion control of the fluid-bed process is accomplished by
regulating and proportioning the fuel and combustion air to both the in-bed
and the freeboard regions of :-he fluid-bed as both boiler load and fuel
characteristics change.

Briler output is controlled by a number of variables. Bed temperature and
bed expansion are the two primary variables used to control steam
production. Overfire ard fluidizing air are controlled and proportioned to
prcvide the optimum bed temperature at a given operating point for a given
fuel. The remaining air required for combustion is introduced to the
furnace through overfire zir ports. Main steam pressure is the primary
variable controlling the fuel-feed rate. Air flow leads fuel flow on load
increases, lags behind fuel flow on load decreases, and provides the
short-term response to a rapid unit load increase. The fuel-feed rate
control alse has high and low limits on furnace and bed temperatures,
respectively. The minimum turndown for the fluid-bed unit is approximately
2:1.

To assist the operator in optiuwizing the combustion process performance,
flue gas monitors for opacity, 0,, NO_ and CO were iastalled in the unit
stack. By proper utilization of data supplied from these monitoring
devices, along with the in-~bed and freeboard gas temperature reading
thermocouples, the operator can adjust the £fluid-bed boiler to obtain
efficient operation and acceptable flue gas emissions.

When securing the boiler from operation, the fuel-feed is shut off, quickly
reducing the fluid-bed combustzon rate to zero. The flvidizing and overfire
air fan is then secured and the bed slumped in the hot mode for quick
restart unless maintenance is planned.

The remainder of the boiler and economizer as originally furnished for coal
firing remain essentially the same. Four superheater tube bundles were
adced to the unit, after initial operating tests were completed, to optimize
the superheater performance for operation with the new fuel and combustion
system.

The flue gases leaving the boiler are routed through a particle drop-out
chamber formed by the removal of the interunals from an existing multicone
dust collector. This particle drop-out chamber was designed to coliect only
the larger bed material as well ac any glowing cinders which might be
carried over from the furnace. The flue gases then are passed through a
tubular-type air heater to provide additional fuel efficiency and air
preheat as an aid in fluid-bed combustion.
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Environmmental Considerations

Emission rates at or below the maximum rate capacity of the boiler have been
compliance tested by Interpoll, Inc. of Minneapolis, Minnesnta, and
witnessed by the Wisconsin Department of Natural Resources. Emission levels
on wood fuel-firing were determined by test to be as follows:

. Particulate lMatter - Particulate cmissions from the boiler are
controlled through the addition of a high-efficiency gravel-bed
filter system to approximately 0.09 1b/10% Biu, with a stack
opacity of 10 peccent or less.

° Sulfur Oxides - Sulfur oxides are in the range of 0.01 to
0.1 1b/10% Btu in actual operation due tc the inherently low
sulfur content of wood and bark wastes.

. Nitrogen Oxides - NO_ emission levels are im the 0.25 to
0.4 1b/10° Btu range dd&ing normal operation due to the combustion
characteristics of the new fluid bed system and the low nitrogen
content in the fuel.

. Carbon Monoxide - The unit is designed to operate normally at
slightly above the smoke and/or carbon monoxide threshold of
approximately 50 ppm CO for optimum performance of the unit, from
both a combustion and emissions standpoint. Carbon monoxide
readings have been taken to date by Orsat and are indicated to be
as predicted.

Plant Operation

The retrofitted unit went into service in December 1981 and is now op-
erating in an efficient 5-day per week cycling operation.

Northern States Power's Black Dog Unit 2 AFBC Retrofit Project

Rationale for Project

Like other utilities, NSP has suffered from lost generation capacity as a
result of enviroomental regulations requiring reduced stack emissions from

coal-fired power plants, especially those located in or near densely
populated areas.

This factor, plus the spiraling cost of coal mining and transportation
costs, has forced many utilities to consider the use of lower sulfur western
coals thuat have less desirable performance characteristics but are less
costly to use, based on a total evaluation.

As a direct result of the success of NSP's French Island wood-fired AFBC
boiler retrofit project and the increasing public concern for acid rain, NSP
decided in early 1982 to investigate the possibility of converting one of
its older pulverized coal-fired units to coal-fired AFBC operation.

The result of this investigation was the selection c¢f Unit 2 at the Black
Dog plant as the most likely AFBC retrofit candidate.
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NSP anticipates that AFBC conversion and upgrade of Unit 2 at Black Dog will
allow NSP to achieve a higher power plant reliability and a 25-y:ar life
extensicsn at a lower cost per kW generated. NSP also anticipates that
sulfur dioxide (SO,) emissions will be reduced by up to 70 to 80 pearceat and
nitrous oxide (NO_ ) emissions by as much as 50 percent of current values.
Particulate emissions will also be reduced to a level approaching New Source
Performance Standards (NSPS) for «coal-fired utility power plants or
0.4 1b/10% Btu/hr.

NSP is currently plapning to test alternate fuels such as RDF, petroleum
coke, and higher sulfur bituminous coals from the eastern United States in
the converted Black Dog unit in an attempt to develop even more economical
and cleaner burning fuel sources for use in this converted unit.

A major incentive for NSP proceeding with this project at this time is to
demonstrate to both itself and the electric utility industry in general the
technical feasibility and cost-effectiveness of converting existing
pulverized coal-fired units to AFBC operation using western coals.

Original Black Dog Ger.crating Facility

The Black Dog Generating Plant is located approximately 15 miles south of
downtown Minneapolis. The existing plant contains four pulverized
coal-fired units. Units 1 through 4 are rated at 80 Mw, 100 MW, 120 HW, and
185 MW, respectively. Units 1 and 2 are non-reheat units while Units 3 and
4 are single reheat units.

All the units at the Black Dog plant were originally designed tc burn
Illinois bituminous coals; however, they have been burning 2 blend of
Illinois bituminous coal and low sulfur western coals in recent years in an
effort to reduce the station's emissions of sulfur oxides.

Unit 2, which is the wunit that wiil be -etrofitted ¢o fluidized bed
combustion, was constructed in 1954 and has been derated from its original
100 HW rating to 85 MW as a result of firing this low sulfur coal blend.

Figure 2 shows the original Black Dog Unit 2 arrangement. The original
plant contained a single electrostatic precipitator and as a result of
switching to the low sulfur western fuel blend, a second precipitator was
installed to control particulate emissions to required levels.

Figure 3 shows a more detailed view of the origimal steam generator which
was originally built by Foster Wheeler and designed with a maximum working
pressure of 1770 psig at 860,000 1b per hour, with a final steam temperature
of 1000°F. Table 3 shows some additional information concerning the
original unit design conditions.

The original unit was designed with a fixed, external pressure casing with
top supported pressure parts which expanded down inside the insnlated casing
and was designed to fire pulverized coal, oil, or natural gas with burners
located im the front wall. The following ave several pertinent
characteristics of the original stzam generator design:
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o The furnace front wall consisted of radiant superheater surface
with steam flow both up and down the furnace wall.

L The unit had a full water-cooled division wall.

® The unit was fired using ball mill pulverizers with an exhauster
fan arrangement.

L The: intertube pass gas velocity at the top of the ~wvnvection
heating surface down pass was approximately 70 ft per second.

® - Most of the horizontal convection pass surface consisted of gilded
ring extended boiler and economizer surface.

. The two regenerative air preheaters were located directly below
the economizer and were subject to plugging from broken iefractory
and ash.

Several options are currently beinz considered regarding upgrading the
turbine generator to improve its performance with the increased steam flow
that will result from the steam generator retrofit.

Retrofit Goals

The Black Dog Unit 2 retrofit project was approved by NSP following the
completion of several engipeering studies which showed favorable technical
and economic incentives. Air Quality Control permits were easily obtained
for the retrofit since this project will result in a reduction in emissions
from the Black Dog site and the AFBC retrofit will be carried out within the
existing plant structure. Upon completion of construction, the retrofit
project will result in an increase in steam capacity which will add 40 Mve
to the present unit rating and result in a maximum generating capacity of
125 MWe., The AFBC retrofit design is being based on New Source Performance
Standards for flue gas emissions of SOo and NOX.

Pulverized coal steam generators are typically sensitive to variatioas in
fuel characteristics. One of the benefits of fluidized bed combustion is
the additional fuel flexibility that the process can tolerate. As a result
of this benefit, the Black Dog Unit 2 retrofit is being designed to fire
Sarpy Creek sub-bituminous coal as the design fuel with provisions to fire
high sulfur bituminous coal, lignite, delayed petroleum coke, and a mixture
of coal and RDF as alternate fuels. This kind of fuel flexibility should
permit NSP's fuel procurement personnel to take advantage of the lower
prices that are available for some fuels.

To minimize stresses on the 32-year old turbine/generator unit, the retrofit
steam generator will be designed for variable pressure operation with
current plans for turbine upgrade work expected to provide for an improved
heat rate. These unit re-design activities are part of the overall life
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TABLE 3

ORIGINAL FOSTER WHEELER UNIT 2 PERFORMANCE SUMMARY
FULTON ILLINOIS COAL

Design pressure

Boiler drum pressure
Superheater outlet pressure
Sunerheater outlet temperature
Turbine throttle steam flow
Economizer inlet temperature

Regenerative APH

Air inlet temperature
FG outlet temperature (with Lkg)

Excess air at economizer outlet
boiler efficiency

Unit was alsc designed for a 4-hr peak load.
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Units

psig
psig
psig

Maximum
Normal Load*

1,770
1,664
1,575
1,000
820
445

80
290

25
86.75



extension program being carried out in parallel with the steam generator
retrofit which is expected to give the existing plant an additional 25-year
operating life. Also, as additional nuclear units are put on line, the
coal-fired units will see higher percentages of cycling operation.
Therefore, the retrofit design will take into consideration operatior in a

cycling mode that could result in two shifts per day operation, with weekend
shutdowns. '

Demolition Requirecments

Demolition of equipment to be removed was carried out by NSP and commenced
in September 1984 (see Figure 4). The original cold casing design was
internally insulated with asbestos, and, during the demolition, NSP force
account employees followed stite, federal, and NSP's own self-enforced,
rigorous asbestos removal procedures. Asbestos removal from the boiler and
the original electrostatic precipitator work was completed in February 19§&5.
The following areas of the facility were affected by the demolition effort:

° The entire steam generator lower furnace was removed from au
elevation slightly above the upper row of burners and included the
ash hopper.

° The full water-cooled division wall was removed.

. The ball mill pulverizers, exhausters, and pulverized coal burners
were removed.

o The entire lower convection pass section was removed from an
elevation just below the finishing superheater and included the
boiler evaporative section, economizer, and regenerative air
preheaters.

AFBC Steam Generator and Auxiliaries

Due to certain design limits of the existing boiler and related auxiliaries,
and due to NSP's desire to increase the rating from 100 MW to 125 Mw gross
generation (see Table 4 for new heat and material balances), certain
constraints and requirements exist with regard to the Unit 2 redesign for

the AFBC conversion (see Figure 5). These constraints/requirements are as
follows:

1. Bed superficial velocity is specified at 10 fps maximum to
minimize the carryover of unburned coal and unreacted limestone,
and thus reduce the recycle rate to levels approaching those used
on stoker-fired units.

This requirement is necessary due to a design upper limit on
convection pass gas velocities of approximately 50 fps at the
maximum continuous vating of the unit. The particulate loading to
the existing particulate removal system must also be maintained at
suitable 1levels through proper recycle system and multiclone
design so that the outlet loading from the unit can be controlled
to near NSPS without having to replace the precipitators. Some
upgrading of the particulate removal system is also planned.
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2. The unit will be designed to burn Sarpy Creek coal (see Tables 5
and 6 as well as other sub-bituminous coals and lignites with a
maximum SO, removal requirement of 80 percent while using
available alkali in the fuel ash to reduce limestone consumptioa
(see Table 6).

Alternate fuels such as RDF, petroleum coke, and higher sulfur
content eastern coals will be test fired in the unit to determine
their potential use.

3. The unit will be desigued with an overbed coal and limestone feed
system, which is the project's preference for large AFBC units.
The unit will also be designed with overfire air ports located
above the coal feeder inlets to the furnace.

4. The two existing air preheaters will be replaced with a single low
leakage type regenerative air preheater to handle the higher
pressure drops, flows, and particulate loading.

5. A pew multiclone dust collector unit will be added between the

boiler outlet and the air preheater inlet to help compensate for
the higher particulate loading from the boiler and to provide high
carbon content fly ash material to the overbed recycle system,
when required.

6. New FD and ID fans will be installed to provide the higher static
head requirements of the new AFBC system.

The selected AFBC boiler retrofit system consists of a one level fluid bed
with a 10 fps superficial bed velocity. The expansion of the lower furnace
plan area required to accommodate this fluid bed superficial velocity will
be to the north and south sides of the existing furnace. This approach
requires minimum modifications to the existing boiler support steel and
reduces the complexity and cost for the coal and liwestone feed systems.
The new AFBC furnace system will be bottom supported. No new piling or
substructures are planned for the retrofit.

This AFBC retrofit approach requires a circumferential seal around the
furnace to accommodate the differential expansion where the existing furnace
and the new AFBC system are joined. This circumferential seal is a
combination mechanical and slip-seal joint with the furnace pressure
balanced at the seal at atmospheric pressure to minimize the potential
leakage rate.
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TABLE 4
STEAM GENERATOR SYSTEM HEAT AND MATERIAL BALANCE

Sarpy Creek

Units Perf Coal
Turbine throttle pressure psig 1,450
Main steam temperature °F 1,000
Net generation MW 115
Gross generation MW 125
Turbine throttle stezm flow MW/hr 1,039
Economizer inlet temperature °F 469
Net plent heat rate Btu/kWh 10,930
Excess air at economizer outlet % 18.5
Air rreheater air temperature
entering (FD fan/air preheater) °F 80/110
Air pressure leakage % 10
Air preheater flue gas temperature in °F 690
Air preheater flue gas temperature out °F 250
Bciler efficiency % 87
Carbon utilization % 99
CO in flue gas ppm 210
NOx in flue gas ppm 245
S0, limit (NSPS*) ##/MBtu 0.6
S0, removal required % 72
Ca/S mole ratio (limestone) - 1.7
Gress heat input from fuel- Btu/hr x 108 1,257
Flue gas weight at air preheater inlet MW/hr 1,260
Combustion air weight to AFBC MW/hr 1,129
Fuel burned MW/he 147.9
Limestone required i#/hr 7,375
Total waste solids #/hr 23,339
Total solids to bed drain #/hr 4,606
Total =olids entering cycle #/hr 18,783
FG weight to ESP including 10% air
leakage MW/hr 1,405
Flue gas (at 820 ft) ACFM 442,953

NSPS = New Source Performance Standards
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TABLE 5

PERFORMANCE AND DESIGN FUELS

Coal Analysis Sarpy Creek Sarpy Creek
(% by Weight) Perf Coal Dsgn Coal
Suilfur 0.90 1.20
Moisture 23.90 25.00
Carbon 49.70 48.55
dxygen 10.77 10.45
Hydrogen 3.20 3.07
Ash 10.80 11.00
Nitrogen 0.70 0.70
Chlorine 0.03 0.03
Total 100.00 100.00
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TABLE 6

PERFORMANCE AND DESIGN FUELS ASH ANALYSIS

Sarpy Creek Sarpy Creek
Perf Coal Dsgn Coal
Hardgrove Grind Index 62 50
Ash Analysis
(% by Weight)
Si0, 35.2
Al,0, 17.2
Ti0, 0.7
F8203 6.9
Ca0 17.4
MgO 4.3
Na,0 1.5 4.0
(medium fouling) (high fouling)
K20 0.4
P,0s 0.5
SO3 15.3
Trace 0.6
Total 100.00
Ash Fusion Temp - °F
(Reducing/Oxidizing)
ID 2165/2250 2100/2150
(high slagging) (high/severe slagging)
H=W 2170/2260 2120/2180
(slagging) (slagging)
H=W/2 218072270
FL 2190/2285
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All of the new AFBC system, as well as the existing water-cooled furnace
pressure parts, will be desigred for forced circulation.

The AFBC conversion appreach at Black Dog will provide a significant
combustion residence time in the furnace and should result in a rzlatively
low carbom carryover and low recycle rate requirement for achieving the
predicted limestons use and combustion efficiency. The conversion approach
being used alsy results in the limestone and cozl feeders being located at
the front of the new AFBC unit with the overfire air and recycle injection
ports being located in 2 manner similar to that used on a conventional
stoker-fired unit.

Input from three demonstration-prototype and pilot plant programs has
already been incorporated into the deszign for the Black Dog unit wherever
possible. Subsequent information, as it becomes available as appropriate,
will be fairly easily incorporated into the unit design through design
flexibility and contingency planning considerations provided in the basic
design of the AFBC and related system for the retrofit.

Coal and Sorbent Handling and Storing Facilities

Coal for the AFBC retrofit unit will use the existing unloading and handling
facilities. The coal will be off-loaded from barges by two cranes into
hoppers at the barge unloading facility.

Fly Ash and AFBC Spent Bed Waste Handling and Disposal
Facilities

The existing coal storage within the plant for Unit 2 consists of two
700~ton silos. The limestone storage within the plant for Unit 2 will
consist of two new 10-ton silos fed pneumatically from a live storage silo
located inside the old Uuit 2 chimney.

The new Unit 2 ash disposal systems will include the AFBC spent bed and
multiclone fly ash rejection systems. These systems will additionally
provide for fly ash and bed material recycle back to the furnace of the AFBC
unit upon demand. The ash disposal system for the new multiclome and AFBC
systems will be a combination vacuum/positive pressure system. The existing
ash disposal system for the Research Cottrell (RC) and Belco precipitators
is a vacuum system and will not be changed.

Flue Gas Handling and Particulate Emission Control Systems

The flue gas handling and particulate emission control systems consist of
the upgraded primary and secondary precipitators as well as some future
provisions for a sulfur trioxide (SO3) flue gas conditioning system. The
flue gas is discharged from the Unit 2 particulate removal system through a
common stack for the power plant.

The combired capacity of the precipitators, based on the Sarpy Creek
performance coal, is approximately 450,000 ACFM, with a required collection
efficiency of 99.79 percent.
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The provisions for injecting the SO0z into the flue gas stream will be
located at points before each of the primary and secondary precipitators.

The 803 flue gas conditioning system, if installed at a later date, will be
used to control the electrical resistivity of the fly ash. By providing a
contingency plan to enhance the fly ash collection characteristics in this
manner, a considerable cost savings is realized in minimizing major '"up
front" precipitator rework.

The two existing 50-percent capacity ID fams will be replaced and re-rated
at 270,000 ACFM each at 28 inches WG with 2500-hp motors and will remain as
presently located between the primary and secondary precipitators.

Other Modifications

The primary precipitator and its connecting flues, located upstream of the
ID fans, will be reinforced as required to withstand the new ID fan draft
requirements. The existing boiler casing will be analyzed and reinforced by
FWEC as requircd for the new boiler operating conditions.

Some cable tray and conduit will be disturbed by the demolition and retrofit
work involved and will have to be relocated. A concerted effort will be
made to preserve as much cable as possible for reuse.

The 2300-volt and 480-volt switchgear presently used for the pulverized coal
systems will be used for new AFBC loads, where feasible.

To minimize cost and conserve space, previously abandoned chimneys from
Units 1, 2, and 3 will be used for limestone and ash storage.

Power Plant Instrumentation and Controls

The data acquisition and automatic control systems will be directly
comparable in technoiogical development, reliability, and performance with
those provided on a new conventional pulverized coal-fired power plant. The
data acquisition and AFBC control functions will be handled by one
integrated microprocessor-based distributed control system (DCS).

The controls for existing balance of plant equipment which are operated from
the main control room will be upgraded as part of the planned rework of the
unit and integrated into the DCS. 1In addition, the DCS will provide
coordinated beiler and turbine control capability from startup to full load
operation. This will provide a unified operator control phiiosophy for all
major plant controls as well as shared training, maintenance, spare parts,
and operator interface stations.

Redundant CRT control consoles will provide a variety of interactive color
graphics, preformatted displays, trend displays, alarms, and equipment
status messages for the control and data acquisition systems. Specified
critical control loops will be backed up with console mounted, hard wired,
manual-automatic hard wired, manual-automatic selector stations.

