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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 inmeeting 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:
 

o 	 Evaluation of the Freeboard Performance in a Fluidized Bed Combustor
 

o 	 AFBC Boiler Scaleup
 

o 	 Hot Gas Cleanup
 

o 	 Cold Gas Cleanup and Separation
 

o 	 Rheology, Stability, and Combustion of Coal/Water Mixtures
 

o Coal Beneficiation
 

The three major biomass conversion projects are the following:
 

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

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

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



The workshop sessions included presentations by Indian scientists/engineers and
 
U.S. team members on the above-mentioned 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, the 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.
 



AGENDA
 

THIRD USAID/GOI WORKSHOP
 

ON
 

ALTERNATE ENERGY RESOURCES
 

Thursday, December 5, 1985
 

Morning Session
 

10:00 a.m. - 12:30 noon Introduction - D. Bienstock, U.S. DOE (PETC) 
Presentations by the following organizations: 
o DNES - M.Dayal
 
o CSIR - S. Varadarajan
 
o BHEL - M.K. Sridhar 
o AIEI - V. Balasubramaniam 
o U.S. DOE (PETC) - D. Bienstock 

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

Afternoon Session: Coal 	and Biomass Technologies in the U.,S. - K.T.U.
 
Malliah (BHEL), Chairperson
 

2:00 p.m. - 2:30 p.m. Status of the Fluidized-Bed Technology in the 
U.S. - J.W. Bass III, D. Daugherty (TVA) 

2:30 p.m. - 2:50 p.m. Current Coal Cleaning Practices in the 
U.S. - A. Deurbrouck, U.S. DOE (PETC) 
Paper presented by D. Bienstock 

2:50 p.m. ­ 3:10 p.m. Fuel Gas Upgrading and Separation 
U.S. DOE (METC) 

- M. Ghate, 

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

3:10 p.m. .- 3:40 p.m. Current Developments and Future Trends in the 
Use of Wood Fuel in Fluidized Bed Gasifiers -
V. Flanigan, Univ. of Missouri 

3:40 p.m. - 4:05 r.m. Concept for a Solar/AFBC 30 MWe Power Plant 
Raj Gopal, Westinghouse Electric 

-

4:05 p.m. ­ 4:20 p.m. 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. 


Friday, December 6, 1985
 

Coal Conversion Session
 

Morning Session: 


9:00 a.m. ­

9:30 a.m. ­

10:00 a.m. ­

10:30 a.m. ­

11:00 a.m. ­

11:30 a.m. ­

12:00 a.m. ­

12:30 p.m. -


Afternoon Session: 


1:40 p.m. ­

2:10 p.m. -


Combustion ­

9:30 a.m. 


10:00 a.m. 


10:30 a.m. 


11:00 a.m. 


11:30 a.m. 


12:00 a.m 


12:35 p.m. 


1:30 p.m. 


Paper presented by Richard Grieve.
 

Break
 

Panel Discussion
 

Reception and Dinner
 

Y.P. 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 J/
 
(BHEL)
 

30 MWe AFBC Demonstration Plant - G.
 

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)
 

Development 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
 

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

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. Soie Recent Trends in Cold Gas Cleanup - S.N. 
Reddy, R. Vaidyeswaran (RRL) 

3:10 p.m. - 3:30 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 - O.P. Vimal 	(DNES), Chairperson
 

9:00 a.m. - 9:30 a.m. Development and Operation of Biomass
 
Gasificati)n System for 5 HP Irrigation Pu~ps
 
- Siddhartha Gaur, N. Anuradha, T.R. Rao,.,/
 
P.V.R. Iyer, P.D. Grover (lIT)
 

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

10:00 	a.m. - 10:30 a.m. Field Implementation of Gasifier System for
 
Irrigation - M.B. Durgaprasad, VK. 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 - O.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 (lIT,
 
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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1:55 p.m. ­

2:10 p.m. ­

2:25 p.m. ­

2:40 p.m. ­

3:00 p.m. ­

3:15 p.m. ­

3:30 p.m. ­

3:45 p.m. ­

2:10 p.m. 


2:25 p.m. 


2:40 p.m. 


3:00 p.m. 


3:15 p.m. 


3:30 p.m. 


3:45 p.m. 


4:00 p.m. 


Preliminary Experience with a Throatless
 
Gasifier Engine CUM System - Anil Rajvanshi
 
(NARI)
 

Experience with Gasifiers for 3.7 kW Engines
 
- S. Dasappa, V. Reddy, H.S. Mukunda, U.
 
Shrinivasa
 

Gasification of Pulp and Paper Mill Waste to
 
Replace Fossil Fuel in Lime Kiln - Harish Dak
 
(Tharper R&D Center)
 

Break
 

Studies on Biomass Characterization, Dept. of
 
Chemical Engineering, lIT, New Delhi - N.
 
Anuradha, Siddhartha Gaur, S.S. Sambi, T.R.
 
Rao, P.V.R. Iyer, P.D. Grover
 

Economics of Biomass Gasification Technology 
- Dr. T.K. Moulick 

Progress of Ongoing Project - Dr.
 
K. V. Gopalkrishna
 

TAR Production During Gasification
 
- P.P., Parikh, P. Arikkat, A.G. Bhave, Uma
 
Ramaswamy - lIT, Bombay
 

Friday, December 6, 1985
 

Concluding Session - Dan Bienstock (U.S. DOE PETC), Moderator
 

4:00 p.m. -. 5:00 p.m. 


7:30 p.m. 


o O.P. Vimal (DNES)
 
o 	 V. Flanigan (University of
 

Missouri-Rolla)
 
o M.K. Sridhar (BHEL)
 
o N.N. Ramakrishnan (BHEL)
 

Dinner
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DECEMBER 5, 1985
 

INTRODUCTIONS BY MR. DANIEL BIENSTOCK (USDOE/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 like 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 Inlian
 

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. It 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 to 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
 

are 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
 



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 been 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 best 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
 

mid]ings.
 

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 to 375 million tons in the next 15 years.
 

Indeed if India iEc going to progress further, and raise standards
 

of living, we know that the rate of increasing energy will be one
 

of the biggest indicators of these improvements. As a result, I
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am not sure that the amount will be restricted to recent family
 

intents. Much of it is due to infrastructure 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 'vhich separation would be aviodable - the choice of
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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 our requirements for coal increase and our own committment to
 

our 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 -nergy 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 on the
 

environment. So I am glad that one of the projects here has to
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do with methods by which coal purifications can be performed. We
 

are-particularily happy that a research 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 w( require inert gases. On the production of inert gases
 

by pure nitrogen, qas air separation process is expensive and it
 

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

as this, for consideration. Apart from reviewing old pro4ects,
 

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. I 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. All this would be highly suitable for Indian
 

coals because of the advantages these fluidized processes offer.
 

Although much of our coal 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
 

oil. BHEL has done some work in this area, as has our laboratory
 

at Bhubaneswar. This is a good 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:'rpe 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
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are specific projects which would be of interest, or some
 

problems which could be posed, and 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 they 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 Energy Sources has been
 

supporting a number of new activities. They have not only been
 

supporting activities in research but they have also been
 

promoting the use of such devices and forms of energy. 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
 

Technoloy, or CART. This is now funding a number of
 

investigations, also assistance programs directed towards rural
 

development . In the last two years 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 have been able to
 

overcome problems and solve them. So many of the presentations
 

will deal with our rural programE and village level programs,
 

localize6 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
 

of 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 biotechnology. 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 lot of
 

success in the use of photosynthetic improvers. I think some
 

attention to rapid production 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 great success. Brazil has been
 

converting sugar cane, which is a soluable carbohydrate. We have
 

very large quantities of nonsoluable carbohydrate 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 old 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.
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The next speaker is Mr. Sridhar. Mr. Sridhar is pre!:ently the
 

Technical Director of Bharat Heavy Electricals, Ltd. He was General Manager of
 

the Trichy plant from April 1976 and later became the Executive Dirrctor 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&D 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 R&D PROGRAMMES IN BHEL
 

BY
 

M.K. SRIDHAR
 
DIRECTOR (TECHNICAL)


BHARAT HEAVY ELECTRICALS LTD.
 

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.
 

1.0 	 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 material 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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Our joint project with USAID on "Evaluation of Free Board
 
Performance in 
a Fluidised Bed Combustor" has reached 
a
 
stage that the shake-down 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 experts.
 

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 KW Stirling Engine, which is
 
being imported by Department of Non-conventional Energy
 
Sources (ONES). 
 In addition, a demonstration plant is being
 
planned with Hot Air Turbine of 0.5 
to 3 	MW rating.
 

1.2 	 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. 
During the last
 
one year, BHEL has bagged two orders for 50 t/hr and 60 t/hr
 
steam generating u'nits 
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
 



pressure fluidised bed combustion boilers for burning
 

various types of coals, for industrial applications. For
 

burning baggasse, a.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 a 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 popularity 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 TVA engineers through USAID assistance. The 
modifications suggested by them have been incorporated and 
the design is ready for demonstration/commercialisation. To 
demonstrate 3 
 MWe FBC boiler 
for utility application,
 

negotiations are being held with few parties and it is hoped
 

a suitable site will be finalised very shortly. There is an
 
obvious reluctance from prospective customers 
to accept new
 

technology 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 sssistance of Government of India, USAID, BHEL 

and the customer. 
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1.3 	 Operational Experience
 

The 45 t/hr steam generating unit at Vizag has so far logged 

more than 11,000 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.
 

2.0 	 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:
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2.1 
 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 is 
planned for February 1986 and
 
Phase-II with coal gas for May/June, 1986.
 

2.2 	 Pressurised Fluidised Bed Gasification
 

A Process Engineering Development Unit 
(PEDU) with 
a
 
capacity 
to gasify 18 
t/day 
of coal is planned for
 
commissioning 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. 

2.3 	 Pressurised Fluidisee Bed 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. A 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 CCDP at Tiruchi by December 1988. 

2.4 	 Demonstration Plant
 

To demonstrate the capability and the concept of coal based
 
combined cycle, BHEL 	 is working on a proposal to retrofit 
coal based Combined Cycle concept in a 60 MW conventional 
coal 	fired power plant. This system will be based on fixed
 
bed gasification terhnrology.
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2.5 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.
 

3.0 	 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.
 

4.0 	 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 oil is being used
 
in the process in Indian power stations. To conserve Oil
 

for the nation, BHEL ha's 
developed and demonstrated the
 

following systems successfully:
 

a) Low calorific Value fuel gas system for Boiler
 

startup, warmup and low load flame stabillsation;
 

b) High turn-down split coal Nozzle;
 

c) Direct Ignition of Pulverised Coal System
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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 Oil for Warmup and low load 

flame stabilisation. 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.
 

5.0 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 Ccmbustion and high temperature

Research Institute,
 

2) 	Assistance from University of Tennesse Space

Institute for development of Slagging Combustor
 
for coal,
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3) 
Design of 150 t/day coal combustion PFBC for
 
retrofitting with.CCDP.
 

BHEL has been gettfng 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 
DNES, Government of India, USAID Mission in India, USAID Mission 
at Washington and more so to Mr. Daniel Bienstock, the USAID 
Coordinator for 
the Energy Programme. Or. 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,
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BHEL'S COAL BASED COMBINED CYCLE PROGRAMMES
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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. Itcomes at a
 
time that is particularly gratifying to me as it is happening towards the end of
 
my professional career. Itwas 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 in 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 Nation3l 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 preoccupations, 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
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coal gasification, as well as to discuss the areas of mutual
 

interest for further collaboration. 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
 

this 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 about 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 energy
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forms such as biomass gasifiers, is much more than even in the
 

industrialized countries which already 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 industrializcd countries because here if you 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 is 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 captive 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 foc
 

irrigation. It might interest you to kiow that there are an
 

estimated 4 1/2 million electrical and 3 ]/2 million 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 the question
 

of the applications themselves, the question of solid movements
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through the gasifiers and the effects of intensity and
 

distribution of vibration 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 nor
 

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 reliability of engines
 

working on producer gas, duel fuel operations, modification of
 

injection systems for trouble free consistent operation and
 

maximum possible replacement of other fuels or conventional fuels
 

utilization of gas in turbo charged diesel engines, various other
 

technological 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 be applied on a very large scale.
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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 will 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 to an even bigger program
 

of Indo/U.S. cooperation in the next two years, because the
 

foundation that has been 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 distinguished qatherino. May I, on my personal
 
behalf and on behalf of AIEI, extend our very warm areetinas 1-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, development and
 
achievements over the past A decades. 

Why 	are 
we talking of alternate eneray resources and their
 

development in the Indian context 
? To answer his question one
 

needs to view, in perspective, the energy scene in India and
 
particularly what we are 
heading for by the turn of the centurv.
 

Let me throw up a few indicative figures for vo, to look at:
 

1) 	 The total energy eemand bv the year to2000 	is expected be 
of the order of 1000 Million Tonnes of Coal Replacement (MTCR).
 
Of this, coal requirements would be 265 MTCR, Oil 356 MTCR
 

and Electricity 396 MTCR.
 

2) 	 To match this level of energy consumption we would reauire:
 

272 million tonnes of Coal
 

70 million tonnes of Oil
 

458 Twh of Electricity
 

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

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 only
 
178 kgs of coal eauivalent of commercial energy and 137 kas of coal
 

non­
equivalent of/commercial eneray 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 anywhere near the international
 
levels, we would most definitely be faced with an energy crunch.
 

To continue mv presentation on a few indicative figures, 
let me '-urn
 
to the pressures and demands of electrical cnergy:
 

i) Energy consumption in India is up 1A 
times in I decadesp
 
ii) Electricity growth 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 country is ooing to see a continuing and major shortfall
 
between the demand and 
the supply for electrical. energy. It is,
 
therefore, not 
a day too soon that we look at all other alternate
 
sources of energy and gear ourselves to meet our fast expandinq
 

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 Energy Sources is already in the
 
midst of 
a very major programme 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 -he
 
Indian heavv electrical industry, let me 
begin by stating that we
 
have indeed come a long way. 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 industry cover steam and hydraulic turbines and
 
Generators, boilers, transformers, switchqears and controls. 
 Some
 
of our outstanding companies are household names no- only in India
 
but abroad and many have excellent and highly successful technology
 

links with world leaders. To mention only 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 enqaged in the manufacture of
 

electrical equipment, many having access to foreiqn technology
 

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 reauirements of power generation, transmission and distri­

bution eauipment indiqenously. The technical tie-ups with the
 

foreign manufacturers have helped in introduction of 'he 
latesl­

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 manufact-urers
 
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 qui-e
 
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 enqaged in
 
electrical equipment manufacture have also in the recent past
 

diversified into renewable energy 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 energy like 
renewables.
 

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

availability as well as nonavailability, the pattern of consumption
 
and the consumer needs - are the key elements which has drawn the
 
Electrical Equipment manufacturers to thrust into renewables 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 industry will have to grab
 

in:
 

- improvement of the plant performance and reliability 

& ePfficient i!e 

- conservation/of energy and equipment needed for 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 lastina solutions
 

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 - P.a.
 

- crude steel: the lowest energy consumption is in the ranae 

of 180, averaae around S00 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
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Modernisation, which is partly covered under the title of
 

improvement of plant performances, involves more sophisticated
 

controls using microprocessors and other electronic instrumen­

tation. In 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
 

for entry by the electrical engineering industry.
potential area 


India has embarked on a massive programme of d.evelopmen of
 

By the year
non-conventional and renewable energy sources. 


2000 A.D a siqnificant percentage of the country's needs will
 

be met from renewable sources. There is particular rele.ance
 

and scope for coal conversion and bio-ma.z conersion. In the
 

area of coal one has to very effectively .grapplewith 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 arade
 

coal. To us, in India, this would be a subject of tremendous
 

importance.
 

Related to the utilisation of coal is the crucial subject of
 

Let this
environmental protection and pollution control. 


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 technologists and a challenge which
 

initial
can be met through adequate plannino and design in the 


stage itself.
 

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

USAID and are, in fact, jointly implementina a programme in the
 

area of energy conservation. We believe this to be one of the
 

our long term enerav plannino. At
most important elements in 


the rate that this country's energy demand is growing, the neeH
 

for energy conservation becomes vital. Indeed, the Energy
 

Committee of our Association has taken a ronsrcious decision iha­

the subject of -nerciv ronserN-ation
it will concentrate entirely on 


over the next 3 years. 47
 



Let me end bv making a plea for the scientists, technoloaists
 

and policy makers present .here to discuss new methods,
 

processes and system! 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.
 

Thank you 
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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 Kentuclcy with a new
 
AFBC boiler; Northern States Power (NSP) is retrofitting a boiler 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 r-sults and a
 
description of the demonstration project at TVA. In addition, it presents
 
a brief description of the demonstration projects at NSP and Colorado-Ute.
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STATUS OF THE FLUIDIZED 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 SO2 and NOx 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 existing plant.
an 


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, high-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.
 

A 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.
 

52
 



TVA'S 20-MW AFBC PILOT PLANT
 

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

boiler 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 power 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 characteristics. 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.
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Table 1
 
20-MW DESIGN PARAMETERS
 

Design Flexibility 

Bed area (ft2 ) 216 58,108,166,216,288 
Superficial velocity (fps) 
Bed temperature (OF) 

8 
1,550 

4, 8, or 12 
to 1,650 

Bed depth (ft) 4 to 6 
Coal feed rate (lb/hr) 12,000 to 22,000 
Steam capacity (lb/hr) 111,200 to 170,000 
Outlet pressure (psi) 2,400 2,400 
Outlet temperature (OF) 1,000 1,000 

Process performance tests have been encouraging. Results for some key
 

parameters include the following:
 

* 
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.
 

* Sulfur capture efficiency depends primarily on 
the amount of sorbent
 

(limestone) in 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 SO2 emissions is to recycle
 

the unsulfated sorbent that would be lost to disposal. Figure 3 shows
 

S02 retention versus Ca/S (molar ratio of calcium 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 SO2 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.
 

* 	NOx emissions are below environmental limits (.6 lb/MBtu) for all
 

conditions tested. Due to the low combustion temperatures in AFBC, the
 

generation of thermal NOx is insignificant. Figure 4 shows how NOx
 

emissions are dependent upon the amount of excess oxygen in the flue
 

gas. Note that at 
the expected 3 percent excess 02 operating level,
 

emissions are approximately 0.25 lb/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
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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 AFDC boiler. It will supply
 

superheated steam to the existing high pressure turbine at 1848 psia, 1003 0F
 

and reheated steam to the low pressure turbine at 475 psia, 10030F. 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 270OF 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 	 Existing
 

AFBC Add-on Boiler and Auxiliary Turbine
 
Equipment
 

FD Fans 
 Generator
 

Air Heater 
 Condenser
 

Mechanical Dust Collectors and Water Treatment System
 
Char-Handling System
 

Spent Bed-Material Disposal System Boiler Feedwater Pumps
 

Limestone-Handling System Condensate Pumps
 

Coal-Handling System (Boiler Building) 	 Main Transformers
 

Coal/Limestone Feed System 
 Common Auxiliary
 
Transformer
 

Emergency Boiler Feedwater Pump 	 Circulating Water
 
Pumps
 

Control System 
 ID Fans
 

Boiler Building Baghouse and Fly-Ash
 
Handling System
 

Station Service Transformer Flue-Gas Chimney
 

Coal Handling
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The existing coal handling system will be u:3ed to bring the coal to a new
 

conveyor system that will transport the coail 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
 

eastern 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 resolve 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-January 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.
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Table 3 
MAJOR MILESTONES 

Activity Date
 

Complete integrated project construction schedule 4/15/85
 
Complete conceptual design 7/1/85
 
Complete detailed 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/I/90
 
Begin commercial operation 6/1/92
 

A 4-year test program consisting of shakedown, parametric testing is
 

planned. The major objectives of the test program are:
 

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

environmental performance.
 

" To demonstrate plant capability and performance for load following and
 

shift operation.
 

" To demonstrate a laige-scale AFBC plant in a commercial utility
 

environment.
 

" Test a wide range of principal coals available 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- - ---------------$40 Million
 
Duke------------------ 10 
Kentucky- --------------- 10 
EPRI------------------ 75 
C-E ------------------ 20 
AFBDC ----------------- 51 
DOE------------------ 30 

125-MW AFBC DEMONSTRATION PLANT AT MINNEAPOLIS, MINNESOTA
 

In the mid-1970s, NSP began an extensive program to extend the useful life
 

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 oil-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
 

equipment and system (including the turbine-generator unit, condensate and
 

feedwater systems, particulate 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 S02 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 will 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.
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110-MW CFBC DEMONSTRATION PLANT AT NUCLA STATION
 

Colorado-Ute is hosting the third AFBC demonstration project. In 1983,
 

Colorado-Ute and EPRI undertook 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 SO2
 

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 migit be tested. Thus, the Colorado-Ute project was
 

chosen for funding support by EPRI.
 

The project involves adding a new CFBC boiler 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 Service 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 19C4. 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 reflect3 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 S02 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 SO2 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.
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Table 4
 
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 


Dispatch Schedule 


Startups Per Year 


TVA 


Paducah, KY 

160 

Bubbling 

C-E 


Add-On Boiler 


High Sulfur 

Bituminous 


1988 

Reheat 

Underbed 

Regenerative 

Baghouse 

(Reverse Air) 

Top and Bottom 

Support 

Base Load, 

Some Cycling 

20 


NSP 


Minneapolis, MN 

125 

Bubbling 

FW 


Boiler Conversion 


Low Sulfur 

Bituminous 


1986 

No Reheat 

Overbed 

Regenerative 

ESP 


Top and Bottom 

Support
 
2-Shift, 5-Day 

Cycle
 
250 


Colorado-Ute
 

Nucla, CO
 
110
 
Circulating
 
Pyropower/
 
Ahlstrom
 
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
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SUMM4RY
 

The successful operation and performance of small AFBC units has spurred
 

the development 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
 

three ways in which AFBC can 
penetrate the utility industry: new capacity,
 

replacement capacity, and conversion to coal.
 

66
 



13 

1. COAL BUNKER 
2. LIMESTONE BUNKER 
3. FUEL UNDERBED LIMESTONE FEED 
4. OVERBED LIMESTONE FEED 
5. OVERBED COAL FEED 
6. AIR DUCT 
7. OVERFIRE AIR SYSTEM 

10 8. IN-BED SUPERHEATER SURFACE 
19. IN-BED EVAPORATOR SURFACE 

10. SUPERHEATER 
11. ECONOMIZER 
12. CONVECTION PASS REGION 
13. CYCLONE DUST COLLECTOR 
14. RECYCLE DRAIN COOLER 

15. RECYCLE FEED PUMP 
16. RECYCLE STREAM SPLIT-TER 
17. FUEL STREAM SPLITTER 
18. BED DRAIN COOLER 
19. AIR HEATER 
20. FORCED DRAFT FAN 
21. FLUE GASES TO BAGHOUSE 

Figure 1. TENNESSEE VALLEY AUTHORITY 20-M AFBC PILOT PLANT 
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CURRENT COAL CLEANING PRACTICES IN THE UNITED STATES
 

by
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Director, Coal Preparation Division
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Coal washing is currently being practiced iii 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. 1oals 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. 

other plants where only the coarser sizes of the coal were 

In
 
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 mainr:enance. The Dravo Corporation won the design con­
tract. The Roberts & Selaefer 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 15-ton-capacity overhead traveling crane.
 

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

79
 



TABLE I 

MECHANICAL CLEANING OF COAL
 
BY TYPE OF EQUIPMENT,
 
CLEAN COAL PRODUCED
 

Type of Equipment Coal Produced, % 

Wet Methods: 1978 1983 
Hydraulic Processes: 

Jigs ....................... .6 39.3

Concentrating Tables ....... 10.5 
 10.5 
Water-Only Cyclones ....... 2.7 5.7
 
Others ..................... 6 
 .8 

Dense Medium Processes: 
Magnetite ................. 29.3 34.9
 
Sand ..................... o3.5 2.7
 
Calcium Chloride ............ 4 .0
 

Froth Flotation .............. 
 4.5 4.8
 

Pneumatic Methods: ............ 1.9 1.3
 
Grand Total ......... 100.0 100.0
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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 to the coal-derived
 

fuel gas.
 

The major types of pollutants in both gasification and combustion are sulfur
 

compounds, nitrogen cowpounds, 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 process 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-


Lemperature cleanup systems, such as water washes and wet scrubbers, do not
 

have this NO problem.
 

To remove large particulates, cyclones 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 (C02 , H2S, 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, C0 2 , and trace amounts of H2S.
 
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, C0 2 , 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
 

1. 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 heaLing 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 I 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
 
H2 13.68 29.50
 
CO 
 28.75 35.33
 
C02 3.03 12.51
 
H 2S 
 0.67 
 1.03
 
COS 
 0.07 0.10
 
N 2 48.02 0.45
 
NH3 0.43 0.64
 
H20 
 1.98 
 14.40
 

H iV-Btu/SCR 171.20 
 270.80
 
Oxidant/Coal Ratio 
 2.78 0.594
 
Steam/Coal Ratio 
 0.144 0.597
 
Transport Gas/Coal 0.088 
 0.088
 

Ratio
 
Cold Gas Ficiency 83.0% 85.7%
 

The major contaminants produced in the gasification of coal are listed
 

below:
 

a. Sulfur is converted mainly to hydrogen sulfide (H2S), 
but the gas will
 

also contain carbonyl oxysulfide (COS), carbon disulfide (CS 2 ), sulfur
 

dioxide (S02 ), sulfur trioxide (SO3 ), mercaptans, and thiophene.
 

b. The nitrogen content in coal produces nitrogen oxides 
(NOx), ammonia
 

(NH3), 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.
 

2. 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 (SO) 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 gas
 

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 natore 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 dup to corrosive effects of the dirty gas 
on the material of construc­
tion, generally, exceed those set e-nvironmentally. Particulate carry-over
 
causes erosion of turbine blades 
 rhe 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.
 

2. 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 H2) to pure hydrogen, the syngas
 
must be desulfurized. 
Also, the CO2 originally present in the gas and any
 
CO2 formed in the shift reaction of carbon monoxide and 
steam to hydrogen
 

must be removed.
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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 monoxide, hydrogen 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 H2-CO mixture and 12 volume percent CH4 is sufficient.
 

3. 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, hydrocarbons, and particu­

lates. Sulfur compounds cause 
significant performance as well as endur­

ance penalty to the molten-carbonate fuel cell (MCFC). This occurs when
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th2 sulfur-containing contaminants corrode the electrode and the current
 
collector, and when carbonate loss results from compositional changes in
 
the electrolyte. Halogen compounds such as HCI and HF degrade the elec­

t
trolyte and promote s ress corrosion cracking. Molecular nitrogen, NH3 ,
 
and NO act as diluents at the anode and cathode. 
The effects of metal
x 
and trace elements are 
to change the physical properties 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 Lhe pores of the fuel cell porous nickel anode.
 

Therefore, thc 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) unconventional. 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
 

a. 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.
 

b. Absorption
 

The mechanism of absorption is the transfer of a Fubstance 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 'aigherpressures than at lower
 

pressures. Therefore, the contaminant is extracted from the
 
gas under 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 membr.!ne. 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

inize downtime.
 

b. Supported Complexes
 

Metal complexes can be 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
 

witt 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 
(Pd2 [dpm] 2Cl2 ), (where dpm = Ph2PCH 2PPh 2 ) for CO sorption,
 

(Ir [Me 2PCH 2CH2PMe2 ]2 )CL for CO2 sorption, and Ru (C02 )(PPh for H2
3 )3 

sorption. The most promising is (Pd2 [dpm] 2Cl2) since it 
reversibly
 

sorbs CO with ease even in the presence of C0 2 , 02, N2 , and H2 . All
 
three complexes have rapid and quantitative uptake of gas.
 

c. Particle Control
 

Particle control devices can be classified into the following broad
 

categories:
 

* Inertial.
 

* Electrostatic.
 

* Barrier.
 

" 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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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 0F (3700 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.
 

CONCLUSION
 

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

The only driving force is to obtain higher efficiencies, better economics, and
 
meet the environmental requirements. However, the selection of any of these
 

processes should be made only after thorough systems analysis.
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Fuel Gas Production
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Fuel Gas Production Routes
 

Gasification Separation Needs End Use 
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Fuel Gas Production Routes
 

Gasification Separation Needs End Use 

0 CO 
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Blown 0 H20 Treatment 
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Fuel Gas Production Routes
 

Separation Needs End Use 
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Process Options
 

* Low temperature (lower than 3000 F) 

• High temperature (greater than 1O00F) 
0 
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Driving Forces
 

* Environmental 

* Materials 

, Process Needs 

* Economics 
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Low Temperature Processes
 

* 	 Physical Ahcorption 

* 	 Chemical Absorption 

* 	 Adsorption 
I--, 

" 	 Unconventional 
- Membranes 

- Biological 

- Chemical Complexing 
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High Temperature Process
 

* Physical 

- Particle control 

* Chemical 

- Alkali 
o- Sulfur 

- Ammonia 

- Chlorides 

- Trace metals 

- Organics 
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Physical Absorption
 

) Organic Solvents
 

0 No Chemical Reactions
 

• Regeneration of Solvent by Heat/Pressure 

* High degree of selectivity to C02, H2S 

* Can remove COS, CS 2 , Hydrocarbons 

-- Low Corrosion Rates 

* High Operating Costs 

* Commercial (Rectisol, Selexol) 
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Chemical Absorption
 

• Aqueous Solvent 

" Chemical Reaction 

* Low Affinity for Hydrocarbons 

* High Corrosion Rates 

* Commercial (Hot-Pot Process) 
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Adsorption
 

• Gas/Solid Contacting 

* Highly Selective 

* Commercial in 50's 

0 Making Comeback 
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Unconventional
 

* Membranes 

* Complexing Agents 

* Liquid CO2, (CNG Process) 

* Biological 
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Membrane Separation
 

PERMEATED 
PRODUCT 

I-.. 

FEED_____ UNPERMEATED
FEE PRODUCT 

MEMBRANE 
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Membranes
 

* Polymeric 

* Facilitated Transport 

* Asymmetric 

* Symmetric 
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Membrane Needs (Criteria)
 

* High Selectivity 

* High Flux 

* Improved Life 
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Status - Low Temperature Processes
 

* 	 Conventional Commercial Process 
- Direct application to coal derived fuel gases 

needs further optimization
 

- Are very energy intensive
 

* 	 Unconventional Process 
Most of the processes are in early phase 
of development 

All of them need special consideration for 
application to coal derived fuel gas 
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Sulfur Control
 

* In-bed sulfur removal
 

•* External sulfur removal
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Status - Sulfur Control
 

* 	 Demonstrated on PDU scale greater than 
90 percent in-bed sulfur removal at KRW 

* 	 Completed laboratory scale testing of 
Zn-ferrite process 

* 	 Plans for PDU scale finalized 

METC A-85-989-29 TC10-85 



Particle Control
 

* Inertial 

* Electrostatic
 

* Barrier 

* Granular Bed
 

* Combination
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Particle Control Devices
 

Device 

Electrostatic Precipitator 
Screenless GBF 
Ceramic Cross Flow Filter 
C.zramic Bag 
Magnetically Stabilized GBF 
Dry PJate Scrubber 
Electrostatic GBF 
Electrocyclone 
Fixed GBF 
Acoustic Agglomeration 

Type 

Electrostatic 
GBF, Moving 
Barrier, Rigid 
Barrier, Flexible 
GBF, Moving 
GBF, Moving 
GBF, Moving, Electrostatic 
Inertial, Electrostatic 
GBF, Fixed 
Augmentation Concept 

METC A-85-989-19 TC10-85 



Status - Particle Control
 

Cross Flow Filter
 

0 	 One element operated 80 hrs. on intermediate PFBC 

- Met environmental performance requirements 

- 15 to 20 inches of water pressure drop 

- Demonstrated 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 

O 	 inconsistent manufacturing techniques resulted in 
some elements cracking 

METC 	 A-85-989-26 TC10-85
 



Status - Particle Control 

Electrostatic Precipitation 

" 	 Subpilot scale PFBC test at 1450 deg. F 
-Met environmental performance requirements PFBC 

2 to 3 inches of water pressure drop 

* 	 Laboratory scale test to 1650 deg. F 
-- Significant increase in current above 1550 deg. F 

METC A-85-989-22 TC10-85. 



Status - Particle Control
 

Screenless Granular Bed Filter
 

• 	 Operated 1500 + hrs. on AFBC 
- Met environmental performance requirements 
-20 to 30 inches of water pressure drop 

-Demonstrated tolerance to upset 

* 	 Potential for pressure imbalance in media 
transfer lines 

" 	 Full scale concept design mechanically complex 

METC 	 A-85-989-23 TC10-85
 



Summary
 

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

Sadvantages 

* Often process efficiency and cost 

.* 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 itmight 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 license 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, was built 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. We also are able to tailor the slurry to suit the coal
 

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

leased 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
 

128
 



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 beneficiaLe Lhe coal ky 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 beneficiate better than others.
 

The 	Carbogel process does not require beneficiation in order to make a
 

slurry. 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
 

1. 	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 requirement 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 is an aerial view of the Foster Wheeler Elmwood plant showing the
 

plant itself with the settling ponds.
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After solving the normal minor mechanical start-up problems 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
 

0. 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
 

This paper presents a discussion of several new and developin 
uses of fluid bed reactors in biomass gasification processes. TIle 
reactors include systems for producinq low and medium Btu fuel 
gas along with syngas in certain applications. Fluidizing mediums 
using 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(1). Principally, the development found
 
its use in cracking units producing light hydrocarbons from
 
heavier crude oil fractions. The standard fluid bed system
 
normally defines a vessel with a height to width ratio areater
 
than one containing some type of inert bed material, usuaily
 
sand. Thc system design includes provisions for feeding and
 
mezns of supplying a controlled fluidized medium uniformly
 

through the bed material. Fig. I is the normal or standard
 
sketch of a fluid bed system. The distributor plate is designed
 
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 flow through the plate results in the inert material
 
receiving a consistent flow per unit area eliminating channeling
 
and other bed flow problems.
 

The fluidizing medium flow 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. Once the bubbles grow to span the reactor cross 
section a slugging condition is defined. An even further 
increase in the flow will result in an entrained bed system. The 
different conditions: incipient, bubbling, sluqin, and 
entrained reactor bed are depicted in Figs. 2 through 5. 

The designed height of the reactor must provide sufficient 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 level. The increased area reduces the product
 
velocity resulting in a loss of aerodynamic support. Figs. 6 and
 
7 show these systems with the disengaging heights defined in the
 
figures. With thia simple review of the fluid bed physics, the
 
important issues in this paper are the utilization of the fluid
 
bed principles in biomass gasification 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 adopts 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 inserted 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 between 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 systems are complex.
 

a. 	 Larger fans are required.
 
b. 	 Increased power requirements.
 
c. 	 expensive material required in construction.
 

2. 	 Product gas is dirty.
 
a. 	 Large bed carry-over.
 
b. 	 Increased tar and char production as compared to
 

normal down-draft system.
 

DISCUSSION
 

One of the major disadvantages of these systems was the normal
 
design complexity. The University of Nissouri-Rolla (UMR)
 
Gasification Research on Wood (GROW) project, has been testinq a
 
small fluid bed system which has de .,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 system (2). The distributor is a simple .1524
 
meter (6 in. ) layer of washed gravel. The developed system would
 
be a stand-alone engine system for pumping water or Qeneratinq
 
electricity. Charcoal is the chosen fuel principally because it
 
reduces the clean-up requirements of the feed system. The fan(if
 
required) is driven by the engine. Present levels of the
 
operation suggested a 6 to 7 kilowatts output and the desion cost
 
is targeted a 1,000 to 1,500 dollars.
 

In the same regard, the GROW staff (3) have been developino a 
similar reactor system for rice hulls. This unit is .1524 m 
(6 in. )'in diameter and approximately 3 meters (10 ft. ) high.
 
Fig. 10 provides the schematic of the unit. The real point of
 
this fluid bed system development is its advantages to produce a
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high performance design for rice hulls. Rice hulls are one of
 
the most difficult fuels to convert to usable energy. (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 silica encapsulates the
 
raw carbon in the hull and high temperatures crystallize the
 
silica, making the carbon almost impossible to use. The same
 
high temperatures generate a 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 designed to provide a
 
gasification temperature between 7040C (13000 F) and 9826C
 

(1800°F). This range permits good gasification performance using
 
ground hulls with carbon conversions above 70%. The design also
 
provides a low velocity high residence time within the reactor.
 
The long solids residence time is necessary for these carbon
 

conversion 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 cyclone.
 

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

operating changes are presently being investiaated.
 