Auxiliary systems that support plant operations and operate on an
intermittent basis will be controlled by programmable coatrollers and/or
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local control stations unless complexity or operator =zonvenience dictates
operation from the main control room. The programmable controllers will be
linked to the data acquisition system to transmit common alarm signals and
equipment status messages. Communication with the DCS will be via &
redundant co-axial cable data highway.

The data acquisition system (DAS) will consist of a digital computer system
which is linked to the DC5 data highway. The computer will also perform
such tasks as process modeling and optimization and will support management
information systems functions.

Project Schedule

The boiler contract for retrofit of the steam generator and auxiliary
systems to AFBC operation was awarded to Foster Whecler Energy Corporation
by SWEC as NSPs agent in May 1984. NSP carried out the demolition work
which was initiated in September 1984. SWEC is providing procurement and
detailed design services for the project. Erection of the new components
for the steam generator ratrofit began in April 1985, with completion of all
work expected by June 1986. Following initiation of operation in July 1986,
a shakedown and operation period of approximately 6 months will be carried
out. This will be followed by a 3-year test and operation frogram during
which the unit performance and operating characteristics will be monitored
by EPRI, Empire State Electrical Energy Research Co., and Consolidated
Edison Co.

Retrofit Economics

In addition to providing numerous benefits to NSP, one of the main reasons
for carrying out the retrofit project is its very favorable economics.
Table 7-8 =shows a comparison between a new 125 MWe unit designed with a
pulverized coal-fired steam generator and a wet scrubber for SO, emissions
control, a 125 MWe fluidized bed boiler retrofit unit and a new 125 MWe
plant designed with a fluidized bed steam generator. As can be seen from
Table 7, the AFBC retrofit, which includes a 25-year life extension of the
plant, is approximately 1/4th the cost of a new facility using a pulverized
coal unit with a wet scrubber. The NSP Project, which is estimated to have
a final capital cost of §$58.4 million is expected to finish very close to
the $430 to $450 per kilowatt shown for the AFB retrofit.

Summary

When NSP's Black Dog Unit 2 goes into operation in 1986, it will be the
largest fluidized bed steam generator in the world. As a result of
retrofitting a unit designed for pulverized coal firing to fluidized bed
combustion, NSP will gain 40 additional MWe in capacity while extending the
life of a 32-year old unit that has been upgraded for an additional 25 years
of operation. The Black Dog AFBC boiler retrofit project will also result
in a ceosiderable reduction in SO; and NO_ emissions, as well as provide for
increased flexibility for burning numerous lower cost fuels. The economics
of a potential fluidized bed retrofit candidate unit should be determined by
means of a site specific engineering study. This will identify the specific
requirements for retrofitting each unit being evaluated and identify the
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associated costs so that a determination may be made regarding whather or
not to proceed.

Operation of the NSP Project will begin in July 198C and be followed by a

detailed test and evaluation program to identify the unit's operating
performance and unit availability over the first several years of operation.
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TABLE 7

PREDICTED PROJECT COST

Steam generation systems

Air and flue gas systems

Coal and limestone handling systems
Particulate removal systems

Plant solid wazte systems

Water and liquid waste systems
Balance of plant systems

Total directs
Indirects/dist/cont

Total construction costs
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125 MW
(Gross)
Retrofit

$/ kW=
110 - 200
20 -~ 50
20 - 50
20 -~ 70
15 - 30
5 - 10
10 - 30
200 - 440
70 - 80
270 - 520

125 MW
(Gross)
New
§/kw*
200 - 260
50 - 70
70 - 100
70 - 95
100 - 115
60 - 70
510 - 610
1,060 - 1,320
290 - 330
1,350 - 1,650
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QUESTIONS AND ANSWERS - AFTERNOON SESSION, DECEMBER 5, 1985

. Daugherty - TVA

What is the maximum evaporation of steam per pound of coal?

It depends on pressure and temperature of steam. AFBC units will run
around 87 % boiler efficiency. Steam production can be back calculated
from this.

What is the cost of a pound of steam?

Its kind of hard to say. That depends entirely on the cost of fuel and the
cost of the limestone that you use. We're trying to use a local fuel to
minimize the cost. Of course, one of the advantages of a vluidized bed is
we are able to use an inexpensive fuel. We have burned a Tow sulfur fuel
at Shawnee, for which the fuel cost is running at $50 a ton for coal. We
think we can use a much cheaper grade of coal. The cost will depend on
what you pay for your fuel and whether or not you have to ship your
Timestone in from any great distance.

Will you please throw more light on the EPA standard? What is the
particulate matter permitted, the SO , NOx, in air? Do they take every

2
day samples? And what is the punishment for violation?

Punishment for a violation is, of course, a fine. There are a certain
number of violations that you can have. If you exceed these, then you are
fined a certain amount. To date, the fluidized bed has been a research
facility. We have been able to work out a plan with the state of Kentucky
where we report our violations to them. We are not fined because we are a
small research facility. But we do report these violations to them. There
is no jail sentence that I am aware of. The severity of the violation is
determined in each case. T don't know that we have received any fines for
violations in our coal-fired facilities, because we have set emissions
standards and we burn the coal to achieve those standards.

The NOx standard, as stated, is 0.6 1bs. for new coal-fired boilers; it
does not effect existing boilers. We do not have any boilers that fit into
the existing boiler category. The AFBC is particularly good because it is
Tow temperature; therefore, as we said, in all our test plants we have
never exceeded 0.25 1bs. with the AFBC boiler. So, we could go up to 0.6
1bs. for a new boiler. If you want to control NOx, AFBC is the way to go.

For SO , the standard we have now says 1.2 1bs. We have been able to
2
achieve up to a 95% reduction in SO from the pilot plant with recycle.
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We have had to recycle to bring the unburned, unused 1imestone back in, so
we have recycled it about 2-2%% in order to achieve that sulfur reduction.

In the U.S. now, the plant superintendents are subject for the fines, and
for any resulting criminal action for violating those fines. We have been
fortunate enough not to have had that happen to us yet.

What is the maximum capacity AFBC unit developed in the U.S. today?

I don't know. I guess our 20MW is the biggest one. Don't let me miss lead
you -~ it is not connected to a turbo-generator. A1l we do is exhaust the
steam to the atmosphere. It is purely a research facility.

What is the optimum scaleup ration in the opinion of the Tennessee Valley
Authority?

Recommend 3 to 10 scaleup increments. Limit to 3 where the risk is high.

What is the amount of fines in the bed?

The bed contains essentially no fines because everything smaller than 30
mesh elutriates from the bed.

Are fines generally 10-15%

At the 20 MW plant, using Kentucky No. 9 coal, the amount of fines in the
feed stock vary with the size distribution. for %" x 0" feed stock, the
fines run approximately 20% less than 30 mesh. For limestone feedings,
1/8" x 0" feed stock, the amount of fines are approximately 40% less than
30 mesh.

[s it necessary to use limestone in AFBC with high ash Indian coals where
the sulfur removal is less important than in the US?

[f sulfur capture is not important, then Timestone should not be used.
After limestone calcines, it will elutriate very quickly if there is no
SO to react with. Use some other bed material, such as sand, or

2
whatever is cheaper, that will not create erosion problems.

Is the use of Timestone compulsary? If so, why?
Limestone is not necessary or recommended if sulfur capture is not
required. For AFBC boilers in the US, limestone and other sorbents are

used solely for the purpose of sulfur capture. It is the inherent emission
control ability of the AFBC process which makes it a viable alternative to
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conventional boilars.

Why is there a wider band of combustion efficiency for overbed feeding?

As the fines in coal vary, so does the combustion efficiency. Fines in
coal fed overbed never reach the bed but burn in the freeboard. Some of
the fines never burn. The more fines, the more carbon Tost from the
boiler.

Can you justify the difference in efficiency between these systems by any
simplicity in the overbed feed system and power consumption?

An overbed feed system would be less complex and Tess costly to operate
than an underbed feed system. With certain type coals, especially those
with high fines content, the combustion efficiency and sulfur capture
penalties that would result from overbed feeding are greater than the
additional cost of an underbed feed system.

The combustion efficiency and sulfur capture penalties for Kentucky No. 9
coal (high sulfur) far outweigh any mechanical savinys. However, other
coals might not incur these penalties due to their composition. For
example, Sarpy Creek is low in sulfur and burns yuickly. Therefore, no
performance difference is seen between underbed and overbed feed operation.

What is the status of PFBC in the US today?

Every survey by TVA over the past eight years indicates that PFBC has not
advanced much toward being ready for utilities. PFBC appears to be at
jeast five years behind AFBC. For 1600°F gas turbine at 40 % thermal
efficiency, hypothetical PFBC of interest (the only PFBC worth utility
interest), there are no known plans for early commercialization. The US
Department of Energy is testing hot particluate removal with hopes of
adequacy from a cross flow ceramic filter that in our opinion is likely to
develop excessive plugging far sooner than DOE projected once-a-year
replacemert.

As yet there is no known followup on the Argonne National Laboratory/TVA
concern that alkali metals (sodium and potassium) must also be absorbed at
greater than 1600°F to avoid the deposition of low meiting mixtures of Na,
K, Fe sulfates on expansion cooling through the gas turbine, the cause of
hot corrosion on stainless superheater tubes in conventinonal PC. American
Electric Power, ASEA-PFBC are 1400°F proposals - EPRI is trying to get PFBC
started at 800°F gas to pressurizing turbochargers - not combined cycle.

At the 20 MW AFBC Pilot Plant, has TVA faced erosion problems in in-bed
tubes, and in the bed tube support?

Yes, on both accounts. Minor level of erosion was experienced on the
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in-bed evaporative tubes with 1ittle or no erosion on the in-bed
superheater tubes. The major problem with bed tube supports was failure of
309 stainiess steel welds on the uncooled members.



Clarence Eich - Foster-Wheeler

What is the particle size used in CWS mixtures?

In the micron size, and over a range of sizes. The secret for CWS, when
we are talking of the 70% coal, 30% water variety, you have to get a range
of sizes. But it is in its very, very finest form in order of magnitude,
and below what we normally use for pulverized coal.

How good is the stability of the CWS mixture?

Very good. We have had it in suspension in a tank car for as long as three
months without any detioration in stability. It can be kept longer by
recirculating it. We've kept it longer just by pumping it from one tank to
another just to stir it up. You don't have to use propeller-type mixers to
maintain stability.

Have you had any problems with the burners used for coal firing?

With that particular burner we were able to go down 50% with no trouble.

We have cut down, on occassion, to 25% with no support flame. On the $100
million one we intend to go down to that range. To the best of my
knowledge, the test we will run at General Motors will be the first time
coal-water has been burned in a large water cooled furnace. Almost all of
the test burns previous to this have been in a refactory lined test cell.
That particular boiler, while it was water cooled, is a very old one and as
you saw from the picture, had a considerable amount of refactory around it.

Does the stored CWS mixture freeze in the U.S. climate? If so, do you need
to warm the tanks?

You have to keep it warm. It has been frozen and then melted, and we have
been able to use it. There has been no deterioration on freezing, but
obviously you cannot pump it frozen, and it does freeze. The one thing
that does happen, in a tank for instance, is it freezes around the outside
and forms its own insulation. It is a fairly good insulator, so you have
to leave it for quite a while before it freezes solid.

Do you beneficiate the coal used in CWS mixtures? What is the extent of
coal Tost during beneficiation?

The recovery or the loss of coal, that really is part of the economics of
beneficiation, the recovery is around 90-95%. So in effect, you will get
around 95% original Btu value of the coal. You only lose about 5% during
beneficiation. It is not necessary to beneficiate in order to make the

coal-water slurry, so you look at the economics and at what you start with
from a coal standpoint. Is it worth taking out the ash or the sulfur, or

can you operate with the sulfur? In other words, we can buy very low
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sulfur coal in the U.S. We wouldn't have to beneficiate it, and we could
still meet the normal EPA requirements. However, if we can get a cheaper
coal with higher sulfur and higher ash, then it pays to do the
beneficiation. So, its really the economics. The other factor to consider
is that this coal water slurry is pumpable. There is still quite a bit of
work to be done in that area, but we feel rather confident that it can be
done. Then you get into the question of transportation costs -- how much
ash do you want to transport? Even if you can burn it at the other end, it
is still costing you a considerable amount of money just to transport a
high ash coal down the pipeline, or in a tank car, or however you transport
it. I can't say that this is exactly what you do in every case. You have
to analyze the coal not only for these properties because the slurry
properties of coal vary, and the chemicals you need to slurry them vary
with the different types of coal. What you would normally do, as we do, is
start with a lab analyses of the coal and see what it would take to slurry,
then move from there to a batch plant to see if it does what we think it
does, and then, our final test is to put it through this pilot plant or our
large plant in Tennessee, hefore we go for it.

Are there any commercial boilers for CWS applications?

There is no commercial operation in the U.S. 1In Canada at Cape Greton,
Chatham Station, there have been some fairly long runs, but not a
commercial operation.

Are there any special requirements to attain the CWS such as the quality of
water used, and is the composition of coal a factor in the preparation?

It varies with the coal. With normal coal, we can get 70% loading of coal
to 30% water. With some of the lower ranked coals we may not be able to
get that high, although we do have some idea of what we can do to get to
higher loading. For instance, in the U.S. we have been working with
Southern California Edison on the Black Mesa Pipeline, where it is a very
Tow ranked coal. That pipeline has been operating for years on coarse
slurry, not the fine slurry we have been talking about. We have done some
work on the possibility of converting it, and we have proven to ourselves
that we can probably get close to the 60% coal. But it really depends on
the coal and the ability of the coal to accept the chemicals to keep them
in suspension; they are surface-active-type chemicals.

Is there a dry method for coal beneficiation?

Not that I know of. Beneficiation for normal coal washing is a
beneficiation process because you do wash some out. It secems to me that we
did look at a process which was very finely pulverized, and with a gas
separation process involved.

There has been some research going on between TVA, Oak Ridge, and I'm not

sure who else, with high gradient magnetic separation. HGMS is a process
in which you use a high magnetic field to separate out the iron part of the
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coal that contains iron pyrites by alternating the magnetic fields in the
coal as it passes around a track. It removes the irons from the coal,
thereby removing the sulfur that is contained in the iron. That is the only
dry process I am familiar with.

Have there been any studies made on the erosion of burners?

Our colleagues in Japan have run tests on atomizing guns, and they have
gone through enough to get something in the order of 1000 to 1100 hours,
and they project about 2000 hours. This is with a ceramic insert. It is a
problem. Our aim is to produce a reasonably good gun that will last about
2000 hours.

Have you heard something on the economic scale of operation, keeping in
view the high ash content of the coal which we get in our country? What
would be your view of the economic of scale of operation of CWM?

I think the indications in the U.S. show that the smallest plant we would
consider being economical would be somewhere between 750,000 tons/year and
1 million tons/year. We can't justify coal-water as a substitute fuel if
the only reason is to substitute it for gas or 01l because of competition
with natural gas, or the present price of 0il. In other words, the capital
requried to convert an oil or gas fired boiler to coal would not justify
the payoff. The coal-water will be less expensive than gas or 0il, but the
difference is not enough under our economy, with a 12% interest rate, to
justify large conversions. There are particular cases in Tennessee where
we will be able to convert from 0il to coal for a nominal amount, and the
transportation costs of the coal-water are very low because it is very
close to our plant. We'll be able to do a conversion there, but the
transportation costs are another major item you have to consider when you
are talking economics.

In view of the economics and tons/year in the U.S., in India, the process
of beneficiation would be very costly because of the high ash content of
the coal.

Yes, there is no question about that. ¥hen you look at the tctal cost of
the fuel, the total cost of the plant is a rather small number, so that the
price of your coal is very low. It bacomes a major part of your cost
structure. You really have to Took at total costing from what you are
paying for the coal to the ultimate user in order to determine what your
ecopomics are. For instance, we've been working with Russia on a
coal-water problem. Their problem is very simple. They just don't have
the transportation system to transport coal. They feel it is cheaper to
build a pipeline rather than upgrade their raii facilities. As a result,
they are very enthusiastic about building a pipeline in mid-eastern Russia,
close to the Euro Mountains. T think you may want to consider that here.

I understand, from some of the comments made here this morning, that you do
have a problem as far as transportation is concerned, and it will be

cheaper to build a pipeline.
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Do you produce tar during coal gasification in your gasifier, and is it a

It is not coal, it is wood. VYes, we do produce tar, and if we have a gas
cleanup system, it will typically be in the water or in something of that

Are there any problems in removing the tar? If so, how do you solve it?

Yes, we have Tots of problems. In Dr. Goss' system, he basically had a
cyclone separater for solids, some kind of a wet scrubber system, and then
a de-mister. That seems to be the common approach to removing the tars
from the system. The tar recovery people in Cambridge, Massachusetts use
this approach, and they have had extended operations of their 250 KW engine
without any problems from tar. But they remove it, and it is put into a
water stream. Then you have the problem of being able to use the water.
You have to get rid of the tar and dispose of it in some acceptable manner.

Rice hulls is a perfect application for the fluid-bed systems where you can
monitor the temperature and avoid the ash fusion problems that you might
have. Any of the other agricultural residues, manure for example -- we've
worked with manure -- straw, hay, whatever. They all work quite well as
long as you can get some type of a particle that you can get into the

Typically the ash is blown out the top and collected in a cyclone
separater. The feed systems are normally just augers. Just screws with
some kind of lock-hopper to maintain pressure because the big gasifier we
saw operates at 15 psi. It supplies the gas to the burner at basically 2

Do you use wood as sawdust only or can you use wood chips as well?

V. Flanigan - Unjversity of Missouri-Rolla
Q.
major problem?
A.
nature.
Q.
A.
Q. Have you considered any other fuels such as rice hulls?
A.
gasifier.
Q. In general, what kind of ash removal system do you use?
A.
atmospheres, one atmosphere above atmospheric pressure.
Q.
A,

It depends. With this system, we use sawdust only because of the
difference in price between the sawdust and chips. The sawdust is
available at $9.50 a ton delivered, and the chips are like $32 a ton
delivered. So there is a tremendous difference in cost, plus the fact that
the sawdust parti:le is perfect for these fluid-bed applications. But, they
are also used in the papermills for fiber, so you are competing with the
fiber product as an energy product.

216



Do you need to prepare the feed prior to use?

No. It just needs to be dry.

How do you handle the feeding of rice straw? Did you have to shred it?

What we did with the rice straw was run it through the hammermill and down
to the screen to get pieces about an inch and a half Tong. We just fed

them into the hopper again in the six inch gasifier. VYes, we shredded it,
but into reasonably long pieces. We didn't try to make powder or anything.

Can you use it directly from bails?

We have a technology in the states -- I heard this morning about hay and
the Targe quantities that are available. We make these big round bhails.

We are looking at a project for this year to see if we can feed these round
bails into our gasifier and combustion systems. I wish we could have a cow
as a feeder. I think that is what we need.

Can the biomass be pyrolyzed to a charred mass to be utilized further?

Sure. But when there is a large variation in the pyrolyzing process at any
given time, you are probably gning to end up with part of the product
coming out over cooked, and another part hardly cooked at all. It is
typical of pyrolyzing processes. For example, in our automated systems
now, if you have large variation in particle size you'll have a great
difficulty pyrolyzing the fuel.



Raj Gopal, Westinghouse

Q.
A.

How did you arrive at the size of the 30 MW capacity plant?

We are working on the solar plants in the U.S. in partnership with another
company. In Southern California we received orders for 30 MW solar power
plants; they have ordered 5 of them, and we are in the process of building
these. That is how the 30MW size came about. Here I've been talking to
some potential customzrs. They also Tike the 30MW power plant as a captive
unit. In terms of fluidized bed, I guess we have & choice. The model we
are presently using for the Florida job is an 11 MW per module, so we
thought we could combine three of them and go with the 30 MW net output
power plant.

How do you arrive at an economical or optimum rate of solar power to FBC 1in
this context?

We haven't completed all of the studies, but what we are presently looking
at is when the sun is shining, it will generate 75% power through direct
solar and opzrate the fiuidized bed at 25% capacity mainly Tor super
heating. 1In the cevening and night time, we'll just use the fluidized bed
for full power production. So, the load follow will be done in the
fluidized bed 25% of full power and the solar, whenever they operate, up to
75% when the sun is shining. That is the concept we are Tooking for.

Would it be cheaper to use a solar plant and store the heat generated?
Wouldn't it have a smaller paycff period?