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
 
rates than the normal flui.! 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
 
steam fluidized bed reactor. Through-put rates oi 9765 kq/mahr
 
(2000 lb/ft 9 hr. ) have been demonstrated using wood chips or
 

sawdust. The gas produced is a medium Btu gas 18630 kJ/m3 (500
 
Btu/scf) and the production requires no oxygen streams. Several
 
experiments indicated that the feed moisture content did not
 

affect the gas quality, only the conversion percentages. The
 
typical run data produced is shown in Table 1. The gas
 
production cost based on a 29300 kw (100 MM Btu/hr. ) plant was
 

suggested to be 1.36 cents/kw'..r. ($3.99/MM btu). The system has
 
demonstrated good performance with commercialization expected
 
soon.
 

The Institute of Gas Technolocv, (IGT) has constructed a pilot
 
plant facility to examine an oxygen/steam gasification
 
approach. (6) The system is a pressurized fluid bed system
 

designed to operate up to 982' C(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 work is being done with this reactor and economic
 
and performance comparison will be available in the near future.
 

The University 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
 
shown in Figs. 14, 15, and 16. The idea is to supply hich
 
temperrture 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 eneza:' stream can be used to cenerate the
 
steam for fluidization. The bed temperature controls the CO. Hp.
 
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 turbinQ energy. Sample data from the system are
 
shown 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, Mississippi 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 systems will be
 
used as an integral part of total conversion plants providina pas
 
for heating, power 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 

Run Condition 

Wood Type 

Moisture, % 

Wood Feed Rate, Kg/hr 

Dry Feed Rate, Kg/hr 

Gasifier Temperature, C 

Gasifier Pressure, KPa 

Nitrogen Feed, Kg/hr 

Steam Rate, Kg/hr 

Gasifier Gas Velocity, m/sec 

Combustor Temperature, C 

Combustor Pressure, KPa 

Combustor Gas Velocity, m/sec 

Product Gas Rate, NM 3 /Kg-MAF 

Carbon Conversion to Gas, % 

Product Gas Composition,% No 

Hydrogen 

Carbon Dioxide 

Ethylene 

Ethane 

Acethlene 

Methane 

Carbon Monoxide 

H2/CO Ratio 


Product Gas HHV, KJ/NM3 


Wood Analysis, % Dry Basis
 
Volatile Matter 

Fixed Carbon 

Ash 

Carbon 

Hydrogen 

Nitrogen 

Chlorine 

Sulfur 

Oxygen(by difference) 


KCal/Kg (dry) 


N - Nitrogen
 
S - Steam
 

Free
 

2.13 

S 


Bark 

20.40 

48.53 

39.00 

800.00 

14.51 

0.00 


143.00 

9.37 


845.00 

15.20 


.46 

.63 

58.80 


22.77 

20.01 

6.26 

.90 


0.00 

14.18 

35.85 


.64 

16730.00 


74.52 

16.94 

8.54 

47.06 

5.74 

.39 

.01 

.11 


38.15 

4335.69 


3.20 	 3.23
 
N-S N-S
 
Gum Sawdust
 

15.00 	 40.00
 
157.82 	 154.20
 
134.00 	 93.00
 
744.00 	 699.00
 
19.35 	 23.50
 
46.00 	 58.00
 

198.00 	 195.00
 
4.85 	 4.59
 

832.00 	 882.00
 
17.28 	 23.50
 

.66 .42
 
.64 .55
 
59.68 	 47.95
 

18.21 	 14.16
 
15.04 	 12.02
 
4.53 	 4.74
 
.91 1.06
 
.23 0.00
 

16.61 	 16.26
 
44.51 	 51.75
 

.41 .27
 
17214.00 17587.00
 

83.47 	 81.92
 
15.72 	 17.43
 
0.81 	 0.65
 

49.94 	 53.92
 
5.30 	 6.53
 
.16 .21
 
.02 .04
 

0.00 	 .04
 
42.77 38.61
 

4726.00 5010.12
 

TABLE 1. BATTELLE LABORATORIES COLUMBUS MULTI-SOLID SYSTEM TYPICAL GAS
 

1s:
 

http:17587.00
http:17214.00
http:16730.00


Test No. 

Pressure, KPa 

Temperature, *C 

Feed Rate, kg/hr(wet) 

Moisture, wt. % 

Steam, kg/kg Feed (wet) 

Oxygen, kg/kg Feed (wet) 

Purge Nitrogen, kg/kg Feed (wet) 


GT-l 

2231.00 

816.00 

369.00 

8.35 

0.79 

0.21 

0.52 


Product Gas Flow Rate, NM 3/hr 

Superficial Gas Velocity, m/s 

Gas Yield, NM3/lb Feed (wet) 

Tars & Oils, kg/kg Feed (dry) 


1001.00 

0.67 

1.231 

0.022 


Dry, Inert Free Product Gas Composition, vol. %
 
He 26.36 
CO 15.17 
COo 38.94 
CH* 18.41 
O H, 0.25 

C, H. 0.67 
C3 He 0.00 
C. H. 0.20 

Gross Heating Value (KJ/NM) 13551.00 

Dry, Inert Free Gas Yield,NM/kg Feed(wet)
 
0.224 


Cold Gas Thermal Efficiency,% 75.08 


Carbon Conversion to Gas & Liquids,%
 
92.0 


GT-2 ............... 
2231.00 
899.00 
313.00 

9.50 
0.71 
0.25 
0.45 

GT-3 
2127.00 
982.w0 
332.00 

9.70 
0.60 
0.34 
0.51 

813.00 
0.59 
1.177 
0.013 

934.00 
0.76 
1.276 
0.003 

27.45 
14.82 
39.83 

30.67 
22.40 
34.98 

J.7.16 
0.00 
0.07 
0.00 
0.67 

13270.00 

11.95 
0.00 
0.00 
0.00 
0.00 

11520.00 

0.230 
76.15 

0.256 
73.65 

94.4 94.8 

TABLE 2. IGT OXYGEN/STEAM GASIFICATION EARLY RUN
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Run No. A B C D
 

Feed (Kg/hr) Oak Flakes (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.(oC) 330.0 527.0 683.0 604.0
 
Bed Temp. (0C) 615.0 649.0 737.0 584.0
 
Propane to Burner(Kg/hr) 14.8 16.6 41.0 24.6
 
Air to Burner(Kg/hr) 375.0 348.0 870.0 404.0
 
Gas Produced Dry(Kg/hr) 36.2 66.0 112.9 128.0
 

HHV (KJ/NM3) 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
 
CH 4 3.27 3.74 2.28 2.60
 
C.H 1.01 1.14 1.02 1.03
 
C3+ 2.91 3.15 2.05 4.43
 
0* 1.08 0.39 0.06 0.01
 
Nit 2.97 1.62 0.57 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 context 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
 

157
 



o 	 Coal-Water Slurries
 

o 	 Coal Preparation
 

o 	 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 will 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 engineers 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 year. 
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 noteC 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 

1 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 Im 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 bcgin 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. Some of the major instruments supplied from the U.S.
 

include coal gravimetric feeders, computerized data acquisition
 

system, and a gas analysis system.
 

On 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
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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 appliel 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 cf burning Indian coals 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 Paducah, 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 Pregaration 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,
 

the 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 CVRI laboratory investigations have focused on the
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preparation of CWS using non-coking 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
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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
 

components 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, ai'd 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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ar the New York Universty. 

0 	 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.
 

0 	 Development of a Village Level Gasifier (IIT, Chemical
 

Engineering 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
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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, thermocouples 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
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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 (S02)
 
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--


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

* 	 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 balanced 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 maor difference is the inclusion of a dense,
 
"bubbling" or 
circulating fluidized bed along with the conventional boiler
 
components.
 

PFBC systems are very different 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 16001F) 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 (8001F) before expansion. In this case, most of the electri­
city is generated using a conventional steam turbine cycle, and the cooled
 
pressurized gas is expanded through a process turbine to generate power for
 
compressing the combusion 
air and possibly a small amount of electricity
 
(turbocharged cycle).
 

During the early 
atages of FBC development AFBC and PFBC Lechnologies were
 
following parallel development paths. It was thought by many at that time
 
that AFBC technology would be limited to mostly industrial 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.
 

* 	 PFBC improved plant performance by lowering plant heat rates,

because 
the technology used the combustion turbine in a combined
 
cycle configuration.
 

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

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 Authoicity, Electric Power Research
 
Institute, Northern Power and led to
States Company others significant

improvements in 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 confidently with utility applications of AFBC technologies. Table 1
 
lists utility 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 recently
one 

announced in the U.S.
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While
slowed AFBC technologies 
were
the need Progressing 
rapidly,

by 

to develop and demonstrate PFBC development
equipment was
and systems 
for-­

* 
 hot flue gas cleanup

* 
 High pressure fuel and sorbent feed
* Gas 
turbines 
that 
can 
resist 
the corrosion, 
erosion and fouling
Developments 


in these 
areas 

PFB cycle has led 


effects of the flue gas and entrained particulates
 

to 

and the advent of the less complex turbocharger
expected PFB systems renewed interest
However, to and
be be'fore are not commercially activity in PFBC technologies
the mid 
to late available
inPF.te hn l gi
considered 
19 90s; therefore,today and 
are s
further in this paper. 

they will not
not be
 
Applications 


for 
fluidized 

folloving: bed systems 
 can 
be 
 broken 
down 
into 
 the
• 
 Retrofits
 

Repowering
 
New plants
A retrofit consists
making of adding
all necessary a fluidized
changes bed onto
and an
Plant systems additions existing furnace and
approach and equipment. to the furnace
Burning InAFBC the United and balanceinclude Northern States States
Ret rofit Project examples of

andPower of thisNSPsCompany's125 eBlkDoUnt2
(NSP) French Island Wood
Retrofit Project. 
Fc
 

Although the
is repowering.focus 

A repowering
and auxiliary 

of this paper is the retrofit option,
consists of building
plant. s stems and equipment a new 
a similar approach
In most to provide fluidized
cases bed unit
the 
unit
although it may be Possible in some 


will steam to an existing turbine
be 
located 

cases in a new boiler house,
space previously to install the new boiler in the


occup'ied by the old boiler.
 
Utilities are interested in fluidized bed retrofit and 
repowerin9 projects
for the following 
reasons:
 

* 
 Cost savings from burning low grade coals
* 
 Cost savings from burning waste fuels
 
* 
 Fuel independence.
 

Plant life extension
 
* 
 Improved plant performance 


and availability
 
Low cost plant capacity increase
* Reduction in plant emissions (acid rain legislation, etc) without
the need for FGD systems
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9 
 Ease 	of permitting
 

* 	 Short schedules; ability to quickly add additional reliable
 
capacity
 

AFBC 	RETROFITS TO EXISTING BOILER UNITS
 

General
 

The advantages of fluidized bed retrofits include:
 

* 	 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 extension
 

" 	 Possible ability to increase the electrical generating 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. Our 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 fines 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 106 Btu/hr - Ft2
 

* 	 Unit size < 300 MW
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* Unit ordered after 1948
 
* 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 burner
 
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. Oil and gas fired boilers have much higher PABRs
 
than coal fired combustors.
 

The PAHR limit of 1.5 x 106 Btu/hr - ft2 was selected for practical reasons 
rather than any limiting technological 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 PA}R is approximately 750,000 Btu/hr - ft2 . 
Therefore, retrofits of PC units with PAHR's of 1.5 x 106 Btu/hr - ft2 will 
require up to twice the plan area of the exizting 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 approach 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 106 Btu/hr - ft2 . The PAHR for the original Black Dog 
boiler, for example, was approximately 1.0 x 106 Btu/hr - ft2 . 

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

The increased plan 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 coal were selected because these units have
 
larger furnaces and gas passes with much lower flue gas velocities compared
 
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, atore, 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 106 Btu/hr-ft2 ) 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 SW.C has
 
been able to determine, no commitments have been made for a CFBC retrofit of
 
an existing boiler. Oil 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 and 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 geuernl and the AFBC retrofit in particular.
 

AFBC recrofit applications are highly site specific. These criteria are
 
only a very general basis for screening potential 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 site
 
specific screening study should be performed. This study should address the
 
following:
 

* 	 The condition of the existing furnace and convective section
 
pressure parts, insulation and 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 percent onto the AFBC suppliers' 
contract price if the drum and support steel can be saved. 

* 	 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
 
capacity 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 fans
 
added in most cases (cyclone furnaces may be an 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 the 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 hai-e 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 accommodating the expected ash characteristics
 
should be considered.
 

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 furnace will generally be included to accommodate the
 
differential expansion where the existing furnace and the n-"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
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" 	 Fluidized bed waterwall enclosures with headers
 

* 	 Iu-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
 

0 	 Lower furnace wall headers
 

* 	 Nonmechnical seal between new 

furnace
 

Ccql 	Feed System
 

* 	 Spreader feeders
 

Limestone Feed System
 

* Limestone feeders
 

Combustion Air and Fuel Gas System
 

* 	 Air preheaters
 

fluidized beds and existing boiler
 

* 	 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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" Insulation and lagging for air ducts, air heaters and gas flues 

supplied
 

* Air flow elements and instrument connections
 

Spent Bed System
 

* 	 Spent bed material removal system
 

* Spent bed material coolers
 

Flyash Reinjection System
 

* 	 Mechanical dust collector with hoppers
 

* 	 Transport air blowers (including drivers)
 

* 	 Lock hoppers
 

* 	 Interconnection piping, fittings, and support 

* Char coolers 

Start-up System 

* In-duct gas fired burner
 

" Freeboard gas fired burner
 

* 	 Valves, piping and supports
 

0 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. tems 

* 	 Drain piping 

* 	 Seal, cooling, and purge air 
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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 

system
 

* Pressurized bed material handling system
 

" Bed material storage tank equipment
 

* 	 Vacuum fly ash system
 

* 	 Fly ash storage silo
 

* 	 System controls
 

fly ash handling
 

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
 

* 	 Instrumentation and Controls
 

* 	 Condenser
 

* 	 Condenser Air Removal System
 

* 	 Condensate Pumps and Related Piping
 

* 	 Boiler Feedwater Pumps
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* Deaerator
 

* Feedwater Heaters
 

* Heater Drain Pump
 

* Circulating Water Pumps
 

* Electrical Upgrades
 

* Structural Upgrades
 

* 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 
one 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 two 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, 
fr:om 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 from 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 &everal 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 b-iler conversion at French Island.
 

Fluidized-bed combustion provides complete 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 reservoir
 
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 ana 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).
 

4133-5323642-BI
 

187
 



Ultimate Analysis
 

%by Weight 
(As Fired) 


Ash 


Sulfur 


Hydrogen 


Carbon 


Moisture 


Nitrogen 


Oxygen 


TOTALS 


Higher Heating
 
Value (Btu/lb) 


TABLE 1 

WASTE WOOD FUEL ANALYSES 

"Performance" "Design-Grade" Wood 
Wood Wood Range 

3.60 3.00 0.5-6.0 

0.11 0.09 0.7-0.13 

3.20 2.66 2.2-3.9 

30.57 25.49 21.0-37.0 

40.00 50.00 30-60 

0.06 0.05 0.04-0.1 

22.46 18.71 15.4-27.0 

100.00 100.00 

5206 4339 
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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
 
conversion, some modifications to the fluid-bed system were provided by the
 
manufacturer. Major 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 cooling 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 to one part saturated steam. The in-bed boiling surface combined
 
with other changes from the manufacturer's usual design and operational
 
parameters allows ar increase 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 iY ed temperatures of from 1200 
to 1800'F, and a freeboard gas temperature . approximately 2000'F at the 
full-load condition. 

Preheated under-bed or fluidizing air at 375"F is 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/ft 3 , and a mean particle size of 14 mesh. Once the bed
 
has been properly preheated, waste 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 ranging 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-bee system thus has a bed drawdown and cleaning system to remove
 
the "tramp" mateirial and control the bed level.
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TABLE 2
 

FLUID BED BOILER DESIGN AND OPERATION
 

FOR
 

WASTE WOOD FIRING
 

Normal 
Design 

French 
Island 
Design 

Power Density (Btu/hr-Ft2) 370,000 760,000 

Furnace Excess Combustion Air 1%) 40
100 


In-bed Heat Transfer Coefficient -U.
 
(Btu/hr-Ft2-OF) 50
 

Bed Temperature (*F) 1,200 1,200
 
to 1,800 1,800
 

Furnace Temperature (IF) 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 cL the below- or under-bed drawdown hopper system,
 
the bed media is relatively free 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" and 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 the fluid-bed as both boiler load and fuel
 
characteristics change.
 

Boiler 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
 
fucl. The remaining air required for combustion is introduced to the
 
furnace through overfire air 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 also 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 optiwiting the combustion process performance,
 
flue gas monitors for opacity, 02, NO and CO were installed in the unit
 
stack. By proper utilization of dala 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 combustion rate to zero. The fltuidizing 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
 
adeed 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 internals from an existing multicorne
 
dust collector. This particle drop-out chamber was designed to collect only
 
the larger bed material as well a- 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
 
pLeheat as an aid in fluid-bed combustion.
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Environmental Considerations
 

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

* 	 Particulate Matter - Particulate emissions from the boiler are 
controlled through the addition of a high-efficiency gravel-bed 
filter system to approximately 0.09 lb/106 B'u, with a stack 
opacity of 10 peccent or less. 

* 	 Sulfur Oxides - Sulfur oxides are in the range of 0.01 to
 
0.1 lb/106 Btu in actual operation due tG the inherently low
 
sulfur content of wood and bark wastes.
 

* 	 Nitrogen Oxides - NO emission levels are in the 0.25 to
 
0.4 lb/106 Btu range during 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 environmental 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 that 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 cf 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-year life 
extension at a lower cost per kW generated. NSP also anticipates that 
sulfur dioxide (SO2) emissions will be reduced by up to 70 to 80 percent 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 lb/lO 6 Btu/hr.
 

NSP is currently planning 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-erating Facility
 

The Black Dog Generating Plant is located approximately 15 miles south of
 
downtown Minneapolis. The existing plant contains four pulverized
 
coal-f4.red units. Units I through 4 are rated at 80 MW, 100 MW, 120 MW, 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 to burn
 
Illinois bituminous coals; however, they have been burning a 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 unit that will be 7mtrofitted to fluidized bed
 
combustion, was constructed in 1954 and has been derated from its original
 
100 MW 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 park.iculate emissions to required levels.
 

Figure 3 shows a more detailed view of the original steam generator which
 
was originally built by Foster Wheeler and designed with a maximum working
 
pressure of 1770 psig at 860,000 lb 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 in the front wall. The following are several pertinent
 
characteristics of the original steam generator design:
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* 	 The furnace front wall consisted of radiant superheater surface
 

with 	steam flow both up and down the furnace wall.
 

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

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

* 	 The: intertube pass gas velocity at the top of the 'onvection
 
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.
 

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

Several options are currently being 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 engineering 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 MWe
 
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 S02 and NO
 

Pulverized coal steam generators are typically sensitive to variations 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 

Maximum 
Units Normal Load* 

Design pressure psig 1,7/0 
Boiler drum pressure psig 1,664 
Superheater outlet pressure psig 1,575 
Superheater outlet temperature OF 1,000 
Turbine throttle steam flow M #/hr 820 
Economizer inlet temperature OF 445 

Regenerative APH 

Air inlet temperature OF 80 
FG outlet temperature (with Lkg) OF 290 

Excess air at economizer outlet % 25 
boiler efficiency % 86.75 

Unit was also designed for a 4-hr peak load. 
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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 operation in a
 
cycling mode that could result in two shifts per day operation, with weekend
 
shutdowns.
 

Demolition Requirements
 

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 st;te, 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 1985.
 
The following areas of the facility were affected by the demolition effort:
 

o 	 The entire steam generator lower furnace was removed from an
 
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.
 

* 	 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 IV 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 rating of the unit. The particulate loading to
 
the existing particulate removal system must also be maintained at
 
suitable levels 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 SO2 removal requirement of 80 percent while using
 
available alkali in the fuel ash to reduce limestone consumption
 
(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 designed 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 new 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 limestone 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 OF 1,000 
Net generation MW 115 
Gross generation MW 125 
Turbine throttle steam flow MW/hr 1,039 
Economizer inlet temperature OF 469 
Net plznt heat rate Btu/kWh 10,930 
Excess air at economizer outlet % 18.5 
Air rreheater air temperature 
entering (FD fan/air preheater) 
Air pressure leakage 

OF 
% 

80/110 
10 

Air preheater flue gas temperature in OF 690 
Air preheater flue gas temperature out OF 250 
Bciler efficiency % 87 
Carbon utilization % 99 
CO in flue gas ppm 210 
NOx in flue gas ppm 245 
SO2 limit (NSPS*) #/MBtu 0.6 
S0 2 removal required % 72 
Ca/S mole ratio (limestone) 1.7 
Grcss heat input from fuel Btu/hr x 106 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/hr 147.9 
Limestone required #/hr 7,375 
Total waste solids #/hr 23,339 
Total solids to bed drain #/hr 4,606 
Total solids entering cycle #/hr 18,783 
FG weight to ESP including 10% air 
leakage MW/hr 1,405 
Flue gas (at 890 ft) ACFM 442,953 

NSPS = New Source Performance Standards
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TABLE 5 

PERFORMANCE AND DESIGN FUELS 

Coal Analysis 
(%by Weight) 

Sarpy Creek 
Perf Coal 

Sarpy Creek 
Dsgn Coal 

Sulfur 0.90 1.20 
Moisture 23.90 25.00 
Carbon 49.70 48.55 
Oxygen 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
 

Hardgrove Grind Index 


Ash Analysis
 
(fby Weight)
 

Si0
 2 

A1203 

Ti0
2 

Fe203 

CaO 

MgO 

Na20 


K20 

P205 

S03 

Trace 


Total 


Ash Fusion Temp -F
 
(Reducing/Oxidizing)
 

ID 


H=W 


H=W/2 

FL 


Sarpy Creek 

Perf Coal 


62 


35.2
 
17.2
 
0.7
 
6.9
 

17.4
 
4.3
 
1.5 


(medium fouling) 

0.4
 
0.5
 

15.3
 
0.6
 

100.00
 

2165/2250 

(high slagging) 

2170/2260 

(slagging) 

2180/2270
 
2190/2285
 

Sarpy Creek
 
Dsgn Coal
 

50
 

4.0
 
(high fouling)
 

2100/2150
 
(high/severe slagging)
 
2120/2180
 
(slagging)
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All of the new AFBC system, as well as the existing water-cooled furnace
 
pressure parts, will be designed for forced circulation.
 

The AFBC conversion approach at Black Dog will provide a significant
 
combustion residence time in the furnace and should result in a relatively
 
low carbon carryover and low recycle rate requirement for achieving the
 
predicted limestone use and combustion efficiency. The conversion approach
 
being used also results in the limestone and coal feeders being located at
 
the front of the new AFBC unit with the overfire air and recycle injection
 
ports being located in a 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 design for the Black Dog unit wherever
 
possible. Subsequent information, as it becomes available as appropriate,
 
will be fairly easily incorporated into the unit desLgn 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 Unit 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 multic.one 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 combined 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 SO3 into the flue gas stream will be
 
located at points before each of the primary and secondary precipitators.
 

The S03 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 fans 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 required 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 technological 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. In addition, the DCS will provide
 
coordinated boiler and turbine control capability from startup to full load
 
operation. This will provide a unified operator control philosophy 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 controllers and/or
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local control stations unless complexity or operator :onvenience 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 a
 
redundant co-axial cable data highway.
 

The data acquisition system (DAS) will consist of a digital computer system
 
which is linked to the DCS 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 WheeLer 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 retrofit 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 Irogram 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 pro~ect 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 J25 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 considerable reduction in SO2 and NOx 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 whether or
 
not to proceed.
 

Operation of the NSP Project will begin in July 198G 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
 

125 MW 125 MW
 
(Gross) (Gross)
 

Retrofit New
 

Steam generation systems 110 - 200 200 - 260
 
Air ani flue gas systems 20 - 50 50 - 70.
 
Coal and limestone handling systems 20 - 50 70 - 100
 
Particulate removal systems 20 70 70 - 95
 
Plant solid waste systems 15 - 30 100 - 115
 
Water and liquid waste systems 5 - 10 60 - 70
 
Balance of plant systems 10 - 30 510 - 610
 

Total directs 200 - 440 1,060 - 1,320
 
Indirects/dist/cont 70 - 80 290 - 330
 

Total construction costs 270 - 520 1,350 - 1,650 
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Fig. 5: Redesign for Black Dog Unit 2 retrofit
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QUESTIONS AND ANSWERS - AFTERNOON SESSION, DECEMBER 5, 1985
 

D. Daugherty - TVA
 

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

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

Q. 	What is the cost of a pound of steam?
 

A. 	 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 fluidized bed is
 
we are able to use an inexpensive fuel. We have burned a low 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
 
limestone in from any great distance.
 

Q. 	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?
 

A. 	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. I 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
 
low temperature; therefore, as we said, in all our test plants we have
 
never exceeded 0.25 lbs. with the AFBC boiler. So, we could go up to 0.6
 
lbs. 	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 lbs. We have been able to
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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 limestone 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.
 

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

A. 	 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. All we do is exhaust the
 
steam to the atmosphere. It is purely a research facility.
 

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

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

Q. 	What is the amount of fines in the bed?
 

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

Q. 	Are fines generally 10-15%
 

A. 	At the 20 MW plant, using Kentucky No. 9 coal, the amount of fines in the
 
feed stock vary with the size distribution, for 4" 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.
 

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

A. 	If sulfur capture is not important, then limestone should not be used.
 
After limestone calcines, itwill elutriate very quickly if there is no
 
SO to react with. Use some other bed material, such as sand, or
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whatever is cheaper, that will not create erosion problems.
 

Q. 	Isthe use of limestone compulsary? If so, why?
 

A. 	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 boilers.
 

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

A. 	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 lost from the
 
boiler.
 

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

A. 	An overbed feed system would be less complex and less 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 savings. However, other
 
coals might not incur these penalties due to their composition. For
 
example, Sarpy Creek is low in sulfur and burns quickly. Therefore, no
 
performance difference is seen between underbed and overbed feed operation.
 

Q. 	What is the status of PFBC in the US today?
 

A. 	 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
 
least 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
 
replacement.
 

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 melting mixtures of Na,
 
K, Fe sulfates on expansion cooling through the gas turbine, the cause of
 
hot corrosion on stainless superheater tubes in conventional 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.
 

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

A. 	Yes, on both accounts. Minor level of erosion was experienced on the
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in-bed evaporative tubes with little or no erosion on the in-bed
 
superheater tubes. The major problem with bed tube supports was failure of
 
309 stainless steel welds on the uncooled members.
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Clarence Eich - Foster-Wheeler
 

Q. 	What is the particle size used in CWS mixtures?
 

A. 	 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.
 

Q. 	How good is the stability of the CWS mixture?
 

A. 	 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.
 

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

A. 	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.
 

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

A. 	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.
 

Q. 	Do you beneficiate the coal used inCWS mixtures? What is the extent of
 
coal lost during beneficiation?
 

A. 	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 ,ith the sulfur? Inother 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, ifwe 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, before we go for it.
 

Q. 	Are there any commercial boilers for CWS applications?
 

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

Q. 	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?
 

A. 	 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
 
low 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.
 

Q. 	 Is there a dry method for coal beneficiation?
 

A. 	 Not that I know of. Beneficiation for normal coal washing is a
 
beneficiation process because you do wash some out. It seems 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
 
inwhich 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 ;t 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.
 

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

A. 	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 hoLrs. 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.
 

Q. 	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?
 

A. 	 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 oil because of competition
 
with natural gas, or the present price of oil. 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 oil, 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 oil 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.
 

Q. 	 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.
 

A. 	Yes, there is no question about that. Nhen you look at the total 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 becomes a major part of your cost
 
structure. You really have to look at total costing from what you are
 
paying for the coal to the ultimate user inorder to determine what your
 
economics 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 ischeaper to
 
build a pipeline rather than upgrade their rail facilities. As a result,
 
they are very enthusiastic about building a pipeline in mid-eastern Russia,
 
close to the Euro Mountains. I 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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V. Flanigan - University of Missouri-Rolla
 

Q. 	Do you produce tar during coal gasification inyour gasifier, and is it a
 
major problem?
 

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

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

A. 	 Yes, we have lots 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.
 

Q. 	Have you considered any other fuels such as rice hulls?
 

A. 	 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
 
gasifier.
 

Q. 	 In general, what kind of ash removal system do you use?
 

A. 	 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
 
atmospheres, one atmosphere above atmospheric pressure.
 

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

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.
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Q. 	Do you need to prepare the feed prior to use?
 

A. 	 No. It just needs to be dry.
 

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

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

Q. 	Can you use it directly from bails?
 

A. 	We have a technology in the states -- I heard this morning about hay and 
the large quantities that are available. We make these big round bails. 
We are looking at a project for this year to see if we can feed these roLnd 
bails into our gasifier and combustion systems. I wish we could have a cow
 
as a feeder. I think that is what we need.
 

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

A. 	 Sure. But when there is a large variation in the pyrolyzing process at any
 
given time, you are probably going 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, ifyou have large variation in particle size you'll have a great
 
difficulty pyrolyzing the fuel.
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Raj Gopal, Westinghouse
 

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

A. 	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 customers. They also like the 30MW power plant as a captive
 
unit. In terms of fluidized bed, I guess we have a 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.
 

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

A. 	We haven't completed all of the studies, but what we are presently looking
 
at iswhen the sun is shining, it will generate 75% power through direct
 
solar and operate the fluidized bed at 25% capacity mainly for super
 
heating. In the evening 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 looking for.
 

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

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

Q. 	What is the medium for transferring heat?
 

A. 	Oil is the medium for transferring heat.
 

Q. 	What is the assessment of capital and the operating costs?
 

A. 	 If it is going to be run by a private company, we wanted to keep the power
 
costs at less 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 they 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 $2000 to almost $3000 per kilowatt. So it is quite a lot. The
 
problem that comes about is the economics.
 

One of the things we will commit to do in this proje't is complete it
 
within two years; itwill be fully funiodonal 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 trying to combine the two and there are some
 
risks, but not technical risks. It is more a problem of being able to get
 
a project done on time and within the budget.
 

Q. 	 Isn't that a high risk venture?
 

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

Q. 	How many square miles are required for the plant?
 

A. 	 You require about 106 acres of mirrors for a 30MW plant when you go fully
 
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. When
 
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. [hree acres per MW
 
for a solar plant does not seem that big.
 

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

A. 	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 Moheve desert in
 
California, even if you 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.
 

Q. 	There are often wide variatiocis 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?
 

A. 	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.
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S. Grieve - Stone & Webster
 

Q. 	Have you experienced any metal fatigue and erosion problems?
 

A. 	 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 moduls. The studding
 
and pinning process has been used satisfactorily in the Netherlands for
 
about a year.
 

Q. 	With the type of overbed feeding and the combustion efficiency expected
 
would this economical?
 

A. 	We plan to use an overbed feed system. We realize the problems of
 
efficiency and the possibility 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 literally 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
 
the overbed system.
 

Q. 	 Is the sulfur dioxide removed satisfactorly with the overbed system?
 

A. 	 Yes. This coal is low sulfur so we are not primarily concerned with our
 
sulfur emissions. We don't expect to have problems with sulfur. We 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 like 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 th3 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
 
equipmeo1t required for the underbed transport system include blowers, seals
 
against the transport pressure, anu feed lines. The transport pressure
 
seals and feed lines 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 Northirn States Power scheduled
 
for operation in 1986, and the 160 MW Tennessee Valley Authority scheduled
 
for operation in 1988.
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Q. 	What is the fluidizing velocity of a circulating fluid-bed, the coal size
 
and the coal feed system?
 

A. 	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 openings. Ifyour coal does not contain much slate or other
 
hard rock, 3/4" x 0" coal may be used. Remember that some 1" to 2" long
 
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 like 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 Pyropower
 
systems are appropriate for their furnaces pressures.
 

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

A. 	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 ifyou 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 gene-,al, our feeling is if you don't have Lo
 
pressurize it,don't because you pick up a lot more problems that way.
 

Q. 	You are going to windup with installment costs with overbed feeding, right?
 
A. 	Yes.
 

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

A. 	No, I cannot. I'm sorry, I don't have the engineering details. But, I
 
don't think that itwould 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.
 

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

A. 	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.
 

Q. 	Have you looked at other options for CWS mixtures such as gasification?
 

A. 	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 loading 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, ifwe could handle a 
lignite, T(exaco 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. 

Q. 	 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 Farticular rating would be of a lower capacity? 

A. 	Yes, but the capacity would have to be limited. It depends on the boiler
 
and how conservative the design iy,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 oil fired boilers for Florida Power & Light. They were a
 
400 M.W unit. Those happen to have been designed very conservatively, and
 
we felt we could operate those at 100% capacity on fluid coal-water with
 
even a 6% ash in the slurry. The reason for it being they were very widely
 
spaced. At the time they wore 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 sorre 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.
 

Q. 	 What is the concentration and the price of the additive? 

A. 	 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 about ismaybe 10% of that
 
price.
 

Q. 	What is the cost of oil in the Urited States?
 

A. 	 I will give it to you in Btu. For a utility-type oil, 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 getting
 
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.
 

Q. 	Very recent coal slurry studies show that the economics don't look very

good 	for coal-water slurry. 
 In this context, how do the economics for
 
coal-oil mixtures look?
 

A. 	Coal-oil 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
 
instance, in Tennessee we are able to sell it locally, but the
 
transportation costs are minimized and we are able to compete with the
 
local gas and oil prices. Here we are talking about boilers which were
 
designed primarily for oil to start with, converted to coal, converted to
 
oil and now converting back 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 lime 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 tile
 
questions of a reduction incapacity. Some boilers can go to full capacity

and others can't. Itdepends on t-- boiler design. The economics are very

problematic, there is no question aoout that. 
A lot is dependent upon the
 
price of oil 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.
 

Q. 	Can the coal-water slurry technology in the U.S. be commercialized using
 
any U.S. coals?
 

A. 	It is commercial in U.S. in the case of the Eastern bituiminous coal. There
 
is a lot 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 resoarch project funded by the U. S. Agency
for International Dovelopment (U IAID) and Bharat Heavy Electri­
cals Limited (13-EL), has been initiated at the BHEL high pressure 
boiler plant site in Trichy, India,. rhe project involves the 
design, erection and commissioning of a one metro square cross 
section Atmospheric Fluidised Bed Combustor (AFBC). The te3t 
facility will be used to obtain engineering and performance data 
on the combustion and heat transfer in the freeboard region 
of the AF8C. High-ash Indian coals, low grade fuels and 
high sulfur U.S. coals will be tested in the combustor. The 
Industrial Power Products Division (IPPD) at BH L Trichy and 
the Oak Ridge National Laboratory, USA havetho joint technical 
responsibility for ccrrying out the project. The project was 
initiated in November 1983. 

This paper describes the current status and the activities planned 
for the future. 

227
 



AFBC TEST FACILITY FOR THE EVALUATION OF 

FREEBOARD PERFORMANCE 

1.0 INTRODUCTION AND BACKGROUND: 

Under the united, States Agency for International Development 
(USAID)/Government of India (GOI) Coal-Biomass Programme, a lmXlm 
cross section fluidized bed combustor with the auxirliary systems is 
being erected at BHEL, Trichy, India. The purposa of the FBC test 
facility is to obtain performanci data on the combustion, heat transfer 
and sulfur retention in the freeboard region of the F8C. Very little 
quantitative fnformation is available in this area. Experimental data are 
needed for developing correlations for the design and scale-up of FBC 
systems for heat and power generation 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 data 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 fe.d rate, heat transfer, dust 
loading etc., are not manufactured in India. Furthermore, a versatile 
data acquistion and analysis sy,tum needed for such a test facility is also 
not availab!e in India. These instruments have been obtained through 
USAID for the test facility, The Oak Ridge National Laboratory (OFRNL), 
is providing technical assistance io BHEL in the selection and pro. 
curement of instrumentation and in the design, erection aid testing in 
the experimental facility. 

Since the initiation of the project in November '83 several milestones 
have been met. These accomplishments have been periodically reported 
in the progress reports to USAID and BHEL management (Ref 1, 2, 5 &6) 
The intent of this paper 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. 

2.0 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) reseirch test facility at BHEL-Trichy, 
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Gather performance data on combustion, heat release and heat transfer 
rates along the freeboard height. 

Obtain data on dust loading ad gas composition along the freeboard 
height. 

Obtain combustion efficiency/carbon burnup data as a function of 
fuel type and size. 

Obtain data on SO INOx emmissions in the freeboard and their effect 
on unit emmission and sorbent utilisation. 

Correlate experimental data in terms of the design and operating para­
maters for performance prediction and scale up to large AFBC system. 
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3.0 	 PROJECT MILESTONES 

No. Description 

1. 	 Detailed engineering design of the test 
facility, and specification of instrumentation 

2. 	 Preparation of the design document 

3. 	 Review of the design by FBC organisations/ 

experts in the US with BHEL Engineers 

4. 	 Ordering of special instrumentation 

from the U. S. 

4a. 	 Ordering of indigenous equipment 

5. 	 Training of BHELengineers on data 

acquisition system (DAAS)
 

6. 	 Shipping of Gas analysers, DAAS and 

gravimetric feeders from U. S. and
 
receipt at BHEL, Trichy
 

7. 	 Preparation of manufacturing drawings, 

procurement of materials and equipment
 
and fabrication of components
 

7a. 	 Excavation for raft base column 

foundations and casting 

8. 	 Erection and commissioning 

9. 	 Testing, data gathering and data analysis-
Phase-I 

10. 	 Testing, data gathering and data analysis-
Phase-Il 

11. 	 Final report preparation 
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Status 

Completed-March '84 

Completed-May '84 

Completed-August '84 

Completed-October '84 

Completed-October' 84 

Completed-June' 84 

Completed-Sept' 85 

Completed-Nov. '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 AND CURRENT STATUS 

The description of the AFBC test facility and the auxiliary systems has 
been presented in detail in Rof (5). Tasks accomplished to date in the 
different areas are described bolow. 

4.1 Machanical Engineering Design: 

Industrial Power Poducts 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 after the design review in the U. S. in July '84. The sugges­
tions made by the reviewers (See Appendix 1 and 2 Rei: 5) were 
incorporated in the manufacturing documents and released for 
fabrication. 

4.2 Materials and Equipment: 

Materials required (70 tonnes of plates Et tube$ and rolled steel products) 
for fabrication of the combustor, pressure parts, non-pressure parts and 
structures were identified and procured through BHEL's material 
management department. 

Indigenous equipments (Roots blower, ID Fan, Rotary feeders, slurry 
pump, etc) were ordered and inspected at various stages of its manu­
facture. The list of items ordered and the suppliers is presented in 
Table: I The coal/limestone gravimotric feeders were supplied by 
M/s. Merrick Corporation, USA. 
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Description 

Electric hoist 

Induced Draft Fan 

Air lock feeder 
(variable speed) 

Air lock feeder 

(constant speed) 

Air lock feeders 
(water cooled) 

Roots Flower 

Castable Refractory 

Fire bricks 

Insulating bricks 

Mineral wool mattress 

TABLE I 

Indigenous Equipments 

Supplier 

M/s. Greever Cotton, 
Madras. 

M/s. Industrial Systems -
Equipments Ltd, Madras. 

M/s. Avron Engineering, 
Bombay. 

M/s. Avron Engineering, 
Bombay. 

M/s. Avron Engineering, 

Bombay. 


M/s. Swam Pneumatics, 
Delhi 

M's. Associated Cements, 
Bombay. 

M/s. Nataraj Ceramics, 
Kallakudi, 

Mts. VRW, Madras. 

M/s. Lloyds Insulations, 
Madras. 
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Status 

Received-Aug '85 

Received - Nov '85 

Received - Sept '85 

Received - Nov '85 

Inspected Nov '85 
Expected after 
rework - Dec '85 

Inspected and 
Shipped - Nov '85 

Received - Jan '85 

Received - Aug '85 

Received-March '85 

Supply and erection 
Nov/Dec - '85 



4.3 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, external piping with asso­
ciated valves and fittings) were rnanufacfured 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 airheater 
is installed and commissioned, the combustor will be operated without the 
airheater by Providing bypass ducts. Since the airheater is required only 
for specific test runs, this arrangement will not interfere with the commi­
ssioning of the test facility. Structural components were fabricated at the 
FCB complex as well as at the R&D workshop of IPPD, BHEL, Trichy. 

4.4 Civil Works 

The foundation drawings with the load chart were finalised and plan 
released to Civil Projects Group, BHEL, Trichy in April 1985. Site prepara­
tion and excavation were initiated in August 1985 and completed in 
October'85. A raft type foundation with twelve pedestals has been adiop­
ted ior the facility encompassing the combustor, FBC airheater, multiclonos 
coal/limestone bunker, and gravirnetric feeders. 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 main 
facility has an asbestos roofing and side claddings. 

The control room measuring 8 m Y 5 m is a separate building located 5 m 
from the main test facility, Special features of the control room include 
dust proof, noise prcof, slatic proof, false ceiling, air canditioners and glass 
panels for visual observation ot the combustor during operation. The 
control room housas the Beckman gas analysis system, the control and 
instrumentation panel and the data acquisition and analysis system. 

4.5 Instrumentation & Controls 

The control panel houses the flow indicators, pressure transmitters, 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 also provided with multiple tappings in the bed and in 
the freeboard regions for meisurement of temperature, heat flux, heat 
transfer coefficient, gas cV;mposition and solid composition. Details on the 
sampling locations and the mea~urnnets techniques are given in Ref: 3 
A versatile data acquisition :;ystei (of" : 5) with a desktop computer, 
graphic display and printer will lo, thu date during operation. A software 
package for doing the performr-nco czlculations on the major parameters 
will be built Into the sy~i ,rm for coi tinuous monitoring of the process. In 
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addition the DAAS system will bc linked to the existing BHEL main com­
puter for storage and retrieval of the data records. 

4.6 Electricals : 

The Maintenance and Services Group at BHEL, Trichy are executing the 
electrification of the test facility and the control room. The work scope 
inciudes laying of control cables, power distributor board, internal wiring 
and installation of control panel, comp!ete wiring of the control room and 
test facility and lighting and airconditioning. 

4.7 Erection : 

A total of 120 tonnes of finished components for the test facility ,ind the 
sub-systems have been erected at the FCB Complex, BHEL, rrichy. The 
componentwise tonnage is provided in Table !1. The erection was perfor­
med by M/s. S. K. S. Fabricators. Trichy as a subcontract at a cost of 
Rs. 1,42,000.'­

5.0 PRECOMMISSIONING & SHAKEDOWN: 

The precommissioning of the auxiliary systems at the test site is scheduled 
for December'85 Inspection and performance testing of the individual 
equipment have already been complnted 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 tent site. Coal burning and shakedown trials will 
start by the end of December'85. 
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TABLE-II 

COMPONENT-WISE TONNAGE 

Components Tonnes 

Structurels Et Supports 40
 

Non-pressure parts 10
 

Combustor Steei 7
 

Combustor refractory 25
 

Coal feeding system 5
 

Pressure parts and external piping 8
 

FBC Airheater 10
 

Roofing and side claddings 15
 

Total 120
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A F B C BOILER SCALE - UP
 

1.0 	 INTRODUCTION: 

India has an estimated reserve 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 50% ash) and the coal allocated to the Enerjy Sector is 

of an inferior variety.Conventionally fired steam generators when fired with 
such poor quality coal experience unscheduled outages due to pulveriser 
wear, erosion in economiser, air heater and ID fan and coal fdamo ctabilisa­
tion. AFBC offers at- 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 100 t/h. Based on 
the operating expeinoe and data collection in their operating commercial 
installations (12 t/h unit for 20000 hrs and 46 t/h unit for 12000 hrs) 

BHEL initiated design of a 150 t/h (330700 lb/h) unit by framing a set 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. 

2.0 	 OBJECTIVE: 

The objective of this project is to develop the design of the 150 t/h 
(30 	MWe) AFBC boiler, have the design reviewed by TVA and firalise the 
design to incorporate TVA's comments. 

3.0 METHODOLOGY AND MILESTONES: 

3.1 	 BHEL would develop the design, general F,quipment arrangement 
and equipment specifications for the 30 MWo unit. 

3.2 	 TVA would evaluate the scale-up design and offer their comments. 

3.3 	 TVA engineer would visit all operating FBE.boiler installat'ons in India, 
and also hold preliminary discussions with BHEL engineers on the, 
scale-up design. 

3.4 	 SHEL engineer would visit TVA to finalise their comments on the 
30 MWe unit. 

3.5 	 A presentation would be made on the finalised design at the Third 
anuual workshop on Coal - Biomass conversion in December 85. 
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4.0 	 WORK ACCOMPLISHED: 

4.1 	 The proposal design with equipment specification and arrangement 
drawings prepared by BHEL were forwarded to TVA through USAID in 
December 1984. The details were presented in the USAID/GOI. 
Second Annual Coal-Biomass Woikshop, at NEW DELHI in Feb. 1985 

4.2 	 TVA had an inhouse review of the design and two TVA engineers !had 
preliminary discussions with BHEL engineers in India during 
February 1985. 

4.3 	 The comments of TVA were finalised during the visit of BHEL 
engineer' 'VA in April 1985. Based on the comments the following 
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 9000 C to improve 
combustion efficiency. 

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 tubes instead of inclined tubes to avoid bubble 
growth in large fluidised beds. 

4.3.5 A cooled distributor plate is adopted for better structural rigidity 
for such large beds 

5.0 	 GENERAL DESCRIPTION OF THE FLUIDISI3D BED COMBUSTION 
STEAM GENERATOS AND AUXILIARIES: 

The steam generator is of the bottom 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 
eliminates 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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Part of the evaporating heating surface is located within the fluidesed 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 between 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 will be 
arranged after the boiler bank secticn and enclosed by flue ducts. The 
boiler is provided with a tubularairpreheater as the last stage of heat reco­
very. 

The coal feeding system consists of rotary (Fig. 3) air lock feeders, and 
feed piping through which the crushed coal is pr. ematically transported 
and fed 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 transporting the crushed coal to the fluidised bed. The boiler is 
equipped with two radial ID 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. 

6.0 	 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. 

6.1 	 Economiser System : 

The economiser system (Fig. 5) draws the feed water through the feed 
pipes to the economiser inlet header. The eonomiser is located in a gas 
duct after the boiler bank. It has a continuous loop, plain tube, drainable 
horizontal, in-line arrangement. The feed water after it is heated in the 
economiser leaves the economiser outlet header to the drum. 

6.2 	 Circulation System : 

The hot feed water from the economiser (Fig 6) is discharged into 
the steam drum below the water level where it mixes with the recircu­
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lated water. The mixed water flows through the comparatively cooler 
bank tubes to the lower drum. In addition the ,outormost boiler bank 
side wall 'tubes [aro specifically designed as down comer sections to 
ensure adequate water flow to the lower water drum. In the boiler bank 
section the front rows of bank tubes (which are comparatively hotter) 
act as riser tubes and the rear rows of tubes act as down-comer tubes, 
thus forming a circulation system within the boiler bank. A portion of 
the water from the water drum flows to the water wall system lower 
headers, which 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 horizontal 
evaporator outlet headers flow back to the drum, through separate 
riser tubes, where the drum, internals separate the steam and water; the 
saturated steam flows to the superheater section and the water flows 
back into the circuiation system. 

8.3 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 the two stages 
for controlling the final superheat steam temperature. 

The convection superheat located at the furnace outlet will be a spaced, 
continuous loop, 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 type dosuper­
heater is provided in the steam connecting link between the two stages 
of superheater. This interstage desuparheater will be of spray type. 

7.0 FLUIDISED BED ARRANGEMENT: 

7.1 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 velocity : 2.5 m/s 

Average bed temperature : 900 0 C 
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Excess air (on fuel fed basis) 

Combustion above bed 

(as a % of Heat input) 

Average bed particle diameter 

7.2 Bed Surface Arrangement: 

The fluTdised bed is arranged as a 
three main bed sections in which 

: 10% 

: 10% 

0.8 mm. 

single cell. The bed comprises of 

the superheater surface and evapo­

rator surface are immersed and a fourth bed section having two zones 

one containing evaporator surface and the other zone (start-up bed) 

having no surface immersed. The start up bed is initially actuated. 

Adjacent section of the 

by feeding air and fuel. 
blished by the immersed 
main beds are actuated 

bed is then activated, and brought into service 

After sufficient steam flow has been esta­

evaporator section of the start up bed, the 

after ensuring the inbed superheater surfaces 

are cooled by the steam already generated. 

7.3 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 

monitor and control the air flow through bed sections.are provided to 
Provisions are made in the air box for the coal feed pipes and the 

bottom ash discharge system to traverse through. The wind box V 

isupported on the water walls. 

7.4 Distributor Plate Arrangement: 

In the first generation design BHEL adopted a multiorifice type distri­

butor. Eventhough the fluidisation performance was good, the long 

term reliability after many start-ups was not very satisfactory. After 

testing several types of air distributors in a test rig specially meant for 

this purpose, BHEL has evolved a nozzle type distributor and optirnised 

the design with suitable material of construction, the pitch of the 

nozzle/ height and holo size. 

The nozzle type design protects the air distributor against the hot bed 

temperature during boiler operation, and also the thermal shock that the 

distributor would be subjected to during a unit trip, FD fan failure, or load 

reduction and consequent slumping when the hot bed lands on the air 

distributor. 

243 



8.0 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 help 
to feed coal against pressure. The coal discharged from the feeder is 
transported pneumatically to the fluidised bed through steel pipes. The 
air required for transportation of the coal is drawn from the forced draught 
fan nrnd tie pressure is boosted in the primary air fan t'efore it is supplied 
to the air heaters. Control valves on the headers regulate aiir flow through 
coal/3ir pipes. The fuel is then pneumatically conveyed to the coal.Aplitter 
wherd thr, ,,iel is distributed and fed into the fluidised bed by underbed 
feed lines Individual air heaters are provided for each compartment with 
necessary air measuring and control devices for shut off if required. The 
rotary air lock coal feeder is a vo!unetric type of feeder which helps feed 
coal against pressue, by effective sealing. A dynodrive mechanism which 
controls the eddy current flow 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 adequately lined to prevent erosion 

9.0 BED ASH LET DOWN SYSTEM: 

The bed ash let down system maintains the level of the 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. 

10.0 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. 

11.0 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 
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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 prevent ewosion of the AH tubes. 

12.0 DUST COLLECTING SYSTEM: 

An electrostatic precipitator is located after the tubular airileater 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 !o dedust the flue gases. 
The EP is sized for an outlet dust omission of 250 mg/Nm 3 . 

13.0 CONTROL SYSTEM: 

The 	 automatic control system is 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 feed control. 
This maintains the boiler drum level constant by computing feed 

water flow and steam flow. 

2. 	 Steam temperature control
 
This maintains correct temperature of outlet steam.
 

3. 	 Furnace draught control. 
This maintains constant draught at the combustion Chamber. 

4. 	 Combustion control: 

This maintains the steam pressure on the boiler constant by 
varying coal flow and air flow for optimum combustion efficiency. 

14.0 FUTURE WORK: 

In the preceding paragraphs a brief description of the 3U MWe AFBC 
boiler reviewed and finalised with TVA is presented. Work has already 
been initiated on the setting up of a 30 MWe AFBC demonstration 
project with the steam generator as an add-on to an existing custo­
mer power plant, with part fundings from USA/iD, DNES, BHEL and 
the customer. 
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TABLE 1 

BOILER PARAMETERS 

"100%Boiler 
MCR Load 

Main Steam 

Flow (at Main steam stop valve) t/h 150 

Pressure (at Main steam stop valve) Kg/cm2(g) 63 

Temperature (at Main steam stop valve) °C 496 

FePd Water 

Temperature entering economiser °C 210 
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TABLE-2 

FUEL ANALYSIS 

COAL 

PROXIMATE ANALYSIS (As fired %weight basis) 
RANGE 

Moisture % 6.1 -17.0 

Ash T 32-50 

Volatile Matter % 14- 23 

'Fixed Carbon % 18- 38 

Higher Heatinq 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 1.75
 

Sulphur % 0.5 0.33
 

Oxygen % 5.3 6.48 

Nitrogen % 1.02 0.50 

Total 100.00 100.00 
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30 MWe AFBC DEMONSTRATION PLANT 

1.0 INTRODUCTION: 

Atmospheric Fluidised Bed Combustion (AFBC) development was initiated 
in India by BHEL a decade ago. The ability to burn a wide rancjo of 
fuels (Table 11 which includes coals, washery rejects of heating value 
1900 Kcal/Kg, agricultural and industrial wastes in FBC boilers was 
demonstrated in the prototype unit at SHEI., Trichy. The ru~iable and 
efficient operation of the FBC boilers for cogeneration in industries has 
also been proved by the operation of a 12t/h FSC boiler in a local distillery 
since October '81 and another 45 t/h FBC boiler in a Polymer Plant in 
Vizag since October '83. Erection of a 10 MWe FBC boiler for captive 
power generation using washery rejects and a 60 t/, FBC boiler for 
cogeneration in a paper plant are underway. Table 2 lists the list of FBC 
iotstallations contracted by BHEL. 

In the utility sector BHEL is yet to demonstrate the application of AFBC 
technology The engineering 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 proposed to install a 30 tAWe AFBC demonstration 
boiler with part funding from USAID, DNES, B-IEL and customer. Demon­
stration of this technology in the utility sector would go a long way in 
utlising ihe poor quality coal abundantly avilable in India. 

2.0 OBJECTIVES: 

The objectives of the proposed project are to design, erect and commission 
a total 30 MWe AFBC utility boiler system burning high ash coals and 
washery rejects. 

To demonstrate the performance and reliability of FBC boiler and 
auxiliary systems for utility applications 

To gather engineering and performance 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 middlings and 
other waste fuels such a: mill rejects. 

To have this project as a training ground for operation of FBC boilers. 

259
 



3.0 DESIGN DEVELOPMENT: 

Based on thq operating experience and data generated 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 scala up' between United States Agency for Inter­

national Development (USAID) and Government of India (GOI) - DNES. 

Discussions were held with two TVA engineers during their visit to BHEL, 

Trichy in Feb '85. Their comments were finalised during the visit oi 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 the paper entitled "AFBC Boiler 

Scale-up",.and is being presented in this workshop. 

4.0 SELECTION OF PLANT: 

In order to minimise the capital investment for the demonstration plant, 

an AFBC boiler 'add-on' to an existing thermal plant is only considered. 

There 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 quantity 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. 

5.0 SYSTEMS MODIFICATIONS 

Considering space restrictions in existing plants, a precollector and bag 

house was adopted foi dust collection 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 

hand!irg and a' h handling system are based on the cxisting handling system 
in a t'oical plknt. However, this is expected to suit other plants with minor 

changes Fig. shows the layout of the proposed 30 MWe AFBC boiler in a 
typical installation studied by BHEL, where the dust collection systerr is 

located transverse to 'die boiler axis and the coal bunker by the side of the 
boiler in order to minimise space requirement. 

260
 



6.0 	 DEMONSTRATION PLAINT EQUIPMENT: 

In addition to conventional equipment included for a 30 MWe AFBC plant 
the following equipment/systems are proposed to be included in the 
demonstration plant: 

6.1 	 Oil 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, 

(1) 	 the complete facilities for firing oil already available in an existing 
plant could be utilised and 

(2) 	 the plant would warrant separate gas storage system if LPG start up 
is to be adopted. 

6.2 Fluidisod Bed Splitters 

The 30 MW steam generator has 48 coal feed points, serving all the bed 
segments. In order to economise on the number of rotary aIir lock coal 
feeders that feed coal into to the different lines, a bunch of linns that fead 
coal to the same bed segment are served by two coal feedrs with coal 
splitters to split the coal stream downstream of the coal feeodo into the 
different lines. The coal splitters envisaged would work on tho principle of 
a fluidised bed. A single spout feeds coal from the feeder into a bed of coal 
fluidised by air and overflow pipes located in the fluidisad bod serve the 
purpose of splitting the single inlet stream into several outlet streams. 

6.3 Distributed microprocessor based control systbm : 

A distributed microprocessor based control system includes tho following 
major controls. 

1. 	 Drum level ccntrol 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 lotlic sequen­
cing, software to optimise boiler operation, colour CRTS and lug printers. 
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6.4 	 Closed circuit furnace viewing system: 

In order to monitor the free-board and the fluidised bed. a closed circuit 
television system consisting of one unit locally controlled television 
camera with a television monitor and panel is provided. The camera will 
view the active zones of the fluidised bed to asse3s the quality of the 

fluidisation. The freeboard zone above the fluidised bed would also be 
scanned periodically to analyse above bed combustion phenomena. 

6.5 	 Gas Analysers: 

Gas analysers for monitoring Co., and 0. in the flue gas are proposed. The 

02 signal from this analyser is used in the combustion control loop. 

6 6 	 Performance 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. 

7.0 	 Fuels to be tested and test 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 following and guarantee tests. 

8.0 	 Schedule: 

It is anticipated that the 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 year
 

3. 	 Erection, Commissioning and
 
shake down - Third year
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4. Test data collection, analysis 
- Fourth yearand reporting 

Annexure-l elaborates the details of the proposed schedule. 

9.0 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 excutlon of the project Is listed below. 

Category Man year 

Engineers 
Technical Assistants & 

40 

Design Assistants 

Supporting Staff 

118 

51 

Total 209 

Details of man power requirement for each activity and the duration 
for which they are required are given in Annexure II 

One project Engineer under the guidance of a programme Manager will 

co-ordinate the design verification by TVA engineers, 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. 

10.0 FUNDING: 

The total project cost is expected to Rs. 15 crores. It is anticipated 
that the project would be funded by USAID, GOI through DNES, 
the customer and BHEL. The funding from USAID would cover 

- supply of non-indigenous equipment 
- participation in International seminars and workshops 

- inspection of USAID equipment 

- training of BHEL engineers In United States and 
- technical services. 

The non-indigenous equipment proposed in USAID'sscope includes 

- boiler water circulating pump 

- bag filter with precollector 
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- oil firea 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. 

GOIJDNES: 

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. 

h" 

11.0 Collusion: 

A 30 MWe 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 preparr,! in 

consultation with Dr. R. P. Krishnan, ORML speci.list and submitted to 

USAID & GOI-DNES. Setting up and operation of such a plant will 

accelerate the application of AFBC technology in utility sactor. 
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O 
Lf 

S. No. Activity 

3 6 9 12 

ANNEXURE 1 

PROJECT SCHEDULE 

TIME 

15 18 21 

PERIOD 

24 

- MONTHS 

27 30 33 36 39 42 45 48 

1. Engineering 

2. Product!jn of components 

3. Erection 

4. Commissioning 

5. Testing, Data Analysis, reporting .......................................... 



ANNEXURE-II 
0% 

MANPOWER REQUIREMENT 

SI. No. Duration Yrs. 
No. Activity Category for which Man years

required 

1. 	 Engineering the system 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
 

O&M manual, supervision of erection and commissioning, testing and
 

analysis etc.,
 

2. 	 Follow-up of fabrication of components Chargeman 3 3 6 

3. 	 Procurement Purchase Asst. 1 2 2 

Accountant 	 1 4 4 

4. 	 Receipt and despatch Store keepsrs 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-l1 

MANPOWER REQUIREMENT 

SI. No 
Reqd 

Duration Yrs. 
for which 
required 

Man years 

5. Commissioning and testing Sir. Operators 4 2 8 

Research Asst. 

Skilled workers 

Unskilled Workers 

4 

6 

6 

2 

2 

2 

8 

12 

12 



TABLE-1 

FUELS TESTED 

Moisture Ash HHV 
COALS % % Kcal/Kg 

Singareni 7 26 4300 

Chanda 5 36 4300 

Bellampalli 6 55 2460 

Assam high sulphur coal (2.2% S) 9 33 7100 

MIDDLINGS/REJECTS 

Bhojudih 1 55 3100 

Kathara 1 73 1900 

Jamadoba 1 65 2100 

Mill rejects 1.45 57.33 3300 

Neyveli lignite 66 3 2800 

Leco fines 1 14 6700 

Furnace oil - - 10600 

Coal water slurry 50 12 2400 

INDUSTRIAL WASTES 

Spent liquor from viscose plant 4 46 2400 
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TABLE 1 

FUELS TESTED 

Moisture Ash HHV 
COALS % % Kcal/Kg 

Sludge from distillery 13.1 36.4 2420 

Solvent residue 

Spent bagasse 55.0 11.1 1840 

Paper 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 4.79 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-50% Ash In operation Since Oct 83 Logged 10000 hrs 

3. 	 West Coast Paper Mills 60 t/h Coal-43% Ash Commissionincj in Feb 86 

4. 	 Tata Iron & Steel Co 56 1/h Washery Reject 65% Ash Commissioning in April 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 over 1000 hrs 

7. 	 Parmani Fertilizer Hot gas Generator 0.8 m Kcal/h 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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SUMMARY
 

The stability, flowability and softness of pack of settled
 
mass of a 60% coal-water mixture (C.4W) fuel prepared with Samla 
seam (Raniganj field) coal, were determined under preset standard 
conditions. The effects of pa.rticle size and three additive systems,
 
viz., Celex (Magnesiuni lig,nosUlrhonate), Lomar D ( Sodium salt of 
alky] naphthalene sulphonic acid) and CDS ( a coal.-derived 
stabilizer), were investiqaced, It was observJed that the bimodal 
distribution of particle size with particular pop-c-ortion of coarse 
and 'ines (60:40), g :ve aximum flowability. 

!he characteristirs of CWM were largely dependent on 

both type- and concentration of additives, and there was an optimum 
concent:ation specjfic for each systemc for Celex and Lomar D 
the optimum concentrations under the experimental conditions being 
around 1.75 and 0.15% of CWM, ro:.pectively. The stability and 
flowability of C0.4M 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 also gave very soft pack of settled mass
 
which could be easily repulped. Predominant lyoph.Llic characteristics 
of CDS might have resulted in better flowability through the 
formation of hydration sheath around the particles in CWM.Further 
iavestgations on these aspects are in progress. 

---- xxx ---­
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STUDIES ON STABILITY AND FLOWABILITY OF
 

COAL-WATER MIXURF (CWM) FUEL
 

INTRODUCTION
 

Coal being in solid foxmi poses problem in its use in
 

many fields. It is however possible to convert coal to liquid
 

fuels structurally identical to petroleum-based products and 

this l.iqefaction of coal to high g.rade clean transportable
 

fuel would obviously be the ideal solution. But the process
 

though largely known, involves hydrogenation under severe 

conditions, considerable investmnent and environmental factors. 

One of the low-cost alternatives is to make coal behave
 

like liquid by suspending the same in a carrier 
liquid like
 

water. The coal--water mixture (CWM) fuel 
has the physical form
 

of a homogenous heavy 
 liquid, can 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 CWM14 is directly proportional to
 

the concentration of coal, and primary objective is to increase
 

the same as much as possible maintaining the stability and
 

flowability within acceptable limits. In case of ordinary coal­

water slurry, the flowability or fluidity (inverse of viscosity) 

c'susually steeply increases the coal concentration exceeds 50%.
 

This kind of slurry is coarse, unstable and cannot be used without
 

dewatering and drying in conventional boilers. CWM on the other
 

hand, is concentrated containing generally around 70 % coal,
 

can be used directly with many advantages of liquid fuel.
 

The main problem in preparing CWM is to ensure desired
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Sedimentition or Stokes stability and flowability of the
 

mixture. These properties , being function of type of coal, 

particle size distribution, type and concentration of additives,
 

are largely case-specific.
 

The results of this study report the effect of process
 

parameters of CWM on these properties 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 is
 

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 varler Waals inter­

molecular forces tend to cause agglomeration of particles entraping
 

the carrier liquid and lead to looser packings of particles, higher
 

solid-solid interaction and lower flowability.
 

The viscosity of a fluid is inversely proportional to
 

flowability and for concentrated suspension, it is given by
 

where, M1e = relative viscosity
 

P = volume fraction of particles
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= maximum attainable solids volumo fraction in the 

particular suspension
 

= 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., I . The viscosity is reduced when this ratio is 

lowered, and obvious approach in realising this for a given
 

volume fraction of particles, 4 , is to increase the maximum 

attainable solids volume fraction, 
 . This can be achieved 

through a number of ways. One of them is to have an optimum
 

particle size distribution to give maximum packing volume fraction.
 

Also, 0 would increase as a result of repulsive forces of
 

interactioeither due to i) electrical double layer, or ii) steric
 

factor, or iii) 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 which in turn very mich 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 rheology 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 flowability but better stability. The key is to make 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 size distribution
 

along with stabilizing agents may result in some sort of gel
 

formation which usually augments the yield stress and hence Stokes
 

stability. It was observed that syneretic stabilit7 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 liquid. In presence of specific type and concentration
 

of stabilizer, the slurry however condenses to a very soft pack
 

which can easily be repulped into an apparently 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 aceving stability and flowability of CWM fuels.
 

EXPERIMENTAL
 

The experiments were conducted to determine the following
 

characteristics of CWM:
 

i) Stability
 

ii) Flowability
 

iii) Softness of pack of the settled mass,
 

and effect of process parametersviz., concentration and particle
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size distribution of coal, type and concentration of additives
 

on these properties.
 

Materials and equipment used
 

Run-of-mine coal of Samla seam (Raniganj field) was
 

used for making CWMo The ash content and calorific value of the
 

coal sample,, as received basis, were 14.0 and 6350.0 KcalAg,
 

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 srfactant supplied by Indian Paper Pulpe
 

Comparay,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, laboratory 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 mixturg were stirred for
 

15 minutes for uniform wetting and homogenisation. Concentration
 

of coal in most of the CWI4 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
 
Stability, % = half of cylinder)after prefixed tymi00
 

Initial concn. of coal in CWM
 

The concentration of coal 
was determined gravimetrically by drying 

the CM mple 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 = -E.rated- -

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 applying minimum of shear force.
 

RESULTS AND DISCUSSION
 

Ef'fect of coal concentration
 

Three sets of experiments at three concentrations of coal,
 

viz., 57.2, 60.0 and 64.0 % in CT^MI, using celex in first two and
 

Lomar D in other series of experiments, were conducted. The stabi
 

lity was recorded - consecutively for 4 days for each sample.
 

The results of the effect of coal concentrations on stability
 

along with experimental conditions are shown in Figol. It can be
 

seen that the stability was as usual increased with the increase ;In
 

concentration of coal. As viscosity augments under that condition,
 

the stokes stability is improved and for the same reason flowability
 

sharply deteriorated. The results of flowability tests of these
 

series of experiments could not however be completed and presented
 

here.
 

Effect of 2article size consist 

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 particles 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 - tstinctly different 

size fractions was done in order to en.i bimodal. distribution. 

The results of these experiments are shown in Figs.2 and 3. The 
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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 was around 40%, in
 

both cases. It is interesting to observethat the packing densities
 

were also maximum for the corresponding size consists. The results
 

to an extent confirm the observation made in regard to the theo­

retical correlation (equn.l) suggesting that 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" by the motion of smaller particles in the interstices.
 

In other words.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).
 

It may also be seen in Figures 2 and 3 that although th
 

stability measured after first 24 hours, was improved with the
 

increase in finer fraction, the stability for the optimum size
 

consist C 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 siqnificantly improves fluidity with little sacrifice of
 

stokes stability in CWM system.
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Effect of tyoe and concentrations of additives
 

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 systems, Celex,viz, 


Lomar D and coal derived stabilizer (CDS) to establish their 

effects on stability, flowability and softness of pack, are shown
 

in Figs.4,5 and S.The change in these . propertie were 

recorded at various concentrations of additives. The stability
 

and softness of pack by rod penetration test were performed after
 

24 hours. It can be observed from the results that there was a 

specific concentration for eath additive for optimum stability 

and flowabilityo The additives being high molecular compounds with 

functional groups, might, beyond the optimum point, tend to alter 

the structure of the solid-licruid system which probably affect 

both stability and flowability 

For the particular coal-water system, the optirmim concen­of 
tration.,Celex was found to be 2.0% of the mixture. The stability 

and flowability at that point were 95.4% and 75 secondsrespectively. 

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 dnd softness of pack were also reasonably high, 

both 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 weee not optimum at any
 

othe concentrationm
 

Fig.6 shows that in CWM withl.75% Celex, the replacement
 

of coal by 2.5% of CDS results in remarkable improvement 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.It 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
 

sofi ?ack and better flowability. When coal was replaced by CDS
 

to the extent of 2.5% 
in a CWM with Lomar D (0.15%), same results
 

i.e., improvement in softness of pack of settled mass was observed.
 

The results are however not presented here. The clorific value
 

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 CWM. Further investigations in this area
 

are being continued.
 

CONCLUSION
 

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 fractions of particle 

size of coal where the packing density is maximum, gives 

maximum fluidity and high stability.
 

- There is anoptimum concentration spec-ific for each 

additive for maximum flowability and stability,
 

- The flowability and softness 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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Fig.t, Effect Additive(ceiex) concn. 
CWM- 60% Coal 

(Stability tests "ere conducted after allowing to settle for 24 hours)
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DEVELOPMENT OF COAL WATER SLURRY
COMBUSTION TECHNOLOGY PROGRESS IN BHEL 

K.NANDAKUMAR, PVZN SARMA, R.PATTABIRAMAN
 
& KMV MALARKKAN.
 

ABSTRACT: A collaborative re3earch project funded by the US -
Agency for International Development (USAID), Bharat Heavy Electri­
cal Ltd. and Central Fuel Research Institute (CFRV) Dhanbad is 
currently being executed in India with the slurry characterlsation 
studies under CFRAP1 scope and combustion studies under BHEL's 
scope. The project at BHEL, Tiruchy involves the design, eroction 

and commissioning of an Integrated facility consisting of (1) a 
coal beneflciation system; (2) wet microntsing system for the low 
ash stream; (3) atomised combustion of micronised CWS with hot 
air; and (4) high ash CTVS combustion In a fluidized bed. Apart from 
high ash CWS, washery tailings also will be tested in the fluidized 
bed. The Energy Systems Group (ESG) BHEL,at Tiruchy has the 
responsibility for carrying out the project. This .paper describes the 
objectives, project schedule, current status, design details, test pro­

grams and results achieved so far. 

INTRODUCION & BACKGROUND? 

Coal water slurry development programs around the world have reached 
commercialization stage. Beneficiation of coal for reducing ash from 
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15 to 3-6%, preparation of stable coal water slurry, combustion to 
get a stable flame with proper atomization and minimum wear, instru­
mentation and controls to monitor the slurry quality and flow, obtain­
ing low NO have all been achieved as successful steps in the ultimate 
goal of retrofitting old oil-fired small boilers and large utility boilers 

as well. 

In parrallel developments, coal water slurry has been success­

fully used for gasification in the Texaco Gasifiers of the cool' water 

gasification and combined cycle system ' at California, USA. 

C(WS is considered as an easier fuel to feed pressurised flui­
dized bed combustoras and gasifiers. NCB, UK is also doing research 

in this area. Combustion of washery tailings in fluidized bed solves 
the problem 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 Darnodar rivers in the Eastern 

S ?ctors of India. Disposal of such large amounts of comblustible tail­
ings from coal cleaning plants p.!s difficult problem.s. Considsriiig 

the above need, the ready availability of fluidized bed lest rig (0.5A1 

x 0.5M) in I3HEL, Tiruchy cod also tie minimnum additional equintent 
required, this testing has takenbe,?,n up on priority. From liter'ature 

survey, already discussed in the earlier presentation (3,4), CIVS com­
bustion in fluidized bed ha.s advantageous features like reduced elu­
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triation due to agglomeration, enhanced wiformand bed reaction, 

less sensitivity to excess air and low NO X emission. The actual 

quantitative figures will be evaluated during tie tests at. lHlli h. 

IiI India, the major coal reserves of Gondwana fields, being of drift 

origin, are of high ush and low sulphur content. I?eservs havinvg 

les1 th111 18,% as4 ('0,llent is a mere 320 millioni lot .s againsl (I Iolol 

l'e.,erve of H (6 billion tons. B t, the Tertiary Assam reserx e.s luin!g 

io;w.ash (< 65%) and hiigh sulphur (>6%) is a sign ificant 2500 million 

torns. With} some of the new techniques being developed like elecLro­

,'otLLsic d.' waterin. of' lignite, probably lowthe uh (U% lignite r:se,'­

•:' 01' .\e veli ci moi.,,linrj to 2800?6.,' mi(ion to i .'-l.o cun be 

1.!4ed aS a hase fuel. So, preparation of CWS with low ash Assam 

clri; it, thpe first phase, optirmiz ing the level of benefici'zlion1,'riicroiii­

zing and reducicJy eror.,io by total cost consiideraUon ill tle second 

phas-e have been planned. 

M.wil'..hile, to theuain lead time, development and testing 

of alonizers and burner. also ha .e been planned. A million l.C'uls./h. 

capacity atorrier,'hurersvsttiI has been designed. l.'f#.i / ,ari 

p anme I!. rs likt, ,;': 'rv vi.-cusit Y pressure, atIoiz il ic. atI' )r'e.,.st ie, 

,ir;"nfuel ralo, C.) :ition temper'lure, primary and .econdau. (tir 

..wit', etc. ure pilanmed for tcudy throiigh these tests. 