Storing solar heat is very uneconomical, or not possible. If you look at
the economics, the solar pays off onily after five years. Sridhar mentioned
that India is a capital starved country, so even putting that into 75%
solar is sometning that one has to debate, because it does not become
economical for at Teast five years or so if you assume some price
escalation for fuel.

What is the medium for transferring heat?

0i1 is the medium for transferring heat.

What is the assessment of capital and the operating costs?

If it is going to be run by a private company, we wanted to keep the power
costs at Tess than $.10 per kw hour. So the actual cost will be about
$.07-%$.08 per kw hour. The customer we have been talking with spends about
$.20 per kw hour for diesal power generation. This plant will reduce the
cost by a factor of two from what thay are presently spending. At $.10 a
kw hour, if one can sell it at that price, it does produce a good return on
equity. As far as the capital costs are concerned, we are looking at
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various options going all the way from $60 million to $110 million. It
primarily depends on how big you make the solar field. A solar field cost
from 352000 to almost $3000 per kilowatt. So it is quite a Tot. The
problem that comes about is the economics.

One of the things we will commit to do in this projest is complete it
within two years; it will be fully funciional within 18 months to two
years., Also, the technologies are independently proven, like the fluidized
bed we are running and the solar field we are running. But I don't know,
this is the first time we are tirying to combine the two and there are soine
risks, but not technical risks. It is more a problem of being ahle to get
a project dene on time and within the budget.

Isn't that a high risk venture?

Well, I den't know. Its not a high risk, but there certainly are risks
involved.

How many square miles are required for the plant?

You require about 10U acres of mirrors for a 30MW plant when you go fuily
solar. It is not a very large size compared to what you take for a
conventional, coal powered plant, or even in a nuclear power plant. Hhen
you talk about a 1000 MW nuclear power plant, just the fenced area is 2000
acres. So, 2 acres per MW for nuclear, and coal also. fhree acres per MW
for a solar plant does nut seem that big.

In a conventional power plant, isn't the operational area just a fraction
of the total area?

That's true. The area utilized is the same, except you can use it in any
area. There are plenty of areas available. In the Mohave desert in
California, even if vou use 1/3 of the desert, you can supply power to the
whole world up to the year 2000. So there is plenty of area available.

There are often wide variaticins in load factors during solar power
generation. In view of this, the AFBC will often need to assume the load
requirements. Have you conducted any studies to assess this potential
risk?

No. That's one of the risks, how much of a load follow this AFBC can take.
That is something that we are looking at now. We don't have the answers
yet. But we are in the process of doing it now.



Have you experienced any metal fatigue and erosion problems?

Not metal fatigue, but we did have erosion problems initially on all of
them at Shell. To the best of my knowledge, there were no metal fatigue
problems. The biggest metal problem we had was with erosion. This was
solved with the studding you saw being used on those modulzs. The studding
and pinning process has been used satisfactorily in the Netherlands for

With the type of overbed feeding and the combustion efficiency expected

We plan to use an overbed feed system. We realize the problems of
efficiency and the possihility of freeboard burning if we have a lot of
fines. But we have a rather high ccmbustion chamber in there because of
the original design -~ I think it is 70 feet of freeboard -- so we expect
the residence times would be fairly high with any fines so they will
combust. Also, we believe that with a recycle rate of 1:1 we could get high
efficiencies. I think they are talking about 98% or more efficiencies. I
have some graphs on that. Don't take me Titerally on this. I will show a
slide later on that shows what our tests reveal. I just looked at it
briefly before I came. It is quite good for the type of coal we are
burning. We are burning sub-bituminous -- not the best of coals. Let me
get into the fuel feed systems. The overbed system has 12 feeders.
Basically, it is a Detroit stoker device that Foster-Wheeler supplied. It
is very straight forward and easy to operate. We don't expect to have a
problem with the system. We have non-segregating shoots that we can feed
moist coal into. That is underbed feed. You have to dry the coal, if you
can, and do it successfully, fine. But we found that the client preferred

Is the sulfur dioxide removed satisfactorly with the overbed system?

S. Grieve - Stone & Webster
Ql
A.
about a year.
Q. 0
would this economical?
A.
the overbed system.
Q.
A.

Yes. This coal is Tow sulfur so we are not primarily concerned with our
sulfur emissions. We don't expect to have problems with sulfur. HWe are
going to feed limestone in to take care of it and to get it down to the
required levels. Maintaining sulfur levels seems to be a problem with
fluid-beds.
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Panel Discussion Session

Q. Why is AFBC and not PFBC the technology pursued by TVA?

A. TVA's involvement in atmospheric fluidized bed combustion has been going on
for several years. We don't have any activity in the pressurized fluid-bed
combustion work. That activity has mainly been lead by the Department of
Energy in the U.S.A. Personally, we feel that the AFBC technology is
further advanced in time -- it is more near term; therefore, we have been
concentrating our activities in that area.

Q. Which is more popular - new FBC or Retrofit?

A. I think that AFBC has applications in both new and retrofit, as I said in
the paper. I think from what you heard today in the presentations is the
retrofit seems to be the one that is most popular right now. That is not
to say that you couldn't build a completely new free standing unit, but
people Tike to benefit from their existing equipment, particularly when
there is an oppcrtunity to upgrade an existing boiler. So from that
standpoint, I would say that tha retrofitted AFBC, or repowered AFBC unit
is the most popular, but certainly that does not say that you cannot build
a new unit. from the ground up.

Q. How does overbed feeding compare with underbed feeding with respect to
power consumption?

A.  An underbed, pneumatic transport feed system requires more auxiliary power
than an overbed spreader system. The main contributor is the blower or
compressor to supply the transport air. This will be 50~1,000 horsepower
per feed train.

Q. Can you justify the difference in efficiency between these systems by any
simplicity in the overbed feed system and power consumption?

A.  An underbed feed system will usually be more costly in both capital and
operation and maintenance costs than an overbed system. Additional
equipment required for the underbed transport system include blowers, seals
against the transport pressure, anu feed lines. The transport pressure
seals and feed Tines will require more maintenance than devices in an
overbed system. An underbed system will require more auxiliary power as
well.

Q. What is the maximum capicity AFBC unit developed in the USA today?

A. The present maximum capicity AFBC unit is 180,000 pounds/hour steam. In
the future we expect it to be the 125 MW Northarn States Power scheduled
for operation in 1986, and the 160 MW Tennessee Valley Authority scheduled
for operation in 1988.
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What is the fluidizing velocity of a circulating fluid-bed, the coal size
and the coal feed system?

The usual circulating combustion velocity is 18 to 22 feet per second
(5.5-6.7 meters per second). Coal size with a 10 to 15 % ash coal should
be %" x 0" (1.27 cm x 0) or essentially screened through a coal screen with
1.27 x 1.27 cm operings. If your coal does not contain much slate or other
hard rock, 3/4" x 0" coal may be used. Remember that some 1" to 2" leng
rock particles will go through a vibrating screen of %" openings. An
accumulation of oversized rock will channel gas flow to increase local tube
erosion. We would T1ike to have a super hard and rugged continuous screw
pump to feed the coal, but have not been able to get it developed yet. The
usable alternative is two large, parallel lock hoppers with cone bottoms
for dense flow. The Combustion Engineering, Inc./Lurgi or Pyropowar
systems are appropriate for their furnaces pressures.

Is there any advantage to pressurizing the FBC in the context of steam
generation? What are the applications?

There may be applications where the pressurized system would be better. I
can't specifically identify these systems. My feeling is why burn the coal
under pressure if you don't have to? Any time you pressurize the system,
you are opening up to much more difficulty. I am sure there will some
applications where the pressurized system will be better. There has been
some idea that with a pressurized system you could have modular units
easier than you could with an AFBC system. If that modular unit were
smaller, could be shipped to remote areas, and assemble much easier than
constructing an AFBC, that could be one distinct advantage if that does
materialize. I guess in general, our feeling is if yot don't have Lo
pressurize it, don't because you pick up a Tot more problems that way.

You are going to windup with installment costs with oveibed Teeding, right?
Yes.

Could you give us some of the magnitude of the cost of an overbed system?

No, I cannot. 1I'm sorry, I don't have the engineering details. But, I
don't think that it would be an overwhelming amount. It is probably half
as much as that of an underbed system -- that is just a guess. I will
verify that though.

What is the ash content of your mined coal used in CWS mixtures?

That depends on the coal. We have coal which started out at 7% ash and
because we are going into retrofitting a package boiler with very tight

spacing, we want to take the ash way down; if we can get it down. We were
able to get that particular coal down to 3% from 7%. There are other coals
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which started from 14% which we couldn't get below 9 or 10%. So, it is
coal-specific, and the amount that can be cleaned out of the coal.

Have you Tooked at other options for CWS mixtures such as gasification?

We have been talking to Texaco about the possible use of coal water slurry
in their gasifiers where they don't need that high a filter. Again, I am
not familiar with the process, but they tell me that when they have high
heat Toading with the process, they literally have to quench it to maintain
the proper temperature within the gasifier. They're more interested in
what kind of coal we can transport. For instance, if we could handle a
lignite, Texaco would be very happy. We are working on that with them
specifically, and if we have a 35:65 mixture, it would be perfectly all
right.

Some of the coals we are able to get on the market are not below 10% ash.
Is it true that in the use of a CWS mixture, the oil fired boiler which has
been designed for a rarticuiar rating would be of a Tower capacity?

Yes, but the capacity would have to be limited. It depends on the boiler
and how conservative the design in the back end is. We have studied many
boilers, For instance, one of the big projects in the US for a while was
to retrofit the o0il fired boilers for Florida Power & Light. They were a
400 MW unit. Those happen to have heen designed very conservatively, and
we felt we could operate those at 100% capacity on fluid coal-water with
even & 6% ash in the slurry. The reason for it being they were very widely
spaced. At the time they were designed, they were designed for an additive
to be used in the radium protection. When they were designed, they
expected them to carryover from this dolomite-type additive, so we designed
it for very wide-opened spacing. But some of the other ones which were
very tight from a boiler design, you can be looking at as much as 25-30%
reduction with coal. That has nothing to do with coal-slurry or pulverized
coal or anything else. It is just the nature of the fuel.

What is the concentration and the price of the additive?

I really can't say. Again, it is coal specific with the chemical
additives. We're just in the process of starting to buy any bulk
chemicals, so we're really not sure. It looks like, just as an order of
magnitude, the price of coal we are talking aboutl is maybe 10% of that
price.

What is the cost of oil in the Urited States?

I will give it to you in Btu. For a utility-type 0il, you are looking at
about 420-450 million Btu. The problem in the United States is that the
price of natural gas has dropped down to where you see people geiting
contracts for natural gas at a much lower cost. We have a problem trying
to convert boilers from oil or gas to coal-water slurry fuel because of the
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prices. We can produce it for less than that, but you do have to pay the
cost of conversion. It just doesn't pay off right now.

Very recent coal slurry studies show that the economics don't ook very
good for coal-water siurry. In this context, how do the economics for
coal-oil mixtures look?

Coal-011 technology was dropped for economic reasons, several years ago.
But it is far more expensive than coal-water. Coal-water is the least
expensive of the two. Coal-water, right now, is very questionable. For
instanca, in Tennessee we are able to sell it locally, but the
transpoitation costs are minimized and we are able to compete with the
Tocal gas and 01l prices. Here we are talking about boilers which were
designed primarily for 0il to start with, converted to coal, converted to
0il and now converting buck to coal. The other thing that hasn't been
looked at, but we have come up with the possibility of, is the possible
addition of Time into the slurry in order to further reduce the sulfur
emissions so that we will be able to avoid some of the problems that are
inherent in EPA requirements. There is no problem as far as NOx is
concerned, but there is a problem with sulfur. There is always the
questions of a reduction in capacity. Some boilers can go to full capacity
and others can't. It depends on tf- boiler design. The economics are very
problematic, there is no question avout that. A lot is dependent upon the
price of 0il and what happens to it. If it starts it back up, then the
price of gas would follow and the economics would turn around. So our
position right now, as a company, is to stay involved in it, but we don't
expect to build a million ton/year plant because we will not be able to
find anyone who will want to take it up today. But we think there will be
a change in the economics of the system.

Can the coal-water slurry technology in the U.S. be commercialized using
any U.S. coals?

It is commercial in U.S. in the case of the Eastern bituminous coal. There
is a Tot of work to be done with the Western sub-bituminous, lignites, and
other low rank coals. We are obviously working with them right now, so
there is a technology to be developed. We are looking at the use of
additives for sulfur capture.

(£
~
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ABSTRACT

A Collaborative rascarch project funded hy the U. S. Agency
for International Dovelopment (USALD) and Bharat Heavy Electri-
cals Limitod (BLEL), hos boen initiated at the BHEL high pressura
boilar plant site in Trichy, Indiz. The project involves the
design, erection and commissioning of a ong mairs S(UAre ¢ross
section Atmospheric Fluidised Bed Combustor (AFBC). The test
facility will be used to obtain engingering and performance data
on the combustion and heat transfer in the freeboard ragion
of the AFBC. High -ash Indian cozls, low grado fuels and
high sclfur U. 8, coals will be tasted in ths combustor, The
Industrial Power Products Divisien (IPPD) at BHEL Trichy and
the Qak Ridge National Laboratory, USA have the joint technical
responsibility for carrying out the project. The project was
initiatad in November 1983.

This paper describes the current status and the activitias planned
for the future.
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2.0

AFBC TEST FACILITY FOR THE EVALUATION OF
FREEBOARD PERFORMANCE

INTRODUCTION AND BACKGROUND :

Under the united, States Agency for International Development
(USAID)/Government of India (GOl) Coal-Biomass Programme, a 1m¥1m
cross section fluidized bad combustor with the auxirliary systems is
being erected at BHEL, Trichy, India. The purposs of the FBC test
facility is to obtain performance data on the combustion, heat trensfer
and sulfur ratention in the freeboard region of the FBC. Very little
quantitative fnformation is available in this area. Fxperimental data are
neaded for developing correletions for the design and scale-up of FBC
systems for heat and power gensgration utilizing high ash coals and
coal washery rejects.

In this study, a well instrumented FBC research test facility will be
used to provide the necesssary performance date on combustion, heat
transfer, dust loading, particulate and gaseous emission when operating
with high ash content (up to 70%) coals, coal washery rejects and high
sulfur U. S. Coals. Much of the instrumentation needed for precise
measurements of gas composition, solid fead rate, heat transfer, dust
loading eatc., are not manufactured in India. Furthermore, a versatile
data acquistion and analysis systemn needed for such a test facility is also
not available in India. These instruments have been obtained through
USAID for the test facility, The Oak Ridgs National Laboratory (ORNLY) ,
is providing technical assistance 0o BHEL in the selection and pro.
curement of instrumentation and in the design, erection and testing in
the experimental f{acility.

Since the initiation of the project in November ‘83 several milestones
have bean met., Thase accomplishments have been periodically reported
in the progress reports to USAID and BHEL management (Ref 1, 2, 5 & 6)
The intent of this papear is to present the current status of the project and
highlight those activities since the Second Annual Coal/Biomass Work-
shop held in February ‘85,

PROJECT OBJECTIVES

This project is a detailed investigation of a specific region of fluidised
bed combustor designated the ‘‘freeboard region’ in an experimental test
facility with the following objectives.

Design. construct and commission a 1 m x 1 m cross section atmospheric
fluidised bed combustion (AFBC) research test facility at BHEL-Trichy,



Gather performance data on combustion, heat release and heat transfer
rates along the freeboard height.

Obtain data on dust loading ai.d gas composition along the freeboard
height.

Obtain combustion efficiency/carbon burnup data as a function of
fuel type and size.

Obtain data on SO,/NOx emmissions in the freeboard and their effect
on unit emmission and sorbent utilisation.

Correlate experimental datain terms of the design and operating para-
maters for performance prediction and scale up to large AFBC system.



3.0 PROJECT MILESTONES

No. -

.. Description

. Status

4a,

7a,

10.

1.

Detailed angineering design of the test
facility, and spacification of instrumentation

Preparation of the dasign documant

Review of the design by FBC organisatiors/
experts in the US with BrEL Engineers

Ordering of special instrumentztion
from the U. S,

Ordering of indigenous equipment

Training of BHEL enginears on data
acquisition systam (DAAS)

Shipping of Gas analysers, DAAS and
gravimetric feeders frorn U. S. and
receipt at BHEL, Trichy

Preparation of manufacturing drawings,
procurement of materials and equipment
and fabrication of components

Excavation for raft base column
foundations and casting

Eraction and commissioning

Testing, data gathering and data analysis-
Phase-|

Testing, data gathering and data analysis-
Phase-I!

Final report preparation

Completed-March ‘84

Completed-May ‘84

Completed-August ‘84

Completed-October ‘84

Completed-October’ 84

Completed-June’ 84

Completed-Sept’ 85

\
\

Completed-Noy. ‘85

Completed-Oct ‘85

Ongoing-Completion by
Dec. ‘85

Jan ‘86-Dec, ‘86

Jan ‘87 Dec. ‘87

December ‘87-Feb. '88




4.0 TASKS ACCOMPLISHED AMD CURRENT STATUS

4.1

4.2

The description of the AFBC test facility and the auxiliary systems has
been presented in detail in Ref (5). Tasks accomplished 'to date in the
diffarent areas are described bolow.

Machanicsl Englnesring Design :

Industrial Power Products Division (IPPD), BHEL, Trichy took up the
mechanical engineering design of the test facility and the various sub-
systems. (Ref: 1). Preparation of the manufacturing documents were
initiated afier the design review in the U. S. in July ‘84. Ths sugges-
tions made by the reviowers (See Appendix 1 and 2 Rei: 5) were
incorporated in  the manufacturing ~ documents and released  for
fabrication,

Materials and Equipment:

Materials required (70 tonnes of plates & tube$ and rolled stes| products)
for fabrication of the combustor, pressure parts, non-pressure parts and
structures were identified and procured through BHEL's material
management cdepartment.

Indigenous equipments (Roots blower, ID Fan, Rotary feeders, slurry
pump, etc) wero ordered and inspected at various stages of its manu-
facture, The list of items ordered and the suppliers is presented in
Table: | The coal/limestone gravimetric feeders were supplied by
M/s. Merrick Corporation, USA,



TABLE |

Indigenous Equipments

Description

Supplier

Status

Electric hoist

induced Draft Fan

Air lock feeder
(variable speed)

Air lock feeder
{constant speed)

Air lock feaders

(water cooled)

Roots Elower

Castable Refractory

Fire bricks

Insulating bricks

Mineral wool mattress

M/s. Greever Cotton,
Madras.

M/s. Industrial Systems &
Equipments L.td, Madras.

M/s. Avron Enginsering,
Bombay.

M/s. Avron Engineering,
Bombay,

M/s. Avron Engineering,
Bombay.

M/s. Swam Pneumatics,
Delhi

Mts. Associated Cements,
Bombay,

M/s. Nataraj Ceramics,
Kallakudi,

M/s. VRW, Madras.

MIs. Lloyds Insulations,
Madras.

Received-Aug ‘85

Received - Nov ‘85

Received - Sept '85

Received - Nov ‘85

Inspected - Nav ‘85
Expected after
rework - Dec ‘85

inspected and
Shipped - Nov ‘85

Received - Jan ‘85

Recefved - Aug ‘85

Received-March ‘85

Supply and erection
Nov/Dec -85




4.3

4.4

Fabrication :

The combustor and the sub-systems were fabricated at the R&D work
shop attached to IPPD, BHEL, Trichy. Pressure parts components (bed
coils, convection coils, heat transfer test loops, extarnal piping with asso—
ciated valves and fittings) were manufacfured in the sheps of the BHEL-
High pressure Boiler plant. The fluidised bed air preheater required for the
test facility is being manufactured as a sub-contract  Until the airheatar
is installed and commissioned, the combustor will be operated without the
airheater by Picviding bypass ducts. Since the airheater is required only
for specific test runs, this arrangement will not interfere with the commi—
ssioning of the tast facility. Structural components were fabricated at the
FCB complex as well as at the R&D warkshop of IPPD, BHEL, Trichy.