2.0. PROJECT 01"II"CTIVI's: 

The projt'ct objecli,,es conI e categorized in o llt fol()/;ing. 

groufps viz. preparation arid handlingl ssLtem, comubulstion in flddized 
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bed and combustion through atotnizers/burne,. 

2.1. PREPARATION & HANDLING: 

1. Design and construction of a CWS handling system havNg 

slurry preparation tanks with mixers and ad(diive clozirc .('\vstem. 

slurry tansfering and storage facility, slurry pLilpi.q mid flow coitrol­

ling system, purnping system with instuwentation to handle both 

coarse high ash CIVS and rnicrnizpcl low ash CIVS. 

2. Install a wet ball mill to mic,'oniz.e cool (lop :;i:e .!!micron.:). 

3. Collect data on performance reliubilitv al pomw,,r cr.-.;mlpt ioln
 

of various equipment and collect data on pr't,".e (Irop 
 and erosion 

in pipes, bends and valves. 

2.2. FLUIDIZED BED COMBUSTION: 

.1. Firing wa,sheryv tailings ;in bedfluidized combustors alote 

and along with middlings and wa:-hery rejects. 

2. Data collection on combustion efficiency and heat 0ratisfer. 
I
 

2.3.ATOMIZED COMBUSTION OF CWS: 

Development of atomizer for getting best spray combu3stion. 

2. Development 'of a burner with suitable ignitors and scanners 

to get a stable flame. 298 
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3. Data collection on optimum ash content, coal finen'ess, 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 

Identification, evalua-
tion & procurement of 
instruments & equipments 

Fabrication 

Erection 

Data collection 

3.2. FLUID BED COMBUSTION: 

Design of air cooled 
spray guns. 

Erection of equipment 
Combustion tests in 
fluid bed. 

3.3. ATOMIZED COMBUSTION: 

Design of atomizer & burners 

Fabrication 

Atomization studies 
Combustion by atomization 

Dec.84 March 85 

Oct. 84. Dec. 85 

Jan. 85 Aug. 85 

March 85 Nov. 85 

Nov. 85 March 86 

Dec. 84 March 85 

March 85 Nov. 85 
Apr. 85 Sept. 86 

Dec. 84 March 85 

Jan. 85 Aug. 85 

Jan. 86 Dec. 86 
Jan. 86 Dec. 86 

C o ,m p I e t e d 

USAID compo­
n e n t s a r e 
r e a d y a t 
P i t t s b u rg h. 
for shipping. 

C o m p I e t e d 

20% completed. 

In progress 

C o in p I e t e di 

C o in p I e t e d 
1 n 1p r o g r e ss 

Completed 

A t o in i z e r s 

completed. Burn­
ers beiig 
c o m p I e t e d. 

3.4.STUDY TOUR & REPORTING: 

Study tour to LIS. .. Apr. 86 
Reporting Every 6 

months. 
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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 Oil integrating type 

flow meter and a measured quantity is filled in the preparation tank 

of 760 nm. dia. and 1250 mm height. A dozing pump with a f'low 

meter adds the required quantity of additive, separately kept irt o 

drum, to the water in the preparation tank. A weigfhed quantity 

of sized coal is also loaded into the preparation taithk after thorough 

mixing of the additive with water by the puddle mixers. At a lime, 

about 600 Kg. of slurry can be prepared. The paddle mixer ensures 

thorough mixing of the coal with the additive adde(ld water. Samples 

of slurry can be collected and tested. By a positive clisplacenent 

screw type two stage transfer pump, the slurry in the p,'eparation 

tank is pu-noped to the storage tank of 3 tons capocity. The Philadelphia 

Mixer(model 3801-S PTO of 11.4 to I speed ratio, 125 RPM output 

speed, 1295 mrm! (51 inches) long and 61o intio21 inches) dia.) aid.; 

in mixing the slurries prepared in sequential butch. Whiii, slurry is 

prepared for coarse high ash coals, the mixinq( in the slorle tank 

is particularly needed. Mixing improves the stability over louier clura­

tions of storage.From the storage tank the slurry is pumped by a 
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positive displacement two stage progressive cavity pump with 75 

mm inlet and outlet pipes at 9.5 Kg/sqcm maximumn pressure with 

speed reduction from 1440 RPM to 600 RPM to obtain flow range 

of 362 to 187 litres per minute. The pump is suitavle to handle slur­

ries of particle sizes of 6 mm which occur in washery tailings. The 

stators of the pump are of synthetic rLlbb r and replaueuble oo erosion. 

Apart from variable speed of the pump motor, the delivery quantity 

can be adjusted, by recircLlating slurry fron o:tlet to set. ion -,ide 

by a control bypass valve. Duplex basket type slraioter.s are provided 

aL the suction side of the pump which will be oIL line duringi the test 

firing through atornizers. The delivor,'v sih of ,4hr'v p';.:ic' has 

a KAY-RAY density rnmc. s flow, meter- (Model 36o FIo tnriea.:ure 

150-1500 Kg,/b. of flow of I to 2 gins'cc den.sity raluge) anl .wI online 

Brookfield Viscometer (Model FT 100 with capacity to Mnl.-oure Vi. (co­

sity range of 400-40,000 CPS., at a max. flow rate of 20 liters per 

minute. withi an accuracy of 1 1% span). )iqilal indicoatiions and 

strip chart recording of the viscosity and riass desit I' fJowacilitalte 

analysis 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. I the recirculating 

pipeline, provi.oions for pressure drop measurements acro.s st'aight 

pipes and 901 bends can be made. By changing the dia. of piping, 

the pressure losses can be measured for varying pipe sizes. 

For preparing micronized CIWS, a ball mill of 

200 to 500 Kg/li capacity to micr'-niZe 6 mm feed coal to !Ul"' throug.yh 
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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 fluidizedin bed is *tested in 

the 0.5 1n x 0.5 m test rig of 0.5 million K.Cnlihr. heat inpult Cupacity. 

The rig has bubble cap distributor, with a water jacketed chamber 

and has a free board height of 1.25 meter. CWS can be fed into 

the bed and also over bed with the CIVS spray gun insertion points 

at every 100 mm. height. 

Three typers of spray nozzles with spray tip 

angle of 450 bend, 900 bend and straight flatLened tip have been fabri­

cated for evaluating the performance. The spray gun h. s an i;tner 

CWS nozzle of 6 mm. dia. and an outer compressed air tubing to 

cool the spray gun and also to aiswsist in spraying tile CI 'S into the 

bed. 

4.3 ATOMIZED COMBUSTION OF CWS: 

Micronized coal water sturry will be fired in 

a tes, furnace of 1.5 rm. x 1.5 mm x .I In. insidt- dintension, refrac­

tory lined and water cooled. The maximrnm volumetric heat release 

will be 111000 K.Cals./m /h. (16480 Btu./'t. 3 /h.). The burner designed 

is of I million K.Cal:./h. rating. 
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The furnace is located adjacent to thje Solid V.'el lh111ing 

Test Facility (SF'I"F) Hot air at 250-3001C fromi the 'vis iit. uir 

ducting will be tapped and divided into pritnary t(ud ,s:j'.'orv oir
 

stream with flow tnveVIsI rigur i.t'tLtPW±Il.,;. le icnitiol of" (itS wil 

be carried out by LPG ignitors available i the range of 12..5% to 

25% of the hiet bipul. of the bi wirr. 

UV flamE: sCQltC,%aund scater,'. of vi.ible wavrei-.i- t'eUi r 

wiU be tested for their capabWiliti.s lo , uoiitwr thic /'um. s,:hIlii/, 

(d prsexwce. 

4.4. ATOMIZER DESIGN: 

7", in f'li, 'Y ' Jet t ttt " " [; 'f, ''( ""l ,,. "! €, ' : 

CIYS (ato lhjn j~tit ol' ii., ::iui~0,. .'o /ijI'.l I ,t ,i i. , 
i h,,a.'. ai. 1 ti.ihij 


toVS arlivus io l wc ll.'io of it . f~ il. tk~c~rzfii F Ib
to IS'. top of em'). ot oli.riah-z !n'.':(ttl W[...-'ot'al;Iic( YOr!:..r, 11,.0,0
 

ism 'Is at {llieN;)/W.y M!in 
 tip. I/o\ e\er, l i )i,m- " ',," t.1 ,11r-0, 

types of rt0oFtlizr, W\'. iittprnal .' )ttijP, '"V.;".i ICI .\It-,Il!izfr 

and I. 'W"Pr remowll.Crl( \) iX . as owAhanis(,r .le iifi, i':tt 2, .', 

& .1, (or p rop rI ller:5 lw[';ilgj ( '.ii (hl'.i(.fl /1'or"or (.p i,:'. ' willI 

ioI utCIo ri:bui tlt i/n. Ibo1 l.y te lol.lof ' -1 i : ,r. .. *. 

ritL (Jt of 5,. 

Ui're.tUi) parl ic 

Of Utr12i :. &d('WS, pP't)(,~r OI f/trot igli .75 mtl (.10 

size, wi/i. ,'.. ." ' ofsc::,4 i/ 00ip).P!,0.," to 

al. 100 sec. sher rate:;. The .ui'rvm; rA i ornihi(fti"ir ISMsIuI'r.' 


will be between 5 to 7 I ,'.Cm. "t e,'eral criforiotli for atomi :er 
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development has been earlier discussed (4). The parameters 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 mass mean droplet 

size range of 70 to 110 micron, to remain between 0.1 to 0.25 at 

100%, 0.6 at 50% and 0.5 to 0.8 at 2596 flow conditions. 

4.5 BURNER DESIGN: 

The criterian for burner design had been discussed earlier(.t). 

In order to achieve satisfactory combustion of CWS it is necessary 

to evaporate the water and r,lease coal vola tiles as quickly as possible 

to obtain a stabie flame front closer to 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 aerod)7arnics, the air supply is divided into primary 

and secondury streams with separate axial swirlers. In the centre, 

there is an atomizer gun guide tube into which atomizer assembly 

is fixed. The burier also has an atomizer positioning (ljuismtnlP 

to locate position of the atomizer tip with respect to throat during 

combustion tt.,3t. There are three swvirler designs for secondary stream 

with blade angles of 450, 60' and 650 and two swirler designs of 

and 60J angles for primary stream.vane These swirlers can be fixed 

on th*e primary air tuhe und atomizer guide tube respectively for 
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various test combinations. A throat angle of 350 and length of 200 

mm. have been chosen for the burner. 

5.0. TEST PROGRAM AND INITIAL TEST RESULTS. 

5.1. INITIAL TEST RESULTS: 

5.1.1. SLURRY PREPARATION: 

Non-ionic additives (Hydroxide of a substituted pliezyl poly­

mer) at a concentration of 0.1% by weight al,Dg with a rnediurn thick­

ener (soluble starch) of 1% was found to yield a stable slurry. 

As reported earlier (3), stable slurries were prepared for 

high ash pulverized coals having 27 to 48% ash content for coal concen­

trations of 45 to 60%. 

For a typical dry washery tailings of the proximate compo­

sition and size distribution listed in Table 1, slurry was prepared 

to get a viscosity of 883 centipose" at 37.35 sec. -1 shear rate. The 

shear rate vi.scosity characteristics, as in table 2, showed that the 

6096 coal loaded slurry behaved Non-Newtonian. 

The measuremenits were made with a Ferranti Viscometer. 

The larger particles were found not to settle even after- 24 hours 
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after slurry preparationbut hard cake did not form at the 

bottom of the storaige vessel. The smaller particlesshowed 

stability for 3 days. The slurry could be made wiform by 

simple stirring. 

TABLE - 1. 

COMPOSIION AND SIZE DISTRIBUTION OF WASIIERY 
TAILINGS. 

Water contlent (%) 8.11 

On a !ry basis (%): 

Ash content 54.08 
Volatile matter 22.07 

jixed carbon 23.85 
FC/V.\! ratio 1.08 
Calorific Value (cal/gm). 3138 

SIZE DISTRIBUTION (%): 

+4.00 mm 2.15 
42.8 mm 1.28 
+2.) mm 1.48 
+1.4 2.02 
41.0 mm 0.47 
+700 micron. 2.69 
+500 micron 13.47 
q-350 micron 9.90 
+250 micron 30.30 
4 180 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 tiI. 

---------- I--------------------------------------------
Sl.No. Stear rate Sec. I V i s co s i t y C P 

1 13.00 13,0
2 8.73 1625 
3 37.35 883 

6-----------------------------------­
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5.1.2 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 GO Workshop during Feb. 1985, were done with 

raw coal to CWS proportion of 80:20 (by heat content) and 

stable bpd temperature conditions were obtained. 

Subsequently, successful bed tempera Lure stability 

ha been achieved with CWS combustion alone. The CI VS , 

containing 51% coal was prepared out of pulverized coal having 

fixed carbon 36.5%, volatile matter 26.1%, Ash 32.2%, Moisture 

5.1% and CV of 222'4 Xcals./kg. The coal feed rate was (0 

Kg./h. with fluidizing velocity of 2.54 m/s. ands the bed height 

was 190 mm. the CVS was sprayed over the bed. 3ed tern pe­

rature was stable at 8:416uC for one hour duration. 

Currently, combustion tests have just .started after 

installation of a mechanized slurry preparation tank and a pro­

gressive cavity pIunp 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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(1) Rining test of tile CW1 hnaldlilzcj looji C110 dtal col­

iectil;n on pressure drop across piping.3 and bends for coaurse 

coa! water 4arry such a., ailings. 

(2) lhdentifica tion of problem arsas aod perfecting M1e 

mlethod of slhurry )repaatiot and lolly duration storage. 

5.2.2.FLUI)IZEI) BE1) COMBUSTION: 

(1) v:(luation d]nd selp etion o spry I1zv de ;iqtt,zlp ind 

location (it, bed at different heiqht.) to Jet Stable bed (:ontiol. 

ullluki'th al(/ high cowliblstion efficienc\'. 

to tihe i nul 

)tr h'g. 11) gt stnble beId lefp. 'ral teu ' w Ii"i . 

12?) 1'):.L[id rlhn pernl:;'sIbie heal w\,lum 

otu shrrY r 1t 

lu t!' ell'H.'ts 

,,,parld,'. bed I ri 1bed 

(3) lxf'v li of \'curaii les Lik' s er'ic! v.' ':ily. 

Ihl, l.eiiiperc!ore. erce:: air, fre' b((lf'd 

o: i~i ltgt. ,'i(I 'IC) hiWc '' 

(w) (erfcting the meLhod of ,.,!rt ulp tud 0.hut 1clouti for 

:;.2.3.ATOMIZI.,D COMBUSTION 'IESTS: 

(1) Spray ch(t.ic ,IrlZ.ij,., ts of '.he thre .t 

u'z zles widh water or ily liquid si ultaii i , visc:i!v to!] .,I 
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get () mass mean drop size between 70 to 110 microns at 

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 TfE FOLLOWING: 

-to get a stable flame with 2.5:1 turnidown;
 

-to get an auxiliary fuel stabilized CWS flame 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 
temperatitre, 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 on this project has been getting indigenous
 
equipment. On a new project like 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 is not like in the U.S. where some of
 
these are Dff-the-shelf items. At this point I would again like to 
acknowledge the support we have received from Viking in shipping some of 
these instruments, particularly with regard to electronics; 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 is 
excelle-nt support. IWe 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 
lot 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 least, I would like to thank my collegues at Oak Ridge
National Laboratory, and TVA staff at Chatanooga for the support they have 
given me in this project. 

C. 	 I would like to reply to the concerns about the delay in the supply of 
indigenous subdeliveries. We have had very inclement weather in Trichy,
 
and due to the recent floods we have had, the links between the major 
cities of Madras and Trichy have been severed. They will resume the 
deliverie: 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 further 
ahead than I predicted we Would be 20 days ago. The latest news is that we 
are far ahead in the erectioli 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 like to add that when designing an overall project of this nature
 
which spreads over two to three years, I think we need to plan for such 
contingencies because bad roads and things like thLt will hamper progress.
 
We should plan for l1 contingencies, and try -to get the subdeliveries one
 
or two i-ionths 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 still 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 in 40
 
months. The progress is in the total industrialization and any individual
 
planning a project does not have to wait until the industrialization is
 
available in the country. I am sure that in the future we will be a to
 
dc. even better, 

Q. 	 Are you planning to do analytical work in conjuntion with your power plant
facility which will allo, ,or the development of a mathmrratical model which 
can be of subsequent usc- when you undertake the scaleup of this facillzy? 

A. 	We don't intend tn go into this aspect in the first phase, since our main
 
interest is to assess the performace of the freeboard region, and then 
incorporate the design modification necessary to enhance the combustion 
efficiency 5nd the sulfur reduction. So, our main interest will be in the 
freei:uard part of it. that is in the phase one. We may corsider getting
 
into 	some analytical work in the later part of the program. 

C. 	 I think this is a very good 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 to correlate the experimental as well as the analytical work. 

317
 



K.M.V. Malarkkan, S. Sundar!raan BHIEL 

Q. 	 I noticed that you 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 pollution control. 
To maintain the outlet concentration at 150 to 250 milligrams/cubic meter, 
we find that the electrostatic precipitator is almost necessary. We don't 
anticipate any problems with the precipitator, and we are confindent that 
this concentration can be achieved. We have conducted -tests on this AFBC 
ash and have referred this to our collaborator. They also have experience 
with electrostatic precipitators for AFBC systems. So based on that, we 
are fairly confident wiLh 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 inyour 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 tr 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 percentages, but it can picked up. There is no problem
 
with that.
 

C. 	 I would like 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% retention 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
 

Q. 	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?
 

A. 	There will be a presentation in the afternoon on this subject that will
 
discuss this thoroughly.
 

Q. 	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 like to have the
 
other comments on this.
 

A. 	I think both of these aspects are being taken care of. We would like to
 
discuss this in the afternoon.
 

C. 	I would like to make one cr)ment 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 year 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
 
program is unrealistic. The second point I 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 larger plants. I think there is very little information in the US on
 
ESP, and FBC. The only example that comes to 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 'lant, I think this will address some of the important scaleup and
 
design parameters if,as I suggested, the test program could be extended to
 
tw.j to three years.
 

A. 	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, ifwe 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 itwith coal which are to be tested within the total test
 
program. By that time maybe some of tha 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 that confidence can be built up for
 
larger sized 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 iith 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 feasible, as Dr. Krishnan
 
suggested, we could do away with the pump. Regarding the bag house and the
 
electrostatic precipitators -- the resistivity is generally better with the
 
high 	sulfur coal. We mostly have low 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. Incontrast, in the US when you add limestone, you
 
don't have as much sulfur particle. You 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.
 

Q. 	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?
 

A. 	We first projected a list of installations that may be interested. We 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.
 

Q. 	 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 like to hear comments from the chairman and
 
the delegates from the US.
 

A. 	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. Inmy 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 operating conditions, especially the utility
 
requirements. I would like to invite our US friends to comment on this
 
part.
 

C. 	We had erosion problems after 500 hours. So I understand your problem with
 
erosion. The scaleup would be a rational approach.
 

C. 	I agree with the speaker that the experience with Indian coals and US coals
 
are similar. I feel that you have to build 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 ismore than a pilot test facility. I don't want to be the
 
spokesman for TVA, but even with that ! 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 engineering business I have found
 
that you really re-assess what your scale-ability should be. For example,
 
from the 20, you have not gone 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 look 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 boiler. 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 limestone bed. Most of the
 
erosion can be because of the use of limestone. So, inmany 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.
 

C. 	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 unburnt fraction is too high with such fines in stokers.
 
Secondly, the quality of coal is being degraded year after year. When such
 
coal 	is available, 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 lower.
 
The grafting elements of such pyrolyzers today has come under quite a
 
critisism. We still have to find a material good enough to sufficiently
 
withstand a long period of time. Ifyou 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 arrangements we have today.
 
The very integration of the design, w'hen 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 new
 
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. We 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 or 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 cannot 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? Inmy 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 fuel characteristics. Basically, 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 slurry pressure and the air pressure during atomization?
 

A. 	 It depends on the configuration of the atomizer. You can make a different
 
kind of atomizer, and if you have a T-mixing, a more torturous path 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 degrees less. Compared to the present combustion system, because
 
the 	temperature is less, SO production is less. Concentrated slurry
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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 inthis 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 caii keep ;t stabie For a preUy lung time by 
giving it a coat of chemicals which will act as a double layer. It is 
necessary for transportation. 

Q. 	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; therefore, 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?
 

A. 	 if the !ariation in the ash levels 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 been 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
 
problems, 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.
 

Q. 	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. Isthere any attempt being made to predict particle size
 
distributions while grinding? This is similar to what we are trying at
 
lIT. That is,from laboratory studies one can prcdict the distribtuion for
 
the larger mill.
 

A. 	 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 tailings. What I have
 
presented is not from the grinding circuit. Of course, with the grinding
 
circuit, like 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 go to the user
 
and try to project our capability. We say we can do this for the customer,
 
and tell them itwill 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 better complexions. It is easier to convince them because they
 
feel their skin can be almost the same as that iilm 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, and consumers always like to see a reference list before the
 
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 bring about the confidence of the
 
customer or the user. I think the main subject I would like to discuss
 
with the panel is setting up a large sized utility plant and a
 
demonstration unit in India. There are some demonstration units in the US;
 
for example, the 20 M! 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. They never will be. So we
 
have to test our coals with respect to our environment, 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, avid 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 to take the step-wise approach and move with decision
 
as we go into the higher commercial units. 1 encourage you along that
 
line. I think you are taking a sound approach, and just from my
 
observation, it looks very good.
 

C. 	 I agree that the way to go is with a scaleip. I 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 lower 
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 perfectly. 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 most of the answers, and then take the next one. 

C. 	 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, 900
 
and 1200 MW electrical units. That proceedure prevailed in the other power
 
production areas as well.
 

C. 	With this conference, we can think of a bigger size than the 30 ,iW. 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 into 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 MW 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.
 

C. 	 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, ifyou 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 o 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 11W. In that sector, they are Lising 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.
 

C. 	Some of the questions may have been answered earlier regarding the
 
application fluidized bed technology to Indian conditions, and variaties of
 
high ash coals, but we do have a 'lot 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.
 

C. 	 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
 
curiosity. 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 cn this program.
 

A. 	 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 India for
 
this joint government work. It is not a BHEL or a CSL problem we are
 
trying to solve. One line I would like to add to the comment is regarding
 
the elements on the fluidized bed, large size or small size, for Indian
 
conditions. Ifwe 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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C. 	Yesterday we all heard that TVA ran a 20 14W plant, and are scaling-up to a
 
160 MW size. We also heard that SHEL has already sold a 30 MW plant.
 
This 10 MW to 30 MW, is it all that big of a scaleup? Ifyou are really
 
interested in 30 MW units, you should be able to 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 larger size.
 

C. 	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.
 

Q. 	Why is molten slag technology not being considered?
 

A. 	 I think we have started looking into it. We have started talking with our
 
US experts on that subject.
 

Q. 	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 coal 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?
 

A. 	 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.
 

C. 	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. Ifwe 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 limitation 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, is
 
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.
 

0. 	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. Is 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.
 

A. 	 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? I
 
would like 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. Ifyou have I% sulfur coal and
 
low calorific value, you have to burn more coal to get the same amount of
 
heat. Ifyou do that, your 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 look 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 somebody 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 look at the volatile frations of Indian coal, you can't look 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. Infact, tests have been
 
condu:ted in the US and I believe it is possible to burn devolatized char
 
in FBC. One other comment that came up with reqard to fines is that a
 
certain amount of fines, perhaps a 10-15% fines content, is both inevitable
 
and very good. You want to have fines because they act as cushions between
 
the coal particles and give itmore 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 qet this.
 

C. 	 In the case of a PF boiler, and an AFBC boiler, we got the fly-ash from the
 
fliiidized bed boilers analyzed it for their resistivity and sent the
 

samples to our collaborators. They have analyzed the resistivity and
 
confirmed the solubility of ESP for AFB apll ications. It is not making a 
difference in terms of the size of the ESP. Had we gone for the PF, we 
would have gone with the same size ESP. So there really is no economic 
advantage in a different system. Based on this feedback, and what others
 
have 	also confirmed, they have offered ESP for FBC installations in Europe. 
Based on this bottom ash system we have offered for commercial systems with 
the hioh efficiency dust collection systems, we are only giving 
electrostatic precipitators. That is including the 10 MW plant at TELCO, 
the VESCO paoer mill 60 tons/hour boiler, and the 150 tans/hour boiler. Of 
these three, two are expected to go into operation 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. We studied three or four 
sites. In general, 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 cas? of an add-on, 

C. 	 I have a snail point to make with respect to the fines. I feel the problem
 
of fines capot be so generalized. The fines and reactivity of the coal
 
goes to a certain point. For example, in the case of lignite, when you
 
were testinq the lignite we got from Italy, it had a large amount of fines.
 
We are thinking that we are going to end up with lower combustion. But on
 
the contra'y; it turned out that we got the highest combustion efficiency
 
with lignite 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
 
looked at together.
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sT;IZsI:TRELATION TO TIEN*-FICI.TIO:, OF Li,'LL 
CC.L IT D.ISE .4'DIJ CYCLOD, 

A. K. ClIMRPVARTI 
Central Fuel Research Institute,
P.O. 	 FRI, Dist-Dhanbad, Bihar. 

INDIA. 828108 

I. INTRODUCTION 

1.1 In order to increase the yield of clean'cal to be 

avaiable by beneficiation of Indian coking coals having 
extremely difficult cleaning charact'-risticz. crushing the 

raw coal to smaller size prior to beneficiation is 
essential which permits higher release of coal particles. 
Dense i*edium Cyclone washer has been well establihed as 

the most efficient tool for small coil u,;grading,fartcularly 

when the coals are very difficult to wash. Till now the 

bottom size of coal ted to dense medium cyclone is 0.5 nun 

and there are activities in many countries of the world 
for lowering the bottom size. to 0.15 mm, so as to feed 

high 	proportion of coal to the D.M.Cyclone far beneficiation, 

1.2 A project on beneficiation of coking coals of
 
India in D.M.Cyclone after cruashing to relatively smaller 

size 	has been taken up at the Central Fuel Research 
InstituteDhanbad, as a UJAID-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. 

2.0 PROGRS- OF THE TJDY 

2.1 A Dense Medium Cyclone washing pilot plant has 
been set up departmentally at the Central Fuel Research 

Institute,Dhanbad ( Fig. 1 to 3 ). The circuit comprises 
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2.2 

the following :_
 

i) Structure with three floors.
 
ii) Wilfley slurry pump constructed of Nihard cast
 

iron, capacity 300 g.p.m. head 110 ft. of 
:ater. 
iii) 8" diameter D.M.Cyclone of Heyl Patterson make. 
iv) Pulp tank for storin mixture of dense medium 

(magnetite in water) and the coal to be treated, 
cdpacity 120 gallons, M.. construction. 

v) Two movable sample collecting chutes.
 
vi) Two sample receives.
 
vii) Pipelines, pressure gauge
 

viii) S-:eco sieving machine 
( US suipply) for separating 
magnetite medium frommthe Do:M.Cyclone products. 

Dry ground magnetite has 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 natur& and, therefore, it requires 
size cl.assification
 
prior to 
use in Dense M'edium Cyclone with a toview obtain
 
fine size magnetite. 
 The results of size classification
 
of the magnetite in a 6 inch 
diameter cyclone is shown 
in Table 2. On size classification, the fineness of magnetite
 
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 Fig.4. It may be observed
 
that high stability (90%) of the medium is achieved at a
 
specific gravity of the suspemsion as low as 1.23. The
 
.tabilityof a medium has been determined 
by the following
 
formulae ­
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Stability % Sp.Gr. cf the upper 1/3rd portion of the medium 
after I minute setzling -1 X 100 
.ip.Gro 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 prelimLnary studies on dense 
medium cyclone. The coals were crushed to below 2 mm size and
 
washability studies carried out on 
2 mm-0.5 mm and 0.5 rmr:-0.15mm 
separately. The washability culrves are sbowi2 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 3 . 8oth the
 
coals are having moderately difficult washing characteristics.
 

TL'JD
3,0 ... IH DzI S£ iIUiM CYCLONZ 

3.1 The 8" diameter F 1 Patterson Cyclone has been 
received from US.A. last week which is under installation. 
Systematic tests as per scheduled programme will be undertaken
 
as soon as the said cyclone .sfitzed in the plant which i8
 
otherwise complete in all respects.
 

3.2 In th&meantime several experiments have been 
made on the performance of dense medium cyclone on compara­
tively finer size of Indian coal using a 61 diameter dense 
rnediam cyclone already existing in the Institute. 
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The follow:ing tests were made:
 

i) 2 mrm-0.5 mm feed size of high ash coal at 5,10,15 &20 
ibs/sq.inch feed pressure.

ii) 2 m -0.5 mm feed size of medium ash coal at 5,10,15 & 20 
lbs/sq. inch feed pressure.

iii) 0.5 mm-0o15mm feed sice of medium ash coal at 5,10,15
 
and 20 lbs/sq. inch feed pressure.
 

The partition curves of the 	 three sets of experiments 
are presented in Fig.6 to Fig.8. The performance criteria
 
are given in Table 3,
 

The following observations are made:
i) Sp.Gro of cut is considerably higher than the 
sp.gr. of 
suspension, 

ii) 5 p.Gro of cdt is higher with higher 	 feed pressures.
iii) 
 E, value increases with the increase in the suspension
 

gravity. 
iv) 	 E 
value is higher for finer feed sizes.
 
v) Feed pressure around 10 lbs/sq.inch gives lower E 
value 

for a 611 diameter D.::. cyclone.
vi) 	 Sp.Gr. of cut is higher for finer size ranges of feed


coal for the same 
specific gravity, of sus:-.nsion.
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TAS LE. I 

Pro.perties of 1,agnetits 

A. Size analysis 

Size 

in mm
 

Plus 0.152 


0.15-0.076 


0.076-0.053 


0.053-0.044 

0.044-0.030 


0.030-O.o10 


Eelow 0.010 

medi..xn
 

Wt% 

Nil 

1.8
 

15.4
 

7.1
 

27.7
 

34.0
 

14.0
 

100.0
 

B. 	 Densitvof manetitepowder
 
Density- 4,2
 

C. ma-netics content 

,:agnetics % 81.8 
"'on mac.,'e­
tics % 13.2
 

100.0 
D. Stability of sus,.ension at 1.45 .G. 

'tahility index- 91.6 
E. Viscosit, of su:ension at 1.45 S.G. 

Viscosity_ 4.8 cp
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TALL' 2
 

Results of size classi fication of raw powdered mdcnetite 

(6" dia cyclone was used which was operated at 5 pSi,8
 
pressure)
 

A. eit 

i) Overflow- 28.0 
ii) Under f lcn-o.72.0 

B. Size a-jaIvsis 

i) Overilow :-
Size Wt% 

300 mesh 
300-350 mesh 

2,3 
1.1 

-350 mesh 96.6 

ii) Underflow
 

Size :t% 
+ 200 mesh 3.8
 
200-300 mesh 11.0
 
300-350.mesh 5.5
 

-350 mesh 79.7
 

1000 

C. Stability 
i) Overflow SpGr, Stability
 

1.163 75.5
 
1.20 892 
1.285 93.0
 
1.376 94.4
 

ii) Underflow Sp.Gr. Stability
 

1,,22 27,3
 
1.37 32.4
 
1.42 85,4

1.72 93.1
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T.- BLE 3
 

Performance criteria of D.M.Cyclone tests 

Dctails of sample Feed Ash* Feed S.G. of SoGo of E Organic Cleans Sinks 
size pressures suspension.separat- P efficien Wt% Ash, ,. Wt Ash

ion. cy*

mm lb/scq.in 

Kusunda X seam 2-0.5 40.0 5 1.45 
 1.648 0.041 74.0 43.8 20.6 56.2 55.1
coal crushedIt f 101
toalcuh " " 10 " 1.820 0.065 88.9 5911 23.0 40.9 64,6 

H " 15 " 1,896 0,072 93.0 67.0 24.9 33.0 70,7
" 20 " 1990 0.075 82.4 61.0 25.6 39.0 62.5 

Block II OCP 2-0,5 29.8 5 1.35 1.500 0.034 97.0 32.0 13.2 68.0 37,6 
" 110 " 1.549 0,030 86.2 43,1 17o4 56.9 40,2

I t 15 " 1.620 0,055 89.4 55.4 19.5 44.6 42,6
S it 20 " 1.700 0.044 92.0 71.0. 22.4 29.0 47,9 

-DO- 0.5- 24.6 5 1.35 1.779 0.096 98.2 85.5 20.1 14.5 51.2
 
0.15
 
If 10 " 1.840 0.055 99.5 89.6 21.0 10.4 556 
" I 15 " 1.905 0.017 97.5 89.3 21.7 10o7 57.2 

If 20 '1944 0.111 99,5 93.6 22.3 6,4 58A4
 

* on reconstituted feed basis. 
** 6" dia cyclone, 200 cone angle, feed inlet 1 :, overflow aperture 1 2",apex 

aperture-15/ 
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ABSTRACT
 

A research and development project for the design and 

development of a Granular Bed Filter ( G S F ) System was 

initiated by Bharat Heavy Electricals Limited ( B H E L ). 

This is intended for application in the coal based combined 

cycle plant being developed by BHEL. US agency for 

International Development are presently funding a part 

of the instrumentation requirement for this project. The 

G B F system has been designed by the Energy Systems Group 

of BHEL, Hyderabad, to be tested at their Coal R&D facility. 

This paper describes the objectives, project schedule, 

current status, design details etc. of the G B F alonguith 

its auxiliary systems and instrumentation and control. 

1.0 INTRODUCTION AND BACK GROUND
 

The need to develop/test HTHP particulate separation
 

systems is consequent to BHEL's programme to implement
 

coal based combined cycle plants for power generation in
 

India. Systems for coal gasification as well as combustion
 

under pressure are being developed for testing in the
 

combined cycle mode. After a study of various gasifica­

tion systems in the light of existing state of art and
 

developmental time required, BHEL went in for a moving
 

bed gasifier based combined cycle plant for the purpose
 

of technology development and demonstration. The plant
 

capacity selected was 6 [H1We. After tests with the moving
 

bed gasifier based combined cycle plant are complete, it
 

is planned to operate this facility with a pressurised
 

fluid bed combustor and also a pressurised fluid bed
 

gasifier. It is proposed to introduce HTHP particulate
 

separation systems during this stage of development.
 

Reliable operation of gas turbines is related to particulate
 

loading and its size distribution and the cnemical composi­

tion of the expansion gas; erosion is caused by particles
 

in the range of 2 microns and above; particles below
 

2 microns tend to cause deposits which may be coriosive
 

in the presence of alkali metal salts.
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remove dust fractions of larger sizes almost completely 

and as such more of fine dust may be permitted in the expan­

sion gas. Since such fine dusts do not contribute much to 

erosion, the future specifications will most likely include 

an allowable size distribution of the dust. 

HTHP dust separation systems which can simultaneously meet 

Gas Turbine and environmental requirements, obviating the 

need for downstream clean-up, are likely to have a cost 

advantage in the commercialisation o- coal based combined 

cycle power generation. With this in view a HTHP particu­

late separation test facility is being set up by the Energy
 

System Group of BHEL at their Coal R&D facility at Hyderabad
 

Various concepts are likely to be attempted in this experi­

mental loop and to begin with a Granular Bed Filter System
 

has been designed for experimental. operation. Details of
 

this facility are described in this paper.
 

2.0 PROJECT OaJECTIVES:
 

This project aims to create a High Temperature and High
 

Pressure experimental loop downstream of a Pressurised Fluid
 

Bed Combustor for the following objectives.
 

-. 	 Design, fabricate and commission a well instrumented 

test loop for evaluation of HTHP particulate separation 

systems.
 

-. Design, fabricate and commission a Granular Bed Filter 
3System for a rated capacity of 1075 m /hr at 5 ata, 9001C
 

along with its auxiliary equipment.
 

-. Obtain data on particulate collection efficiency at 

different operating conditions.
 

-. Establish a continuous granule cleaning system by means 

of a pneumatic loop and a dust disengagement vessel. 
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•-. 	 Correlate experimental data in terms of the design and
 

operating parameters for performance prediction and scale
 

up to larger systems.
 

( 	 To meet the *ed objective USAID has consented to 

provide for a limited number of special instrumentb 

and a Data Acquisition System ). 

3.0 PROCESS DESCRIPTION AND GENERAL ARRANGENEr IT:
 

A 	Pressurised Fluid Bed Combustor test rig capable of
 

burning upto 300 kg/hr. of coal will provide hot gases at
 

5 atm and 9000C. The PFB plant consists of a pressurised
 

coal feeding system with lock hoppers, a 422 mm I.D.
 

pressurised combustor with in-bad heat transfer tubes uhich
 

help to extract a major part of the heat released in the
 

combustor. The combustor is provided with an overflow
 

ash discharge system for bed height control. This consists
 

of 	an overflow ash tube and ash fluidiser with a slurry
 

ash discharge system. The ash fluidiser controls bed level
 

and can be used to influence the ash carry over from the
 

combustor. The combustor exit gases enter the primary
 

cyclone From where the gases 
are taken to the HTHP particulate
 

seoaration test facility for further cleaning.
 

The HTHP particulate separation test facility will consist
 

of 	a high efficiency cyclone separator, granular bed filter
 

with its associated solid recirculation system and a bag
 

house for separation of dust carried over by the transport
 

air. The hot gases from the primary cyclone outlet will
 

pass through the second stage high efficiency cyclone before
 

entering the granular bed filter. Compressed air will be
 

used for recirculation of granular media, wherein it will be
 
used to transport the media as well as to separate the dust
 

from the filter media. The dust carried over by the transport
 
air will then be cleaned in the bag-filter and routed to
 
the combustor air plenum with an option for venting. The
 

flow schematic is shown in Fig.1.
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In the GBF design of BHEL, particle collection is accomnplisi
 

by causing the particle laden gas to move raoially inward
 

in cross-flow through an annulus of granular collecting
 

materials. The granular solid is in fact a moving bed and
 

filter media recirculation is achieved by means of pneumatic 

transport. It is expected that the dust particles collecteO
 

and deposited on the granules will be separated during the
 

transportation process. The air/gas used for pneumatic
 

transport is then routed through an auxiliary conventional
 

cleaning system. It is planned to control the media recir­

culation through a L-valve.
 

Two different configuration of filzer elements both having
 

the same outside diameter and an overall filter bed thick­

ness of 200 mm are-to be tested in sequence. Provision
 

has been m6de in the design for varyin; the effective filt:i
 

height to obtain superficial velocities in the ranoe of
 

0.38 to 0.76 m/s. The pressure vessel uill be adeouately
 

linad with refractory and insulatioi material to obtain a 

shell temperature of around 2301C, 

4.0 5Y3TEM/E UIPEi£NT DETAILS 

4.1 Design of pressure boundary:
 

The pressure vessel design is based on the ASf*h, Boiler and
 

Pressure Vessel Code, Section VIII Div.I. The material
 

selected is ASTF! A 515 Gr.70. The or,"sure vessel consists
 

of two torispherical heads and a shell course, A final
 

flanged joint is located at the top portion of the vessel.
 

The hot dirty gas inlet is from the side and the clean cas
 

outlet is from the top, and the granular media enters the
 

vessel from top and is removed for cleaning from the vessel
 

bottom. The inside of the vessel is lined with castable
 

refractory and insulation.
 

4.2 Design of internals:
 

The choice of material for such application is restricted
 

severely due to the fact that the design temperature for
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the internals is 9001C. Very few alloys can meet the
 

requirements of strength and rcisistance to scaling at this
 

high temperature. The choice ultimately reduces to
 

wrought alloys such as RA 333, Incoloy 80OH, Hastealloy X
 

and cast steel as HK-40 alloy. Each has got its own merits
 

and demerits as regard to availability, strength, scaling
 

resistances welding and fabrication problems etc.;considering
 

these points, cast HK-40 alloy has been preferred over
 

800 H, RA 333 and Hastealloy X since availability of these
 

alloys are increasingly difficult in that order.
 

A detailed stress analysis was carried out using SAP IV
 

programme which showed that the stress due to thermal
 

expansion at different restrained points in the earlier
 

design was very large and cannot be tolerated.
 

The thermal expansion problem has been solved by making
 

the equipment an undirectional expanding type whereby the
 

entire expansion is accommodated by a telescopic joint at
 

the bottom.
 

The equipment can be used to test two types of filter
 

elements simply by changing a small section of the internals
 

thereby avoiding duplication of the entire vessel.
 

4.3 Filter media recirculation loop:
 

The recirculation and cleaning of the dirty media is
 

proposed to be carried out by means of a pneumatic transport
 

system. For a given inlet dust load, the pressure loss
 

across the filter bed is a function of the dust load carried
 

by the media, which increases over the height of the filter
 

element. Published experimental results point to an optimum
 

dusL loading in the filter media in the range of 3.5 to
 

7 gms/kg of filter media, for pressure drop to be maintained
 

in the desired range. The recirculation loop parameters
 

are described in fig.2. These parameters form the basis
 

of estimating the recirculetion rate of granules and the
 

air supply required to operate it. The control over the
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recirculation rate is to be achieved by a L-valve in the
 

recirculation line. The dirty media flows through the
 

downcomer, L-valve and the lift line before being carried
 

into the disengagemit vessel from where the media falls
 

back into the element. The dust gets elutriated out and
 

this is separated in a bag filter. The pneumatic solid 

recirculation loop design is based on choking velocity 

correlations and it is ensured that the operating velocity 
in the liftline is maintained above the calculated choking 

velocity. 

4.4 Disengagement vessel:
 

This vessel has been designed to elutriate the dust carried
 

into it by the filter media and the proceoure adopted for
 

design is as follows:
 

i) 	Calculate Umf at 5 ate, 2501C for kndwn
 

particle size;
 

ii) Operating velocity is chosen to be greater than
 

1.5 times Umf;
 

iii) 	Recheck to see that Uch is between Umf and the
 

terminal velocity.
 

This vessel has an I.D of 200 mm and effectivE height of
 
610 mm. A 10mm thick baffle plate is provided at the top
 

which partially partitions the vessel over a height of
 

210mm alongside the inlet spout.
 

4.5 Transport air filter:
 

This 	is a conventional bag filter provided with three 
nos. 

of SS filter bags of 150mm 0 and 1500mm length. The maximum 

inlet dust concentration is estimated to be 14 gms/m and3 


the filter is expected to be operated at an outlet dust
 
3loading of less than 50 mg/m . A double knife gate valve 

is provided for intermittent ash discharge. 
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5.0 TEST VARIABLES:
 

The 	testing of this unit will focus on the following 

major aspects: 

i) 	Performance evaluation of the granular bed filter 

by variation of operatino parametsrs in selected 

ranges on either side of d,esign point. 

ii) 	Data collection and evaluation to establish design 

correlations, to optimise major design parameters 

of the system. 

iii) Design verification of the solid recirculation loop
 

from experimental data. 

iv) 	Long duration runs to prove the operational
 

reliability of the system.
 

TABLE 1 

MAJOR VARIABLES TO BE INVESTIGATED IN THE TEST PROGRAMME 

5L. VARIABLE 	 Value/range
 
NO,
 

1. Inlet dust concentration 1-2 gins/rn 3
 

2. Gas velocity 	 0.38 - 0.76 rn/s 
3. Filter media size 	 1-3 mm
 

4. Media recirculation rate 130-350 kgs/hr.
 

6.0 INSTRU MENTATION : 

The system is designed to fulfil the follouing objectives: 

- Conti.nuous monitoring and control of process parameters; 

- Measurement and recording df key performance parameters 
required for data analysis. 
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- Online gas composition analysis.
 

- Data acquisition system ;nd processing of data for
 

performance evaluation.
 

System operation will be continuously monitored. Pressure,
 

temperature and flow of the hot gas are monitored before
 

and afLer the GBF. Analysis points are provided on the
 

gas line for monitoring the gas composition. The solid
 

particulates are sampled and analysed, before and after the
 

filter. The level of filter media inside the element is
 

monito~red by using a radio-active level transmitter. K-type
 

thermocouples will be used for hot gas tamperature measure­

ment. E-type thermocouples will be used for measuring the 

temprature of dusty hot air and media lines. Pt 100 RTDs 

are planned for sensing the temperature in clean airlines. 

Ventur, tube and DP transmitter type of arrangement with
 

purging is proposed for hot gas flow measurement. Orifice
 

and OP transmitter combination will be used for all airline
 

flow measuring applications. Pressure and differential
 

pressure will. be measured using 2-wire electronic transmitter
 

All the receiving instruments will be of electronic type.
 

They will be mounted on control panel located in the
 

control room. The controllers also will be of electronic
 

type. However, the control valves will have pneumatic 

actuators with pneumatic positioner having built-.in e/p 

converters. 

A Data Acquisition system capable of performing the following 

tasks will be used.
 

a/ Continuous logging of values of various process
 

parameters like temperature, flow, pressure, level,
 

weight and gas compositions and on-line reduction
 

of the data into respective engineering units.
 

b/ 	Logging and display of process operating data for
 

each experimental run.
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c/ Processing cf data and computing performance
 

characteristics of the sysLem.
 

d/ Providing display of current data on demand.
 

e/ 	Providing print out of all required data and
 

computed results.
 

7.0 PROJECT SCHEDULE AND CURRENT STATUS: 

The following major tasks have been identified to carry out
 

this project and the current schedule and status are given
 

below:
 

TABLE 2
 

Task 

No. DESCRIPTION 


1. 	 Process Design of GBF and 

auxiliary systems
 

2. 	Documentation of process 

design and instrument
 
specifications
 

3. 	 Detailed specifications of 

instruments 

4. 	 Procurement of instruments 
by BHEL 

5. 	Detailed design cnd fabrica-

tion drawings For GBF, bag
 
filter, cyclone 1i and recir­
culation system with D.V
 

6. 	 Fabrication of Cyclone II, 

GOF, Bao filter and recircu-

lation system with D.V 


7. 	 Erection and commissioning 
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Start 

Date 


July'84 


Jano'85 


Jan.'85 


July'85 


July'85 


Feb.'86 


Oct.'86 


Comol- Current
 
etion Status
 
Date
 

Dec.'84 Completed
 

March'85 Completed
 

June '85 Completed
 

June '86 Ongoing
 

Nov. '85 Completed
 

June '86 Vendor
 
identifi­
cation in
 
process
 

March'87
 



The schedules upto the stage of equipment fabrication and
 

procurement of equipment and instruments are 
the same as
 
indicated in the project proposal. 'he erection and
 
commissioning of 
the system however is closely interlinked
 

with the PFBC Project Schedule.
 

References:
 

1. 	Proposal for High Temperature and High Pressure
 

particulate separation test facility - I.R-8HEL, 

March 1985 

2. 	Energy Conversion Alternativs 3tudiec -

Hamm J.R ( NTIS N76-23694, 76 ) 

3. 	 Mechanism of metal removal by impacting dust
 

particles Smeltzer, CoE ( Tran. of ASME, Sept.1970 ) 

4. 	 Containment Control in Hot Coal Derived Gas
 

Streams:
 

Ed K.E. l iarkel, 1983 
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SOME RECENT TRENDS IN -OLD *.AS .EAN UP
 

S. Narayan Reddy and R. Vaidyeswaran
 
Regional Research Laboratory, Hyderabd-7
 

In a paper presented at the Second USAID-GOI.
 

Workshop on Alternative Energy Resources and Develonment
 

held in February 1985 in New Delhi, one of the authors 

(RV) of present paper reviewed the state of a:'t 'dith 

regard to removal of particulates, sul,)hur compounds,
 
alkali vapors from the gases obtained during .-a':ifi: ation 

of coal. Subsequently the other author (SN.A) vi.3itpci
 

USA to study the methods being inve-:tiaated for t
 

removal of acidic gases and imn'urities like sulim.' 

compounds based on the discussion with the US te .i.
 

As stated in the earlier :aper, the present
 

practice of removalof CO2 and sul'.-hur im:.uritirs 

involves scrubbing of the gas :.-ith wet medi:-, lead in 

to the gas being cooled to room tempernturen. TI'.3 IF 

thermally not efficient -s the sernsible heat in .'e 

.as is lost and for many subsequent uses of the Fas 

either for combined cycle "o'',..' .i'n':.o, or shift 

conversion or methanation, th i,?,a his to ho.- reheatei. 

Newer techniques based on absorntive, o-dsorotive and 

permeative methods are being develo:,e,. Some oC these 

are reviewed in this paoer.
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Absorptive methods: Metal oxides like iron oxide, cobalt. 
oxide, molten salts on suitable supoorts and certain type
 

.of polar organic solvents are being tried for desulfurization
 

of gases to bring down the -sulphur content to less th in
 

1 ppm.' The metal oxides and molten salts also remove 

hydrogen chloride and alkali vapors from the gases.. 7hese
 

are equally harmful as the sul.:hur comrpounds for subsequent 

gas treatment. The desulfurisation is usually .Ion- at 

elevated temperature of 500-7500C and mixed oxides are 

usually preferred as they stand the temper! ture and 

repeated regeneration. The well known iron oxide i.. n 

examole for H2S removal but .,-iis does no.. stan, ..::,-. 

temperature. A mixture of zinc an] iron oxi~les i.e.,
 

a ferrite of zinc is preferred for hot remo'val of S.
 

Literature on such removwl -t elevi., te:'er- iure js 

scanty.
 

Norgantot.rn Ener:,y Technolo, y %cnt- ',-ins 3tUdie!d' 

the removal of H2 S and HCl from the ses obtainf rl ! 

their I t/hr stirred bed gacifi-r oer*rtinr , under er.,ve. 

Prior to this, 'laboratory s udie?; ,-in, r 1iniiIed h,)' 

gas mixtures were done on the suitabil'ity o zinc .- "rite 

at 550-7500 C. The gases cort-:-Iined H'-l and tar vaoours 

besides H2 S. Regeneration oF the bd was sturied usin" 

air and steam.
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Institute of Gas Technolozy,Chicago has carried
 

out studies on the use of fine mixed metal oxide, 3,-. 

as cobalt oxide and silica, man,-anese oxide, FeCr20 4 and 

Co2 TiO4 with high affinity for H2S. Durinz regene:-ti-on, 

elemental sulohur is produced which is an adv-,t.i'-e. 

Removal of HCl vapour from hot gas was inve -;i. ted 

using two types of molten alk-a!i ca:'lonctes as so-obents. 

These are mixtures of Li 2 and and Li2%O3 K2 .O3 :2 n -

Na 2 CO3 . Simulated gas mixture- oren1red by mixin- .iure 

gases from cylinders were used uner iot 'rx.ditj.onf' w 

at atmospheric oressure. 

At Stanford Rese rch institute, removal
 

from simulated g-as mixtures '' stu[ielk u.;inr ,,rrte:ic
 

'
and natural materials at 525-650 ;. £hese ?re :'3-ly 

sodium carbonate-based. Katalco chloride -uu'.]:,d 5'-z 

naturally occurring shortite ">2'a 0 . 2'3aO0 - n 
Nahcolite (NaHCO3) were also trie,. .\ Ci)ed bA.d 

reactor using small quantities of -orlbent .,ias used. 

Pacific North "West Laora':orie s have lbeon us.in 

molten alkali metal carbon-te:2 in ;,; orte, :.,'I 

ursuL)ported forms. It involves revt-.nrible reac:i-) ." 

H2 S witLi the salts. The rem.)va-.l,, of M2 S startin-.'ith 

a -as containing 1% H2 S %,risq9.5",. The So7bent is 

regenerable and the regeneration -:-isos contain :JC.') 

59/j H2 S. Operating conditions nre %e:n.er' :u:e 

80000 and pressure 15 b*: r. 
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Solvents: In Lawrence Berkeley Labor .-tory, polar 

organic solvents like mono or dialkyl ether or ethylene
 

glycol are being tvied in a bench scnle unit. A ? DU
 

to process gases from a plant handling 50 t/hr of" coal
 

is being designed. The gas is scrubbed with the solvent
 

and the spent solution is rea:_ted .Ath an equiv.lent:
 

amount of SO2 dissolved in the same solvent. Elemental
 

sulphur is produced accordin7 to the reaction.
 

2 H2S + SO2 - 3S + 2H20 

Metal Complexes: Several types of supported metal 

complexes in different organic solvents have been studied 

at Batelle Pacific North West Labora;ories :or seletive 

chemical separation of gasefs like .0, CO2P 2, H2S and 

CH4 from simulated gas mixtures. Nitrogen is used to 

strip the absorbed gas from the sz1lution. -rom thse 

studies it was found 'that hyr1rxo cm'bony. ( 

phosphine rhodium Rh (O')HO)(o6H5'.H ) is se'lective 'or 

C02; bis (diphenyl phosphino mothane) dichloro di Alladium 

selectively and rapidly binds ".0 i]i oresence of 02, 2 
H2 , H20 and H2 S; bisc-irbonyl. tries (Tripevwl ho.hine 

ruthenium). Ru (C0)2 (C6 H5Pi co:nilex binds in3 ) - H2 

presence of CO or 02 . 1, 1, 2 trichloroethnne atnd 

1, 2, 3 trichloropropane are the solvents. Other 

comolexes attached to polymer supports are being tried for 

separition of C02, CO and H2. 
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Adso rtive Methods: Adsorbents aith high r atio of 

surface area per Anit wei-ght are usually employed for 

this method. This is a cvclic process and done at
 

ordinary temperatures. Activated carbon has been tried
 

for the removal of CO2 and separation of H,), -H4 and 

H2S in enriched foxin at the State University of 

New York,Buffalo, using pressure swing adsorption (PSA) 

method. Advantage of active carbon is its comparatively 

low cost. The process is less energy intensive when 

compared with other separation methods. Since most of 

the second generation gasification procesees operate 

under pressure, the gas from such systems as well as 

from moving bed Lurgi gasifier can be treated by P3A. 

Usual pressures are 50-1000 psi. 7-rom a binar.y mixture, 

990,I pure gas with 90' recovery anti high : a 

been obtained. Separation froia ternary mixtures 

H2/H2S/CH4, H2 / H4 /CO 2 has been accomplished in the 

laboratory. Separation of gases from multicomoonent 

mixture is being tried.
 

Molecular sieves are also coming u. for P:'A.
 

Pure H2 is being produced from industrial gas streams. 

The size of the bed is dependent on the concentration 

of impurities in the gas mixture. Desulfurisation is 

also being tried with molecul-.r sieves using different 

types of molecular sieves deioendin, upon the type of 

sulrhur compounds and their concentration. CO2 removal 

is also using tried with molecular sieves.
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Permeation Methods: This is a new field coming up for 

gas separation. Semi permeable membranes with different
 

permeability rate for different gas components. It is
 

essentially a reverse osmosis type, the partial pressure
 

of the component being the drivin- force for separation,
 

The advantages are
 

- low operating and overall cost;
 

- low space requirement
 

- economic viability at both high and low capacities; 

- low energy requirement.
 

The process is still in developmental zta..;e, 

mainly for binary oas mixture: T,:S -.Ip-icn,'in for 

removal of acidic gases from coal <asificatio:.' streams 

is not yet kmown. Tonsider-.-le wori is in proc-re.s in] 

USA, Japan, Italy for dehydration of natural. -,.s, 

recovery of CH4 from bio.as, recovery of Helium from 

natural gas. Separation of air, olefins from paraffins 

(ethylene and propylene from par £fin uoto C5), 302 , 

H 2S and COS from coal gas is be in; studied. 

National Burcan of Standards, Boulder, is
 

studying separation of acid gas by chemical complexing
 

with an ion exchange membrane. These are supported
 

membranes; impregnated with liquid containing- carrier 

species such as K2 CO3 or CeO Liquid filn acts as 

membrane. Carrier species in the lirquid reacts with 

371
 



the acid gases forming a complex w'iich diffuses to
 

the low pressure side of the membrane. The reaction is
 

reversed and acid gases -et desorbed and, are swept 

away. Such a membrane system can be viewed as absorber 

on the high pressire side and absorbent re'zrer' on 

the low pressure surface. The mcmibr;ne system is -c"i.s 

akin to a scrubbing system but re;uirinr a sinle 

vessel. Life of membrane is 5-5 years. 

6-.orRRL-H Pxoramme: As stated earlier,. XL-* has a 

project on coal gasific tion. ."1 1 t/hr movinr bed ,,-Isifier 

under pressure is beinL used Cor studies in the :'o.23t. 

As part of this programme it is .;rooosed to study 

clean up by the ad:,orptive, and meibrane te"hniuas. 

Sepa.ation of ac2u.ic ,,ases (C ;and . ) usin7 a-tive2 2 

carbons molecular sieves, :ilica del, a.iv-itef alumina 

from synth.t-eic gas mi.<tures Dcev;a-d fro.i pure 7as-es in 

cylinders is propose.l to be studied in a bench sc:ile set 

up. Fig.l gives a flo,,., sheet of the set up. Ef 'ert 

of pressure, temperature, composition of gas mixture
 

and regeneration of sorbent will be investi": t,]. D:itia 

on equilibrium adsorption rate for gas mixtures on 

.ifferent adsorbents ,iili be col]'I.ed 'or scale u. 

The reactor has an internal ,dii of 2,.mm and is 7T..I -,I lonri. 
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Four thermocouples will be located at different
 

positions-in the adsorbent bed. Binary and multi
 

component mixtures will be used.
 

In the second phase, of such experiments a gas
 

stream from the moving bed gasifier will be used.
 

The second aspect of study will be with different 

membranes using gas mixtures prepared from gases in 

cylinders. Enrichnent and removal of acidic (gaseswill 

be tried. A permeability a'gparatus for trials with 

different membranes~polyamides, polyvinylidene chloride, 

ethyl cellulose, cellulose acetate will be constructed 

for this study. 

In a moving bed gasifier, the gas may haie
 

traces of tar particles and their removal is essential
 

for absorptive or permeative separation. Adequate
 

precaution will be taken to remove 
such t-r particles.
 

The studies are proposed to be extended to the gas 

obtained from the fluid bed gasifipr 3,>ste;.1 -.,hich is 

also being tried in the Laboratory. 
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R&D ACTrVIITS ON PLUIDIZED BED GASIFICATION 
OF COAL AND CO COBUSTION 

A.B. Battap P.K. Ohatterjee, T.M. Kundu & B.B. Banesal 
Centra! Mechanical Engineering Research Institute, 
DLuvgapur , Ldia. 

Inview of the ever Increasing oil crieis in terms of rapidly 
depleting limited reserve md also excessive price likel the use of 
coal ao a source of energy to the maximum possible extent has become 
Imparative. In India, coal in varied quality is abundantly available. 
Huge quantity of fuel oil is imported for feeding furnaaes, combua­

tore in industries0 In this perspective, OMERI, Durgapur has tcken 

up two major projects s (.) Fluidized bed gasification of coal and 

(ii) Combustion of coal oil raixfuze. 

1. Pluidized bed Easification of coal: 

Extensive research on fluidized bed combustion of coal is being 

carried out with a view to efficiently utilize even inferior quality 

of coal. However, the use of a clean gaseous fuel has always been 

attractive because of their excellent properties as regarde to envir­

onmental pollution, transportability and varied uses. All these have 

added to the further importance oad relevance of coal gasification
 

technology for improving the conventional methods and developing newer
 

methods particularly suitable for inferior types of coal. In this
 

perspective fluidized bed gasification of coal has got a promising
 

potential. The Advantage of fluidized bed such as excellent gas solid 

contact, attainment of uniform temperature# enhanced heat transfer 

rate etc. make it more attractive,
 

Commercially Lurgi, Kopper Totzek, Winkler gasifiers are widely 

used for coal gasification. There is an increasing interest in impro­

ving these conventional methods. Research investigations and develop­

ment work on fluidized bed gauification are extensively being carried
 

out abroad by various Universities and Instit-tions such as Westing 

House, U.S.A., IGT, U.S.A., Rhenische Banukohlen Werke West Germany.
 

Coal in varied quality is abundantly available in India. R&D 

work on gasification of coal has bet initiated at different labora­

tories. A project on 'Fluidized Bed Gasification of Coal' has been 
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initiated In O1VERI under the sponsorship from Tata Energy Reaearaoh 

Institute (TERI). The aibjctive of tb project im to develop a 

fluidized bed (atmospheria) coal gasifioation system using coal, air 

and steam and to study Ithe effect of important yarametera on the 

performance in order to design %oi-how suitable for UMdi= coal, 

An atmospheric fluidized bed gasiiier of laboratory ecale 

model has been designed End developed, The deeign paramotera for the 

gasifier are as follows :-

TABLE-1 s .peoificatlon of the experimenta asifer. 

Bed size (a2) 1 0.2 x 0.2 

Height of tho gasifier (m) : 2.0 

Type of the distributor : Straight hole 

No. of holes : 400 

%of open area 3 3.14 

Coal feed rate (kg/hr) , 12 - 25 

Air flow rate (kg/hr) : 25 - 50 

Steam flow rate (kg/hr) : 6 - 15 

Bed temperature (0O) s 850 - 1000 

Schematic slatch of the gasifier is shown in Fig.1. Coal feed
 

by a screw feeder has been arranged and feed rate is controlled by
 

variation of input voltage to the motor. Steam supply pipeline from
 

a nearby boiler house has been installed. The out-put product gas
 

can be drawn into sample collection chamber by a suction .ump through
 

sample collecting tube having filtered tip and water cooling arrange­

ment.
 

The ganifier unit has been run on combustion mode several 

times to understand the bed behavior. Later the unit has been terted 

on trial run an gasifier with air and steam supply. Typical analysis 

of coal used in this study is given in Table-2. 

TALE-2 i Coal analysis. 

Type of coal i Coke Breeze (-3mm + 1mm) 

Moisture : 1.1 

V - M 5.0 

Ash • 30.4 

P.C. 2 63.5 
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Bed height is one of the important parameter in the process 

of gasification. Shallow bed may not be effective since combustion 

prevails in the lower zone. Gasifer has been run at three different 

bed heights keeping other conditions fixed. A plot of gas composition 

vs. bed height has been shovw in Fig.2. Volume pereentae of comrbus­
tible gases increases steeply with bed height from 0 3 neter to 0.5 

meter which is followed by marginal change with t~rther increase In 

bed height. For this designa a bod height of 0.* me;er has been 

choosen in further experimentation. A very small yerentMg, of CH4 

(0.8%) has been obtained at higher bed heLghtso The calriofic value 

of the product gas hae been found to increase with bed temperaturo 

as shown ir.Fig.3. The operation haa been limited to 10000C to avoid 

the possibility of ash softening. Typioal operating data has been 

presented in Table.3. The fly ash which is oiiting out of the gasifier 

by elutiation has been analysed for unreacted cavbort. 

TA-BLE-3 a T;ical operatiog data. 

Air flow rate (kg/hr) : 37 
Steam flow rate (k/hr) 9
 

Coal feed rate (kg/hr) 16
 

Bed temperature (00) 1000
 

Bed height (m) : 0.6
 

% Carbon in fly ash 4.3
 

.VV of product gas (11/ 3 ) 4.1 

2. Combustion of COM. 

Direct use of coal generally entails several problems. Coal-oil 

mixture (COM) provides an immediate partial transition from oil to coal 

without major modifications of the existing furnace and boiler system. 

Although the concept of use of COM as fuel is not newq significant R&D 

aotivities on this aspect were initiated in early seventies after the 

oil embrLrgo. In some developed countries COM technology has reached 

the point in development where technological issues have been addressed. 

In U.S., GM and PETO initiated the development work during 1975. Subse­

quently significant research has been carried out in r,al countries, 

e.g. Canada# Japan, Sweden, China. 
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In India, C0Fl1 Ihaabad hao devoloped a process for produo.1u 

stabilised coal oil mixture in a batch process of 100 k9/hr. A oca­
tinu~us CGM preparation plent is vmder development. C49RI, Durapur 

ba imdertakva o¢rbustion Ave igation of COM, A pilot plant oapa­
bie of burning 25-40 kg/hr han b3u oomnieoionod. Ths brief epeoi­
ficatiou of the pilot plant is ahown in Table-4o 

TABLY-4 s Purnaor specifiotion. 

Type of Fhraaoe 

Diameter (UL) 

t 

: 
Cylindrical 

600 

Length (Mm) 

Burner 
: 3700 

LPA 

Capaolty of C0OM frin
(kj/hr) 

g 
s 25 - 40 

Furnace lcadi g Nil 

Schematic 7ketch of the pilot plant is shown in Pig,4. There 
are several sample holes o2ong the length of the furnace for tempe,'R­
ture measurement, flame v.sualination and eihaust gas auction. Tuo­
kiuatiu probee have been used for particulate emseion. Initial warbi 
up of thie furnace i done by furnace oil. When the furnace ndl 
becomes red hot, BlDu Yry , Aon is started. 

Feasibility ot OODI owbustion hue ben initiated with 20% coal 

concentration. Syrtematic iombustion inveetiation haz been carried 
out next with COL how-ing different coal concentration (20, Co 409 50%). 
The experimental results presentated hore ari for 50:50 COW. The phioo 
chemioal properties-of this C004 1z shom in Table-5. 

TABLE-5 R Phyioo Chemical properties of 00 (5050).
 

Coal: 1B River Valley. 

- :oximate analysis : 
Mositure 1 4,2 

Ash a 41.2 

VY.. : 24.9 
P.O. 29.7
 

CalorLfic 
value s 4050 keal/kg. 

Oil i Medium Viecona. 

Calorifto value s 10,000 keal/14g. 

Visooulty at 500C 2 140 UP. 
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CON (5o:5.1ot 
Calorific value s 7,000 keal/kg.
 
Viscosity at 8500 : 930 OP.
 

The temperature diatribution in the furnace has been shown in
 
Pig.5 where the results have been compared with those of furnace oil.
 
In the initial zono the temperature of O0M le l~wer than that of
 
fur ace oil* however, in the fu -the:? downstre.= :,me the temperature
 

cnI0 COM booomes higher than that of farnacs oil. Becauase cf lower 
visnoslty ef furnaoe oil, its spray charaoteristics is better which 

results in quickur oombuntion and consequent higher temporature in 
the ini'tial cone. The proess of droplet disintegration and oal 

oombustioan requires moro time for complete oombusticz of COM. AD a 

result, the flami length in CON combustion is larger than in oil 
colubustion as shown In Figo6. The flame length (Fig.6) gradually 

reduoea with exoso air which may be attributed to better oxygen 
availability. TypiWal operating results of COX combustion is shown 

in Tableo6 wherein exhaust gas analysis, ash loading, carbon content 

in ash and combustion effioienoy are shown. 

TABI-6 : Some operating results of OM Combustion
 

Run No. 1 2 

Excess air (%) 10 15 

Fuel flow rate (kg/hr) 37 37 

Fuel injection temperature 
(°o) 90 90
 

Exhaust gas anaiysi 0

002 12.2 14.5
 

00 0.3 0
 
02 2.6 3.3
 

Ash loading (k/hr)
 

Fly ash 6.235 
 6.208
 

Purnace ash 1.730 
 1757
 
Carbon oontaent in ash (%)
 

Fly aah 15.7 
 15.1
 

Fturn.a e ash 5.3 
 5.3
 
Combustion efficiency (M) 95.9 
 96.1
 

-- 0oo)--(Ooo, -­
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QUESTIONS AND ANSWERS - COAL CONVERSION, AFTERNOON SESSION, DECEMBER 6, 1985
 

Panel Discussion
 

C. 	 I have only one suggestion to make to Dr. Sandu. You must shows this video
 
to Tata State Electricity Board and Karnataka State Electricity Board.
 
These two electricity boards have fairly large size power stations which
 
are getting re-transported coal of easily 3 million tons/annum at each
 
power station. I am sure they would be very interested in this.
 

Q. 	What technology do you plan to select for the three different regions?
 

A. 	On the basis of evaluation, an appropriate technology will be selected.
 
Bechtel, in 1980, had presented to the planning commission, three scenarios
 
for a national level pipeline transportation system. A northern pipeline,
 
which would come from the Bengal region, travel through UP to supply
 
existing power plants, to Delhi, Harayana, and Punjab; a northwestern
 
pipeline system, also originating in the Bengal region, going through
 
Madhya Pradesh, to Maharashtra and Gujarat; and a southern pipeline byztem
 
for the stations in the south. All three of these systems will be
 
evaluated. Since these are all capital- intensive projects, the selection
 
of an appropriate technology for Indian coals is very important, and this
 
is being very carefully monitored.
 

Q. 	 For a pipeline of the length you are talking about, wouldn't more pump
 
stations in different places be required?
 

A. 	That is correct. For instance, in the 273 Black Mesa slurry pipeline,
 
there are four pump stations; an initial pump station, and three booster
 
stations. Generally, if it is a flat terrain, we use conventional pump
 
delivery with a discharge pressure of 1500 to 2000 psi, which is adequate
 
to transport 100-150 miles. If it is a sloping terrain, you will go
 
further; if it is a rising terra4n, you won't go as far.
 

Q. 	What is the coal particle size involved?
 

A. 	 I'm not very familiar with the metric mesh size, but I will tell you in
 
Tylor mesh size. We limit the pulp size to about 100% passing 16 to 18
 
mesh, or 14 mesh. We also have a control on the bottom size, about 16 to
 
20%. It should not pass the 325 mesh because it then becomes a problem in
 
the dewatering.
 

Q. 	Dr. Powell, you suggested that for Tata, you achieved an ash level 5.8%
 

from 	21, could you tell us what technique was used for this?
 

A. 	 i can't really give you the details. It is a proprietary process we're
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developing using the bubble technique. We do expect to publish it sometime
 
during the latter part of next year. At present, it is confidential.
 

Q. 	What is the stability, concentration, and price of coal-liquid mixtures
 
prepared with Indian coals? What would be the coal-liquid mixture
 
properties with typical subituminous Indian coal containing about 10%
 
moisture, 10% oxygen?
 

A. 	We have been producing coal-water slurries and shipping them overseas to
 
several destinations and these fuels have remained very stable for about
 
six weeks. After six weeks, some settlement does take place, but it is
 
fairly easily established to the appropriate level. Economics are very

much related to the particular coal involved and we generally make a
 
proposal that will relate to a processing cost per ton of fuel, or whatever
 
other evaluation one wants to put on it. It is very difficult to give you
 
a figure off-the-cuff because the coal costs are different, the chemical
 
costs are different, and the loading and the finished product is different.
 
Itwould be different for every coal.
 

Q. 	I was surprised to note the number of Indian coals are evaluated by
 
CoaLiquid. The conclusion said that some more work is to be done. What
 
are the tests that have already been carried out, and were they carried out
 
on a large scale? Have the tests been made only on preparation or on
 
combustion as well? What tests are plnnned to make the conclusion
 
attractive for Indian coals? Can the coal-liquid can be used for high ash
 
Indian coals?
 

A. 	The work carried out at present has been entirely at the laboratory level
 
and the results are being presented to Tata Iron and Steel. The stage

beyond that will depend on how much further they want us to go in this
 
stage, whether they are prepared to have a small scale pilot plant, or if
 
they will ship additional quantities of fuel to us to evaluate. The tests
 
so far have only been on preparation. Combustion will follow when we have
 
evolved the correct technique for preparation.
 

Q. 	Would you not expect severe erosion problems with high ash coals,
 
particularly when you use it for atomized combustion?
 

A. 	One of the applications we are looking at specifically for them is in
 
connection with injection and open hearth furnaces where the erosion
 
problem doesn't arise. In the second case, when used in a boiler, and the
 
ash level is reduced to about 5%, the degree of erosion is not always
 
critical. Now, we have a lot of experience with this, currently with fire
 
tube boilers in particular, where we have been burning both English and
 
African coal in a European country. The life of the boiler has not
 
suffered from that effect.
 

Q. 	I am particularly referring to the atomizer erosion.
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A. 	That depends very much on the nature of the burner, and like most people in
 
this business, we have been through a number of proprietary manufacturers.
 
There are some we would use again, and some we wouldn't.
 

Q. 	 I would definitely take it as proprietary information on the configuration
 
details, but what has been achieved with your own burners is what interests
 
us. Is it at all possible to have a reasonable life with very high ash
 
levels? We have to build the confidence that this kind of technology is
 
possible with such coals.
 

A. 	We started in Korea with a particular burner design which, when
 
it first ran, had a life of about 24 hours. Through continual
 
development with the manufacturer of the equipment, we are now
 
running about two months before having to change the burner tips.
 

Q. 	This is with what ash level?
 

A. 	 In Korea, I think it is at about 6 or 7% ash level.
 

Q. 	You wore coming to the conclusion that it is good to go with COM before we
 
could start out with CWM. As I understand the international scene, the COM
 
is extinct. It has been almost decided that it is very uneconomical when
 
the technology on CWM has come up. So after working on COM for several
 
years, practicality has decreased. For what application and in what size
 
units should this be used?
 