Civil Works :

The foundation drawings with the load chart were finalised and plan
released to Civil Frojects Group, BHEL, Trichy in April 1985, Site prepara~
tion and excavation were initiated in August 1985 and completed in
October'85, A 1aft type {oundation with twelve tedestals has bean acdop-
ted for the facility encompassing the combustor, FBC airheater, multiclones
coal/limestone bunker, and gravimetric feaders. Individual foundations have
been provided for the auxiliary equipment consisting of Roots blower, the
induced draft fan, the slurry pump and the duct supports. The mair
facility has an asbestos roofing and side claddings.

The control room measuring 8 m x B mis a separate building located 5 m
from the main test facility, Special features of the control room include
dust proof, noise proof, slatic proof, false ceiling, air canditioners and glass
panels for visual observation of the combustor during operation., The
controt room housgs the Beckman gas analysis systemi, the control and
instrumentation panel and the data acquisition and analysis system.

Instrumentation & Controls :

The contiol panel houses the flow indicators, prassure transmittars, tempe-
rature indicators, coal/limestone feed indicators and the control swiches
for most of the auxiliary equipment (Roots blower, induced draft fan,
slurry pump, gravimetric feeders, electrical hoist and air/water circuit).
The combustor is slso provided with multiple tappings in the bed and in
the frecboard regicns for messurement of temperature, heat flux, heat
transfer coefficient, gas composition and solid composition. Details an the
sampling locations and the meaturements tachniques ara given in Ref : 3
A varsatile data acquisition systern (Ref © 8 with a desktop computer,
graphic display and printer will fog the datz during operation. A software
package for doing the performance calculations on the major parameters
will be built Into the sysizin for cos tinuous monitoring of the process. In



4.6

4.7

addition the DAAS system will Se linked to the existing BHEL main com-
puter for storage and retrieval of the data records.

Electricals:

The Maintsnance and Services Group at BHEL, Trichy are executing the
electrification of the tast facllity and the control room. The work scope
inciudes laying of contrcl cables, power distributor board, internal wiring
and installation of contro! panel, complete wiring of the control room and
test facility and lighting and airconditioning.

Erection :

A total of 120 tonnes of finished components for the test facility and the
sub-systems have been erected at the FCB Complex, BHEL, Trichy. The
compaonentwise tonnage is provided in Table !I. The erection was perfor-
med by M/s. S. K. S. Fabricators. “richy as a subcontract at a cost of
Rs. 1,42,000/~

PRECOMMISSIONING & SHAKEDCWN :

The precommissioning of the auxiliary systems at the test site is scheduled
for Decamber’85 Inspection and performance testing of the individual
equipment have already been completed at the manufacturer's site, Pre-
commissioning activities include curing of combustor refractory walls, cold
fluidization trials, and functioning / calibration of individual equipment and
instrumentation at the test site. Coal burning and shakedown trials will
start by the end of December’85.



TABLE-lI

COMPONENT-WISE TONNAGE

Components Tonnes
Structurels & Supports 40
Non-pressure parts 10
Combustor Stesi 7
Combustor refractory 26
Coal feeding system ‘ 5
Pressurs parts and external piping 8
FBC Airheater 10
Roofing and side claddir;gs 15

Total —:”.O—
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A F B C 3OILER SCALE - UP

INTRODUCTION :

India has an estimated roserve of 112 billion tonnes of coal, of which 26
billion tonnes are proven. A large fraction of the proven coal reserve is of
poor quality (30 to 60% ash) and the coal allocated to the Enerjy Sector iz
of an inferior variety.Conventionally fired steam generztors when fired with
such poor quality coal experience unscheduled outages due to pulveriser
wear, erosion in economiser, air heater and 10 fan and coal fdame stabilisa-
tion. AFBC offers an excellent potential for the utilisation of such low rank
fuels. BHEL began work on AFBC a decade ago and has today developed
commercial boiler designs in the capacity range 10 to 1G0 t/h. Basad on
the operating axpetienge and data collection in iheir oparating commercial
installations (12 t/h unit for 20000 hrs and 45 t/h unit for 12000 hrs)
BHEL initiated design of a 150 t/h (330700 Ibsh) unit by framing a sat ot
scale-up parameters. This project involves the completion of the proposal
design by BHEL and submission of this information to TVA through USAID
for evaluation and verification of scale-up parameters,

OBJECTIVE :

The objective of this project is to develop the design of the 150 t/h
(30 MWe) AFBC boiler, have the design reviewsd by TVA and finalise the
design to incorporats TVA’s comments.

METHODOLOGY AND MILESTONES :

BHEL would develop the design, genaral eguipment arrangsment
and equipment specifications for the 30 MWe unit.

TVA would evaluate the scale-up dasign and offer their comments,

TVA enginesr would visit all opzrating FBE boiler installat'ons in !India,
and also hold preliminary discussions with BHEL enginesrs on ther
scale-up design,

BHEL engineer would visit TVA to finalise their comments on the
30 MWe unit.

A presentation would be made on the finalised design at the Third
anuual workshop on Coal - Biomass conversion in December 85.



4.0

4.2

4.3

WORK ACCOMPLISHED :

The proposal design with equipment spscification and arrangement
drawings prepared by BHEL were forwarded to TVA through USAID in
December 1884, The details were presented in the USAID/GOI.
Second Annual Coal-Biomass Wotkshop, at NEW DELH! in Feb. 1985

TVA had an inhouse review of the design and "two TVA engineers ‘had
preliminary discussions with BHEL engineers in India during
February 1985.

The comments of TVA were finalised during the visit of BHEL
engineerUTVA in April 1985. Based on the comments the foilowing
changes are incorporated in the design.

4.3.1 As Sulphur retention is not a prime concern in India, (as Indian ccals

have low sulphur) the bed temperature is increased to 200° C to improve
combustion cfficiency.

4.3.2, Two forced draft fans and primary air fans are provided to improve

boiler availability.

4.3.3 The pressure drop across the air distributor is maintained more than

75 mm (3°") water column during any operating condition

4.3.4 Horiozontal in-bed tubesinstead of inclined tubes to avoid bubbie

growth in large fluidised beds.

4.3.5 A cooled distributor plate is adopted for better structural rigidity

5.0

for such large beds.

GENERAL DESCRIPTION OF THE FLUIDISED BED COMBUSTION
STEAM GENERATOS AND AUXILIARIES :

The steam generator is of the bottorn supported non-reheat, bi- drum
atmospheric Fluidised Bed, semi - outdoor type unit, designed for firing
coal. The boiler parameters have been listed in Tab' 1. The fue
analysis is given in Table 2.

The general arrangement of the boiler and auxiliaries will be as shown in
the layout drawing (Fig 1, 2, 4). The complete furnace section is of the
welded wall type, arranged as a gas and pressure tight envelope, This
aliminates the re .actory material from the entire furnace wall section,
besides providing structural rigidity for the unit. The steam and water
drums are conservatively designed and the bank tubes connect both the
drums.
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6.1

6.2

Part of the evaporating heating surface is located within the fluidised bed
proper. . The superheated steam system is in two sections. The first stage
superheater is located at the furnace outlet section and the second stage
superheater section is located within the fluidised bed proper to ensure the
rated superheated steam temperature. An interstage desuperheater is provi_
ded in betwsen the two stages of superheater, to control the final steam
temperature from the unit, The boiler is provided with a bare tube econo-
miser fabricated from plain seamless steel tubes. The Ecenomiser wiil be
arrangad after the boiler bank secticn and enclosed by flue ducts. The
boiier is provided with a tubularairpreheater as the last stage of heat reco-
very.

Tha coal feeding system consists of rotary (Fig. 3) air lock feseders, any
feed piping through which the crushed coal is pr.uematically transported
and fad to the fluidised bed.

The main boiler is of the bottom supported type and requires simple conc—
rete piers for support. The boiler is provided with two forced draft fans for
supplying the required air for fluidised combustion, and two primary air
fans for transperting the crushed coal to the fluidised bed. The boiler is
equipped with two radial [D fans arranged after the dust collecting system.
An electrostattc precipitator is located before the ID fans to collect the fly
ash from the flue gas.

BOILER PRESSURE PARTS SYSTEM :

The details of the boiler pressure parts system include :
1. Economiser system.

2. Circulation system including steam and water drums, boiler bank,
downcomers, water walls, bed evaporater, circulating pumps and
riser systems.

3. Superheater system.

Economiser Systam :

The economiser system (Fig.- 5) draws the feed water through tha feed
pipes to the economiser inlet header. The economiser is located in & gas
duct after the boiler bank. It has a continuous loop, plain tube, drainakle
horizontal, in-line arrangement., The feed water after it is heated in the
economiser [eaves the economiser outlet header to the drum.

Circulation System :

The hot feed water from the economiser (Fig 6) is discharged into
the steam drum below the water ievel where it mixes with the recircu-
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6.3

lated water. The mixed water flows through the comparatively cooler
bank tubes to the lower drum. In addition the Joutsrmost boiler bank
side wall (tubes fare specifically designed as down comer sections to
ensure adequata water flow to the lower water drum. !n the boilar bank
section the front rows of bank tubes (which are comparatively hotter)
act as riser tubas and the rear rows of tubes act as down-comer tubes,
thus forming & circulation system within the boiler bank. A portion of
the water from the water drum flows to the water wall system lower
headers, whici: act as the inlet to the furnace water wall tubes, As the

. water rises up through the water wall tubes it gets convered partially

into steam. Circulating pumps (three units with one standby) draw
water from the bottom drum and force it through the horizonta!
evaporatar outlet headers flow back to the drum, through separate
riser tubes, where the drum, internals separate the steam and wator; the
saturated steam flows to the superheater section and the water flows
back into the circuiation system.

Superheater System:

The superheater system (Fig.7) provided will include a first stage
superheater located at the furnace outlet, a second stage immersed in
the fluidised bed and a desuperheating system in between ths two stages
for controlling the final superheat steam temperature.

- The convection superheat located at the furnace outlet will be a spaced,

7.0

71

continuous foop, plain tubular type and would be hung from the fur-
nace top.

A second stage superheater is located within the fluidised bed in three
main segments. The start up segment has no superheater immersed in
it. For controlling the final superheated steam temperature at the
rated value, over the control range of the boiler, a spray typs desuper-
heater is provided in the steam connecting link betwaen the two stages
of superheater. This interstage desuparheater will be of spray type.

FLUIDISED BED ARRANGEMENT :

Design Parameters :

Based on the operating experience and discussions with TVA the
following basic parameters were adopted for the design of the AFBC
boiler.

Superficial fluidisation valocity : 2.5 m/s

Average bed temperature : 900° C



Excess air (on fuel fed basis) : 10%
Combustion above bed : 10%
{as a % of Heatinput)

Average bed particle diameter : 0.8 mm,

7.2 Bed Surface Arrangemont :

7.3

1.4

The fluidised bed is arranged as a single cell. The bed comprises of
three main bed sections in which the supsrheater surface and evapo-
rator surface aro immersed and a fourth bed section having two zones
one containing evaporator surface and the other zone (start-up bed)
having no surface immersad. The start up bed is initially actuated.
Adjacent section of the bed is then activated, and brought into service
by feeding air and fuel. After sufficient steam flow has been esta-
blished by the immersed evaporator section of the start up bed, the
main beds are actuated after ensuring the inbed superheater surfaces
are cooled by the steam already generated.

Wind Box Arrangement:

The wind box is divided into five compartments two smaller compart-
ments for start-up bed and three main compartments. Air flow meters
are provided to monitor and control the air flow through bed sections.
Provisions are made in the air box for the coal feed pipes and tho
bottom ash discharge system to traverse through. The wind box
isupported on the water walls.

Distributor Plate Arrangement:

In the first generation design BHEL adopted a multiorifice typs distri-
butor. Eventhough the fluidisation performance was good, the long
term reliability after many start-ups was not very satisfactory. After
testing soveral types of air distributors in a testrig specially meant for
this purpose, BHEL has evolved a nozzle type distributor and optimised
tho design with suitable material of construction, the pitch of the
nozzle/ height and hole size.

The nozzle type design protects the air distributor against the hot bed
temperature Curing boiler operation, and also the thermal shock that the
distributor would be subjected to during a unit trip, FD fan failure, or foad
reduction and consequent slumping when the hot bed lands on the air
distributor,

i
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9.0

10.0

11.0

COAL FEED SYSTEM :

The coal feed system draws the crushed coal of size 0 to 6 mm from the
crushed coal bunkar by gravity on to the rotary air lock feeders that hslp
to feed coal against pressure. The coal discharged from the feeder is
transported pneumatically to the fluidized bed through steel pipes. The
air required for transportation of the coal is drawn from the forced draught
fan and the pressure is boosted in the primary air fan tefore it is supplied
to the air heaters. Control valves on the headers regulate air flow through
coal/air pipes. The fuel is then pneumatically conveyed to the coal 4plitter
wherd the: {uel is distributed and fed into the fluidised bed by underbed
feed lines  Individual air heaters are provided for each compartmeant with
necessary air measuring and cantrol devices for shut off if required. The
rotary air lock coal feeder is a volumetric type of feeder which helps feed
coal against pressure, by effective sealing. A dynodrive mechanism which
controls the eddy current {low helps regulating the speed of the rotary air
lock feeder and hence the coal flow into the air fuel lines. The start-up
compartment is provided with one such coal feeder with line splitters while
each main bed section has two coal feeders with line splitters. Adequate
reserves have been built in the capacity of the coal feeders so as to main-
tain boiler load even while a few of the feeders are out of service. Coal/air
pipe bends are adequaiely lined to pravent erosion

BED ASH LET DOWN SYSTEM :

The bed ash let down system maintains the level of ihe fluidised bed which
would otherwise swell warranting a boiler shut down. It also helps to
drain the higher size material that do not fluidise or to drain the entire
bed during a shut down,

DRAFT SYSTEM :

The AFBC boiler has a balanced draft system with the forced draft (FD)
fans supplying the air for combustion and the Induced draft (ID) fans
sucking the hot gases out to maintain near atmospheric pressure in the
combustion chamber. The Primary Air (PA) fans boost a portion of the
air leaving the FD fans and this air is utilised to transport the coal to the
fluidised bed.

TUBULAR AIR HEATER :

The boiler will be epuipped with a tubular air heater (Fig, 8) with gas flow
through the tubes and air flow outside the tubes. The air heater will be

[R0]
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13.0
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supported on necessary steel work and will be complete with all air /gas
ducting, insulation and outer casing. A refractory lining is provided at
entry to the AH tubes to pravent erosion of the AH tubes.

DUST COLLECTING SYSTEM :

An electrostatic pracipitator is located after the tubular airheater and
ahead of the ID fans to collect the ash from the flue gases before it
leaves the stack A four field EP is provided to dedust the fiue gases.
The EP is sized for an outlet dust omission of 250 mg/Nms.

CONTROL SYSTEM :

The automatic control systemis provided for efficient running of the
boiler. The steam temperature control loop is designed for maintai-
ning the temperature within the guarantee limit. The control system of
the boiler can be divided under the following control loops.

1. Three element {eed control.
This maintains the boiler drum level constant by computing feed

water flow and steamn flow.

2. Steam temperature control :
This maintains correct temperature of outlet steam.

3. Furnace draught control.
This maintains constant draught at the combusticn Chamber,

4, Combustion control :

This maintains the steam pressure on the boiler constant by
varying coal flow and air flow for optinium combustion efficiency.

FUTURE WORK :

In the preceding paragraphs a brief description of the 3U MWe AFBC
boiler reviewad and finalised with TVA is presented. Work hag already
been initiated on the setting up of a8 30 MWe AFBC demonstration
project with the steam generator as an add-on to an existing custo-
mer power plant, with part fundings from WUSAID, DNES, BHEL and
the customer.
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TABLE 1

BOILER PARAMETERS

1009, Boiler
MCR Load
Main Steam
Flow (at Main steam stop valve) t/h 150
Pressure (at Mair, steam stop valve) Kg/em2(g) 63
Temperature (at Main steam stop valvo) °C 496
Feed Water
Temperature entering economiser °C 210




TABLE-2

FUEL ANALYSIS

COAL

PROXIMATE ANALYSIS (As fired % waight basis)

RANGE
Moisture % 6.1-17.0
Ash % 32-50
Volatile Matter % 14 - 23
‘Fixed Carbon % 18 - 38
Higher Heating Value coal/Kg 2300 - 4635
Coai size Minus 6 mm

ULTIMATE ANALYSIS (As fired %, Weight basis)

Performance Worst

Coal Coal

Moisture % 6.12 17.00
Ash % 32.18 50.00
Carbon ° % ' 51.6 23.94
Hydrogen % 3.28 1.76
Sulphur % 0.6 0.33
Oxygen % 6.3 6.48
Nitrogen % 1.02 0.60
Total 100.00 100.00
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30 MWe AFBC DEMONSTRATION PLANT

1.0 INTRODUCTION

2.0

Atmospheric Fluidised Bed Combustion {AFBC) development was initiated
in India by BHEL a decade ago. The ability to burn a wide range of
fuels (Table 1) which includes coals, washery rejects of heating value
1900 Kcal/Kg, agriculturai and industrial wastes in FBC boilers was
demonstrated in the prototype unit at BHEL, Trichy. The reliable and
efficient operation of the FBC boilsrs for cogeneration in industries has
also been proved by the operation of a 12t/h FBC boiler in a local distillery
since October ‘81 and another 45 t/h FBC boiler in a Pclymer Plant in
Vizag since October '83. Erection of a 10 MWe FBC boilar for captive
power generation using washery r'Jects and a 60 t/h FBC bhoiler for
cogeneration in a paper plant are underway. Table 2 lists the list of FBC
installations centracted by BHEL.

In the utility sector BHEL is yet to demonstrate the application of AFBC
technology The engincering design of a 30 MWe AFBC utility boiler
with the auxiliary systems has been completed. Subsequently through
USAID, the design has been reviewed by Tennessee Valley Authority
(TVA), a pioneer in FBC utility boiler applications. As a follow-up to the
joint efforts, it is now propcsed to install 2 30 MWe AFBC demonstration
boiler with part funding from USAID, DNES, BHEL and customer. Demon-
stration of this technology in the utility sector would go a long way in
utlising the poor quality coal abundantly avilable in India.

OBJECTIVES

The objectivas of the proposed project are to design, erectand commission
a total 30 MWe AFBC utility boiler system burning high ash coals and
washery rejects.

To demonstrate the parformance and reliability of FBC boiler and
auxiliary systems for utility applications

To gather engineering and parfarmance data of the system and develop
correlations for scale-up large AFBC boiler.

To develop and establish operating control schemes required for reliable
utility performance relating to variation in power demand {such as load
following operations),

To establish a data base for a range of coals, washery mlddhngs and
other waste fuels such ac mill rejects.

To have this project as a training ground for operation of FBC boilers.



3.0

4.0

5.0

DESIGN DEVELOPMENT :

Based on thaoperating experience and data gensrated in the existing AFBC
boilers, the design of a 30 MWe AFBC boiler was made by BHEL. This
design package was reviewed by TVA under the collaborative research pro-
ject ‘The AFBC boiler scalo up’ betwesn United States Agency for Inter-
national Deveiopment (USAID) and Government of Indie (GO!) - TNES.
Discussions were held with two TVA engineers during their visit to BHEL,
Trichy in Feb '85. Their comments were finalised during the visit of the
BHEL engineer to TVA in April ‘85. The design has been reviewed to incor-
porate thecomments by TVA. The details of the 30 MWe AFBC design and
comments by TVA are elaborated in tho paperentitled **AFBC Boiler
Scale-up’,and is being presented in this workshop.

SELECTION OF PLANT :

In order to minimise the capital irivestment for the demonstration plant,
an AFBC boiler ‘add-on’ to an existing thermal plant is only considered.
The:e are about 20 stations in India which have TG sets of 30 MWe capa-
city. The boilers which were designed for good quality coals are unable to
generate the rated guantity of steam with the inferior coals supplied now,
By replacing the boiler in one such plant with the 30 MWe AFEC boiler all
other existing systems of the plant could be utilised, thus minimising the
capital investment. The coal and ash handling systems could also be adop-
ted with minor modifications.

SYSTEMS MODIFICATICNS :

Considering space restrictions in existing plants, a precollector and bag
house was adopted for dust coliaction instead of the electrostatic precipita-
tors included in the scale up design. A secondary crusher to crush the coal
down to 6 mm from 20 mm, a transfer tower and suitable conveying sys-
tems are added to the existing coal handling systems to make the system
suitable for the AFBC boiler.