A. 	Let's talk for the moment about steam boilers up to about 10-20 tons, not
 
in large megawatt plants where the economics are totally different. There
 
is a strong case for using a coal-oil-water mixture, where ash in the
 
original coal is near 10-12%. I don't want to draw a parallel directly with
 
some of your Indian coal, but where the ash level is 10-12%, the small
 
savings that you will get using a coal-oil-water mixture are off-set by
 
the fact that you are not going to have to do an ash reduction process on
 
that coal. Inother words, you are goinq save on beneficiation costs, and
 
that is going to cancel out the reduced savings using coal-water. With a
 
20% ash level, the economics would be rather different. I wouldn't like to
 
comment on that without some further thought. It is all a trade-off
 
between one system and the other. You mentioned that coal-oil is dead.
 
Yes, that is so, partly because of the economic situation in the United
 
States where most of this work is done. Today, on a purely economic basis,
 
there is hardly any reason to use coal-water mixture when oil is continuing
 
to decline in price. Of course, that isn't the long term gain.
 

Q. 	What is the particle size for such small units? Is it really possible to
 
go with the present day pulverizing at 75 microns, about 70%, or is it
 
absolutely essential to go down on particle size? We know that a number of
 
smaller manufacturers who are micron developers, have gone that way using
 
micronizers of particle size of around-40 microns. Would you like to
 
comment on this? What is the philosophy of CoaLiquids?
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A. I can't do the conversion to microns off the top of my head. We use a
 
number of 80% passing, passing 100, or 100% passing, 200 mesh. That is
 
very appropriate for the coal-oil mixtures. Some work is being done, I am
 
aware, using micronized coal and I think the effect of using that probably
 
changes the whole fuel delivery system. That is the area where the
 
difference will come in,in the fuel delivery system rather than in the
 
actual mixture.
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1.0 INTRODUCTION
 

The increasing per capita energy demands and the limited
 

stocks of fossil fuel necessitates an exploration of alternative
 

energy resources to meet the energy requirements.
 

India being a predominantly agricultural country, requires 

major attention for the fulfilment of energy demands of a farmer.
 

Nearly 40 million irrigation pumps are under operation all over
 

the country. These pumps are driven mainly by diesel engines.
 

Through gasification technology, waste agromaterials can be
 

converted into a fuel source for running these engines. Several
 

countries at present a-e enjaged in the deve Iopmuiit of 

satisfactory gasifier units for this purpose. This paper deals
 

with the design. development and operation of a down-draft
 

gasifier. This work was carried out at the Chemical Engineering
 

Department, I.I.T.Delhi, for charred biomass as feed material.
 

2.0 DESIGN OF THE GASIFIER
 

Many of the gasifiers designed so far, although satisfactory
 

for specified conditions, do not offer any flexibility with
 

respect to changes in operating conditions. The present gasifier
 

was designed so as to give greater flexibility in operation. A
 

conceptual outline of the gasifier is shown in Fig.l. The salien't
 

features of this unit are:
 

a) The throat and the reduction cone are made up of a single
 

metallic piece which can be easily fixed and is also
 

replaceable. Desired hearth loads can be achieved by using
 

suitable sizes for the throat diameter and length of the
 

reduction cones.
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b) 	 Tuyereopenings are provided at two different levels. This 

offers some flexibility in changing the fire length. These 

openings are such that different combinations of :umber of 

tuyere!, diameter of the tuyeres, distance of the tuyeretip 

from the centre can be selected. 

c) The gasifier is in two parts,as shown in the figure, facili­

tating easy access to the interior parts of the gasifier. 

d) The combustion and reduction zone areas can be insulated 

easily depending on the requirements. 

e) Side tuyere5 facilitate easy flow of the solid fuel through 

the throat and better distribution of the air in the oxida­

tion 	 zone. 

f) 	 It has both horizontal and vertical grates. This to a large 

extent eliminates choking problems and also reduces the total 

pressure drop.
 

g) 	 An opening provided at the bottom of the gasifier enables
 

frequent removal of ash. This is in addition to the ash
 

port meant for periodic cleaning of the bottom areas of the
 

gasifier.
 

h) 	 A shaking arrangement is also provided to facilitate removal
 

of ash from the grate. 

2.1 	 Design Basis:
 

The 	present gasifier is required to operate a 511p I.C. engine 

coupled to a pump with briquetted and charred biomass fuels 

(= 80% carbon). About 70-80% replacement of the diesel oil 

is possible in CI engines. Hence the power, which the 

gasifier has to generateis 3.5 to 4 Hp/hr. In case the 
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gasifier is to operate a Gasoline engine, in which 100% re­

placement of gasoline is possible, the gasifier has to
 

produce an energy equivalent to 5 Hp/hr. Keeping both the
 

above points in view, the present gasifier is designed for
 

generating a maximum of 5 Hp/hr.
 

2.2 Design calculations:
 

2.2.1 Producer gas requirement: 

The composition of the producer gas varies with the
 

type and cuality of the fuel used. It generally lies in the
 

following range (in volume %)
 

CO = 17% - 25%, 112 = 6% - 14%, CH4 = 0.0% - 1%
 

CO2 3% - 7%, 02 = 1% - 4%, N2 = 55% - 64% 

The engine pump efficiency varies from 20% to 30%. In the 

present calculations an average composition for the combustible 

gases in the producer gas as Co - 23%, I2 - 10%, CH 4 - 0.5% 

and an engine efficiency of 20% (on the minimum side) are
 

assumed.
 

The energy equivalent' 'of lNm 3 of the above quality
 

producer gas is = 1.9 Hp.hr
 

.'. Amount of producer gas 	required to run 5 Hp/hr engine 
5 3 

with 20% efficiency = 	 = 13.2 Nm /hr 
0.2 x 1.9 

Assuming 10% excess production = 14.52 Nm3/hr. 
(Accounting for composition changes)
 

2.2.2 Fuel requirement t 

An approximate gas yield ( ) from biomass fuels, 

both charred (80% carbon content) and certain raw fuels, is 

5 Nm3/kg of dry fuel. Assuming an average of 10% moisture
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in the fuel, the gas yield becomes 4.5 Nm3/kg of wet fuel.
 

.. Fuel required to produce 14.52 Nm3/hr 
 = 3.22 kg/hr.
 

For 8 hours continuous operation of the gasifier,the
 

fuel requirdd = 26 kgs.
 

2.2.3 Throat diameter:
 

The "Hearth load" of a gasifier is expressed in terms
 

of "specific gasification rate", 
i.e. the amount of dry fuel
 

in kilograms that can be gasified per square meter of the
 

throat area per hour. Ivi 
 down-draft gasifiers 
the maximum
 

permissible gasification rate 
(4) in terms of producer gas
 

output is l.Nm 3/cm2-hr. However, the optimum value for
 

efficient operation of the gasifier lies in the range of
 

0.8 - 0.95 Nm3/cm2 _ hr. For a requirement of 14.52 Nm3/hr
 

producer gas the throat diameter ranges between 
40mm to 50 mm.
 

Specific gasification rate 
= Gas flow rate in N11 3/throat area
 
2
in cm2 14.52/((4.5) 2 3 2x /4) = 0.9 Nm /cm2-hr. 

2.2.4 
 Air requirement for gasification:
 

The gir requirement for gasification is calculated based
 

on "Equivalence Ratio" 
(ER) defined as (I).
 

ER = 
 (_eight of oxidant/weight of dry fuel)
 

(oxidant/fuel) at stoichiometric air ratio
 

The optimum ER value is considered where highest 
 amount of
 

chemical energy is available.
 

The ER value normally lies between 0.2 
to 0.4 ( )
 

depending upon 02 content. In the present case 
with biomass
 

char 
 ER equals to 0.275
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3 
= 22.4 m 

Stoichiometric oxygen requirement for one kg. mole 


at STP

of carbon 


* . Oxygen needed at ER ; 0.275 = 22.4 x 0.275 

6.16 SCM/hr
 

S'. Air requirement = 29.33 SCM/hr. 

* . Air required to gasify 

3.22 kg/hr of fuel 29.33 x 3.22 
12 

= 6.689 SCM/hr. 

2.2.5 Tuyerediameter and Number of Tuyeres. 

In determining the above, the following specifications
 

have been taken into consideration. 

(a) Air flow rate vs. tuyerediameter data i): 

Useful air flow rate Tuyerediameter 
range (Nm3/hr) (mm) 

6.3 - 11.9 7.9 

7.6 - 27.2 12.7 

12.4 - 47.6 19.0 

Recommended air tuyerediameter = 8 mm. 

(b) Air velocity' in the tuyere ( L ) 

The optimum air velocity in the tuyers should lie in the 

range of 19 - 22 m/sec at STP. Higher velocities lead to 

slagging of ash and lower velocities lead to improper 

oxidation conditions. 398 



From 	 the above considerations, for an air flow rate of 

6.689 SCM, 3 tuyers of 6mm diameter are fixed. This gives 

the required air velocity in the tuyers. 

2.2.6 	Conversion ratio:
 

Conversion ratio = CO/ (CO+ CO2 

Recommended value is 0.95 and above. 

2.2.7 	Other Hearth dimensions: 

These are calculated based on the data, graphs and
 

recommendations given in 	 literature. 

(i) Vertical distance of 	air tuyeresfrom the throat 

(Fig. 	(. ) of Ref. (3)) = 1.6 times throat diameter 

= 1.6 x 45 = 72 mm. 

(ii) Distance between the 	 tip of the tuyereand centre 

of 	the throat = 2.75 times throat radius
 

= 62 mm.
 

(iii) 	 Fire length: 

This is the vertical distance between air tuyeresand 

the 	 bottom of the reduction zone. 

Fire length corresponding to 6.689 SCM and 

72 0C (Fig. (6 3) of Ref.(4. )) = 162 mm. 

(iv) 	Leqgth of the reduction cone = 90 mm. 

Length of oxidation zone (distance 

between air tuyeres and throat) = 72 mm. 

2.2.8 Diameter and length 	 of the gasifier: 

The diameter of the gasifier is fixed at 400 mm taking 

into account the tuyerering span and some thickness of 
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fuel bed serving as insulation. The length of the gasifier is 

fixed at 1 meter taking into account the volume of the fuel 

required for 8 hour continuous operation. 

2.2.9 Transit time: 

The heating value of the gases depends upon the transit 

time which is defined by fire length dividied by air velocity 

in the tuyere. 

162 -3
 
" Transit time = = 7.7 x 10 sec.


21x1000 

The heating value corresponding to the above value of the 
3 

transit time is 5.5 MJ/Nm which is quite satisfactory for
 

efficient operation of the gasifier.
 

A gasifier (based on the above design calculations) was 

fabricated at I.I.T.Delhi.
 

2.2.10 Specifications of the Gasifier (G-45):
 

Diameter = 400 mm 

Height = 1000mm t-300nm (stand) 

Throat diameter = 45 mm 

Air tuyer diameter = 6 nuni
 

Number of tuyeres = 3 nos.
 

Vertical distance of air tuyere
 
from throat = 70 mm
 

Horizontal distance from centre
 

of the throat to tuyerotip = 100 mm
 

Length of the reduction zone = 90 mm
 

Length of the vertical grate = 50 mm
 

Diameter of the grate = 180 mm
 

Thickness of the top shell part = 2 mm
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Thickness of the bottom shell part = 3 mm
 

Throat plate thickness = 5 mm
 

2.2.11 t4hterials of construction:
 

(1) Gasifier shell - Mild steel 

(2) Throat plate and cone part - Mild steel 

(3) 	 Pir tuyers - Stainless steel (310). 

3.0 GASIFIER OPERATION-EXPERIENCES
 

3.1 	 Missouri Gasifier:
 

(a) Test 	details
 

(i) Fuels used - saw dust, corn cob, charred 

corb cob, charcoal and wood chips
 

(ii) 	 Periods of operation -0.5 to 3 hours
 

(iii) 	 Total number of runs taken - 18 

(iv) 	 CO concentration achieved - Mh1X. 10% 

(b) Problems encountered 

(i) Choking of the synthetic filters in the cooler 

cleaning 	unit
 

(ii) 	 Chocking of the bed with charcoal of size less 

than ". 

(iii) 	 Excessive pressure drop due to packed bed 

scrtbber-, hence low reduction zone temperature 

arid poor quality of gas. 

(iv) 	 Burning o:f the fuel bed often occurred while 

refuelling tla. gasifier. 

(c) Conclusion: Overall unsatisfactory operation.
 

3.2 	 G-60 Gasifier: 

A conceptual design of this gasifier was presented
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at the 	 IInd Workshop held here from 4th - 6th Feb.,1985. 

This central tuyereunit was fabricated in the middle of 

April 	 1985. The unit was later modified as per the 

comments and advise of the US experts.
 

Test details
 

(i) 	 Fuels used - charcoal, charred corb cobs 

(ii) 	 Periods of operation - 100 hours (approx.) 

(iii) 	Total number of runs taken - 23 

(iv) 
 Variation. in operation conditions - changes in 

number 	 of tuyere% diameter of the tuyere, fuel 

size, 	throat diameter,etc.
 

(v) 	 Maximum percentage of combustible gases
 

achieved - 9%
 

Problems encountered 

(i) 	 Choking of the bed occurred quite often. 

(ii) 	 Presence of excess air in almost all producer 

gas samples.
 

(iii) 	Presence of excess of CO2 in the gases.
 

(iv) 	 Unstable operation.
 

In view of the above, some modifications were made
 

to improve the operation, viz., provision of a grate shaker
 

to avoid choking problems, provision of a cone in the 

reduction zone, variations in number, size and position of
 

the tuyeres to improve conditions in oxidation zone and to
 

redu:e CO2 concentration.
 

Conclusions: The modification did not improve the overall
 

performance. 
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3.3 	 Gasifier (G-45) 

The fabrication of this unit was completed in July,1985 

and was put under testing. 

Test details 

(1) 	Fuels used - Charcoal, charred corn cob pieces, corn cob 

char briquettes. 

(2) 	 Periods of operation - 150 hrs. approx. 

(3) 	 Maximum continuous period of operation - 25 hours. 

(4) 	 Total number of runs - 32 

(5) 	 Concentration range of combustible gases - CO 20 - 26% 

H2 -5 - 9 % 

CII 4 _ 0.0 - 0.4% 

(6) Variations of operation conditions - No. of tuyere% diameter 

of tuyereq, vertical ani horizontal distance, 

of tuyeres from throat, dia of throat, fuel 

size ,etc. 

(7) A P across Gasifier - 15 to 20 cms. of H2 0 

Problems encountered and their remedies
 

a) Formation of fused ash lumps 

b) Presence of excess oxygen in the producer gas samples 

c) Choking of the throat plate. 

a) Formation of fused ash lumps: 

A fused ash lump (18 x 10.5 x 3 cm) was formed just above 

the throat plate with 3 tuyers (8mm dia) placed at 6.1cm from 

centre of the throat (Run No.1) and resulted in termination of 

gasification process. The formation of the ash lumps signifies 

high localised temperatures in the oxidation zone which could be 
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due to the close position of the tuyere. Hence, the tuyere~were 

moved farther away from the centre, i.e. from 61.mm to 90mm so
 

that 	more fuel is available for reaction with air. This change
 

resulted in the foiumation of 3 small ash lumps near the tip of 

each 	 tuyere This indicated that the air velocity in the tuyer 

is very high leading to the formation of the ash lumps. Conse­

quently the diameter of the tuyereswas n,&creased from 8mm to 

9 mm 	 and tuyereswere kept at 100mm from the centre. The above 

changes eliminated the problem of ash lumps formation. It is 

also 	found that ash lumps are formed whenever the gasifier is 

operated for a considerable period even when throat is choked. 

This condition is indicated in Tablel/4 by rise in the grate 

temperatures beyond 600 - 650 0 C'. One reason for this condi­

tion 	 is the presence of fines in the. solid fuel feed which 

results in choking of the throat. 

b) 	 Excess of Oxygen in the producer gas: 

It is found from the gas chromatographic analysis that the 

producer gas samples from the several initial tests contained 

excess oxygen to the extent of 10 - 12%. This was thought to be 

either due to leaks in the system or improper oxidation conditions. 

Measurement of temperatures in the oxidation zone and reduction 

zone indicated proper reaction conditions. It is found from various 

tests, that the main reasons for the presence of excess oxygen are: 

(i) 	 Air leakage through shaker rod joint: Air leak through 

this point does not pass through the fuel bed and hence 

leads to direct dilution of the producer gas. 
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(ii) Sampling port: The sampling port is a small copper 

pipe (4mm I.D.) fixed on the pipeline. It is found 

from tests that while drawing gas samples, the thin 

air film present near the walls of the pipe was drawn 

into the sampling bottles resulting in excess oxygen 

on analysis. Sampling port was changed to avoid this 

problem. 

Replacement of the shaker rod joint with a prcper gland 

packing and flushing the sampling bottles for 5 - 6 

times eliminated the air leak problew; ind the producer 

gas was found to contain 1 -.. 2% oxygen and 60 - 65"N 2 

c) Choking of the throat plate: 

It is found that choking of the throat occurs for the 

following reasons. 

(i) Presence of fines in the solid feed. 

(ii) High moisture content in fuel 'feed ( 10%) 

(iii) 	 When fuel contains undersize or oversized particles, 

i.e., less than half inch or more than one inch. 

(iv) Change over of fuel during gasifier operation, from
 

low bulk density to high bulk density fuel (charred 

corn cob - 0.07 gm/cc t , charcoal or briquetted fuel 

0.4 gm/cc).
 

The above problems will not arise if precautions are taken 

regarding the fuel quality. Moreover when engine and gasifier are 

placed on the same platform this problem will not be of much 

concern as engine vibrations will shake the fuel bed in gasifier
 

uonstantly.
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4.0 PERFO4MANCE OF WETTED WALL CYCLONE 

A down draft gasifier working on charred biomass, as fuel, 

in general produces gases containing relatively very negligible 

quantities of tai and particulate impurities. These gases 

have to be further cleaned and also cooled for running an IC 

engine. A wetted wall cyclone separator schematically shown in 

Fig. (2) has been designed to achieve both the above mentioned 

objectives. In this, water flows into the cyclone through the 

gaps provided between the horizontal plate/gasket and the wall 

and flows in the form of a thin film on the inner wall of the 

cyclone. The partial cooling of the gases as well as removal of 

impurities is affected by absorption int-o the water film. This 

cyclone was found to be very satisfactory in effectively cooling 

the gases and removing the impurities. This unit offers very 

law pressure drop (9 mm for 10.5 ft3/min gas flow rate at STP 

The following data has been obtained with the cyclone. 

1. Temperature drop of the gases: 

Inlet temp. Exit temp. 

350°C 49'- 50'C 

-400°C 54 550 

-550 0C 58° 60°C
 

Ambient temperature = 25 to 35 0C.
 

2. Solids and tar removal ­

3. Temperature rise of cooling - from 30 to 40 C. 

4. Pressure drop - See Fig.no.( . ). 

5. Temperature profiles: See Fig.no. ( 6 
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In addition, it is found that the effect of flow rate of­

water (0.15 - 3.0 lit/min) in the cyclone on the pressure drop 

is negligible. It is found that the temperature profiles measured 

at different locations were not the same indicating that the 

water film formation on the walls is not uniform. The cyclone 

was also operated under water over flow condition and found that 

the water film on the outer wall of the cyclone did not result 

in any appreciable temperature drop in the exit gases. This 

indicates that the process of cooling is mainly controlled by the 

water film on the inner walls of the cyclone. 

5.0 DRUM FILTER 

The drum filter was mainly made for cleaning gases containing 

relatively hiqh impurities. In the present gasifier system, this 

unit serves mainly as a surge tank for reducing the effect of 

variations in the flow of gases on engine performance. This filter
 

is also useful in further cleaning of the gases from the cyclone. 

It is found that the pressure drop across the unit is very small. 

The pressure drop data obtained are given in the table below.
 

Filter drum
 
Flow rate of gases Empty drum 30 cm. of rice husk
 

3 Pressure drop Pressure drop
 
(ft /min) ((m water) (cm of water)
 

0 0.0 0.0 
2 0.1 0.1 
3 0.1 0.1 
4 0.1 0.15 
5 0.1 0.2
 
6 0.1 0.2
 
7 0.1 0.25 
8 0.1 0.3
 
9 0.1 0.3
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TABLE NO.1
 

G 45 
Fuel Used 

Charcoal 

Throat dia = 45r,,,m 
No.of H{orizontal 
hours distance 

of tuyere 
& throat 

(mm) 

2.16 61 

Vertical 
distance 
of tuyere 
& throat 

(mm) 

70 

No. of 
Luyer 

3 

Dia. of 
tuyere 

(ram) 

10 

Fuel consumption 
kg/hr. 

3.6 First 

Observations 

trial with G-45 

(3/4 "- ") 

-do- 3.0 61 70 3 8 4 Clinker found at centre 

-do- 5.16 90 70 3 8 3.7 3 clinkers found at 

-do-

-do-

2.85 

24.8 

100 

100 

70 

70 

3 

3 

9 

9 

3.2 

3.6 

tuyere tips 
Excess air,low CO,clinker 

formation 

No clinkers 

CCorn cob 
00 char 

( 3/4"- ") 

7.5 100 70 3 9 3.4 No clinkers 

Briquetted 
charred corn 
cob (Binier 
5% rice 
starch) 

1.0 100 70 3 9 3.2 Choking of bed 
oversized fuel 

due to 

Corn cob 
char 

3.25 100 90 3 9 3.5 

-do- 3.0 100 90 4 8 3.6 

(Table 1 oontd..) 



Table 1 contd.. 

G-45 

Fuel used 

Charcoal 

Temp. at 
grate(°C) 

500 - 556 

Oxidation 
zone temp. 
(0C) + 

1600 

Gas outlet 
temperature

(oC) ++ 

382 

%CO 

14.07 

%H 2 

1.17 

%02 

11.58 

%CO 2 

3.0 

%N2 

70.18 

(3/4"- ") 

-do- 450 - 482 1800 380 10.52 0.46 8.23 6.24 74.55 

-do- 480 - 515 1700 385 11.95 - 7.62 5.42 75.01 

-do- 360 - 480 1200 290 5.53 - 8.98 7.74 77.75 

-do- 530 - 600 1400 353 15.26 6.41 6.62 4.7 67.01 

Corn cob 
j-- char 
C1o(3/4"- ") 

Briquetted 
charred corn 
cob (Binder 
5% rice 
starch) 

Corn cob 
char 

360 

350 

380 

-

-

-

380 

360 

430 

1000 

1100 

1100 

208 

176 

288 

11.28 

. 

12.86 

3.12 

.... 

3.58 

12.23 

9.94 

2.42 

3.36 

70.95 

70.26 

Corn cob 
char 

330 - 350 M00 210 11.876 2.721 10.842 3.428 71.133 

+ Measured randomly 

++ Temp. when gas sample was drawn 



TABLE NO.2 

-50 Tnroat dia 50 mm 

uel Used No. of Horizontal Vertical No. of Dia. of Fuel consumption Observations 
hours distance distance tuyere tuyere kg/hr 

of tuyere of tuyere (mm) 
& throat & throat 

(mm) (mm) 

orn cob 1.816 90 70 3 5 4.1 High CO content 

:nar 

'harcoal 2.5 90 70 3 5 3.6 

.orn cob 2.3 90 70 3 5 4.0 Low pressure drop 
:har (tuyer outer length

reduced) 

-do- 1.0 90 70 3 8 4.2 Insulated fire box 

-do- 6.0 90 70 3 8 3.8 Engine operated 

D-do- 6.71 90 70 3 8 3.8 Leakage at engine inl 

-do- 8.32 90 70 3 8 3.92 Engine operated 

-do- 8.4 90 70 3 8 3.92 No leakage at engine 
inlet 

(Table 2 contd....) 



Table 2 contd...
 

G-50 
Fuel used Temp. at Oxidation Gas outlet %Co %H2 %02 %CO 2 %N2 

grate (°C) zone temp. 
(0c) + 

temperature 
(Oc) ++ 

Corn cob 

char 420 - 450 1100 269 23.87 5.669 3.051 4.408 62.994 

Charcoal 584 - 620 1000 308 24.306 4.282 3.984 2.625 64.803 

Corn cob char 370 - 500 1200 309 19.699 6.403 4.084 5.534 64.28 

-do- 480 - 500 1100 320 25.867 5.786 1.933 4.071 62.343 

-do- 550 - 600 1200 330 19.412 6.264 2.241 7.369 64.714 

-db- 500 - 550 1300 320 7.0 2.237 12.937 4.964 72.875 

-do- 450 - 550 1200 320 24.946 4.53 2.14 4.951 63.433 

-do- 450 - 550 1200 320 18.519 5.952 4.937 5.395 63.433 

+ Measured randomly 

++ Temp. when gas sample was drawn 



NOMENCLATURE USED
 

0 = 

cms = 

gm/cc = 

ft 3/min= 

H# = 

hrs = 

kg = 

lit/min= 

MJ = 

3
 
Nm = 

SCM = 

sec = 

" 


% = 

degrees centigrade
 

centimeters
 

grams per cubic centimeter
 

cubic feet per minute
 

Horse power
 

hours
 

kilogram
 

litres per minute
 

Mega Joule
 

Normal meter cube
 

Standard cubic meter
 

second
 
inch
 

percentage
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FIELD IMPLEMENTATION OF GASIFIER SYSTEM FOR IRRIGiATION 

MB DURGAPRASAD, VK JAIN, RN PANDYA
 
SR PATEL AND KC SHAH
 

Jyoti Solar Energy Institute
 
Vallabh Vidyanagar-388 120
 

Gujarat, INDEA 

1.0 	Introduction :
 

The paper presented at the Second Workshop dealt mainly with
 

the 	deveiopment of 3.7kW gasifier system for irrigation.' In 

the 	present paper, field performance of the gas ifier system 

and some economic aspects as well as some problems and
 

suggestions for transfer of gasification technology to the
 

field will be discussed.
 

In India, the energy requirement for various stationary 

applications such as water pumping, operation of various 

agricultural machineries and captive power generation, comes 

mostly from diesel fuel and this accounts for 35 to 40% of 

the 	total diesel fuel.consumption. There are about 3.6 million
 

diesel engine-pumpsets, in the capacity range of 3.7 to 15kW, 

operating in the country.2 This number is likely to increase
 

3
by half a million every year. If biomass gasifiers are used
 

for running these engine-pumpsets, substantial saving of
 

diesel fuel can be achieved. For this, development of relia­

ble 	biomass gasifier system is essential. 

2.0 	Description of the Gasifier System : 

The gasifier system installed as a demonstration unit at 

village Johr, about 7kmn from Jyoti Solar Energy Institute, 
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runs a 3.7kW diesel engine-pumpset. The fuel used in the 

gasifier is 	 wood. The system has .,een described in detail 

elsewhere.4'5 
So 	only the salicnt features will be described
 

here. It is a downdraft gasifir with 50nim the hearth dia­as 

meter. It has side air tuyErs. The air for casification is 

preheated by heat ex:chang with the gas produced. Generally 

M.S. is used a5 the maturial of construction except for the 

combustion and reduction cones and the whereair nozzles 


SS 310 is used. This is one 
 of the earlier designs developed 

at Jyoti Solar Energy Institute. 

The gas clean up unit consists of a venturi scrubber, a packed 

bed water scrubber, a dry filter and a security filter. The 

technical specifications of the entire system a given in 

Table 1. 

Table 1 : Technical specifications of the Gasifier System 

A. 	 Gas ifier 

1. 	Model 
 G-50, Downdraft
 

2. 	Material of Generally MI.S. except for

construction 	 hearth air nozzlesand where 

SS-31C i.3 used. 

3. 	 Rated capacity Nm 3/h 12 

4. 	 Air nozzles, Nos 6 

5. 	Hopper capacity, kg 25
 

6. 	 Combustion zone 1100
 
temperature, C
 

7. 	 Outlet gas temperature 125 
(after heat exchange
 
with air) Oc
 

8. 	 Fuel used Wood (50mx40mmxl5mm) 
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B. Gas Cleanup unit
 

1. Venturi Scrubber Throat dia. 40mm, direct
 
contact. Cocurrent water jet.
 

2. Water scrubber 
 Packed bed (Pebbles), 
Counter current.
 

3. Dry filter 
 Waste cotton
 

4. Gas temp. after Ambicnt
 
cooling
 

5. Total pressure drop, 45
 
mm of .rater
 

C. Engine - Pumpset 
1. ,Make & HP of engine Field Marshal, 5hp
 

Water cooled
 

2. R.P.M. 
 1500
 

3. Pump size 
 80mm x 80mm
 

4. Pump capacity, i/s 15
 

5. Total head, m 15
 

It simi1e T connection is uscd for air g-s mixing and no 

modifications were done on the engine. Fig. 1 shows the 

schematic arrangement of the gasifier system. 

3.0 Field performance of the System 

Before installing the g.sifikr system in thc farmcr's field, 
the farmer was trained at the Institute as well as in the 
field in 'operation and maintenance' of the gasifier system. 
The unit was installed in the field in the month of Narch 
1985 and it has 
run for nearly 500 hrs by the end of October
 

1985 without any technical problem. The daily performance 
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data cf the gasifier system are collectcd by the farmer as 

per 	the data sheet shown in Appendix 1 The data so collected 

were analysed to evaluate the performance of the system. The 

average wood consumption is 3.4 kg/h with an average diesel 

consumption of 0.36 i/h. The perccntagce replacement of diesel 

works out to be 60. The compl.zte performancu data are surnmmarised 

in Tcble 2. 

Table 2 : Field performance of the gasifier system 

a) 	 Total time of operation, h 500 

b) Average wood consumption, kg/h 3.4 

c) Average diesel consumption, 1/h 0.36 

d) Average gas temperature at gasifiar outlet, C 125 

e) Average gas-air mixture temperature, 0 C 36 

f) Aver-agc pressure drop across venturi scrubbcr,cm 0.6 

g) iLverage pressure drop security cmac-os:- filter, 6.0 

h) Average pump discharge, 1/s 12.7 

i) Total hiad, m 11.08* 

j) Water horsc power, kW 1.03* 

k) Engine brake horse power, kW 2.16* 

1) Diesel replacument, % 60 

4.0 	Some Economic Aspects of the System 

The oprFating cost of the gasifier per kwih of shaft power 

is 70 P tahing the cost of wood be 40to P pc=r kg and th,7.t 

of diesel to be Rs. 3.30 per litre. Just for comparison, if 

the unit is to bu run by diesel alonu, the cost will be 

, calculated values 
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Rs. 1.07 per kwh of shaft power and 86 P per kwh of shaft 
power when electricity is used. It shouid be noted that the 
cost per kwh of electricity is heavily subsidised by the 
Government for the agriculture sector. Also it is worth men­
tioning that somein parts of the country, the cost of wood 
is so high that it may not be economically viable to use wood 

gasific;ation sys- .ms, 
5.0 Problems and Suggostions for transfer of gasification
 

technology to the field 

1. The gasifier should be simple in construction, easy to 
operate and maintain. Besides it should bc inexpensive, 
so that it is within the reach of an average farmer. 

2. 
An average farmer in India, operates the engine-pumpset
 

himself and he can 
not afford to employ a mechanic. So
 
the farmer himself has to be trained in operation and
 
maintenance of tho gasifier system for which he should
 

be willing.
 

3. 
In order to propagate biomass gasification technology,
 

a number of demonstration units should be installed all
 
over the countrI -t skeli-cted sitcs.' This '.-'ill 
alass help 
quick adoption of this tuthnblogy by the farmers. 

4. Farmers should be made aware of the carbon monoxide
 

poisioning, fire and explosion hazards during improper
 

handling of any gasifier sv9tem. 

5. Some farners think that the watr pD,,mped using the 
gasifier system is not good :for irrigationoThis 

superstitious belief in the minds of the farmers should 

be removed by educating them. 
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6.0 Conclusion
 

A wood based gasifier system torun a3.7kW dicsel engine­

pumpset was succcssfully installd in a farmer's field. The 

unit has clocked about 500 hrs without any te.chnical snag° 

The avera.f= saving of diesc! is 60 pur ccnt. The operi.,ting 

cost of tho unit is 70 P por kwh of shaft po%,(-rw whereas with 
clectricity and di:sl, the cor.respo-nding values are 86 P and 

Rs. 1.07.
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IAPENDIX - I 

JYOTI SOLAR E M-RGL I1STIrJTE - VALLABH VIDYNAGAR 

DAILY DATA SHEET DATE: 

Project Name : IlDO/USAID Gasifier Model : G 50 

User's Name : Vinodbhai Patel, Johr Date of installation : March 1985
 

Engine umpset specifications Wood used 

Make : Field Marshal Pump : 15 1/S Name 
HP : 5 capacity Wood charged (kg)
RPM : 1500 Total 15m Av. size m x mm x mm 

head Cost per Kg 
Initial water meter reading Wood consumption Kg/h 

Final Water meter reading 
Initial hourmuter reading :
 

Initial Diesel tank reading : Final hourmeter reading 
Final Diesel tank rcading 

r. 
No. 

Recording 
Time 

Engine
RPM 

Diesel consumptin
Quantityf -lY Time (Sec) 

Outlet cfas 
Temp.(C) 

11-
Gas-Air 
Tep.( 0 C) 

Rk 
Rmars 

2 
3 

4 

5 

6 

7 

8 



Cotton waste used 

Area irrigated :
Weight (kg) 

Crop


Cost per kg
 

Maintenance (if any)
 

Sr.
Sr. Namce of Visitor Rtmarks 
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QUESTIONS AND ANSWERS - BIOMASS CONVERSION, MORNING SESSION, DECEMBER 6, 1985
 

S. Guar - lIT-Chemical Engineering Department
 

Q. 	Since you have studied only one raw material, can this gasifier be used
 
with different types of raw materials?
 

A. 	This gasifier can be used with any charred biomass material, but the size
 
of the fuel has to be taken into account. We have tested with more than
 
one fuel. We have tested with corn cobs, with briquetted corn cobs, and
 
with charcoal. Trial tests with cotton stock, ground nut shells, pine

needles, and charred pine needles, are going to be done later on.
 

Q. 	Are corn cobs safe?
 

A. 	Yes.
 

Q. 	Are you going to use a village level gasifier that uses direct biomass
 
gasification?
 

A. 	We are not trying direct biomass gasification in this system. We are first
 
doing the pyrolysis of the biomass in the charring unit and then the
 
charred biomass materials are being tried in this unit. Charring is done
 
because you would otherwise require a very sophisticated, high priced

cleanup system, and that a villager cannot afford. We think that even if
 
we reduce certain amounts of efficiencies of the system, the cost should be
 
the main constraint when designing this gasifier. By pyrolyzing, high

hydrocarbon formation is eliminated.
 

Q. 	What is the ash reformation temperature when you clinker the ash?
 

A. 	The formation temperature for this particular clinker was 1600°C, but it
 
varies from fuel to fuel. For rice husks, the ash temperature is much less
 
- 700'C. We will check to see whether gasification of rice husk is
 
possible or not in this particular unit. Otherwise, the ash temperature
 
varies according to biomass characteristics. But the material we have
 
tested, the ash temperature lies between 1600-18000C and the temperature we
 
are maintaining in the gasifier during oxidation is not more than 12000C.
 

Q. 	What is the carbon conversion rate?
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A. 	The total unreacted carbon that we collect from the ash pit accounts for
 
only 5% of the total feed. The rest of the carbon is converted either in
 
carbon dioxide form or in carbon monoxide form. The CO to CO
 

2
 
conversion ratio, on an average, is 95%.
 

Q. 	Our emphasis is to make the village models which you started. Some other
 
commercial houses are working at it,too, and one of the commercial
 
houses has already exported a large number of units. However, while we were
 
feeling very much elated that India has exported gasifiers, we must be very
 
cautious about some of the operational considerations when it comes to
 
these gasifiers. My first question, gentlemen, since we are talking about
 
about a village model, is what should the parameters of costing be - 'it
 
could be 5 thousand, 10 thousand, 20 thousand, 50 thousand. Also, when we
 
are speaking of village models, we are very earnestly waiting for some of
 
your models to be optimized at the village level. Would you please ensure,
 
unlike this report that has come from overseas, that there are the least
 
possible operational problems involved?
 

A. 	Please refer to the slide for the answer to your question. The answer to
 
the first question, is the cost of this unit is 1500 rupees.
 

Q. 	 Is that only for the gasifier?
 

A. 	 It is only for the gasifier; the cyclone will not cost more than 200-300
 
rupees because you are taking a barrel and putting two pipes in it and a
 
sheet over it.
 

The gasifier that you have just seen does not have a single valve to be
 
controlled, and there is only one flange which is provided for easy access
 
to every part of tile gasifier. That flange does not require any technical
 
knowhow to install. It just screws in there, and you tighten it. Nothing
 
more. That is the only thing which we have in this whole system to be
 
controlled. You just feed the material, and start the suction, and the
 
gasifier operates. We have taken into account that not a single valve has
 
taken this form in the system. You will not see any valves throughout the
 
system. 

Q. 	 When can you market this gasifier? 

A. 	At present, we are satisfied with the functioning of this gasifier, but
 
there are always certain deviations from the critical tests in the
 
laboratory and the practical test. So, we are going to install this unit in
 
the field within a week. The sight selected to put this unit is 40
 
kilometers from here. We will be testing it there, and when we are
 
satisfied with those trials, we will begin marketing it.
 

Q. 	What do you suggest for avoiding the clinker formation?
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A. 	We have found this to be a problem, and the remedy is that we are preparing
 
a table of what the air tuyere diameter and the throat diameter should be,
 
as a function of the half load, that is the gas output. Ifyou have a gas
 
output of 7.7 cubic meters per minute, and the fuel is charred corn cob,
 
then the throat diameter has to be 47 mm, the diameter of air tuyere
 
should be 8mm, and number of tuyeres should be 3. When the throat diameter
 
is 47 mm and the air tuyere diameter is 8 mm you will not get clinker; we
 
have tested this for 25 hours and this gives you the proper equilibrium
 
between the oxidation and reduction zone temperatures. The clinker
 
formation will lock up only when there is a fluctuation in this
 

Q. 	To what extent can the rice-husk bed avoid the fluctuations during
 
performance?
 

A. 	The expansion of the rice husk bed is nearly 1 to 1.2 cm. The barrel of
 
the rice husk filter has a diameter of 550 mm. We have it in an ordinary
 
oil barrel. This can take the fluctuations into account for at least one
 
minute, but not more than two minutes. By that time your system will be
 
ready to go ahead with the functioning because there are hardly any
 
fluctuations which we have seen. But this is taken as an extra precaution
 
because if there is any fluctuation, there will be a de-rating in the
 
engine. You can tell by the noise. You can just shake the bed and the
 
thing will start functioning properly.
 

Q. 	Has there been a commercial model made? What is the throughput?
 

A. 	 We have not made commercial models to date with which we are doing the
 
experimental trial runs. We'll be doing field trial testing of this unit
 
in the near future and when we are satisfied with that unit will we go for
 
commercial units.
 

Q. 	What will be capacity of that one?
 

A. 	That will depend on the customer demands.
 

Q. 	You said there were three tuyeres at different levels. Isn't that a
 
parameter which the villager has to control, or do you prefix them?
 

A. 	We ask him what gas flow rate he wants, or which engine he wants to
 
operate. When he tells us that he wants to run a 5 hp engine, then we will
 
prefix the parameters, and give the unit to him.
 

0. 	The producer gas which you are getting from this, what is the calorific
 
value like?
 

A. 	The calorific value of the producer gas varies from 100-120 Btu.
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Q. 	 I would like to know ifyou have taken into account heat losses through the
 
walls.
 

A. 	 Yes, the temperature profile, and the maximum heat loss that I showed you
 
was within 30 cm of the gasifier length, but we have now insulated the
 
system totally and there is negligible heat loss across the system.
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H.B. 	Mathur - lIT-Mechanical Engineering Department
 

Q. 	 Please give us the fuel consumption/hour of the producer gas at the
 
flow-rate of 7 cubic meters per hour.
 

A. 	The producer gas flow rate we have tried ranges from 5 cubic meters/hour to
 
15 cubic meters/hour. At 7 cubic meters/hour, the fuel consumption of
 
charcoal was about 2.5 kg every two hours.
 

Q. 	What is the loading capacity of the gasifier? How long can it run without
 
being reloaded?
 

A. 	 Itcould run for 2 to 2 hours, but after subsequent modifications of
 
continuous charging, we now have an arrangement to feed 2 kg every 1
 
hours. In the case of the Missouri gasifier, we can go for 15 to 20 hours
 
without any constraints. This is because it has a continuous feeding
 
arrangement.
 

Q. 	How does one initially ignite the gasifier?
 

A. 	 First we moisten the charcoal and the we use it to light the gasifier. The
 
system is ready to provide the gas within 15 to 20 minutes. Huwever, we
 
also use a blower at the beginning to initiate the burning of the charcoal.
 

Q. 	How do you analyze the producer gas?
 

A. 	We monitor the calorific value of the ga sexperimentally, using a gas
 
calorimeter. The quality of the gas is determined by a gas chromatograph
 
by taking samples of the gas and determining its composition.
 

Q. 	 From an environmental standpoint, what is the optimum level of CO 
tolerable, 17-18% or 23%, as mentioned by one of the speakers? This is 
because two of our technicians have been seriously poisoned. What measures 
or precautions are you adopting to avoid possible poisonings? 

A. 	 What you say about CO poisoning is very true. "w( possible causcs of CO 
coricentration being high are: One, leakage through the system, and two, 
unburnt CO in the exhaust. For the first cause w9 have mandated that the 
system be operated in either an open environment sc, that the CO 
concentration does not build up, or use an exhaust when working in a closed 
environment. One of the first objectives of this project is to determine 
how to avoid an accident due to CO build up. We are working on some 
measures and plan to propose these at the completion of the program. The 
concentration limits are supposed to be lower than 30 ppm every four hours, 
or else it becomes a tremendous health hazard. 

Regarding CO from the exhaust, the CO in the exhaust of diesel engines is
 
in traces, as opposed to that of a dual-fuel engine, when the concentration
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is about 0.1%. Hence, it is important that we develop safety precautions

which will ensure that pollution hazards of CO can be eliminated.
 

Q. 	 I would like to know about the lubricants you will require since liquid

fuels are used, the lubrication and cooling is done by the fuel itself.
 
Under producer gas fuel conditions, the situation would be very different.
 
Also, are you using CD type or SS type lubricating oils, or a combination
 
of both?
 

A. 	We are using the normally used lubricants at the moment, namely, a
 
combination of CD and SS type oils. However, the producer gas may
 
contaminate the engine oil, thus causing degredation. At this time we have
 
no data as to how it will effect the engine. After about six months of
 
operation, we may get some initial information. Your question is an
 
important one, and needs to be answered later on.
 

Q. 	How did you vary the compression ratio in your engine? Did you test the
 
fuel properties, such as flash point, pour point, and other parameters?
 

A. 	We could go from a compression ratio of 15.5 to 17.2 by making minor
 
adjustments on the engine. However, for larger compression ratios, far
 
greater modifications, in fact an altogether different design, would be
 
needed. Hence, you need engines designed specifically for producer gas, or
 
a specific fuel.
 

The two vital properties of producer gas are calorific value, and
 
composition, which we measure. We have not determined other properties,
 
such as flash point or pour point because we think they are not of
 
immediate concern.
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M.B.Durgaprasad - JSEI
 

Q. 	 What is the pump efficiency' Have you measured it?
 

A. 	 No, we have never measured it. But I think the data given by the
 
manufacturer is about 65%.
 

Q. 	 Was the engine kilowatt that was listed, pump output or engine output?
 

A. 	 It was pump output. We have measured the efficiency of one of the pumps.
 

It seems the claim is higher than it actually is. It is probably 45-50 kw.
 

Q. 	 Who designed the gasifiers? How much training did the farmers receive?
 

A. 	 The gasifiers we have are of our own design. We gave the farmer training
 
for about a week in the institute, and about 15 days in the field. During
 
those 15 days, one of our mechanics went and gave the training. So the
 
major training was given in the institute for a week. Our farmers are
 
very good at operating these diesel engines, and are capable of doing it.
 
Even when looking at all these gasifiers, they are not scared of them.
 

Q. 	 What is the costing factor? How many days are involved?
 

A. 	 I can't give you that figure. In each of these cases it depends on what
 
kind of manual we put down for a user. It probably has not been done to
 
that extent. We are in the process of writing a manual for that purpose.
 
With a manual to refer to, I believe that a man who can maintain an engine
 
well, will be able to maintain a gasifier with little or no difficulty.
 
Looking at a situation of this kind, there are a few points which will have
 
to be attended to. If we identify those, then I don't think that more that
 
a day or two of experience will be necessary. We are trying to evolve a
 
mechanism by which the actual meeting spots can be predetermined for the
 
purpose of communication and training. I believe it will not be large
 
component, as I see it.
 

One of the purposes of this project is to have one or two controlled
 
demonstrations. The engineers and technicians from these facilities --

Jyoti, or lIT -- will be actively involved during the field demonstration.
 
All of the observations and training are going to be documented as manuals,
 
as you pointed out. That manual will be further used as the technologies
 
are proven and all of the operating problems have been taken out. It will
 
be used for further application of the technology. So, you are right; the
 
output of these three projects will be operating, design, and installation
 
manuals.
 

What we are aiming at, at the end of these discussions is the interlinking
 
of the three projects, and how the ends are to be achieved and what the
 
means of achieving them are. So, we may have to start from this end, and
 
then go backward to the various other components.
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For your information, a seminar or workshop was organized on the
 
gasification of biomass at the same institute very recently, where Mr.
 
Maheshwar Dayal delivered the keynote address. All the visitors were taken
 
to the villaqe to see the operation, and to feel fully satisfied with the
 
operations being performed by the farmer himself. There is no doubt you
 
will 	go to that extent of the details that we are aiming at, but just to
 
start 	with, we are building the confidence. There are two points which
 
have 	been raised :ibout the demonstration and the training. First, the
 
manual is being -;vised as soon as possible, which may have the bearest
 
training. But these points will be taken care of, along with the
 
environmental aspects also. That is why the program is now opened for
 
discussion. We would like to have your suggestions. More comments should
 
be included so that we get the maximum information that can be utilized.
 
So, I think that at the end of one more discussions we should have some
 
good, critical points about the interlinkings of the three projects, which
 
is our aim.
 

Q. 	 Is tar a problem which you have faced, or do you have no tar at all?
 

A. 	 Luckily, we don't have tar problems. When Mrs. Parikh came to see our
 
demonstration unit, I showed her this cotton we have used. We don't have a
 
tar problem. Most of this tar definition itself is not clear. One should
 
not mistake tar to be sludge, or water and soot.
 

Q. 	 Is it impossible to distinguish tar from sludge, or water and soot?
 

A. 	 For a layman it may be. Just by looking at it, it is impossible. If you
 
look at in a lab, you can distinguish it from other byproducts. But in the
 
field, you cannot.
 

Q. 	After how many hours do you change the cotton waste?
 

A. 	We change the cotton waste after 12 hours of operation. We have given the
 
farmer a simple manometer so he can see the pressure drop. If the pressure
 
drop is more, then he changes the cotton waste.
 

Q. 	 Is it possible to reuse the cotton waste if you wanted to? Isn't there
 
something else you could use?
 

A. 	 No. We have tried to use coir, and unfortunately it just doesn't seem to
 
work. It doesn't absorb moisture, so there are other things we have to
 
try. You are right in saying that because cotton waste is also expensive,
 
we should look for alternative materials.
 

Q. 	When do you open the engine to change the oil?
 

A. 	We maintain the same schedule as recommended by the manufacturer. We have
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changed the oil after 250 hours of operation, whatever the schedule is that
 
is givrn.
 

C. I would like to re-emphasize Professor Mathur's point regarding the use of
 
locally available materials. In this case, if coconut husk is available
 
somewhere, we want to utilize the material and reduce the cost. This is a
 
very valid point. It is only a question of whether it is fully dried or
 
used in its wet form. What I am really worried about is that there are so
 
manly points to be taken in each of these aspects --whether it is a
 
gasifier, or cleanup, or engine system -- the number of parameters that 
need to be studied are so numerous that we need to make a provision for 
combinations. Hence, it becomes a gigantiL problem itself. I think at the
 
end of this discussion we have to look at this point. The problems are
 
really very complex and very large. We need to determine in what way should
 
we look at this whole problem so that it becomes worthwhile at the field
 
level. So, I leave this question for the end.
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Panel Discussion
 

Q. 	The chairman has set the tone of what I was going to say; the material
 
balance, the energy balance, the ultimate cost benefit of the production of
 
utilities for the required power for irrigation. There are many
 
agricultural wastes. We could gasify them steadily to produce charred
 
material or we take the other route through biogasification by
 
fermentation. The bacteria would gasify to give a rich gas having
 
calorific heat of 600 btu per cubic foot, and in the process, you get
 
material compost which is a very good natrient which can be put back in the
 
soil. This would be i better route than gasification out of the
 
agricultural residue. You not only get gas that you can use but in the
 
process, you get processed biomass which can be put back into the soil.
 
You produce more gas, and more agricultural residues; a goed snowballing
 
effect which I consider preferrable. I would like your comment on this.
 

A. 	 I will not contest you on this. Why don't we ask Dr. Vimal in the morning
 
about the case of utilization of biornass for gasification and for the 
irrigation purpose. One has a different solution at each of the different 
places. Any technology will have certain advantages and disadvantages, 
including this biognsification. Maybe in terms of technology, it has some 
disadvantages also. We are working on a parallel route basically; a route 
parallel with an alternative to this utilization of biomass for a special 
purpose. When we are talking of this special purpose; for example, we are 
thinking of using these gases in irrigation and that is why we are using 
charred biomass materials. 

Q. 	 Isn't that very wasteful? 20% of the carbon is utilized in gasification.
 
The rest is going to waste.
 

A. 	 In terms oF energy efficiency during charring itself, we are using only
 
40-50% of the energy. The remaining 50-60% of the energy is being lost
 
during charring. But, we are getting some other advantages in lieu of
 
that, as I mentioned in my presentation. There are advantages to using
 
charred biomass materials in the small gasifiers.
 

Q. 	What types of atmospheres have been used during your tests?
 

A. 	We have used nitrogen atmospheres, and steam.
 

Q. 	Do you find any differences in your thermal gravimetric analysis?
 

A. 	Yes. The curve of weight loss that you get with temperatures is different
 
in different cases.
 

Q. Have you been able to establish optimum conditions for gasification? 
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A. 	 From TGA analysis we do hope to find some optimum conditions for
 
gasification. in the case of pyrolysis, or gasification, we are going to
 
use partial combustion, a limited quantity of air, and charring in the
 
absence of air,
 

Q. 	The temperatures that reach the pyrolysis in the pyrolysis tube in the
 
gasifier are taking place before using a downdrop gasifier. Because it 
will be above -the oxidation door, and you are taking the results that are 
more likely to represent the entire absenice of oxygen, what is going to 
happen? 

A. 	Since TGA has been carried out on this gasification using steam and 
nitrog:Zn atmospheres, anj steam and air atmospheres, the temperatures 
developing gradually in The beginning represent more of a charring process 
and, subsequently, the gasification process is also being carried out in 
the same. 

Q. 	But the TGA for the biomass showed that there is a very rapid decrease in
 
biomass weight; therefore it is a very rapid process and the temperature is
 
more or less going to remain constant during that period.
 

A. 	 Ifyou remember those curves, the ones which are directly for biomass,
 
there is a rapid loss at about 300-350C. That, in fact, represents the
 
removal of volatile matter from the biomass. Inthe case of charred
 
samples, the direction in which it occurs is beyond 600C. That represents

the gasification impression.
 

Q. 	What is the volatil2 left in your char? What is the volatile content of
 
the char you are feeding the gasifier? What will be the tar content after
 
cleaning? What is the measurement that shows that it really does happen

that way? What is the compression strength of your particular mark in the
 
reduction pool where it is likely to come from?
 

A. 	 Regarding trie volatile matter in the char fuel which you use for
 
gasification purposes, we do not intend to remove the volatile matter
 
completely. In fact, the volatile matter in the biomass may be up to 10 to
 
20% after charring. That means that the fuel we are using for gasification
 
will 	still contain about 10 to 20% of volatile matter. We don't expect the
 
volatile matter to improve the thermal efficiency of the system.
Regardiing tars, we have not carried out actual experiments with the 
gasifier yet. We are carrying out some experiments on the gasifier that we 
got from USAID, right now, and we are developing a gas-fier. We feel that 
this 	tar problem is not going to be there when ve use pyrolyzed briquetted

fuel 	 for the gasification. 

Q. 	What is the compression strength when it is being pyrolyzed, since it is
 
going to pass through the gasifier? It is not yet a cold condition. It is
 
the hot condition that is the problem.
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A. 	 No, pyrolysis is going to be done separately in a drum.
 

Q. 	 When your char product is passed through the gasifier, 4t is going to be
 
heated. The one question 1 have is when you have a 10 to 20% volatile
 
still left in that particular case, that is going to be pyrolyzd at around
 
600°C, or just below. That is when high tar is likely to form. Are you
 
trying to say that no tar is going to come out?
 

A. 	 In this downdraft gasifier, the gases which are cominq from this fuel are
 
passing through this high temperature zone and during this, the cracking of
 
the tar, or what is left of the tar, will take place, and it is not coing
 
to create a problem in the gases that come out.
 

C. 	 I think that the question you have raised about tar is very, very
 
important. However, I think the measurements have not been made so far. 

think we wil je able to answer some of the questions which have been
 
asked, at the next workshop. Ieasurement of these aspects is an important
 
task because just to carry out the experiment is one thing; exact
 
measurement of the tar, the volatile left, and other things is what we are
 
looking for. I know only that the measuring equipment is arriving from
 
USAID and other places, and they will be able to answer some of these
 
questions later on. They have not started work on the gasifier yet. It is
 
only 	the first part which is involved in the preparation of the chir. But
 
some 	of the measurements which we are interested in are only being taken in
 
the beginning. I think it is premature to answer some of the questions
 
that have been asked. I think they have been taken note of. Are there any
 
other questions?
 

Q. 	 What is the level of activation energy?
 

A. 	 I don't think I have the figures actually. I will have to let you know.
 

Q. 	 What are the eco-omics of the system?
 

A. 	 The economics of the system, as I said, depends on the special
 
applications, especially in remote areas where other forms of energy are
 
limited. This will have applications in remote areas with the rising cost
 
of electricity and diesel. Also, the nonavailability of some of these
 
things in some remote areas will allow the system to have tremendous
 
utility. If this irrigation can be enhanced by developing the technology,
 
biomass production will be further enhanced, and it will have a positive
 
effect. But as far as the substitute economics are concerned, we have not
 
been able to determine them, but we are going to work it out, of course,
 
and see what it means.
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ABS TRA(T 

Preliminary experience with a small 
ecal.e (3.7 KW) 

throatless gasifier/engine system rumning on 1,eucaen "
 

eucocOvha!la (Subabul) wood has 
been obtained . A 3,7 Kw 

Diesel Engine has been running for about 140 hours on 

the producer gaB, With maximium load (3.7 Ku-) an average 

diesel substitution is between 55-60 whereas fo:r partial 

loads (2.6 Kw) it is between 60-70%° However for short 

period (half hour to one hour) the substitution has been 

as high as 80%. 

A simple and efficient wet scrubber has been utilized
 

to cool and clean the gas.
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1. INTRODUCTION. 

Energy for water pumping for irrigation uses is 

one of the most important inputs in. agriculture. Because 

of poor electricity oittiatior, and non-availability of 

diesel in certain areas farmers are put to great hard­

ships regarding the non-availability of water for their 

crops. An altorrative energy sottrce for water pumping is 

therefore necessary. 

Among an attracztive alternative is bioro-sas gaoifi­

cation. Thiz paper presnts preliminary experiments with 

a 3.7 Kw g sfier/&LeseJ 1ie system running on Leucaen, 

S(uloabial) wood. 

2. GASIFIER SYSTEM SET UP. 

Figure 1 shows the schematic of the system set up.
 

Below 	are the details of various compoments of the system. 

A. 	 Gasifier ; The gasifier is a throatless one with 

both biomass and air flowing from the top. The 

contral tube is 15 cm diameter and the grate is 

attached to the ash nit so that it cva,be easily
 

vibrated, Tho vibration of the grate is provided 

by those from the engine. 

B. 	 Fuel used : The fuel for the present system is wood 

from Loucaoena leucoc ejhala (Subabul). Various sizes 

of the wood pieces were tried and an optimum size 

( 2°5 cm 0 and zi cm long) was used, The diameter 
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of the 	wood piece is a function of age of tree. It 

was found that I to 2 years old trees gave the
 

desired diamater, The moisture content of the wood 

used varied betve)n 3.2-18%, with an average cslorific 

value of 4000 Kcal/kg (completely dry wood). 

C. 	 Cleanin/cooling trains : Cleaning/cooling of the 

raw gas is done by wet scrubber. The gas passes 

through a perforated plate and then through 

concurrent moving water layer over charcoal. There 

are tw" such scrubbers in the system. The socond 

scrubber also has dry cotton filter. 

D. 	 Eagine - The engine used is a 3.7 KW Diesel engine 

(1500 r.p.m.)o No modification has been done in 

this engine. The gas connection is via a T (Figure 1). 

The load on the engine pumpset was cbanged by a 

simple Pony break. Thus the diesel substitution was 

measured at different loads. 

3. RESULTS AID CONCLUSIONS 

The gasifier has run for about 320 hours. However, 

the engine/pumpset system on it has logged about 140 hours. 

Figure 2 shows typical diesel substitution and wood 

consumption curve at partial (2.6 KW) load. Similar results 

were obtained for varying loads. Average diesel substitution 

for full load varies between 55-60% whereas for partial 

load it is between 60-70%. Efforts are underway to improve 

this substitution. 
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After 80 hours of engine running it was opened and 

abBolutely no tar or any gas particles were found either 

on the piston head, valves or cylinder. 

The cotton for dry filter lasts for about 50-60 

hours. Aftar this time the quality of gas deteriorates 

thereby necessitating cotton change. About 750 grams of 

cotton has been found to be sufficient for cleaning. Also 

about 1.7 kg/min of water flow rate is used in the wet 

scrubber. Tests are continuing to evaluate other filter 

materials like fibre-glass etc. The pressure drop in the
 

gasifier/scrubber system is about 15 cm of water.
 

The scrubber outlet water contains tars and 

condensables from the producer gas. An experiment is 

underway to see its effect as a weedicide. 

Thus from the above preliminary study it has been
 

shown that a throatless gasifier/engine system can provide
 

between 55-70% diesel substitution running on Leucaena
 

wood. Efforts are underway to increase this substitution
 

and very soon the system will be installed on a local lift 

irrigation scheme. Efforts are also underway to study the
 

effects of bed height on diesel substitution.
 

Acknowledgements. : The financial support of Department of 

Non-Conventional Energy Sources (DNES) vide their grant 

No. 21/84/85/DIIS/NARI is gratefully acknowledged.
 

449
 



rigue f /ii Sy Liam.c 

Air + Biomiaae 
Scrubber 

1 
Scrubber 

2 

Dry cotton filter 

L - ' 

-Gas 

Ile 

I 

i -Pony 

-CcoZI7: 
break 

-To 

3Lover 

Junkers 

e ii 

,.. . - / , :-..' 

Hock up for 
engine vibration 



*AYG.P~o Co:a-PtiOm =M2,5 

Wood conuzuptioa 

,a 

Ln6 

3 

(.a . 
ii-gur 211ee1 smto itgm 

0~btL-t'O-&tmodC 



EXPERIENCE WITH GASIFIERS FOR 3.7 kW ENGINES
 

S. Dasappa
 
Vikram Reddy
 
H.S. Mukunda
 
U. Shrinivasa
 

IISC
 
Bangalore, India
 

452
 



3.7m
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L P [] .d AND U.SHMNHVASA 

Energy technologies must of course vary frorn society to

society. On the other hand, lessons learned from previous 
attempts, successful or otherwise, can be extremely helpful
to a would-be innovator. The following article describes, int-' I
detail, how anew type of gasifier was developed in India. 
The discussion includes information on all stages, including 
various prototypes. 

The renewal of interest in the develop-
imntItIi hiliass gasifiers and their use has 
been due to the shurp global reminders 
concerning the non-rcnewabie nature ol 
ietroleun-i-based energy rcsources. Most
of the important developments in tie long 
history of ga,,itiers occurred before or dur-
ing the ,econd world war and these have 
been Well dOcunlented (I). Gasifier de-
signs for oturethan 15 kM (greater than 21 
horsepower) have been presented in the 
Solar Energy Research Institute (SERI)
translation of Generator Gas-The Swed-
ish Experience (1). There are. however, no 
guidelines for designing for lower ratings,
although i few hints about the problems of 
gasifier operation can he found ( 1,2). 

India has about six million pump sets 
using diesel engines of 3.7 kW capacity, 
It was recgni/cd that tnning these punip 
sets, wilh priRdlcer gas Iroun itwood 
gasifier (in a dual fuel node) could consti-
tlte a si..nilicant conservatiot Ineaisurc for 
ofl resources,, and also make the user 
soniewh at less dependent ott a centralized 
supply of diesel. It is in this coitlexs that a 
project was undertaken it1981 to develop 
a gasilier for life 3.7-kW diesel engine 
rt:11lp set. 

In about a ear atdesign using extrap-
olated values tiparrunetcrs given in tile proittypcs. but the tittle was reduced tO 

some of the major junctions on the reactor 
shell were not welded., but were nde 
Ieakprool using lire clay and plaster oL 
l'aris. which led to thedevelopment of 
cracks, eventually lowering performance.
The operation became reliable only when 
this practice was abandoned completely 
and fully welded joints and water seals 
were used. 

In the second phase of the project, initi-
ated in 1983. the objective was to develop 
iaprototype that would run reliably and 
yield good-quality gas while denanding 
very little attention. The literature (1,3)
continued to provide help in either con-
firming or discarding our suspicions and 
hopes of how each new concept would al-
ter the performance of the reactor. As an 
illustration of this, we considered several 
earlier designs that have various provisions 
lor proper drying and charring ol Wood 
chips inside the reactor. This concept has 
been adapted in the present design as a 
combination of a unique water seal and 
high-point gas offtake to obtain reliable 
operation. 

During several runs when tilegas quality 
wits bad it was necessary to dismaitle the 
system and examine various parts. This
required almost half a daiy in tileearly 

SIRI report was developed. and lests 
shoked an average replacement of diesel 
of about 8) percent at full power (3). The 
gas produced by tie gasifier and the cooler 
scrubber systeni wits occasionally char-
actcrizud hy excessive levels ol tar. The 
systen required frequent operator atten-
iIll arid often had to bIedistantled for 
uaintenance. For ease Of disiMantlintg, 

thirty simites iii tilefinal version. lit a 
field environment it would lie agreat help 
if the system could be dismantled and 
reassembled in about an hoot , to reduce 
diwn-tiite. 

During des efonicit, tile suction floiti a 
blower was used to run the gasifier. Meas-
kiretents wtre necessary to assess tie per-
foritance ol the system. I lentce the Ilow 
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rate. pressures and temperatures alseveral 
selected locations were continuousl) toni­
torcd. To determine gas quality. the coni­
monly used Orsa( apparatus ,,as time con­
suniillg" therefore. lhe gas., when not being,used inthe engine, ,as flared ina bu.ner 

in the diffusion-flame mode and the flametemperature was continuously me.asured 

and used as adirect indication ofgas quali­
ty. Whenthe gasifier was connected to theenigine, tihe pump performanve in ternis of 

its rotational speed (rpm) and load (meas­
tired as the flow rate at known puiping 
heid) Was taken a,a measure of the gas 
quality and was correlated with the meas­
urement of composition at selected power
levels. 

Functionally. tie reactor consists of af 
fuel container. air-intake arrangeme:nt,
throat (hearth), reduction zone, grate atid 
gas-otftake sytem. Tile gas passes through 
a cyclone, a cooler, and a fabric filter be­
fore going into the enLine. In the earlier 
prototypes. there were no cyclones and 
only the coolers and filters were used. The 
cyclone was introduced for the first time in 
(lie fourth prototype. 

THE FUEL CHAMBER 
All reactors have a fuel chamber that 
stores wood chips deposited therein by
gravity, as in the present case. or by gravi­
ty aided by vibration. The futel container 
should be able to condense the moisture 
liberated from the wood chips and drain it 
out of tie reactor. 
'l'hwsize of tle Ctntainter depends on tile 

number of hours the gaifier is expect,.d te 
run continuously and on the demiand for 
wood chips, which is about 3.5 kilograrns 
(kg) per hour for a 3.7-kW engine. Initial­
ly,. a four to eight-hour srply was pro­
vided, which required 14 1t 28 kg o life 
and a container of 01.4 to (0.0 tnovolume. 
The first phase used acontainer volume of 
0. 14 m', The volume was lowered to 0.04
 
Ill'in Prototype I (Fivure I). It becaitte
 
0. l6,nfi in Prottiype II (Figure 2) because
 
of the availability of 2?LL-liter drums at ex­

.tremely 	 low prices, In Prototype- Ill (Fig­
ure 3) the volume higher at 0.2 iii,,,as 

The total weight offthe diflerent protot.pes
 
varied from 45 to X0hi.. lhese were coi.ii­
ered very heavy for field operation,; and it
 
was thereforc decided that the weight had
 
to be reduced substantially. The question
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of the number of hours of continuous op-
eration was reviewed, and it was found 
that, water in must wells in Karnataka 
could be pumped in two to three hours at a 
pumping rate of .01 m3 per second. Conse-
quently. it was decided to provide for a 
substantially lower volume. Prototype iV 
(Figure 4) has a volume of (.04 min3 with a 
diameter of 0.2 ni arid aheight of about 1).0 
m. The increased height allows for a better 
Ilow of wood chips. 

Concerning the other rcqtuirement of re-
noval oF moisture from wood chips, in 
prototype I, a drain was provided, and in 
Prototypes I1 and III, channels to drain 
condensed moisture were provided. In 
il'im)[ly1c Ill, tile chellnic worked well foIr 
a while. I luwevcr, during loading, wood 
chips fell into the channel and blocked it. 
This was prevented by using a niesh. Still, 
once every twenty hours of operation, the 
channel would get clogged with tar and 
cause excessive moisture in the gasifier 
and deterioration in performance. 

In Prototype IV this problem was suc-
ccssfully overcome by a method Ihat has 
not been used in any other design known 
to the authors. The arrangement consists 
of a water seal at the top of the coitainer. 
the water being replenished once every an 
hour or so (Figure 5). The vapor, released 
from the wood chips as they approach the 
hot hearth zone, condense on the conical 
top (where the temperature does not ex-
ceed 55°C) and drain out of the reactor. 
Thus, even if relatively moist wood chips 
are used. they do not pose serious prob-
lems during operation. 

Another feature new to Prototype IV is 
som:;what like the arrangement in the Irn-
bert reactor design (1), in which hot gases 
are let out at a good height above the 
hearth, The outlet is above the air nozzles 
in the present design. Consequently, most 
of the wood chips in the container are ex-
posed to the heat fron the hot gases pass-

ing by in the outer shell, which enables 
effective drying of the chips. Conduction 
upwards along the walls permits a higher 
temperature zone, extending to the outer 
water channel, shown in Figure 4, where 
the shell is being cooled. Any cwodensa-
tion is possible only above tile level of the 
channel. The complementary effects of 
providing a cool upper zone and I hot 
lower zone encourage rapid condensation 
to take place in the upper portion only, 
from which the condens;te can easily be 
drained. This ensures satisfactory charring 
up to the air-nozzle entry levels, and the 
operation of the reactor becomes very reli-
able. Figure 6 summarizes the dimensions 
ailld Ihe weights of tile v:Lriou, prototypes 
developed. 

LOADING OF WOOD CHIPS 
Lo;iding is done through the top cap in 
Prototypes 1, II and IV, and thri ough the 
side cap in Prototype 111. To prevent wood 
chips from getting into the water channel, 
the top cap in Prototype IV is replaced by 
a hopper while loading The eitire loading 
operation in this last prototype does not 
take more than two minutes. During load-
ing it is important to ensure ihal there are 
no stor :s, mud or other extr ',ieous matter 
mixed with the wood chips. If these find 
their way downwards to the throat region, 
the reactor will produce noncombustible 
gas, but will have a good combustion zone 
near the throat, indicating blockage of the 
throat. 

AIR INTAKE ARRANGEMENT 
The air-inlet pipes were horizontally lo-
cated in the early version but were intro-
duced at an angle in the later prototypes to 
help visual examination of the combustion 
zone. 

In the early versions the ratio of total air 
inlet-area to throat area was fixed at about 
12 percent. According to the SERI report, 
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Figure 3. Prototyp-z III (Pill) 
(alt dimensions are in mm). 

good performance has been obtained fur 
values ranging from three to 14 percent. 
Investigation of the pressure drop showed 
that the air-inlet line drop was about 21 
mm wetgrams (w.g.) in a total drop of 90 
mm w.g. It looked as though the drop 
across the air inlets was significant. It was 
decided to reduce the pressure drop across 
the air-inlet significantly by raising the air 
inlet-area by 50 percent. Instead of three 
air-inlet pipes of 8 mm inner diameter 
(ID), a similar number of pipes of 9.5 min 
ID were used. This reduced the pressure 
drop to about half its original value be­
cause the drop varies as the square of the 
velocity. The velocity of the air entering 
the reactor is about I) m/s in Prototype 
IV. 

In Prototype IV the height location of 
the air-inlets is 56 mm and corresponds to 
a throat diameter of 35 mm. The air-inlet 
opening-circle di aumeter is 80I nim. or abotiI 
twice the throat diameter. 

THE REDUCTION ZONE 
The reduction zone is iinmediately down­
stream from the throat and is critical to the 
successful performance of the reactor. 

In Proicotype I, the throat diameter was 
40 mm based on the considerations of 
hearth loading. Later, the tests showed 
that better performance could be expected 
with a reduced throat diameter, particular­
ly from the point of view of eliminating 
tar. Prototype I was run with both 40-ram 
and 35-mam diameter throats. Prototype 11 
used a 35 mm throat. However, in Proto­
type III, experiments were conducted with 
throats of 35 mm and 30 mm diameters. 
One of the serious problems faced in pro­
totypes up to III was the presence of semi­
charred wood pieces in the reduction zone. 
sometimes in spite of care taken to initially 
load the charcoal up to and well over the 
air nozzles. This in part accounted for the 
tar seen in the gas stream. It was inferred 
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that some pieces of wood passed through
the comnbustion zorne before getting fully
charred. This could also account tof tht. 
occasional bad runs as the reduction zone
becomes ineffectivt.. Such problems have 
beer, overcome in Prototype IV, where the 
hot gases from the reactor are allowed to 
dry and char the wood pieces. Experimen-
tal runs with Prototype IV have had excel-
lent results-no tar and only some fine 
dust with throats of diameters 3U, 35 and 
40 mmi-whereas Prototype III showed 
good results only for a 30-nim throat. The 
inference that can be drawn is that if the 
chips are properly charred before entering
the combustion zone, the performance is 
less sensitive to throat dimetiions below 
4(0 mn. The reduction zone volune (if the 
first prototype was 320 cm3 and that of the 
others about 250 cm3. The residence time 
computed ott the basis of the reduction-
zone volume/volumetric flow rate works 
out to about 25 milliseconds in the first 
three prototypes and about 20 milliseconds 
for the fourth. 
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Figure 7. Prototype IV (PIV) Withl maditIcation. 

In the fourth prototype, it was found 
that after about 100 hours of operation the 
throat made of AISI-304 stainless steel had 
enilarged from 30-mmi diameter to an elon­
gated hole of 40-mm. At location (B) in 
Figure 7, there were also cracks close to 
the air-entry point. It was inferred that the 
proximity of the air nozzles iust have 
caused high temperatures, restting in 
high local thermal stresses leading to the 
cracks. The enormous increase in the area 
of the throat and its elongated shape were 
due also to the different sizes of the air-
inlets used in those tests, i.e., one noztle 
of 12.5-mm ID and two of 8-mm ID. 
Moreover, the presence of the char close 
to the metal surface at temperatures above 
1,2(X)°C might have caused dilfuisiomi of 
carbon into the metal, lowering its melting
point. Therefore, the dc.ign was altered to 
that shown in Figure 7, which reduced th: 
number of welds required. The stainless 
steel throat plate is simply located over the 
hearth, which facilitates easy replacement. 
Ash is expected to get deposited around 
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the region and help in sealing against leak­
age. Details pertaining to thie fouv proto­
types arc summarized in the Table. 

GRATE AND AStH-r!MOVAL SYSTEMd 
Several attempts were made to improve 
the ash-removal system. In the prototypes 
up to Prototype 111, grates were made of 
cast iron with a spacing of about five mm 
bctween grate bars. In Prototypes I aid TI. 
vibrating the grate, uiing engine excita­
tion. helped to move the ash downw:rds. 
In Prototype 11, v.xperintenls showed that 
a semicharred imais wius more prevalent in 
thc reduction zone when vibration was 
used. Both in Prototypes I and II. the ash 
was sometimes found lumped logether 
with ;1tar-like substance downwtreaiu front 
the throat. In Prototy 11i, a claw-like 
devico was used to clean out the lumps of 
ash and allow the reduction zone to be 
replenihed with fresh charcoal. In fact, it 
ws very effective in ennsuing that the Sys­
tein functioncd normally whenever minor 
problems of gas quality arose, 



Table. The hearth parameters. (flIgures. . .In brackets. . Indicate changes made),' 	 .. . .... .. ....... . . .i. ... InItProtot) pL IV, tilethe~design, adl of tile grat­.lI w C'"!'l .* t ti g'n' 

l l'SERI "'' Prototypes SERtI Recoin. iieaisev olonger necessiiryilTh grate
Refer. ' mendtlon "was introduced from the' botturm s&ew ci ' 

onc" No. 'arnd, at,thcend of. each ru',it asnl 
I IiIll IV .~~~~~~~scre wed an rcniove.hc.:s2rd 'artrl.... 