It is proposed to transport the bed drain to the existing ash handling system
and to handle the fly ash seperately. The modifications proposed to the coal
handling and ash handling system are based on the cxisting handling system
in a tvpical plant. However, this is expected to suit other plants with minor
changes Fiy. ' shows the layout of the proposed 30 MWe AFBC boiler in a
typical installation studied by BHEL, where the dust collection system is
located transverse to ihe boiler axis and the coal bunker by the side of the
boiler in order to minimise space requirement.
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6.0

6.1

(1

(2)

6.3

DEMONSTRATION PLANT EQUIPMENT :

In addition to convantlonal equipment included for a 30 MWe AFBC plant
the following equipment/sysiems are proposed to be included in the
demonstration piant:

Qil fired start up system :

BHEL has been adopting a semi automatic start up system using bottled
liquified petroleum gas (LPG). In the 30 MWe plant, oil fired start up
system is included since,

tha complete facilities for firing oil already available in an axisting
plant could be utilised and

the plant would warrant separate gas storage system if Lpg start up
is to be adopted.

Fiuidised Bed Splitters :

The 30 MW steam generator has 48 coal feed points, serving gj| the bed
segments. In order to economise on the number of rotary air lock coal
feeders that feed coal into to the diffarent-lin2s. a bunch of linas that fead
coal to the same bed segment are served by two coal feedors with coal
splitters to split the coal stream downstream of the coal feoddar into ths
different lines. The coal splitters envisaged would work on thg principle of
2 fluidised bed. A single spout feeds coal from the feedar into # bed of coal
fluidised by air and ovarflow pipes located in ths flujdisad bad serve the
purpose of splitting the single inlet stream into several outlet streams.

Distributed microprocessor based control system

A distributed microprocessor based control system includes tho f

) ollowing
major controls,

1. Drum level control system.
2. Steam temperature control system,
3. Furnace draft control system.

4 Combustion control system.

It also does the function of data raquisition, boiler interlock lagig sequen-
cing, software to optimise boiler operation, colour CRTS and log printers.
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7.0

8.0

Closed circuit furnace viewing system:

In ordar to monitor the free-board and the fluidised bed. a closed circuit
television system consisting of one unit locally controllad television
cameiz with a television monitor and panel is provided. The camara will
view the active zones of the fluidised bed to assess the quality of the
fluidisation. The freeboard zone above tho fluidised bed would also be
scanned periodically to analyse above bed combustion phenomena.

Gas Analysers:

Gas analysers for monitaring Co, and 0, in the flue gas are proposed. The
0, signal from this analyser is used in the combustion control loop.

Parformance test Equipment:

Equipment for proving the boiler performance at site like; portable com-
bustible-in-ash analyser, pH and conductivity meters, and coal chemical
constituent analyser, facilities for data analysis, processing and reporting
are also proposed.

Fuels to be tested and 2est programme:

A wide range of fuels ranging between medium to high ash (30 to 60%
ash) coals with heating value between 4500 Kcal Kg and 2800 Kcal/Kg
would be tested in this unit, Rejects from pulveriser, washery rejects
and similar waste fuels would also be tested.

In a four year schedule, testing is proposed to be carried out for one year.
The programme essentially comprises shake down, combustion and heat
transfer, load foliowing and guarantee tests.

Schedule :

It is anticipated that ths project would be initiated by middle of 1986
and would be extended over a period of 4 years., The major milestones
would include :

1. Mechanical Design — First year

2. Manufacture of Components
and Shipment - Second vyear

3. Erection, Commissioning and
shake down — Third year
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10.0

4, Test data collection, analysis
and reporting — Fourth year

Annexure-1 elaborates the details of the proposed schedule.

MAN POWER REQUIREMENT :

Man power required in each category ie., engineers, technical assis-
tants and design assistants and other supporting staff in terms of man
year for excution of the project is listed below,

Category Man year

Engineers 40

Technical Assistants &

Design Assistants 118

Supporting Staff 61
Total 209

Details of man power requirement for each activity and the duration
for which they are required are given in Annexure Il

One project Engineer under the guidance of a programme Manager will
co-ordinate the design verification by TVA enginaers, equipment
supply by USA and participate in the test programme and data ana-
lysis. Engineers from TVA would be involved in the mechanical
design verification and project erection and commissioning and testing
and data analysis stages.

FUNDING :

The total project costis expected to Rs.15 crores. It is anticipated
that the project would be funded by USAID, GOl through DNES,
the customer and BHEL. The funding from USAID would cover

supply of non-indigenous equipment
- participation in International seminars and workshops

-~ inspsction of USAID equipment
- training of BHEL engineers In United States and

- technical services.
The non-indigenous equipment proposed in USAID’s scope includes

~  boiler water circulating pump
-~ bag filter with precollector
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12.0

- oil fired start-up system

—~ closed circuit furnace viewing system
- microprocessor based control room
- fluidised bed splitters

- bed ash removal system

- gas analysers

- sensing elements and controlers

- water level gauges

BHEL portion of the funding for this project includes expenditure

towards

-~ Design of the steam generator and auxiliaries

- manufacture, procurement, project co-ordination, erection and
commissioning of the unit.

- Testing, data analysis and reporting

~ Travel to US to attend Seminars. inspection and training on
USAID equipment.

Customer :

The customer's share cf the project cost would be towards

material and equipment rhat make up the steam generator auxiliaries
modifications to coal and ash handling system, civil and electricals,

supply of utilities like air, water, coal. etc.

GOI/DNES:

The Government of India has been approached through DNES for partici-
pation in this project and it is expected that they would contribute a

sizeable portion.
Coflusion :

A 30 MWae AFBC demonstration plant can be installed in an existing power
plant with minimum capital expenditure by utilising/modifying the existing
facilities. A proposal for demonstration plant has been preparc in
consultation with Dr. R. P. Krishnan, ORNL specialist and submitted to

USAID & GOI-DNES. Setting up and operation of such a plant will
accelerate the application of AFBC technology in utility sactor,

Acknowledgement:

The authors thank the management of Bharat Heavy Electricals
Limited for granting permission to present this paper in this Workshop.
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ANNEXURE 1

PROJECT SCHEDULE

. No. Activity

TIME PERIOD - MONTHS

Engineering

2. Production of components

3. Erection

4. Commissioning

5. Testing, Data Analysis, reporting

...............................

.......................................................

.............................................

.........................

..........................................




ANNEXURE-II

138}
(o))
(=)}
MANPOWER REQUIREMENT
S| L No Duration Yrs.
NG. Activity Category Read for which Man years
. q required
1. Engineering the svstem which includes performance engineering, Engineers 10 4 40
detailed design of components, preparation of manufacturing drgs., Design Assistants 12 4 48
drawing out specifications for equipment and materials, preparing Tech. Assistents 12 4 48
0&M manual, supervision of erection and commissioring, testing and
analysis etc.,
2. Follow-up of fabrication of components Chargeman 3 3 6
3. Procurement Purchasse Asst. 1 2
Accountant 1 4 4
4. Receipt and despatch Store keepars 2 1.5 3
Clerks 2 1.5 3
5. Erection Skilled workers 6 1 6
Unskilled workers 6 1 6
Security Guards 3 1 3




ANNEXURE-II

MANPOWER REQUIREMENT

No

Duration Yrs,

Si .. .
: Activity Category ’ for which Man years
No. Reqd required
5. Commissioning and testing Bir. Operators 4 2 8
Research Asst. 4 2 8
Skilled workers 6 2 12
Unskilled Workers 6 2 12

L9z



TABLE-1

FUELS TESTED

Moisture Ash HHV

COALS % % Kcai/Kg
Singareni 7 26 4300
Chanda 5 36 4300
Bellampalli 6 656 2460
Assam high sulphur coal (2.2% S) S 33 7100
MIDDLINGS/REJECTS

Bhojudih 1 65 3100
Kathara 1 73 1800
Jamadoba 1 65 2100
Mill rejects 1.45 §7.33 3300
Neyveli lignite 66 3 2800
Leco fines 1 14 6700
Furnace oil - - 10800
Coal water slurry 60 12 2400
INDUSTRIAL WASTES

Spent liquor from viscose plant 4 46 2400




TABLE 1

FUELS TESTED

Moisture Ash HHV
COALS % % Kcal/Kg
Sludge from distiliery 13.1 36.4 2420
Solvent residue - - -
Spent bagasse 66.0 111 1840
f;aper sludge 6.5 26.7 3372
AGRICULTURAL WASTES
Rice husk 4 17 3000
Rice straw 9.4 14.6 3310
Wood chips 6.98 0.5 4295
Ground nut shell 6.59 479 4180
Saw dust 4.9 5.0 6471
Bagasse 60 1.3 2058
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TABLE-2
FBC INSTALLATIONS

NO. Customer Steam flow Fuel Status
1. Trichy Distilleries 12 t/h Coal-40%, Ash In operation Since Oct. 81 Logged 20000 hrs
2. Hindustan Polymers 45 t/h Coal-509%, Ash In operation Since Oct 83 Logged 10000 hrs
3. West Coast Pzper Mills 60 t/h Coal-43% Ash Commissioning in Feb 86
4. Tata lron & Steel Co 56 t/h Washery Reject 659 Ash Commissioning in Abril 86
5. Baroda Rayons 50 t/h Coal-45% Ash Commissioning in April 87
| HOT GAS GENERATOR
| 6. Dalmia Cements—-Hot Gas Generator 7 m Kcal/h Coal-39% Ash In operation since Dec. 83 Logged cver 1000 hrs
7. Pamani Fertilizer Hot gas Genera?or 0.8 m Kcalfh Rice Husk Commissioning Shortly
CONVERSIONS
8. Shree vindhya Paper Mills 15 t/h Oil to coal 36% Ash Commissioning Shortly
9. Simbhaoli Sugars 20 t/h Bagasse Stoker to FBC Commissioning Shortly
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COAL-WATER MIXTURE (CWM) FUEL
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M.Chakraborty, T.K.Bhowmek, Mithilesh Prasad, S.K.Chanda and
S.Majumdar
Central Fuel Research Institute,Post~F.R.I.-828 108, India.

The stabiiity, fldwability and softness of pack of settled
mass of a 60% coal-water mixture (CWM) fuel prepared with Samla
seam (Raniganj field) coal, were determined under preset standard
conditions. The effects of particle size and three additive systems,
viz., Celex (Magnesiuvm ligrnosulpnonate), Lomar D ( Sodium salt of
alkyl naphtlizlene sulphonic awid) and C0S ( a ccal-derived
stablilzer), were investigated. It was observed that the bihodal
distribution of particle size with particular prooortion of coarse

and fines (60:40), guve maximum flowebillity.

1

hm characteristics of CWM were largely Gependent on

both type and concentration of additives, and there was an optimum
concentration specific for each system, for Celex and Lomar D

the optimum concentrations under <he experimental conditions being
around 1.7% and 0.15% of CWM, respectively. The stability and
flowabillity of CWM were relatively poor with Celex alone, whereas
these properties were remarkably improved when 2.5%

of coal was replaced with CDS. As determined by rod penetration
tests, this system zlso gave very soft pack of settled mass

which could be easily repulped. Predominant lyophilic characteristics
of CDS might have resulted in bhetter flowability through the
formation of hydration sheath around the particles in CwWM.Further
imvestgations on thesz aspects are in progress.,
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COAL-WATER MIXTURF (CWM) FUEL

VDT T Bam S YR e A G (D R A e B EXS D St P O TR T O o S W A )

INTRODUCTION

T A GBS @B > B0 APy 4D T

Coal being in solid form poses problem in its use in
many fields, Tt is however possible to convert coal to liquid
fuels structurally identical e petroleum-based products and
this licuefaction of coal to iigh ¢rzde clean transportable
fuel would obvicusly be the ideal solution. But the prouess
though largely known, involves hydrogenation under severe

conditions, considerable investinent and environmental factors.

Cne of the low-~cost alternatives is to make coal behave
- 1ike liquid by suspending the same in a carrier liguid 1like
water, The coal-water mixture (CWM) fuel has the physical form
of a homogenous heavy liquic, ean be stored, transported, sprayed
and burned like liquid fuels., CWM when prepared with low-ash

coal, is a potential substitute for fuel oil.

The calorific value of CWM is directly proportional to
the concentration of coal, and primary objective is to increase
the same¢ as much as possible maintaiping the stability and
flowability within acceptable limits. Ir case of ordinary coal-
water slurry, the flowability or fluidity {(inverse of viscosity)
usually steeply increases the coal concentration exceeds 50%.
This kind of slurry is ccarse, unstable and cannot be used without
dewatering and drying in conventional boilers, CWM on the other
hand, 1s concentrated containing generally around 70 % coal,
can be used directly with many advantqges of liquid fuel.

The main problem in preparing CwM is to ensure degired
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Sedimentation or Stokes  stability and flowabilitv of the
mixture. These properties , being function of type of coal,
particle size distribution. type amd concentration of additives,

are largely case-specific,

The results of this study report the effect of process
parameters of CWM on these vroperties which mainly determine its

applicability as liquid fuel.

THEORETICAL CONSIDERATIONS

The theory and mechanism of dispersion of solid in liquid
are complex and involve principles of surface and colloid chemistry,
and of rheology. The flowability of a solid liquid slurry 1is .
relatively lower as the presence of particles in a flowing liquid
results in dissipiation of energy which would otherwise keep the
carrier fluid flowing had there been no solid. In addition to this
factor, the attractive forces as a result of vander 'Jaals inter-
molecular forces tend to causé agglomeration of particles entraping
the carrier liquid and legd to loose; packings of narticles, higher

solid-solid interaction and lower flowability.

The viscosity of a fluid is inversely provortional to

flowabllity and for concentrated suspension, it is given by
2 .
- @
Uy 1+k(/¢m) e ()
1= Y.,

where, /(4} = relative viscosity

qb = volume fraction of particles
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maximum attainable solids volume fraction in the
particular suspension

S

K = constant for the particular suspension

In our previous presentation this equation was discussed
in detail and used to correlate the experimental results(1,2,3).
It is apparent from the correlation that the relative viscosity
of suspension is a function of the reduced volume concentrations,
i.e., qg@p\ « The viscosity is reduced when this ratio is
lowered, and obvious approach in realising this for a given
volume fraction of particles, qﬁ » 1s to increase the maximum
attainable solids volume fraction, ¢Z . This can bhe achieved
" through a number of ways. One of them is to have an optimum
particle size distribution to give maximum packing volume fraction.
Also, q&,would increase as a result of repu.lsive forces of
interactioq%ither due to i) electrical double layer, or ii) steric
féctor, or 1ii) solvation layer. If the interaction is predominantly
repulsive, the particles can slip past one another and produce a
denser packing of dry solid spheres. However, if there is an
attraction between the particles, weak or strong, the particles
would stick to each other at random points and yield looser

packing with some water unavailable for giving desired fluidity.

The repulsive forces between the particles depend on the
surface charge vhich in turn very much depend on the type of coal
and additives used. In other words, when the particles have high
surface charg they are well dispersed, viscosity is generally low,
hence flowability is high and rBeology approaches Newtonian or

Bingham plastic behaviour. But under low viscosity condition, in
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certain cases, the sadimentation stability is poor (4). Low
surface charge may cause attraction between the particles and
consequently enhanced flocculation leading to high viscosity and
poor flowabillty but better stability. The key Is to male an
acceptable compromise between good flowability and stability by
suitable adjustment of surface charge along with appropriate

particle size consist.

The colloidal fraction in the particle siée distribution

along with stabilizing agents may result in some sort of gel
formation which usually augments the yleld stresgss and hence St:okes
stability. It was observed that syneretic stability which is
affected due to slow decrease in interparticle separation distance
owing to molecular attractions, is difficult to achieve(5). The
water expelled from interparticle space gradually appear as .
supernatant liguid. In presence of specific type and concentration
0f stabilizer, the slurry however condenses to a very soft pack
which can easily be repulped into an appdrently homogeneous mixture

by the application of minimum shear forces.

In the context of this background, the experimental invest-
igations in this study were organised and conducted with a view

to aéleving stability and flowability of CWM fuels.,

EXPERIMENTAL

O e P s @D S T e S - S

The experiments were conducted to determine the following
characteristicg of CWM:
1) Stability
i1i) Flowability
ii1) softness of pack of the setitled mass,

and effect of process parameters,viz., concentration and particle

L Rad
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size distribution of coal, type and concentration of additives

on these properties,

Materialg and equiEment use

S D e S s e (W - W A S S D e s S e o 0 @ e e e

Run~of-mine coal of Samla seam (Raniganj field) was
used for making CWM, Thé ash content and calorific value of the
coal sample, as received basis, were 14.0 ard 6350.0 Kcal/kg,
respectively. Coal sample ground to particle size 90% below

300 mesh ,i.e.,50 microns was used in most of the experiments,

The additive systems used were celex ( magnesium ligno-
sulphonat - an anionic éffactant supplied by Indian Paper Pulpe
Company,Calcutta), Lomar D ( sodium salt of alkyl naphthalene
sulphonate, also an anionic surfactant and a product of Diamond
Shamrock Corporation,Morristown,U.S.A.), and CDS (coal-derived
stabilizer precessed in this laboratory).

Water used for the preparation of slurry was obtained

from the central supply available at the laboratory.

Apart from the pulverizer, laboratorv scale glass

apparatus were used in the experimental work.

Procedure

CWM slurries . were prepared in plastic jars by slowly
adding pulverized coal to water containing requisite quantity of
additives under oon_stant stirring. These were also added to
the mixture separately, if needed. The mixtures ware stirred for
15 minutes for uniform wetting and homogenisation. Concentration

of coal in most of the CWM samples was 60% w/w, -
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For quantitive measurement of the properties of CWM,
simple apparatus and systems were devised, experimental conditions

fixed and standardised,

Stability was determined from the extent of settling
after prefixed time, and expressed as concentration of coal in
upper half of CWM with respect to the initial concentration of
CWM system taken in a measuring cylinder under standard condition.
The sample from the cylinder was carefully taken out with a
specially fabricated spoon-like spatula with minimum possible
disturbance to the remaining part of CWM. The stability was

calculated as follows:

Concn. of coal in CWM (in upper 100

Stability, % = -D3LE of cylinder)after prefixed t¥mé?

Initial concn. of coal in CWM
The concentration of coal was determined gravimetrically by drying

the CWM smple in a standard oven.

The flowability of CWM slurry was measured by the time
required to flow out from a cylindrical vessel. :t was expressed
in seconds. The lower value of time indicated better flow chara-

cteristics.

The softness of pack of the settled mass gives an indication
of its repulpability. It was measured by usual rod penetration

test (6), and calculated as follows:
' Length of the standard rod x 100

Softness of Pack = -EEEEEEEESQ- ------ e — e e ———

Total length of CWM column

100% softness of pack of the settled mass indicated that the solid
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particles did not settle to a compact cake and it could be

repulped relatively easily by apolying minimum of shear force.

RESULTS AND DISCUSSION

Three sets of experiments at three concentrations of coal,
viz., 57.2, 60.0 and 64.0 % in CWM, using celex in first two and
Lomar D in other series of experiments, were conducted. The stabil
lity was recorded . consecutively for 4 days for each sample.

The results of the effect of coal concentratiops on stability

along with experimental conditions are shown in Fig.l. It can bhe
seen that the stability was as usual increased with the increase in
concentration of coal. As viscosity augments under that condition,
the stokes stability 1s improved and for the same reason flowability
sharply deterioreted. The results of flowability tests of these
serles of experiments could not however be completed and presented

here.

Effect of Earticle size consigg
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The effect of particle size consist on stability and
flowability was studied with CWM containing 57.0% coal and 1.5%
celex. Two sets of experiments were carried out - in the first
series the proportion of fine varticles having size range below
50 microns (-300mesh) was stepwise increased in a coarser fraction
size between 75 - 150 microns (200-100 mesh). In the second series,
particle size lower than 75 microns was blended in place of 50
microns as in first series. Mixing of istinctly different -
size fractlons was done in order to ens. bimodal distribution.

The results of these experiments are shown in Figs.?2 and 3. The
281 '



packing densities of the different size consists are also
incorporated . It can be seen that maximum flowability, i.e.,
minimum flow time of about 40 seconds was required when the
proportion of finer particles in the blend Qas around 40%, in

both cases., It is interesting to obsexvq&hat the packing densities
were also maximum for the corresponding size consists. The results
to an extent confirm the observation made ln regard to the theo-
retical correlation (equn.l) suggesting tha£ densed packing of

dry particles would have lower viscosity and better fluidity.

Finer particles are likely to occupy interparticle
spaces leading to dense packing. The flow of slurry‘may be regard-
ed as motion of larger particles over one another as being
"lubricated" hy the motion of smaller particles in the interstices.
In other wordes.the results show that bimodal mixture of
particles give denser packing and better flowability. It may hence
be possible to achieve further improvement in fluidity by using

optimum multicomponent distribution of particle size (7,8).

T¢ may also be seen in Figures 2 and 3 that although th
stability ,measured after first 24 hours, was improved with the
increase in flner fraction, the stability for the optimum size
consist ( fine to coarse particles ratio , 40:60) was oniy
about 4% less than the value obtained with 100% finer particle
size. Thus, the results clearly indicate that the optimum size
consist significantly improées fluidity with little sacrifice of

stokes stability in CWM system.
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Effect of tyre_and goncentrations of additives
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In these series of experiments, the concentration of
coal in CWM was 60%. The results of tne three series of experiments
conducted with three different additive gystems, viz., Celes,
Lomar D and coal derived stabilizer (CDS) to estzblish their
effects on stability, flowabllity and softness of pack, are shown
in Figs.4,5 and 8.The change in these . "% propexties were
recorded at various concentrations of additives. The stability
and softness of pack by rod venetration test were performed after
24 hours. It can be observed from the results that there was a
speclfic concentratlion for eash additive for optimum stability
and flowability. The additives being high molecular compounds with
functional groups, might, beyond the optimum point, tend to alter
the structure of the solid-~liquid system which probably affect

both stability and €lowability

For the particular coal-water sysfem, the optimm concen-
trationfCelex was found to be 2.0% of the mixture. The stability
and flowability at that point were 95.4% and 75 seconds, respectively,
In case of Lomar D, the situation was complex (Fig.5). The
flowability was maximum at about 0.15 % Lomar D, and the fluidity
did not change with further increase in concentration. At this
point stability and softness of pack were also reasonably high,
botn being.about 96%. The optimum concentration range was however
very narrow in this region and strict process control would be
recuired to maintain this concentration in continuous bulk

preparation of CWM. The same effect was again obtained when the
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concentration of Lomar D was increased more than 10 times to
about 2.0%. All the three properties wege not optimum at any

other concentrations

Fig.6 shows that in CWM withl.75% Celex, the replacement
‘of coal by 2.5% of CDS results in remarkable improvemeng in
flowability. Although stability remained almost same (about 95% ,
the softness of pack cf settled mass was almost 100% indicating
that it was not compact and could be repulped easily.lt was
observed that there was a tendency to form a gel-like structure
with the incorporation of CDS in the mixture. CDs in view of
its predominant lyophilic characteristics might have helped in
forming a hydration sheath around the particles resulting in a
sof: .ack and better flowability. When coal was replaced by CDS
to the extent of 2.5% in & CWM with Lomar D (0.15%), same results
i.e., improvement in séftness of pack of settled mass was observed.
The results are however not presented here. The clorific wvalue
of CDS is almost same as that of typical non-coking coal and
replacement of coal by 2.5% of CDS would not practically affect
the intrinsic energy of CwWwM, Further investigations in this area

are being continued.

CONCLUSION

- ol WD @y e = N O

Although the experimental devices and procedure adopted
in this study were simple, the following conclusions can

nevertheless be made from the results:

~ In general, stability is improved (fluidity reduced)

with the increase in concentration of coal in CWM.
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- Particular mix of finer and coarser fractionsof particle
size of coal where the packing density is maximum, gives
maximam fluidity and high stability.

- There is anpptimum concentratlon specific for each
additive for maximum flewability and stability.

= The flowability and softmess of pack of settled mass is
improved by replacing 2.5% of coal with a coal-derived
stabilizer (CDS) under the condition of the particular

system investigated.
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DEVELOPMENT OF COAL WATER SLURRY .
COMBUSTION TECHKCLOGY PROGRESS IN BHEL.

K.NANDAKUMAR, PVLN SARMA, R.PATTABIRAMANV
& KMV MALARKKAN.,

ABSTRACT: A collaborative research profsct funded by the US -
Agency for International Development (USAID), Bharat Heavy Electri-
cals Ltd. and Csntral Fual Research Ingtitute (CFRI) Dhanbad is
currently being executed in India with the slurry cimhcteﬂsatlpﬁ
studles under CFR!'s Scope and combustion studies under BHEL's
Scops. The profect at BHEL, Tfruchy involves the design, ersction
and commissioning of an (ntegrated facliity consisting of (1) a
coal beneficlation system; (2) wat micronising system for the low
ash stream; (3) atomised combustion of micronised CWS with hot
alry and (4) high ash CWS combustion in a flutdized bed. Apart from
high ash Cws, washery talllngs also will bs tested in the fluldized
bed. The Energy Systems Group (ESG) at BHEL, Titruchy has the
responsibility for carrying out ths profect. This .paper descrlt;ss the
obfectivas, project schedule, current Status, design detalls, test pro-

grams and results achieved so far.
INTRODUCTION & BACXGROUND:

Coal! water slurry development pregrams eround the world have reachad

commerclalization stage. Beneflictatlon of coal for reducing ash from



15 to 3-6%, preparation of stable coal water siurry, combustion to
get a stable flame with proper a'tomization and minimum wear, instru~
mentation and controls tv monitor the slurry quality and flow, obtain-
ing low NOX have all been achieved as successful steps in the ultimate
goal of retrofitting old oil-fired sniall boilers and large utility boilers

as well.

In parrallel developments, coal water slurry hus been success-
fully used for gasification in the Texaco Gasifiers of the ' cool water

gasification and combined cycle system ' at California, USA.

CWS is considered as an ea.s:ier fuel to feed pressurised flui-
dized bed combustoras and gasifiers, NCB, UK is also doing resgarch
in this area. Combustion of washery Ltailings in fluidized bed solvés
the problemn of disposal of tailings.  Australia, Canada, Japan and
China have succeeded in perfecting the above system (1, 2).

|

It has been reported that about 3-4 million tons of washery
tailings are polluting the Ganga and Damodar rivers in the Eastern
Sectors of India. Disposal of such large amounts of combustible tail-
ings from coal cleaning plants poses difficult problems. Considsering
the abuve need, the ready availabitity of fluidized bed test rig (0.5M
X 0.5M) in BHEL, Tiruchy end also the minimum additional equipment
re;quired, this testing has been taken up on priority.  Frem literature
.s-urvéy, already discussed in the earlier presentation (3,4), CWS com-

bustion in fluidized bed has advantageous features like reduced elu-

¢



triation due to agglomeration, enhanced and uniform bed reaction,

less sensitivity to excess air and low NO emission.  The actual

X
quantitative figures w:‘li be ewluated during the tests at BIFEL.

In India, the major coal reserves of Gondwana fields, being of drift
origin, are of high ash and low sulphur content. Reserves having
less than 8% ash content is a mere 320 miltion tons against a latal
reserve of 116 billion tons. M, the Tertiary Assam reserves luving
tow ash (< 6%) and high sulphur (>6%) is significant 2500 million
tons.  With some of the new techniques being developed like electro-
acoustic dewatering of lignite, probably the low ash (G%) lignite reser-
ves of Newvell amounting to areu-¢ 2800 million tons lso can be
used as a base fuel.  So, preparation of CWS with low ashe Assam
coals i the first phase, optimizing the level of beneficiation, microni-
iny and reducing  eropsion by itntal cost consideration in the second

phase have been planned.

Meanwhile, Lo gain the lead time, development and Lesting
of atomizers and burners also have been planned. A million K.Cals/h.
(?upacil)" atomizer‘burner system has been designed. ffects of various
paramel=rs like  slurry viccousity,  pressure, atomizing air  pressure,
airsfuel  ratio, conbustion temperature, primary and secondary  air

swirly ete. ure planned for study through these tests.
20LROJECT OBTECTIVES:
The project objeciives cun be categorized intey 1he [ollewing

groups viz. preparation and handling syslem, combustion in fluidized
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bed ‘and combustion through atomizers/burners.

'
2.1. PREPARATION & HANDLING:

1. Design and construction of a CWS handling system having
slurry preparation tanks with mixers and addditive dozing  svstemn,
slurry transfering and storage facility, slurry pumping and flow conlrol-
ling system, pumping system with instrumentation to handle both

coarse high ash CWS and micronized low ash CWS.

2. Install a wet ball mill to micronize coul (lop size L) microns).
3. Collect data on performance reliubility and pover constmplion
of various equipment and collect data on pressure drop and ergsion

in pipes, bends and valves.
2.2, FLUIDIZED BED COMBUSTION:

g, Firing washery tailings ;in fluidized bed combustors alone

and along with middlings and washery rejects.

2, Data collection on combustion efficiency and heat transfer.
|

2.3.ATOMIZED COMBUSTION O Cws:
Development of atomizer for gelting best spray combustion.

2. Development ‘of a burner with suitable ignitors and scanners

to get a stable flame.
get a Hle flan 298



3. Data collection on optimum ash content, coal fineness, air

swirl and temperature to get reliable burner performance.

'3.0. PROJECT SCHEDULE AND CURRENT STATUS: '

Major ‘activities with start and finish dates are as given

below:~

3.1. FUEL PREPARATION AND HANDLING:

--------------------

Start Complete

Status

-------------------------------

Detailed design of system Dec.84

Identification, evalua- Oct. 84
tion & procurement of
instruments & equipments

Fabrication Jan. 85
Erection March 85

Data collection Nov. 85

3.2. FLUID BED COMBUSTION:

Design of air cooled Dec. 84
spray guns.

Erection of equipment March 85
Combustion tests in Apr. 85
fluid bed.

3.3. ATOMIZED COMBUSTION:

Design of atomizer & burners Dec. 84

Fabrication Jan. 85
Atomization studies 4 Jan. 86
Combustion by atomization Jan. 86

3.4.STUDY TOUR & REPORTING:

Study tour to US. .
Reporting Every 6
months.

March 85

Dec. 85

Aug. 85
Nov. 85
March 86
March 85
Nov. 85

Sept. 86

March 85
Aug. 85

Dec. 86
Dec. 80

Apr. 86

Completed

USAID compo-
nents are
ready al
Pittsburgh.
for shipping.

Completed
20% completed.

In progress

Completed

Completed
In progress

Conipleted
Atomizers

completed. Burn-
ers being
completad.
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4.0. DESIGN DETAILS:
\
An outline of the design of the CWS preparation, handling, fluidized

bed and atomized combustion systems are described below:
4.1. PREPARATION AND HANDLING:

The scheme for preparation and handling system
is given in \figure 1. Water flow is measured by an integrating type
flow meter and a measured quantity is [illed in tke preparation tank
of 760 mm. dia. and 1250 mun height. A dozing pump with a [low
meter adds the required quantity of additive, separately kept it
drum, to the water in the preparation tank. A weighed quantity
of sized coal is also loaded into the prepuration tank after thorough
mixing of the additive with water by the paddle mixers. At a time,
about 600 Kg. of slurry can be prepared. The paddle mixer ensures
thorough mixing of the coal with the additive added water. Samples
of slurry can be collected and tested. By a positive displacement
screw type lwo stage transfer pump, the slurry in the preparation
tank is pumped to the storage tank of 3 tons capucitv. The Philadelphia
Mixer(model 3801-S PTO of 11.4 to | speed ratin, 125 RPM outpul
speed, 1295 mm (51 inches) long and 610 mm (21 inches) dia.) aids
in mixing the slurries prepared in sequential bualtch.  Wiwen slurry is
prepared for coarse high ash coals, the mixing in the storuqe tank
is particularly needed. Mixing improves the stability over longer dura-

tions of storage.From the storage tank the slurry is pumped by a
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positive displacement two stage progressive cavit_v' pump wilh 75
mm inlet and outlet pipes at 9.5 Kg/sqem maximum pressure with
speed reduction from 1440 RPM to 600 RPM to obtain flow range
of 362 to 187: litres per minute. The pump is suilavle (o handle slur-
ries of particle sizes of 6 mm u"hich oceur in washery tailings. The
stators of the pump are of synthetic rubber and replaceable on erosion.
Apart from variable speed of the pump motor, the delivery quantity
can be adjusted, by recirculating slurry from ouvtlet o suction zide
by a control bypass valve. Duplex baskel Lype straumers are provided
at the suction side of the pump which will be on line during the test
firing through atomizers.  The delivery side of slurrs mpstine has
a KAY-RAY density mecss flow meter.  (Model 3600 I 1y measure
150-1500 Kg/h. of flow of 1 to 2 gms‘cc densily range) and un online
Brookfield Viscometer (Model TT 100 with capacily Lo measure visco-
sity range of 400-10,000 CPS, al a max. flow rate of 20 liters per
minute. with an accuracy of ¢ 1% span).  Digital indications and
strip chart recording of the viscosily and mass densily [low facilitate
andl)'sis of the slurry behaviour during and after experiment. The
slurry is tapped to the combustion test rigs from the loop which other-
wise is recirculated to the storage tank. The valves used in the slurry
piping systems are rubber lined pinch valves. In the recirculating
pipeline, provicions for pressure drop measurements across ~traight
pipes and 90° bLends can be made. By changing the dia. of piping,
the pressure losses can be measured for varving pipe sizes. ‘

For preparing micronized CWS, a ball mill of

200 to 500 Kg/h capacity to micronize 68 mun feed coal to D0% through
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325 mash (40 microns) size will be added. Coals containing 20% and

less ash will be studied first.

4.2.FLUID BED COMBUSTOR:

CWS combustion in l'llzidfzed bed is "Lested in
the 0.5 m x 0.5 m test rig of 0.5 million K.Cal/r. heat inpul capacity.
The rig has bubble cap distributor, with a water jacketed chamber
and has a free buard height of 1.25 meter. CWS can be fed into
the bed and also over bed with the CWS spray gun insertion points

at every 100 mm. height.

Three tvpers of spray nozzles with spray Lip
angle of 45° bend, 90° bend and straight [latiened tip have been [abri-
cated for evaluating the performunce. The spray gun has an inner
CWS nozzle of 6 mm. dia. and an outer compressed air tubing 1o

cool the spray gun and also to aswsist in spraying the CWS into the

bed.
4.3 ATOMIZED COMBUSTION OF CWS:

Micronized coal water slurry will be [ired in
a test furnace of 1.5 mm. x 1.5 mm x 4 m. inside dimension, refrac-
tory lined and water cooled. The maximum volumetric heal release
will be 111000 K.Cals./mB/h. (16480 Btu,//'t.g/h.). The burner designed

is of 1 million K.Cals./h. rating.
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The furnace is located adjacent to the Solid Fusl Burming
Test Facility (SFBTF) Hot air at 250-300°C from the evisting air
ducting will be tapped and divided into primary and secondary air
Stream with [low measuring instruments.  Ihe ignition of CRS will
bé carried out by LPG ignitors avuilable in the range of (2.5% to

26% of the heat inpul of the Lurner.

flame scanners and scanners of visible wavelzigth reygion
will be tested for their capabilities 1o monitor the [lume stability

and presewnce,
4.1. ATOMIZER DESICN:

Twin fluid 'y? j'e'.' alomizer G Ccoadusrsd st cled for
CWS ataemization because of ils siniple conligaration i dvbaplaialiio
Lo the wuse of erosion re.a«iant maieriale e copramic ale wizer heds
inserts at the sprey qun B Haowever, Bl pinns to, el thres

1

types of atomizees viz. lideraal i Atonmiizer, 'Y gel Nomizer

and Low Pressure Interna! Mix  Alomiser as shown i fupaes 2,3,
& A, Tor proper understandoiy of egen desigue for CWS preepured with
mdicne coals wmid for Lhwe ultimale :=2lection of a suitales itongdoep,
The ataniizers nave been dwsigned  joro cupoe e of 2t Wi,
of micradied CHS, prepered agul of wiy, through 325 mash (10

mierons) particle size, witi, o VISCONIE L runge of B0 to 1006 centipnus

. -1 . . .
al. 190 gec. shear rales.  The siurry and atomizing air pressures

2 ope . . . .
will be between 5 (o 7 K. Cm~. The general criterion for aiomizer
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development has been earlier discussed (4). The paramelers for ato-

mizer spray have been aimed at particularly for the following results:

(1) Maximum droplet size to remain lesser than 200 microns;
/

(2) The atomizing air/fuel ratio, to obtain riass mean droplet

size range of 70 to 110 micron, to remain between 0.1 to 0.25 al

100%, 0.6 at 50% and 0.5 to 0.8 at 25% flow conditions.

4.5 BURNER DESIGN:

The criterian for burner design had been discussed earlier(.l).
In order to achieve satisfactory combustion of CWS it is'necessar_v
to evaporate the water and /"s'lease cgal volatiles as quickly as possible
to obtain a stabie flome front closer io the burner tip. This not
only depends on good atomization but also on aerodynamic factors
which control the heat transfer rate to the atomized fuel .spray.
In the BHEL burner, as shown in Fig. 5, to facilitate effective control
. of the burner aerodynarics, the air supply is divided into primary
and secondary streams with separate axial swirlers. In ihe centre,
there is an atomizer gun guide tube into which atomizer assembly
is fixed.  The burner also has an atomizer positioning adjustment
to locate position of the atemizer tip with respect to throat ‘during
combustion t=st. There are three swirler designs for secondary stream
with blade angles of 45° 60° and 65° and two swirler designs of 4'50
and 60° vane angles [or primary stream. These swirlers can be [ixed

on the primary air tube und atomizer guide tube respectively for
\
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various test combinations. A throat angle of 35° and length of 200

mm. have been chosen for the burner.

3.0. TEST PROGRAM AND INITIAL TEST RESULTS:
5.1. INITIAL TEST RESULTS:

5.1.1. SLURRY PREPARATION:

Non-ionic additives (Hydroxide of a substituled phenyl poly-
mer) at u concentration of 0.1% by weight along with a medium thick-

ener (soluble starch) of 1% was found to yield a slable slurry.

 As reported earlier (3), stable slurries were prepared for
high ash pulverized coals having 27 to 48% ash content /'of coal concen-

trations of 45 to 60%.

For a typical dry washery lailings of the proximate compo-
sition and size distribution lis.ted in Table I, slurry was prepared
to get a viscosity of 883 centipose at 37.35 sec. ! shear rate. The
shear rate viscosity characteristics, as in table 2, showed that the

60% coal loaded slurry behaved Non-Newtonian.

\The measurements were made with a Ferranti Viscometer.

The larger particles were found not to settle even after 24 hours
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after slurry preparation but hard cake did not form at the
Lottom of the storage vessel. The smaller'particles showed
stabitity for 3 days. The slurry could be made uniform by
simple stirring.

TABLE - 1.

COMPOSITION AND SIZE DISTRIBUTION OF WASHERY
TAILINGS.

Water content (%) ' 8.11

On a dry basis (%):

Ash content 54.08
Volatile matter 22.07
"ixed carbon 23.85
FC/VM ratio 1.08
Calorific Value (cal/gm). 3138

SIZE DISTRIBUTION (%):

+4.00 mm 2.15
+2.8 mm 1.28
. +2.0 mm 1.48
+1.4 2.02
1.0 mm 0.47
+700 micron. 2.69
+500 micron 13.47
+350 micron 9.90
+250 micron 30.30
+180) micron 9.09
+125 micron 9.09
+63 micron 12.12

+63 micron 5.94

TABLE 2.

Coal loading 60% by wt.  Additive 0.2% by Wt.

St.Na. Stear rate Sec.” Viscosity CP
1 13.00 1320
2 8.73 : 1625
3 37.35 883

- s o ot o et - ot o - - —
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9.1.2 COMBUSTION TESTS IN FLUID BED:

Combustion tests are being conducted in 0.5x0.5 meter
test rig. Boiler combustion tests in fluid bed reported in the
2nd USAID GOl Workshop during Feb. I.(.)SS, were done with
raw coal to CWS propertion of‘8():20 (by heal content) and

stable bed temperature conditions were oblained.

Subsequently, success/‘ul. bed temperature stabilily
has been achieved with CWS combustion alone. The CWS ,
containing 51% coal was prepared out of pulverized coual having
fixed curbon 36.5%, volatile matter 26.1%, Ash 32.29%, 1\101’3{«:"@
5.1% and CV of 2224 Kcals./kg. The coal feed rate was 60
Kg./h. with fluidizing velocity of 2.54 m/s. ands the bed height
was 190 mm. the CWS was sprayed over the bed. Bed lempe-

rature was stable at 8:16%C for one hour duration.

Currently, combustion tests have just -started after
installation of a mechanized slurry preparation tank and a pro-
gressive cavity pump capable of handling tailings with coarse
particles as listed in Tcble 1.

5.2 TEST PROGRAM:

5.2.1 SLURRY HANDLING:
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{l1) Running test of the CWS handling loop and data col-
lectinon on pressure drop across pipings and bends for course

coal water slurry sucht ag tailings.

(2) [dentification  of problem areas and perfecting the

method of shurry prep%xrarion arwl long duration storage.
5.2.2.FLUIDIZED BED COMBUSTION:

(1) . Evatuation and selection of sprav nozzle design and
location (in bed at different heights) to get stable bed conrition,
furndown ardd high combustion efficiency,

() Fexting to find the minimwn perrmussible  feal  vilye

per kg of slurey 1o get stable bhed f(emperalure  cowliiiones,

{3) Evaluating efiects of variables like superficia! velacily,

sapandsd  bed height, ced temperalure, excess air, [ree bLourd
- [ . . ,

aetght'c ool Lo water ratioy particte sice ccivibaloons on he

alatriarsd carbon luss,

1) Perfocting the method of start up and shat down for

CWVE [iring.

L 23 ATOMIZED COMBUSTION ‘i £STS:
(1) Spray  characterizatizn tests of the  three tvpes  of

nuzzles with water or any liquid stulaiing  the  viscosity o
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get (i) mass mean drop size belween 70 (o 10 microns al

full flow; (ii) constant or decreasing mass mean drop size redu-

ced flows and (iii) atomizing medium (air) consumption to be

less than 25% of slurry flow at full flow.

(2) COMBUSTION TESTS TO IDENTIFY THE FOLLOWING:
-to gel a stable flame with 2.5:1 lurndown;

-to get an auxiliary fuel stabilized CWS [lame of
2.5:1 to 4:1 turndown.

-to find the optimum air swirl for primary
and secondary air;

-to find the effects of excess air, air

temperature, primary and secondary air

proportion, throat shape, coal particle size and droplet

size on the combustion efficiency.
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QUESTIONS AND ANSWERS - COAL CONVERSION, MORNING SESSION, DECEMBER 6, 1985

S. Chandrasekaran -~ BHEL, R. P. Krishnan - ORNL

Q. The project commissioning has been delayed by several months. Are there any
particular reasons for this delay?

A. One of the problems we have or this project has been getting indigenous
equipment. On a new project 1ika this, a new integrated test facility, our
experience has been that there were very few people who could do the type
of precision work required. This has led to a lot of delays. So, that is
one thing we have to be aware of. It ic not like in the U.S. where some of
these are off-the-shelf items. At this point I would again like to
acknowledge the support we have veceived from VYiking in shipping some of
these instruments. particularly with regard to eiectronics; the data
acquisition system, and gas atomizers, where we had to get a lot of
clearances from the U.S. Department of Commerce. They have given us
excellent support. We were very fortunate to have them take care of a lot
of these site visits of the BHEL engineers. I accompanied them on many of
these design review meetings, and Viking was very cooperative and gave us a
Tot of support in this. I would also like to thank Diana Swain. Any time
you called her and asked her for help she was there ready to help. And
last but not Teast, I would Tike to thank my collegues at Oak Ridge
National Laboratory, and TVA staff at Chatanooga fcr the support they have
given me in this project.

C. I would 1ike toc reply to the concerns about the dalay in the supply of
indigenous subdeliveries. We have had very inclement weather in Trichy,
and due to the reconi floods we have had, the Tinks between the major
cities ot Madras and Tvichy have been severed. They will resume the
deliveries in about one week or so. There is, in fact, only one train
running, so there are components held up at Madras. We are much Turther
ahead than I predicted we would be 20 days ago. The latest news is that we
are far ahead in the erection part of it and nearly 70% of the components
have gone up on the structure. So we hope to be finished with the major
part of the erection by the middle of December, and that will be followed
by the insulation and other parts.

C. I would Tike to add that when designing an overall project of tnis nature
which spreads over two to three years, I think we need to plan for such
contingencies because bad roads and things Tike thct will hamper progress.
We should plan for &17 contingencies, and try to gei the subdeliveries one
or two months before we actually require them. There is no real excuse for
delays of this kind when you have two or three years to complete a project.
One general remark about our indigeneous supplies; India is going through
the process of industrialization. We stiil have not been able to keep to
our schedules as it is possible in the U.S. But now things are improving
in India. Earlier we were planning our projects to be executed in seven
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years. Now we can execute projects from scratch to commissioning iv 40
months. The progress is in the total industrialization and any individuai
planning a project does not have to wait until the industrialization i3
avaiiable in the country. I am sure that in the future we will be ahle to
do even batter,

Are vou pianning to do analytical work in conjuntion with your power plant
facility which will allow tor the development of a mathzmatical model which
can be of subsequent usa when you undertake the scaleup of this facility?

ke don't intend tn go into this aspect in the first phase, since our main
interest is to assess the performaiice of the freeboard region, and then
incorporate the design modification necessary to enhance the combustion
efficiency and the sulfur reduction. So, our main interest wili be in the
fresi:vard part of it, that is in the phosc one. We may consider gotting
into some analytical work in tie Tlater part of the program.

[ think this is a very cood suggestion that has come from Mr. Pandya. You
are going to get good and varied data from this well instrumented test
facility. At this stage we should start the analytical work, so that by
the time you have proper data frem the facility, you'll have the analytical
backup ready tc correlate the experimental as well as the analytical work.
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K.M.V. Malarkkan, S. Sundararajan -~ BHEL

0. I noticed that ycu have been using electrostatic precipitators; what is
your experience with this? Also, in one of your slides, I saw one of the
samples a high calorific rating of some 10,000 kcals/kg. What was that
fuel?

A. The need for the electrostatic precipitator is more for poliution control.
To maintain ihe outlet concentraticn at 150 to 250 milligrams/cubic meter,
wa find that the electrostatic precipitator is almost necessary. We don't
anticipate any problems with the precipitator, and we are contindent that
this concentration can be achieved. We have conducted tests or this AFBC
ash and have referred this to our collaborator. They also have experience
with elactrestatic precipitators for AFBC systems. So based on that, we
are fairly confident with their experience, as well as what we know about
electrostatic precipitators.

Q. I thought that you were using a bag house and not an electrostatic
precipitator in your 30 MW AFBC demo design.

A. Yes we are. An electrostatic precipitator probably can be used; however,
in the demo plant we found that the space is pretty much restricted.

Q. What are the techniques used for the addition of limestone?

A. The addition of limestone requires coals that have more sulfur. In the US
we have 3 tc 4% sulfur and the coals we find in India do not have more than
0.2 to 0.3% sulfur. Hence, we do not intend to have a limestone feeding
system in those percentaces, but it can picked up. There i5 no problem
with that.

C. I would 1ike to add that we have done work at RRL on limestone addition.
After 2.7% sulfur has been tested, we have been able to get, with limestone
addition, 90% ratention in the bed. In case there is a requirement for the
northeastern region coals, we are in a position to design one based on
those experiments.
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G. Viswanathan, S. Shanmugam - BHEL

o)

The rejects from froth fluidization of coal will be fed as a coal-water
slurry. When you feed a coal-water slurry to your fluid bed, particularly
with such fine sized material, can we still call it a fluid bed?

There will be a presentation in the afternoon on this subject that will
discuss this thoroughly.

With such fine material there is bound to be a lot of material carry over.
Unless we are thinking of recycling it, carbon conversion is going to be
very low. These aspects have been taken note of. I would 1ike to have the
other comments on this.

I think both of these aspects are being taken care of. We would like to
discuss this in the afternoon.

I would Tike to make one comment with regard to the schedule. A one year
test program is not realistic. I think it should be extended, and I'm sure
that once the schedules are initiated, and the project begins, we will find
that one yzar of testing is not going to give us the information we need.

A three year test program would be more realistic, but then we have to look
at the mechanism of who would be involved. But I think a one year test
progran is unrealistic. The second point T would like to make is the
experience with forced and natural circulation, and the bag house will be a
rather unique experience for BHEL and the country. We would like to
ascertain if this would be the concept that we would propose for scaling up
the Targer plants. I think there is very little information in the US on
ESP, and FBC. The only example that comes tc mind is the Black Dog we
heard about yesterday. This would be the first plant in India -- a bag
house attached to a multiclone separator. The question is, do we have to
go with natural and forced circulation for larger sized plants? Capital is
a critical factor to consider when we look at forced circulation, but as
demo rlant, I think this will address some of the important scaleup and
design parameters if, as I suggested, the test program could be extended to
two to three years.

The test program takes into consideration that this is going to be in an
existing power plant that will be owned by a utility. So, of course, if in
the opinion of ORNL and AID, if we are to generate more data, it could be
extended. Then, we would like to put the plant into operation in about 36
months. The test program could be extended for this.

I think our first objective should be to set up the plant in 36 months, and
start testing it with coal which are to be tested within the total test
program. By that time maybe some of the coals we know so well will not
need to repeat the tests here. But we definitely have in mind to do the
testing with a number of coals so tha: confidence can be built up for

larger sizad plants using a variety of coals.
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For natural and forced circulation combined operation, we have such a plant
already in operation. The 45 tons per hour plant at Vizakapatam has forced
circulation in the bed, whereas the water is natural circulation, and the
operation has been satisfactory. We went «ith the natural circulation only
to avoid the capital investment in circulating pumps. Such experience is
available. But it is the bubble growth and erosion potential we need to
address in the demonstration plant. If it is feasibla, as Dr. Krishnan
suggested, we could do away with tha pump. Regarding the bag house and the
electrostatic precipitators -- the resistivity is generally better with the
high sulfur coal. We mostly have Tow sulfur, so on analysis of AFBC ash,
we found that the resistivity is not much different from the PF ash. As
Dr. Abbi has said, we also have comments from our collaborators ASF, and
they are confident that we can go with the ESP, because the characteristics
are very much the same. In contrast, in the US when you add limestone, you
don't have as much sulfur particle. fou are changing the characteristics of
the ash with this, as compared with the PF system. That could perhaps be
the reason why there are no electrostatic precipitator installations in the
U.S. The reason why bag houses were opted for for the demo plant was
purely because of the space restrictions. We are confident in the
electrostatic precipitator's performance for the AFBC installations too.

We will be getting the data from the Vizak plant where we have the
electrostatic precipitator in a year, and also from the Vizak paper mills.
These two plants are expected to be commissioned in early 1986.

Since BHEL has supplied several fluidized beds in the country, I believe
they are competitive in cost compared to conventional stoker-fired boilers.
What is the cost and efficiency of these boilers?

We first projected a 1ist of installations that may be interested. HWe got
these orders in competition with all other stoker-fired boiler suppliers.
That speaks for itself on the cost and efficiency aspect, I believe. All
these installations are owned by private industries. There are two aspects
to the data which you obtained from the 10 tons unit and the 45 ton units.
One aspect is they are using inferior coal from what they are designed for.
One unit was designed for 60% ash, and they are using 40; the other was
designed for 39, and they are using 45-50. The performance that we
obtained is a little better than what we expected from the design coal.

Today we have heard about FBC technology, particularly the atmospheric
fluidized bed, and yesterday we heard about the Black Dog plant and TVA's
160 MW. In the Indian context, do we have to go through the 30 MW before we
go to a bigger size? I would 1ike to hear comments from the chairman and
the delegates from the US.

We have worked on the fluidized bed installations from the beginning, and
our problems are not directly the same as the problems faced by the US.
Their main objective is sulfur retention. We have the operating problems,
and based on the discussions yesterday, we see that the problems we face
are not the same as those the US has to deal with. One example is that

there is no erosion in the TVA plant. They have logged over 12,000 hours.
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We have two plants; one is not having an erosion problem, and the other has
erosion in some pockets. This is just one example. In my opinion, we
have to generate data with the proper scaleup and from 45 to a scaleup
factor of 4 or 5, that is 150. We should get the data for our coal as
applied to Indian operaZing conditions. especially the utility
requirements. I would like to invite our US friends to comment on this
part.

We had erosion problems after 500 hours. So I understand your problem with
erosion. The scaleup would be a rational approach.

I agree with the speaker that the experience with Indian coals and US coals
are similar. I feel that you have to buiid a small size plant, at least
20-30 MW, first. We have selected the 30 MW for two reasons, which relate
to the question previously asked by the gentleman from Tata Electric: We
have not only estahlished the reliability of the operation, but also the
techno-economics of this system. Right now, the state-of-the-art is such
that, as the TVA paper said, there are no technology related outages in the
TVA 20 MW plant. The TVA 20 MW plant is really a Cadillac in the sense
that it is more than a pilot test facility. I don't want to be the
spokesman for TVA, but even with that I am sure that the ultimate size,
according to Mr. Daugherty, is 500-600 MW, but they are still building the
160 MW. As long as I have been in the engireering business I have found
that you really re-assess what your scale-ability should be. For example,
from the 20, you have not gcne to the 500, but to the 160, which is really
a scale factor of 8. Then, hopefully, the next one will be the commercial
size. I think that is the way the utility industry would want to see it
also, because they want to see something that has been operating, and in
which the scale factor has been established. I think when you Took at the
scale-ability of fluidized beds, you will not have a problem up to a
certain point, but then when you start scaling beyond that, the question is
not technology related, but is about the scaleup with regard to the
geometry, and how you should design the boiier. I feel the exercise that
we are going through here -- scaleup from a 30 MW to a larger size, and
finally to the commercial size -- is an exercise that we have to go
through. The information that we have in the US is not always translatable
because the coals are different. For example, we are using a limestone bed
with the sulfur coal. Here, you don't use a lTimestone bed. Most of the
erosion can be because of the use of 1imestone. So, in many cases we can
use the information. Yet, from the Indian context, we have established
operability, reliability, and techno-econumics. In order to see how this
system compares to the utility, we have to have the 30 MW plant. It is a
very good question. I think it would be useful to take this issue up in
the panel discussion.

There are many more aspects on the necessity of going for a scaleup. For
example, the cost aspect with respect to the type of coal available is very
important. Today, with the kind of mining adopted in this country, what
are the depositions of the run-off-mine coals? They contain fines of less
than a millimeter, something of the order so that stokers can no longer
take them. The uinburnt fraction is too high with such fines in stokers.
Secondly, the quality of coal is being degraded year after year. When such
coal is availahle, the cost is substantially higher when you want to go to
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the next coal size. The fluidized bed boiler would keep the cost Tower.
The grafting elements of such pyrolyzers today has come under quite a
critisism. MWe still have to find a material good enough to sufficiently
withstand a long period o¥ time. I you are looking at the component
designs and the method of support, they need to be studied. They just
cannot be exterpolated from the size and the arranhgements we have today.
The very integration of the design, wher you go for larger sizes, also
needs to be studied. The structural aspect is definitely an aspect we need
to understand when we go for a new configuration, a new arrangement, a rew
support system, the kind of fuel, and the quality. There is an absolute
necessity to look for a demonstration plant and make it perfect before we
make a really large plant.
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K.M.V. Malarkkan

Q. What do you mean by the "flowability" of CWS?

A. Flowability is nothing more than fluidity, which is the reverse of
vicosity. The viscometer has just arrived from the USA. Ve shall be using
that viscometer for quantification. It is a comparative statement as to
how the fluidity varies from additive to additive, or from size
composition. It is a comparative figure which we have projected here.

This cannot be used for any design purpose. We will be getting comparative
data in the next few months. This is just to show how fluidity of
substance which, as I said, is the reverse of viscosity, and how it depends
on the particle size mix, concentration of additives, and other things.

How it is related to stability? Stability is the settling rate, and the
compactness ov softness of settled mass. The standard one is how the
settled mass can compact. Can it be pulped? We wanted to show how these
paramters vary from additive to additive, concentration to concentration,
as well as the particle size mix. The flowability camnot be utilized as
such. Other things can. The stability is clearly related to the
flowability of the particles we have shown. So, the flowability data is
not very precise.

Q. What are the advantages of de-rating? In my opinion it is a disadvantage.

A. Yes, derating is a disadvantage. But minimum de-rating is an advantage in
the way that we looked at it. With coal-water slurry, we should de-rate.
The de-rating is a necessity because when you want to convert an oil-fired
boiler to coal- firing, you can't get the output completely because of the
different ruel characteristics. Basicaily, the slagging problem comes with
it; however, de-rating has to be limited. The experience of certain
companies has been that de-rating has been so large -~ 40 or 50% -- that it
is not worthwhile. It doesn't make it economical.

Q. What is the siurry pressure and the air prassure during atomization?

A. It depends on the configuration of the atomizer. VYou can make a different
kind of atomizer, and if you have a T-mixing, a more torturous patn is
taken by one medium, and more pressure is lost on that. The present day
atomizers also have the capability to operate with medium pressure, with
the atomizing air pressures lower than the fuel pressures.

Q. Why is there so much less sulfur dioxide? About the stability of
coal-water slurry by mechanical means, is it possible to do that?

A.  There is less sulfur dioxide because of the large amount of water that is
associated with the fuel. The combustion temperatures are always a few
hundred degreas less. Compared to the present combustion system, because
the temperature is less, SO production is less. Concentrated slurry

2
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flows laminar through a pipeline. So under that condition there is
considerable settling in the pipeline. This will go on depositing and
ultimately, there will be blocking. We have to make it a homogeneous
substance in this so that you can transport it and atomize it. In any
case, you cannot make it stable for long; it is a thermal dynamic
nonequilibrium. But you cai kaep it stabie for a preily long time by
giving it a coat of chemicals which will act as a double Tayer. It is
necessary for transportation.

Regarding coal-washery rejects and tailings, and combustion by coal-water
mixture, these tailings or washery rejects don't have a fixed composition.
They will change with the change in the quality of the incoming feed to the
washery; therafors, suppose the washery rejects change from 45 to 65, which
is the usual figure, what design provision is made in the combustor to
tackle such a variation?

If the variation in the ash Tevels affects the calorific value of the fuel,
then yo. have to have the capability to push in more fuel. If the
calorific value goes down, you have to put more fuel in. So, that amount
of flexibility has to be put in. It is not difficult. The fuel injection
devices could be designed to take care of this. Of course, we will need
more residence time with more inert material. We have bheen testing a
number of alternatives of how to inject this fuel into the bed. By
injecting properly, you can take care of residence time. There are other
probiems, like agglomeration, which take place if you have very low fuels
using mineral matter, so it is a combination. We have to design the
injection system suitably.

You have shown a table with the particle size distribution obtained from a
grinding unit. I noticed that there is a very wide spectrum of particle
sizes. I would like to know if these distributions are obtained from a
close circuit grinding, or an open circuit grinding where the particles are
ground and then the sizes taken, or are they first classified and then the
sizes taken. Is there any attempt being made to predict particle size
distributions while grinding? This is similar to what we are trying at
IIT. That is, from laboratory studies one can predict the distribtuion for
the larger mill.

I'm sorry, this size distribution is not from a grinding circuit. It is
from a washery tailing. In fact, we were also surprised to find some of
the larger particles that we came across. From the circuit description, we
are not supposed to get the larger sizes, but we are not sure how we
managed to get the larger particles in these washery taitings. What I have
presented is not from the grinding circuit. OF course, with the grinding
circuit, 1ike dry pulverizers, we do have very well defined particle size
distributions. I don't have the information straight, but it is possible
to give you this from dry grinding. We don't have the information on wet
grinding.
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Panel Discussion

For your observation and comments, fluidized bed has reached the stage of
commercial exploitation. At least it is on the threshold of commercial
exploitation. Coal-water mixture, well, it still has to prove its
performance on a slightly bigger scale before it can be exploitable. As
far as commercial exploitation of fluidized bed systems is concerned, the
first important consideration is broadening the customer's confidence. It
is sometimes impossible for us scientists and engineers to gqo to the user
and try to project our capability. We say we can do this for the customer,
and tell them it will be beneficial. What we are selling is quite
different from a consumer product, like soap cake or talcum. With
consumer products it is easier to convince th: consumer because you have
the media to help. The advertisements show all the film stars using it and
getting a hetter complexions. It is easier to convince them because they
feel their skin can be almost the same as that Film star. But when it
comes to capital goods, it is not just a few rupees that you will spend on
the soap cake, but the few million dollars that has to be spent on the
equipment, &nd consumers always like to see a reference 1ist before ihe
make expenditures of that size. That reference list cannot be created by
the designer, by the scientist, or any individual company. For that, the
nation as a whole, the rational sources, the international sources, and the
total interest of the community, or humanity as a whole, has to come to
put the resources together to bring about the demonstration. A
demonstration is ultimately required to hring about the confidence of the
customer or the user. I think the main subject I would Tike to discuss
with the panel is setting up a Targe sized utility plant and a
demonstration unit in India. There are some demonstration units in the US;
for example, the 20 MW TVA plant. They have done a large amount of work
there. I have personally seen the plant, and looked at their data. The
coals they are using are different from our coals. Coal is a very complex
substance and we have in our audience a number of coal scientists, if they
will bear with me, no two coals are similar. Thay never will be. So we
have to test our coais with respect to our eavironment, and our
manufacturing capability with respect to quality and other things. So, in
my opinion, a demonstration plant is a must for a fluidized bed of a
fairly large size. From there, we may be able to scaleup to the larger
size easily, since that will for the basic model for scaling up. I would
like to put this subject to the panel for discussion, and I would like to
invite comments from all of the authors here, as well as anybody from the
audience.

C. I'm certainly not a fluidized bed expert, but I concur with the chairman
and the other speakers concerning the scaleup of the AFBC boiler. The
approach that you have outlined is certainly sound, and absolutely
necessary. I also agree that the coals that are available in India are
certainly different than the coals we burn at TVA. The approach you are
laying out appears to be a sound approach. Our technical people have
reviewed the design aspects of the scaleup boiler and it's gratifying to
see that those are being incorporated into the design of your 30 MW

proposal. I encourage you to continue on that road. The scaleup is
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necessary, in a step-wise fashion. There is always a tendency to want to
leapfrog into the larger commercial units, but we at TVA have found it to
be beneficial to us tc take the step-wise approach and move with decision
as we go into the higher commercial units. I encourage you along that
lTine. I think you are taking a sound approach, and just from my
observation, it looks very good.

I agree that the way to go is with a scaleup. 1 would warn you, though,
that in my 40 years in this business I have found that every time the
industry has made a step, we thought we had all of the answers at the Tower
level. At the next level, however, we have found that there were always a
few that we hadn't found. So, don't expect that you will make that step
and have everything go parfectly. The only way to make progress in this
business is when you are moving forward, you have to take a reasonable step
that will get you mast of the answers, and then take the next one.

I think the same reasoning has held for the last 30 years or so in the
nuclear industry. We started out with the same type of fuel with 90 MW
units, graduating to between 200 and 225 MW, and stabalizing at 600, %00
and 1200 MW electrical units. That proceedure prevailed in the other power
production areas as vell.

With this conference, we can think of a bigger size than the 30 IiW. But
the answers that came in from Mr. Malliah and Krish, as well as others, are
thoroughly convincing, and I hope everybody agrees with the views that a 30
MW plant is a must before we get intc a larger size.

Besides the scaleup problems, the point of relevence as far as India is
concerned is that there is an immediate application for fluidized bed
boilers to replace the 20-30 existing 30 MH boilers. Besides that, there
are also these washeries, but you can have a larger number of 30 MW
boilers. This will not only have the scaleup advantage but also the
immediate application advantage.

I have a slightly different point of view on these large scale boilers. To
recapitulate, we started with fluidized bed boilers because the first basic
and obvious advantage many people found in it was its capacity to
neutralize sulfur better than in pulverized coal boilers. Otherwise, the
pulverized coal fired boilers do have a much higher efficiency. Perhaps
the only thing they can tell us further is that the furnace volume was
large. But as a boiler engineer, I will tell you that a large furnace
volume will be compensated by smaller separaters and reheaters, because the
pulverized fuel boilers will give higher temperature flue gases. So, what
you will save in one you will spend on another if you go into a higher type
boiler. The fluidized bed boilers still have significance for the higher
size boilers, if you have the agonizing problem of high sulfur and the
solvent material consumption. Of course that is very relevant in USA

because they have high sulfur coal, and they are worried about the
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consumption of solvent materials. The fluidized bed boiler does give a
sulfur neutralization with a lesser quantity ¢ solvent materials. In the
context of India, for all of the bad qualities that our Indian coal has,
God gave it its own good quality -- its sulfur is less. So as far as the
fluidized bed boiler has greater significance than smaller boilers, 30-40%
of the coal in India is used in sectors other than the utility sectors,
including transportation and industry. These sectors operate with thermal
outputs of less than 25-30 MW. In that sector, they are using it for a
very long time. I feel it should continue, but I don't know if fluidized
bed boilers have a significance for large boilers in India where the
requirement of sulfur neutralization is not there.

Some of the questions may have been answered eariier regarding the
application fluidized bed technology to Indian conditions, and variaties of
high ash coals, but we do have a Tot of problems maintaining pulverizers.
The problems have to do with erosion and also coal fly utilization. In
that context, even for high capacity boilers, we do have several
applications for the fluidized bed boiler. Next, comparing fluidized bed
boilers with the pulverized coal fired boilers, we do find that it is not
of a technical benefit when you compare fluidized bed boilers with
pulverized bed boilers especially when you are talking about 30 MW. 30 MW
is fine but you will find a lot of difference in capital costs, if we go
for fluidized bed boilers.

I want to comment on a previous speaker's point. The fluidized bed in the
USA is for sulfur, the fluidized bed in India is for high ash, and not for
sulfur at all. That should be understood. The comment I want to make is I
have been following the fluidized bed program in this country with great
curijosity. So far BHEL is the only industry that has been involved in this
program, in association with some laboratories. One observes that there is
a lot secrecy maintained. It has not been open to everybody. But at the
same time, to have a very large scale demonstration plant, we need
cooperation from everybody, including financial cooperation. How far the
knowledge will be shared is my doubt. In the Indian context, I think this
has to be worked out. I have not seen any other organization that has been
working c¢n this program.

I think the BHEL, or the CSIR laboratories that have been working on this,
have been fairly opened. I know they are doing some work in this area to
some extent. We welcome the participation of any organization in Inaia for
this joint government work. It is not a BHEL or a CSL problem we are
trying to solve. One 1ine I would like to add to the comment is regarding
the elements on the fluidized bed, Targe size or small size, for Indian
conditions. If we try to compare the pulverized coal fired boiler and the
fluidized bed boiler, having low sulfur and low ash, then pulverized coal
firing has an advantage over fluidized bed. But when we are talking about
the fuels which can now be burned in a pulverized firing system, or very
high ash coals, fluidized bed definitely has the advantage. In a few years
to come our country will have 100-200 MW based on fluidized bed. That is

my intuition and my feeling.
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Yesterday we all heard that TVA ran a 20 MW plant, and are scaling-up to a
160 MW size. We also heard that BHEL has already sold a 30 MW plant.

This 10 MW to 30 MW, is it all that big of a scaleup? If you are really
interested in 30 MW units, you should be able Lo design it and set it up on
the basis of the 10 MW experience. As far as demonstration is concerned,
we should go for a much Targer size.

We all know that the fluidization is the most difficult operations for
scaleup. That is why I feel that an intermittent level of operation is
necessary. Even when you go from 30 MW to 160 MW, I still believe you face
a lot of problems with distributors, and other things. It is well know
that fluid combustion, or any operation, is supposed to be more efficient
in terms of heat transfer and excessive air use. From that angle, fluid
bed combustion appears to be the method to use to burn any type of coal,
even low sulfur coals. The next step would be to go to pressurized because
that will reduce the cost further, and because the size of boiler would
come down.

Why is molten slag technology not being considered?

I think we have started looking into it. We have started talking with our
US experts on that subject.

We are negotiating with BHEL to install a 30 MW boiler in our plant. What
is the ratio of bottom ash and fly-ash in AFBC boiler for the 60 MW and
higher capacity boilers? What is the U.S. experience? Should there be a
limit to the fines of the cocal that are below 1 mm in size in the fluidized
bed boiler coal? We have been given 6 mm and below as the coal size
required for the AFBC. With regard to the selection of the dust treatment,
because of the last quantity of fly-ash you want in the FBC process, would
one prefer ESP or bag filter?

I don't have that information. We haven't done the testing, but we did use
bag house on the 20 MW. We designed it that way. The 160 will be tied to
the bag house we already have on the one at Shawnee. The 30 MW AFBC has
bag house.

I think the question of a bag house for a conventional unit has not been
resolved. Based on the first questions, I would like to add this comment.
The ratio of fly-ash to bottom ash depends very much on the coal. If we
have a soft, plyable type of coal, then the amount of fly-ash will be more
than the bottom ash. If we start firing very high ash coal, like washery
rejects, then the ratio increases and the bottom ash quantity becomes
small. If we have overbed feeding, then the Timitation of fines has to be
there or the amount of unburned carbon going into the fly-ash will be more.
But our experience, since we went to the bottom feeding through the bed, 1is

that any amount of fines are acceptable. A reasonable amount of fines can
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also be accepted, and still give good combustion.

So far we have heard of burning raw coal, or coal which has been upgraded,
in the burners. In India we have the problem of high volatile coals. Has
anybody tried to burn devolatized coal in fluidized bed combustors? This
controversy, when you put feeding on top of the bed, it is the fines that
create your lack of combustion efficiency. 1Is it the fines, or the
volatile coming oif the coal? The only way to test this would be to try
devolatized coal, and try this with underfeed or overfeed. The advantage
is that we would recover the volatiles which have high value products, as
far as the Indian economy is concerned.

I would first like to address the speaker who asked about the use of FBC in
the US because we have high sulfur coals and in India we have low sulfur
coal. Does it really makes sense to look at the high capacity boilers? 1
would 1ike to make one point here. When you compare sulfur content, it is
very superficial to say that you have 3% or 4% sulfur coal and we have 1%
sulfur coal. That is not the way it should be viewed because it should be
looked at in terms of the calorific value. If you have 1% sulfur coal and
Tow calorific vaiue, you have to burn more coal to get the same amount of
heat. If you do that, vour sulfur oxide emissions, in the Indian context,
could be alarmingly high when you go to a large plant. The comparison
should be as the speaker maintains; pounds of SO per million btu. If
2

you do it on that basis, it doesn't matter if you start with a 1% coal or a
3% coal. You have to look at the heating value also. In the Indian
context, when you Took at large power plants, there will be a time when you
will be faced with an SO problem, especially in a big metropolitan

2
city. When you look at a 300-400 size plant, the sulfur oxide emissions
can be very high even with a low sulfur coal. We have 1% sulfur coal in
the US. In fact, most of the western coals are still 1%, but we still plan
to use FBC for that. The second question is was regarding scaleability. I
think we all agree that we have to go carefully, step by step. The
approach taken by BHEL aligns with TVA, but other people caution us because
this is a demonstration and eventually you want to sell it to somebady and
he has to have to confidence. I am not going to dwell on that. The third
point here is with regard to char burning with the devolatized coal. When
you Took at the volatile frations of Indian coal, you can't Took just at
the volatile percent of Indian coal and the U.S. coal. You have to look
at the petrography and see what the vitrinite content is, and what the
inertinite content is, because volatiles are very important. One of the big
problems in trying to burn char is trying to keep some amount of volatiles
in order to keep the bed temperatures in sustained combustion. But people
are only looking at devolatized char combustion. In fact, tests have bheen
condu:ted in the US and I believe it is possible to burn devolatized char
in FBL. One other comment that came up with regard to fines is that a
certain amount of fines, perhaps a 10-15% fines content, is both inevitahle
and very good. You want to have fines hecause they act as cushions between
the coal particles and give it more time for complete burn out. In the
Indian context, it makes even more sense to not to have to eliminate the

fines completely because you don't necessarily operate the bed at higher
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temperatures compared to what you operate in the US. When you have high
temperatures, such as those being used in the BHEL boilers, you can get
complete burn out. In fact, the combustion efficiency reports at BHEL are
at least a point or two higher than what we see in the US because you have
the distinct advantage of being able to go to higher bed temperatures. You
have exploited this in the right direction, so we have to get this.

In the case of a PF boiler, and an AFBC boiler, we got the fly-ash frem the
fluidized bed boilars analyzed it for their resistivity and sent the
samples to our collaborators. They havae analyzed the resistivity and
confirined the solubility of ESP for AFB anniications. It is not making a
difference in terms of the size of the [SP. Had we gone for tie PF, we
would have gone with the same size ESP. So thaere really is no economic
advantage in a difierent system. Based on this feedback, and whai others
have also confirmed, they have offerad ESP for FBL installations in Euvrope.
Based on this bottom ash system we have offered for commercial systems with
the high efficiency dust collection systems, we ave only giving
glectrostatic precipitators. That is including the 10 MW plant at TELCO,
the VESCO paper mill 60 tons/howr boiler, and the 150 tons/hour boiler. Of
these three, two are expected to go into oparation in mid-1986. When we
considered a 30 mw plant, as an add-on in an existing operation, we found
that there was a space restriction in general. Ue studied three or four
sites. In gemeral, this is a problem when going for an ESP; there is a
space restriction, but when using a bag filter, that gives us an advantage.
Consider this option in case of an add-on.

I have a swall point to make with respect to the fines. I feel the problem
of fines camiot be so genevalized. The {ines and reactivity of the coal
goes to a cevtain point. For example, in the case of lignite, when you
were testing the Tignite we got from Ttaly, it had a large amount of fines.
We are thinking that we are going to end up with lower combustion. But on
the contrary; it turned out that we got the highest combustion efficiency
with Tignite in the order of 96-98%. That is because of the high reactivity
of the lignite. I feel that the kind of coal and the fines has to be
Tooked at together.
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STUDILS TN REILATION TO BeNZFICIATION OF 4Mall
COAL I3 JLNSE M=DIUM CYCLOHIL

A o Ke CHAKRAVARTI
Central Fuel Research Institute,
?.,0. FRI, Dist-Dhanbad, Bihar,.
INDIA, 328108

I. INTRCOUCTION

1,1 In order to increase the yield of clean ‘ccal to be
available by beneficiation of Indian coking ccals having
extremely difficult cleaning charactaristics, crushing the
raw coal to smaller size prior to beneficiation is

essential which permits higher release of coil particles,
Deznse iedium Cyclone washer has been well estabilicshed as

th= most efficient tool for small coal uzgrading,2articulzarly
when the coals are very difficult to wash. Till now, the
bottom size of coal fed to dense medium cvclone is 0.5 mm
and tnere are activities in many countries of the world

for lowering the bottom sizes. to 0.15 mm, so as to fezd

high proportion of coal to the D.il.Cyclone for beneficiation.

1.2 A project on beneficiation of coking coals of
India in D.M.Cyclone after crushing to relatively smaller
size has been taken up at the Central Fuel Research
Institute,Dhanbad, as a U3+ID-GOI Project with a view to
study the performance of D.M.Cyclone with fine coal under
various operating conditions. The present paper gives

the progress made in the project and presents some of the
data generated in the study.

20,0 PROGREISS Or THE STUDY
2.1 A Dense Medium Cyclone washing pilot plant has

been set up departmentally at the Central Fuel Research
Inatitute,Dhanbad ( Fige 1 to 3 ). The circuit comprises



the following :-

i) Structure with three floors,
1i) Wilfley slurry pump constructed of Nihard cast
iron, capacity 390 g.p.m. head 110 ft. of ater.
1ii) 8" diameter D.HM.Cyclone of Heyl Pat:iecrson make,
iv) Pulp tank for storin . mixture of dense medium
(magnetit: in water) and the coal to be treated,
Cdpacity 120 gallons, M.S. construction,
v) Two movable sample collectiag chutes,
vi) Two sample receives.
vii) Pipelines, pressure gauge
viii) Sweco sieving machine ( US supply) for separating
magnetite medium frommthe D.il.Cyclone products,

2,2 Dry ground magnetite nas been received in bulk
from the market. Such magnetite is being used in many of the
coal washing plants in the country. The properties of the
magnetite are given in Table 1, It may be seen from the
size analysis that the magnetite power is somewhat coarser
in naturéd and, therefore, it requires size classification
prior to use in Dense Medium Cyclone with a view to obtain
fine size magnetite. The resilts of size classification

of the magnetite in a 6 inch diameter cyclonez is shown

in Table 2, On size classification, the fineness of magn=atite
has been found to be increased with the increase in the
stability towards settling by gravity. The stability index
of the classified magnetite at various specific gravities

of suspension are presented in Fige4. It may be obszrved
that high stability (90%) of the medium is achieved at a
specific. gravity of the suspension as low as 1,23, The
$ability of a medium has been determined by the following
formulae
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Stability % = Sp.Gre. cf the upper 1/3rd portion of the medium
after 1 minute settling -1 X 100
9p.Gre of the original medium-1

2,3 Coal characteristics

Two coking coals, one having high ash and the other
with medium ash content have been selected from X seam of Jharia
coalfield for carrying out the preliminary studies on d=nse
medium cyclone. The coals were crushzsd to below 2 mm size and
washability studies carried out on 2 mme.0,5 mm and 0.5 0. 15mm
separately. The wasnability curves are shown in Figs. 5A,5B
and 5C.

It may be observed that the one coal is having very
high ash i.e. around 40% and the other around 30%. B30oth the

coals are having moderately difficulc washing characteristics,

3.0 TUDICH TN 2.NS8 #L0lUil CYCLONZS

3.1 The 8" diameter E 1 Patterson Cyclone has been
received from UsS.A. last week which is under installatiocn.
Systematic tests as per schedulsd programme will be undertaken
as soon as the said cyclone fs f£itced in the plant which is
otherwise complete in all respects,

3.2 In tha meantime several experiments have been
made on the performance of dense medium cyclone on compara-
tively finer size of Indian coal using a 6" diameter dense
mediim cyclone already existing in the Institute,
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The following tests were mades

1) 2 mm=0.5 mm feed size of high ash coal at 5,10,15 &20
1bs/sq.inch feed pressure,

ii) 2 mMm-0.5 mm feed size of medium ash coa} at 5,10,15 & 20
ibs/s3.inch feed pressure.

1ii) 0.5 mm-0.15mm feed sige of medium ash coal at 5,10,15
and 20 1bs/sg. inch fead pressuce,

The partition curves of the three sets of experiments
are presented in Fig.s to Fig.8. The performance criteria
are given in Table 3,

The following observations are mades

i) Sp.Gr. of cut is coasideracly higher than the SP.Jr. OFf
suspension,

ii) Sp«Gr. of cot is higher with higher feed pressures.

iii) E_ value increases with the incr2ase in the suspension
gravity,

iv) E  value is higher for finer feed sizes,

v) Feed pressure around 10 1bs/sg.inch gives lowver 2 value
£or a 6" diameter D.il.cyclone, P

vi) Sp.3r. of cut is high:r for finer sigze ranges of feszd
coal for the same specific gravity, of sus:-.nsion,
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Properties of Ilagnetite medizm

Ae. Size analysis

Size Wt
in mm —_—
Flus 0,152 Nil
0.15-0.076 1.8
0.076-0,0653 15.4
0.053-6.044 7.1
0.044-0,630 2727
0.030-0.610 34.0
Eelow 0.610 14,0
“100.0

Be Densitv of magnetite nowder

C. Maqnetics content

~lagnetics % 81.8
ion mac.e-
tics % 13,2

et ——

100,0

D. Stacility of susension at 1.45 3eTa

Stability Indexe 91.6

Viscositv of sus:cension at 1,45 SeGe

]
.

Viscositve 4.8 cp
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TADRBLE 2

Results of size classification of raw powdered macnetite

(6" dia cyclone was used which was operated at 5 pes.i,.8
pressure)

A, Weight %
1) Overflowe 28,0
11) Underflow- 72,0

B, Size analvsis

1) Overflow :e

Size Wt%
300 mesh 243
300-350 mesh 1.1
=350 mash 96.6
100.0
i1i) Underflow :
Size Nt%
-+ 200 mQSh 3.8

200~300 mesh 11.0
300=350 .mesh 5.5
~350 mesh 79.7

100,0
C. Stabkility
i) Ooverflow 85p.Gr, Stability
1.163 755
1.20 83.2
1.285 93.0