1. :d,throat diameter, mm 40(35) 35 35(30) 30(35) 60 .iis. Tis way tle ga5C .I.JIIlW ;i radial 7'.
(40) (lowest) exit through'the grate aid then ov p­2. 	 d-air nozzle opening 110 96 9.6 100 wards;Because the velocities in the nnu­

cicl mmone -dameter, m/s,3. 	 d,.reduction zone 100 88 88 75 pw most tif''. 
outlet diameter, mm :he p.articles larger than 100 jzni do not get'

4. lihair nozzle opening 64 56 56 56 	 carried by thegas and are retained in tIhe
circle height above . reactor itself, the process being facited 
throat, m

5. h,.reduction zone 40 40 40 30 	 by the sudden upward turn in the gas path. 
opening height below
 
throal,,mm­

6. hii-grale height below 40 40 40 60 THE CYCLONE 
opening, mm m The cyclone has, been designed following

7. air nozzle diameter mm 7 7 7(7,12.5) 9.5 	 standard practices (4). Its inlet Velocity at
8. no. of air nozzles 3 3 3(2,1) 3 	 the nominal flow' is-:15 m/s and the dust9. 	 (area of air nozzles 9.2(12) 12.0 12.0 30.0 3-10
100/area of throat) (28.3) (17.0) collectionefficiency is estimated tonexceed
 

10. 	 reduction zone 320 245 245 250 95,percent at nominal flow. Thecyclone

-volume cm, (237) (257) inlet temperature isabout 400 to 45()C.
11. nominal pea flow .004 .004 .004 	 and theexit temperature 250C.The eye-'45t).003 	 0C.1. rate In/sac (.003)anthextem 	 rare5C.T y. * 12. 	 Bh-rAIo of nominal 1.1 1.5 1.5 1.5 0.4-0.9 lone collects about 6 glhr of dust on the

flow rate to (1.5) (1.9) average.

smallestpassage 
area Nm'/cmla 

13. 	 t-residence time, 24 19 19 21 500 T
milliseconds (24) (21) THE COOLER 

The cooler, a new design developed after 
.,-__ _____ earlier efforts, is a baffletype heat ex­

changerL with inside velocities not exceed. 
Cleaning p0 IGO 100 ing (.3 11/s; the teimperatures at different 

pot baffle-entry points are shown on Figure 8. 
As can be noticed,' the largest drop instemperature occurs in the firsttwo passes 

Gas i an thindaa nts i tS taich aslt)C. The 
as subsequent drop of less than 4'C requires 

the next four, passes. The thickness of the 
Are1fo sheet is 4.6 mm. 
drying The newest-version of the cooler (Figure

* wood 9) is based on a .1-mi1 stainless slieet andchips is yet to be tested.: The use of the thin 

sheet and the expected higher velocities 
(three times the previous value) are ex­
pected to provide better heat.transfer and 

1606 50therefore a good cooling effect: The use of . 
a water seal improves heat transfer 

6 "0 water vaporization, and simplifiescthrough 
the construction and cleaning of the 

SECTIONAL FRONT VIEW SIOE VIEW system. 

Figure 8. Baffled cooler (all dimensions are In mm). Temperatures marked are for PIV steady operating 
conditions. 
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Figure 9. The new cooler with water seil (all dimensions are!n mm) , ' ' FIgure 10. Fabric filter (all dimensions are In mi,). 
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'FABRIC FILTER "p-:hould 
CLu iicndaion online dus lktis g

Systems (5) seemo indicateh f 

"rlle(c gr 'etito'taF 4t)a OhiiiSlo'lcd%I 

low ,111Ii, lii tuldlrcS~~~~~m(,03ii .0 c iisi/s). wlia~iciear 15 
rluires 'a large cruss-suctional ae 'I'lisrequrement could be- cobined wi 

Snother on for a large volumet6 act a i 
111)1hIWi)'LOiiL :<]i),il tlie~ii'e"igaiw 

hllei fiir L e a ylindrical vessel of 
J. 07mifnfbi~ ile iia.;iaes capacity hais!beeifilled'with'two 

layrs fT7 lab e matriteiial' eg 
passing through ti sstemshoiild be a 

i'most, dust frec -the system is 'yet to be 
fabricated and tested, 

OPERATIONOFTHE EACTOR wiOPERATIONto OF
in all 'the prototypes, the reactors were 
filled with charcoal up to alittle above the 
airoentry points, "with slightly smaller 

'.pieces for the reduction zone. Thelighting 
proesses, however, were different forthe 
four prototypes: li systems.I to JI, spe-
cially prepared cinders'were loaded near 
the hearth, either'from the bottom or from 

'':the top, and 'air was either blown in or 
drawn out depending onthe location. In 
som'testswoOdwas loaded immediately 
after the cinders and, in others, after the' 

.	 reduction zone became sufficiently hot. In 
the latter situation, a'few expl0sions were 
experienced. 'particularly with Prototype
Ill immediately' after closing the cap. 
However,' when wood was loaded along" 
with charcoal there wer no problems.. 

,olbwever, 'the most rt.cent starting 
',
scheme r consists of loading' the' charcoal 
first and then the wood,chips, applying 
suctionto the system by using an electric 
blower, 'and holding a burning' kerosene 
wick~iat the iiir-inlinozzls forno more 
than 3(}'seconds. ' ' 

Wh n,Prototype IV is running under,
steady conditions for a nominal flow rate 

* of 32 /s, the various:system parameters 
are as given below,(with deviations refer-
ring to fluctuations during the run). 

'There
T eIp l re : 
Tiera.-', 	 '.ire :' li 

oinbui.tion i.one I, 1UI-,4)0'C ' 

teprtr,Throa.temperatureIl.0(0-1,20C.' 
Reduction zone 90I t)t) 0C ' 

*Gas outlet 5506iM°C 7'' 
Cyclone o~utlet 250 600 0C 
Colir outlet <456C . ' ' 

Prtsstre dropi:: :,--,witha 

: ,Total system ' 75-10 mm (w.g.) 

Across the reartor 55 + I mm'(w.g.) 
Ac.ross the LoIl1r 12 + 5 mm (w.g.)
Across the cyclone 6+ 2'mm (w~g,)
Across air-inlet 20 5 mm (w.g.) ' 

. ' ' ' . 
Gas flow rate " 3 2+ 2/s, 

An timate oft:he pressure drop across 
the cyclone by Strauss (5) roughlyimatches
what is observed-8.0 mint w~g.7 for nomi-

*nal: conditions. The pressuire"drop' across 
the cooler was estimated at 0.10 mm w.g,, 
whereas the measured value is 42,mm w.g,Tb.. disrepanicy !average operating conditions the "speedmaly bedueto"'& con-
tinuousre.sistanLce that Lcurs'whtn the hot fluctuated betwe en 20H) and 2,7t0 rpm.'

ine'piecesof cinders movedwntesys- At a mean of 2,650 rpm, thepower output 
m in ,jIrks. A Imaximum-total pressure corresponded -to (2.650/3250 )3X 100,= 54 

drop across the, air inlet of aboutl85:mm percent of the rated power on gasoline/ 
g. sems reasonable, The totalpfressurc kerosene. Under these conditions, the wa­

y'a 

dr he less than]Ma) m wg( a u k m3/
Cliding'the drop ;uillc 1llL I 
mtcth gn tes" n rder to improve the merform­)in'capabi u 


ItIil~ioiit of tlbL e~ncepts pio- 'tiflLL cihpu p W.t
duced !n thatihs rellible and op-	 uncoupld from thlea prototype and reconuecteu
 
%nnoL%lily. (IW an
throat'iii'ii~ lII,i therh Ill.iii I,hle pta1 1ev rat io, tl loblloc~kaige tdil erientlyniiili;;elt' ttrkve i: w t i istued
 

10, lckgdutonadvLtn~ na. l ath ltagnlle''.oold be run at speeds
ducedmatter like.s ones and cly -intohe i grth previouslyO 
system r, r i can be no on engine, ., no flow' ofi'riin' eHoWever loadthis, the 
hd lil wood.: Nleasure-' w,it r il inc'reased.ilLl slo ,'vlavoidldllii ih-
mlents for tar aid dusu sluwed.(hill(lie resulted in the engine denunding aWwhich 

amount'of tar, if any,, is much below detec-(lieo :ig er'fl b cti:bidusti :is;,:;o f sinput. The performance
 
in iinis'l(p) andt of the gasi ier usually came etter with
 

ab- u '6jhrfor prototype IV. On Proto. larger floW'rats.The'ratio ofthe speeds of 
types I and, 1,thetar'was of the order of sthe engine and the'jnump was set atl.25 

as itwas in Prototype 11.. 
' . .2,700-2,800

.EXPERINCEWATHeroutput 

EN RUNS 
While tests with Prototype I and earlier 
designs were conducted using a diesel-en-
gine pump set, the'tests.with Prototypes
If-IV have,used a.gasolinc/kerosene.en-
gine pump set. For about the same cost as 
a diesel, engine pump set, one can buy a 
gasoline/kerosene engine pump 'set that 
can be run 'entirely on gas, though the 
power output would be reduced by about 
'35 to 	 '40 perceht Except for 'ignition, 
which requires gasoline, one does not need 

' petroleum to run the system. Thus,'even if 
the power output.is reduced,'the depend-

''ence on' petroleum fuels Will be minimal. 
. The engine used was a Villiers 4-stroke, 
3.7kW engine of 250.cm3 dikplacement at 
a rated speed of 3,250 reverberations per 

'minute '(rpm). The engine starts on 

'gasoline and runs on kerosene. The aver-

age fuel consumption is about one kg/hr.

If the governor mechanism is disengaged
 
the engine speed can be increased to 4,100 

rpm.
 

The gas line has a side brunch with a 

gate valve to allow air'to be mixed with the 

fuel. The normal stoichiometa ic composi-

lion of the fuel and air isequal amounts by 

volume, The mixture is directly sent tor
theher were
air inlet of the carburetor. 


were' difficulties experienced' dur-
'I 

-I,;. TheyTheyig the engine switch to gas. were 


raced iuimpedence matching between the 

Ikrye:adbk ANi),,kuengine and thee fuel'lines;'a large voltime 

capacitance was'added upstream of the in-

let to the engine, which resulted in smooth 

'switchovers.rIn some experiments the'n 
tater acting a 1'capacitance- device" was 
filled with metal turnings,'and in others 

organic fibersthat rlred the fine

dust. They were not very effective, how­
ever, and the reduction in volumecaused
 
engine-speed variations. In the event of a
 
shut.down the pressure waves 'would clog 

theair.inlets with tar and the machine
 

would require cleaning before restarting.
 
When theentir system was cleaned and
 

started anew, the ngine was 'observed to
 
run smoothly for hours on end without any

problems; but starting with unclean ele­
meats sometimes resulted in lowver per­
formance. At optimum operating condi-,
 
tions the enginereached 2,800 rpm. At 


and '1,3in two different trials. The engine 
ran' at 3,300-3,400rpm and thepump at 

rpm,,corresponding to 'ajpoi­
of 62 percent of the'rated power.

To produce wood'chips from logs a-cutter 
was attached toi second shaft so that one 
could transfer the load from the pump to 
the cutter when required. Trials with the 
cutting device were successful. but more 
experiments are necessary to decide on its 
usefulness. 

CONCLUSION, 
A description of the morpholog of the 
four prototypes in various stages of de­
.velopment has been presented. It is 
claimed that the final version meets most 
requirements, and experimental data 
supports this claim. Two features--a top 
cap using a water seal and a high gas off­
take point-help to obtain good reactor 
performance. The next task is to test the 
system inI a field environment and examine 
its potential for satisfactory' operation. 

, 	 "
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INTRODUCTION 

Air gasification of biomass is a thermochemical 

biomass conversion process which converts a biomass material 

such as wood chips into a low calorific content gas that can 

be either fed into an internal combustion engine or burnt 

for process heat. The thermodynamic conversion of wood 

into a producer gas has been reported to have a theoretical 

efficiency of 85 percent (1). 

The practical experience of wood and charcoal gasifiers 

used in vehicles was very well developed during the second 

world war. This practical experience is being learnt once 

again to prepare for potential applications in developing
 

countries, and in addition researchers are attempting to
 

understand the details of the gasification process. The
 

implementation of gasifiers today is small, and in Brasil
 

and the Philippine where activities are the greatest (3)
 

the operating gasifier systems under only in the several
 

hundreds, a figure quite far from the one million gasifiers
 

actually used in world war II.
 

The reason for lack of implemeatation of biomas.
 

gasification systems is one of low availability of wood, 

another reason is the lack of technology to g asify non-wood 
biomass, and still another Leason is the availability of 

other petroleum fuels. Thus the prospects of widespread
 

use of biomass as an energy source is uncertain unless non-wood
 

biomass can be gasified at low cost. 
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In Ballarpur Industries Ltd. (Unit Shree Gopal)
 

indicates that significant amount of pulp & paper mills waste 

are available for efficient utilization. The equivalent of 

such residues have beer calculated to be well grcater than 

the energy used in lime kiln, in the form of coal. (Appendix I) 

published reports on utilization of biomass residues gasification 

presents a few prototype design. However, unlike charcoal 

gasification which is recognized as being able to produce a 

tar free gas, crop residue gasifiers that can be certified to 
produce high quality gas have yet to be developed. 

The gasification of pulp & papzr mills waste which are 

very heterogeneous will require some iunderstanding of the 

gasification process occuring in the various reactors. It is 

the object of this communication to present the results of 
a set of tests of gasification of wood & bark downdraft batch 

gasifier. The author believes that understanding of the 
principle of such a unit may lead to designs of cheap energy
 

systems for the replacement of coal being used in lime kiln. 

2. THE GASIFICATION UNIT 

The gasification system set up at Thapar Corporate
 
Research & Development Centre, Patiala consists of :
 

i) Gasifier,
 

ii) Cooler & Filtering Box,
 

iii) Blower & Hair, and
 
iv) Control Equipment
 

2 .1 Gasi fier 

Biomass gasification equipment may be divided into 

downdraft type, fluidized bed type, suspension type, 

crossdraft type and updraft type. Among gasification 

systems that are of interest--today--the downdraft type 

and the fluidized bed type have been the subject of 
great interest. 

Co-current moving bed gasifiers as shown in Fig. (I.) 

have been selected for the gasification of biomass 
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because of following main advantages: 

- the reactor is simple to operate and control 

a- tar-free fuel gas is produced.that can be 
utilised for power and/or heat generation
 

Gasification is a complex process- the solid fuel success­

ively dries, pyrolyses .and reacts with 02, CO2 and H20 as 

given below in a simplified form: 

C + CO2 =CO2 

C + CO2 2 CO
 
C + H2 0 =CO + H2
 

CO + H2 0 = C0 2 + H2
 

In the gasifier Fig. (,I) the process steps are found 

in different zones. Usually the zones are overlapping each 

other. The solid feedstock is introduced at the top of 

the gasifier and flows downwards, due to conversion of char 

and removal of ash. Drying and pyrolysis take place due to 

heat transfer from the oxidation zone close to the air 

inlet. In the oxidation zone the reactions with oxygen 

result in a sharp rise in temperature upto ca. 1700 K. 

Apart from the generation of heat, an important function 

of this zone is to convert all condensable organic products 

(tar) from the pyrolysis zone. In a proper designed gasifier
 

the products of the oxidation zone are charcoal and a
 

hot gas rich in CO2 and H20, not containing any tar. In
 

the reduction zone the sensible heat of the hot char and
 

gases are absorbed in the endothermic reactions of Co2
 
and H20 with the carbon. Consequently a gas containing 

N2 , H2, CO, C0 2 , H20 and some CH4 is produced. 

The present gasifier, as shown in Fig. ()) has been 

designed to utilise various types of feed stocks, available 

at BILT with varying in particle size, moisture and 

ash content. This gasifier 'was designed on the annuular 

throat concept given by Groeneveld (2). Before 

designing this gasifier, pyrol.ysis experiments, in 

thermobalance were also carried out. A typical curve
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for wood dust is presented in Fig.(3&4). The salient 

features of present system are also presented in Table 

2.2 Cooler & Filter Box
 

Though, the present aim of this project is not to use
 

fuel gas for I.C. engines but cooler & filter box was 

incorporated into system, so that as and when situation 
arises, this system may be coupled with I.C. engines. 

The cooler & cleaner incorporated in the system was wet 
cyclone type. 

2.3 Blower & Flair 

A one H.P. blower was incorporated in between -:ooler 
& Hair, to provide induced draft through gasifier and 

fuel gas at some pressure. No serious attempts have 
been made to design Flair, presently incorp -- ed into 

system. However, designing of suitable burnurs for 

lime kiln are in progress.
 

2.4 Control Systems 

In Pilot Plant Unit, various control units have been 
provided for automatic operations. Except automatic 

feeding of biomass, all other functions like, rotating of 
grate, water flow control, hair, blower running, etc., 

were automatically controlled. The audio and visual indi­
cators were also incorporated in systems. 

3. RESULTS & DISCUSSION 

Th ; z_;_.:-t genera.ted by paper mill was analyzed 

and the results are presented in Table a_ Results indicates
 
that some of the feed materials are high ash content. Sludge
 

taken for analysis purpose was air dried sample. 

For the -present-results, the wood chips and bark were
 

used for experimental results. The system was tested continuously
 

for approximate 75 hours for wood chips and 60 hours for bark. 

The typical results obtained are presented in Table 1.
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The fuel consumption for the 100 m /hr gas out put was 

approximate 40 - 44 kg of wood chips and 50 kg of bark. It was 

also observed that flame was sustained on Flair after 5 - 6 

minutes of starting of system and also sustained continuously 

for 7112 hours (this was the longest period of testing). The 

calorific values & composition of gases were also more or less 

constant during this period, Fig.5 . 

For smooth and efficient operation of gasifier, rotating 

grate was started for one minue after every 20 minutes in case 

of wood and 15 minutes in case of bark. During experiments, 

no clinckers or wear & tear were observed in the system. 

Estimation of tar was also made before cooling and after 

cooling. The tar obtained from present gasifier (after modified 
3 in wood chips and .3gm/Nm3
 initial one) was approximately.2gm/Nm


with bark. The tar after cooling was more or less neg.ligible.
 

However, gasifier which was initially designed were producing
 

approximate Igm/lm 3 with wood chips and 1.8 gm/Nm 3 of gas 

with bark. To determine the cause, thermocouples were introduced 

at various places in combustion zone and pyxLolysis zone. Tempera­

tures at various points were measured and temperature profile 

were drawn. We observed from temperature profile, that at some 

points in combustion zone temperatures were not uniform. To 

make uniformity in temperatures nozzles were redisigned & relocated. 

One additional pipe in centre was also introduced from top.
 

The central pipe also contains four holes at bottom. After
 

introducing redesigned and new nozzle the tar content in gas 

dropped drastically because of even distribution of temperature 

in combustion zone. The total. calorific value of gas also 

incorporated with new cor.figaration. 

The gasifier was designed for 100 m3 /hr gas but it was also 

operated at various flow rates. The efficiency and performance 

remained more or less constantin the range of approximate
 

40 - 120 m3/hr gas out put.
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4. FUTURE PLANNING 

4.1 With regard to the good experimental results obtained
 

from wood chips & bark, the next step is to undertake
 

long test runs to get an idea of the possible increase
 

of maintenance etc. 

4.2 Utilization of other feed material
 

4.2.1 One or two runs have been taken on wood dust & 
bamboo dust only. The performance were satis­
factory but it need more intensive research.
 

4.2.2 	 For the efficient utilization of sludge and 
dust, we have designed fludized bed gasifier 
(as mentioned in Fig. 5) on the basis of information 
available, provided in literature.o(A s 

The fluid bed gasifier was designed for air
 
dried sludge. An other design programme is
 
also in progress to use wet sludge.
 

4.2.3 Fabrication testing of updraft gasifier : We
 
believe that high moisture content feed could be 
effectively utilized in updraft gasifier. In 
this case the sensible heat. will be used dry 
sludge 	 in the same reactor. 

4.2.4 	 It is expected that sludge wood dust/hmsk may
 
need force feeding system. Hence force feeding
 
system would be provided in updraft and/or
downdraft system. 
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Table I. 
 Salient Feature of Gasifier
 

(1) Type 

(2) 

(3) 

Gasification agent 

No. of air nozzles 

(4) Throat diameter 

(5) Form Ash discharge 

(6) 

(7) 

(8) 

Maximum gas generation 
capaclaty 

Minimum gas generation* 

capacity 

Outlet of gas temperature 

(9) Calorific value 

(I Composition of gas 

CO 

H2 

CH4 

N2 

oz 
CO2 

(11) 

(12) 

Flame temperature (open) 

Efficiency 

current induced draft
 

Air
 

Four peripherial and one in
 
Centre
 

75 mm
 

Solid through rotating grate
 

100 m3/hr
 

30 m3/hr
 

300 'C
 

1000-1050 K Cal/NM3
 

16 - 18%
 

17 - 20%
 

0°3 - 0.5% 

45 - 50% 

0o3 0.5% 
8 - 10%. 

830 °C
 

Approx. 75%
 

i.Art 



Table 2. 	 Some Physical Properties and Analysis of Pulp and
 

Paper Mills Waste and Agriculture Residue
 

Hard Bark Mis Effluent Wheat 
wood of euce- saw sludge straw Bagasse
 

Bark lypus dust
 

9 10 8-10
9.65 11.95 12.20%
1. 	Moisture 

content (%) 

5.0
2. 	Ash % 9% 4.37 2.8% 36.8 8.3 


1200 900-1200 1200 900-1050
3." 	 Ash fusion 1200 1200 
temp. 0C 

2020 3200 3800
4. 	Kalorific 3586 3570 3900 

value
 
k.cal/kg.
 

146 134
240 ­5. 	 Density 135 121 

kg/m'
 

68.1 67.3 77.33 42.3 73.6 792
6. 	Volatile 
Meter (%) 

20.1 18 15.97. 	 Fired carbon 23 28.2 20.1 


467
 



BIOMASS AIR
 

Drying
 
Disi~lation
 

- I 

c + 02 = co 
Oxidation II "
 

C + CO = 2co 
ReductionIII 

Reduction 
 C + H20 = CO + H2 

C + 2H2 =CH 4 

Fig. I Reaction zones in a down draft gasifier 
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5 loniass 

~~Drying . 

Hopper
 

Pyrolys is
 
Air
 

Air 

Com stion -- p Gas out 

Reduction Gas ifier
 

Rotating
 
grate
 

7- ater 

sealing 

Fia .2
 

Down draft rotating grate ty.pe gasifier under testing
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Fig. 4 Arhenious plot for -pyrolysis of bark. 
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I Il~l 
4If FluidF bed Screw Feeder 

Fine ash Dryer 

cee for wet biomass. 
Screw Feeder 

SuppJy air.* 
 - Dry Sludge 

- 5 : Schematics of 
Proposed fluid bed gasification-curedryer system.
 



Biomass
 
air
 

' Burner
 

Cold water
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, !
 

--Water 
j Cold -1 \4 

I.C. engine
Hot Hot 

water water
 

Cooler Emergency
 
Gasifier & cooler-cum­

cleaner filter Blower
 

Fig. 6 Schematic representation of biomass gasification system at TCRDC.
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APPENDIX - 1 

Availability of Pulp & Paper Mills waste at BILT
 

BILT 	is utilising various types of raw material for paper
 
production. Hence the waste biomass production is also of
 
various types. The quantities produced is as follow.
 

(1) 	Bark = approx. 200 MT per month (2400 MT per year) 
presently BILT is selling this bark in market. The 
sales price is Ps.65/- per MT.
 

(2) 	Wood dust + Bamboo dust = approx. 12 MT per month
 

(144 MT per year)
 

(3) 	Wheat straw = Approx. 4.5 MT /day (seasonal for 

approx. 100 days) 4500 MT total. 

(4) 	Baggasse pith - seasonal
 

(5) 	Sludge = 35 MT per day will be available after 
commissioning of waste treatment plant. The organic 
matter in sludge is approx. 54%. Total sludge will 
be available 10500 MTIon the basis of 300 days 

operation of waste treatment plant)
 

In addition to above mentioned material, a huge amount of
 
Biomass, (Agro residues) and urban waste is available around
 
Yamuna Nagar.
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APPENDIX - 2
 

Preliminary economics
 

On the basis of various experiments conducted at TCRDC and 

energy survey made for unit Shree Gopal, a plan was formu­

lated to replace -the entire quantity of coal being used 

for lime kiln, a brief economics is presented in following 

pages. For the calculation of economics a simple method was 

used, depreciation and various Govt. incentives available 
were also not considered. 

Capacity of lime kiln and coal requirement : The present 

production of lime is 30 MT per day. A new unit of 30 MT 
per 	day capacity is also under installation. The present
 

coal consumption is approximately 10 MT per day. The 

average calorific value of coal, presently consumed is in 

the 	range of 4500 - 5200 K Cal/Kg and the approximate cost
 

of coal is approximately R.550/- MT. 

2 	 Total requirement of Biomass per day to replace present 

consumption of coal used in lime kiln : The present 

consumption of coal is approximately 10 MT oi calorific
 

value of 4500 - 5200 K Cal/Kg. flus, the total energy 

generated per day 4.5 x 10O7 K Cal (1.35 x I010 K Cal 
per year). 

To replace this energy approximately 4.1 x 104 m3 of gas
 

per 	day (1.23 x 10 NM3 per year) of calorific value of
 

approximately 1100 K Cal/M 3 is required. 

Hence the biomass required is approximately 20.5 MT 

(Normally wood gives 2.5 - 2.7 NM3 of gas per Kg of wood.
 

Sue, here 2 NM3 of gas per Kg of biomass is considered
 

because available biomass contains high ash). 

The 	 above mentioned study indicates that the available 
biomass is sufficient to replace present consumption
 

of coal, and will also be sufficient to offer expanded
 

capacity of kiln.
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Estimated capital cost of Gasifier system
 

(1) 	Fuel Handling system 


* Storage 

* Fuel Hoppers 

* Conveyors 

* Gasifier (3 Nos. 
1.5 x 106 K Cal /hr) 

(2) 	Gas pipelines 


(3) 	Kiln modification (New low
 
Calorific value burners) 


(4) 	 Control equipment 

(5) 	Miscellaneous equipment 


(6) 	 Pelletising machine 

(7) 	Miscellaneous fabrication 


Construction, erection
 
@ 30% of 1-7 pilot 

plant study
 

Detailed design 


Total 


*One 	gasifier unit is stand by unit.
 

Operational Cost
 

1. 	 Salary
 

(a) 	Engineer (B.E.) One 


(b) 	Supervisor Three 


(c) 	Workers Eight 


2. 	 Power approx. 12b KWh 
@ Rs .50/- !;'H 

(100 	KWH for Briquetting
 
m/c 25 KWH for gasifier) 

3. 	 Fuel (Biomass) handling cost 

( @ Ps.i0 per MT 

4. 	 Travelling etc. 


5. 	 Maintenance @ 5% 


6. 	 Miscellaneous expenditure 


Total 
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Rs.
 

25,000
 

25,000 

25,000
 

6,00,000 

30,000
 

50,000 
50,000
 

1,00,000 
10,00,000 

30,000
 

5,80,000
 

50,000
 

27,65,000.
 

24,000
 

54,000 

96,000
 

3,60,00 

60,000 

-- 50,000 

1,35,000
 

1,00,000
 

8,79,000
 

8,80,000
 



Income from present sales
 

Present sales price of bark = Rs.65 per MT 

Total Bark 200 MT /month 

2400 	 MT /year = Rs.l,56,000 

Pay Back Period
 

(a) 	Investment 27,65,000
 

(b) 	Present expenditure on 16,50,000
 
coal Ps.550/- per MT &
 
10 MT coal /day for
 
300 days in a year
 

(c) 	Operating expenditure per year 8,80,000
 

(d) 	Saving 16,50,000
 

8,80,000 

7,70,000 per year 

Pay Back Period = 3.6 years. 
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Introduction
 

Rapid depletion of the limited fossil fuel reserves lead
 

to an extensive search for alternative sources of energy,
 

viz. Hydel, nuclear, solar and bio energy. India being an
 

agricultural base country, the availability of substantial 

amounts of agricultural as well as forest waste material,
 

has attracted considerable attention for developing various
 

technologies for utilizing them as a source of energy. 

Gas ification technology qained prominence in a view to 

replace diesel and petrol used by farmers for pumping water. 

Any biomass (agro waste) material can be used to generate 

producer gas which subsequently can be used for I.C. engine
 

operation. The utilization of direct biomass in agricultural
 

wastes,etc. for running large capaci- ty enginos more .t!'a: LOO lip 

poses less problems compared to tne operation of small capacity
 

engines, i.e. 5 1Ip wnich are mainly used by farmers. T:'is is 

because fi.rstly, wide variations in the types of fuLe] ard their 

low bu.k density makes it difficult to feed these i:ito the 

gasification unit, secondly, the high volatiles present in them 

results in tar etc. requirinig elaborate clean up. -Modifying 

tie raw biomass fuel into a regular sized feed by partially 

charring and briquetting them into pellets, makes it ver2y 

convenient to use and also highly reduces tar formati,-n,etc. 

Charring and briquetting the agro waste, results in c-ain 

energy loss, but, still it is more attractive because of clean
 

and easy operation, and less handling and storage problems,etc. 

For efficient use of these biomass materials anid/or te.2ir 

charred pellets for gasification, a knowledge about Ilieir 

properties, characteristics and their behaviour under various
 

reaction atmospheres is very important. 
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In the present work four abundantly available agro waste 

materials viz. corn cobs, groundnut shells, pine needles,
 

cotton stalk have been selected for studying their properties.
 

The above materials are only a few among the many agrowaste 

materials suitable for gasification. 

Sample preparation:
 

Raw biomass materials are directly used for sLudying their
 

properties. The charring of these materials is carried out in
 

small reactor vessels under controlled conditions. Chars of 

different qualities are prepared by varying the charring 

temperature. All the samples are ground and screened to a proper 

size for testing purposes.
 

Experimental Set Up and Procedure 

The apparatus consists of various gas supply cylinders, 

flow meters and a Stanton Red Craft Thermobalance. A weighed
 

amount of the sample is taken in a platinum crucible and kept 

on the rise rod of the thermobalance and then ti furnace is 

lowered on to the sample. The st. steel tube enclosina the sample 

is first flushed with an inert gas for 10-15 min.. and then the 

desired gas is allowed to flow through the tulbe at a prefixed 

flow rate and the furnace is switched on. The weigcht loss 

and temperature of the sample are continuously recorded on the 

chart paper. The conversions etc. are calculated for the 

weight loss vs. time or temperature curves. 

Results and Discussion 

1. Proximate analys-s: This is carried out for various samples 

in the thermobalance . The samples are gradually heat-ed in an 
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inert atmosphere until the moisture and the volatile matter 

are driven off. h, .n there is no further loss indicated,the 

inert gas is switched off and air is introduced and the 

heating is continued. The weight cones due to moisturevolatile 

meter and fixed carbon are obtained from the chart. Figure 9 

shows a typical result of the proximate analysis of the sample 

Raw Pine needle. Figures 1-4 shows proximate analysis results 

of various biomass fuels both raw and their chars obtained at 

different charring temperatures. It is seen that for cotton 

stalk, pine needs, ground nut shell, the trcrnds in F.C., 

vol., yield are similar whereas in case of corn cob there is a 

no change in charring characteristics in the temperature range 

of 400 - 500°C, and the volatile matter is relatively hi ilr. 

Pyrolysics 

The results of pyrolysis of various biomass maturials are 

shown in te Fig. ( 5 ) in the form of plot butween ,r. loss/ 0C 

vs. temoe ra ture . It can be seen from the fiu.:iu 1l:a. -lAic: maximum 

rate of pyrolysis lies in the range of 300 - 400 with the 

exception of ground nut lyi.ng in the higher temperature range 

500 - 600. 

Steam Gasification: 

Steam gasification of various bio materials and their chars 

are carried out with 3'5::N2 :H20. The results in the form of 

plots between % wt.loss/ 0 C vs. temperature are shown in Fiqs.G-d. 

From Fig. (6) .c is seen that introduction of steaim, ].(&,iers th': 

temperature ,Df devolatilisation for these rnatcrijls. The gasi­

fication reactor for the raw biomass materials bcjinm at temp. 

of 7000C and becomes rapid at 900 0 C. Figs. - 9 shows typical 
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typical results obtained with 'chars prepared at 400 0 C and
 

600 0 C. Fig. (71 show's significant devolatalization reacticn
 

with chars prepared at 400 0 C compared to the chars (Fig.3)
 

prepared at (00°C. It is also seen that the gasification
 

reactor in both the cases begins at around 700 0C and attains
 

a maximum rate around 9000C. 

G.N.S.
 

It is clear from Fig. (6) chat raw GNS has a much higher
 

rate of reaction with steam 
 than the other raw biomass. 

C-CO') reactions
 

Results of the reaction between Co, and various hiomass 

matcrialF and their chars are shown in Fic,. 10-12. P"ruon these 

figures, it is seen that the reaction rate suddenly rcaches a 

maximum value and then onwards gradually l,cas,!s wi t-1i 

increase in temperature. ThO. t0m[) ral-.u us i.tVwiAi 1hu naxiMiLum 

rates occur gradually increases from raw Iiomaiss maLt,.' 1Las 1:o 
chars prepared at Iigher temperatures. Similarly Il( magnitude 

of the reaction rates are maximum for r ;w biomass matei-jals and 
decreases gradually for chars prepared at higher Il.L-atures. 

Fig. (13) shows the results of the reaction between wood charcoal 

and CO,. The behaviour is very similar to the biomass chars 

prepared at 6000C except that the maximum reaction rat-.e occurs 

at relatively lower temperature for the wood charcual. 

Determination of Activation energy 

The activation energy for the above reactions carcied out 

under non isothermal conditions are calculated by tihe method 

suggested by'CoCLS Dnrd Redfer-r . Typical results are shown 

in Figures (14) and the activation energies are tabulated in 
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Table ( . ) . It is observed that in case of raw pine needles, 

cotton stalk, groundnut shells, there is a distinct change in 

the 	slopes of the ArrheniuS plot incicating a change in 

reactor mechanisms from low temperature. 

From the results given in table, it is evident that the 

activation energies are higher for raw materials and the value 

decreases with increase in charring temperature. 

Conclusions: 

From the above studies the following conclusions can be
 

drawn. 

1. 	The optimum charring temperature range for the four biomass 

studies are. 

Corn co6 - 300 - 400°C 

Cotton stalk - 250 - 350°C 

G.N.S - 400 - 0°C 

Pine needle - 350 - 450 0 C 

2. From the different results shown in Figs. (G-16), it is seen 

that the groundnut material behaviour differs slightly from 

the 	rest.
 

3. The reaction rates are higher with steam compared to ,arbon
 

dioxide. 

4. 	The reactivity is also higher withi the raw biomass compared 

to the charred ones. 

5. 	The activation energies also are higher for the raw biomass
 

comoared to the charred materials. 

To summarise, it is apparent 	from the above studies that
 

,the raw biomass is a better 	fuel compared to th]eir charred
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material. However, as mentioned above, charring is essential 

for clean and trouble free operation of the gasifier engine 

system. Optimum conditions must be selected for producing 
better chars with high reactivity. It can be said that any 

agro wastes having low ash and moisture content, and 
non slogging characteristics after charring at optimum conditions 

can be effectively utilized for gasification.
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ECONOMICS OF BIOMASS GASIFICATION TECHNOLOGY
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(Paper unavailable at time of publication)
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TAR INPRODUCER GAS WHY 
AND 

HOW MUCH,? 
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CONCERN ABOUT PRESENCE OF
 

TAR IS DUE TO
 

* ENGINE PERFORMANCE IMPAIRMENT 

* LUBOIL CONTAMINATION 

* INCREASED ENGINE MAINTENANCE 

* REDUCED ENGINE LIFE 

* EXHAUST EMISSIONS 
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ENGINE PERFORMANCE IMPAIRMENT
 

* CONDENSATION ININLET CHANNEL 

ON VALVE &VALVE-STEM ETC. 

- VALVE STICKING 

- LOSS OF COMPRESSION
 

- LOSS OF POWER
 

- STOPPAGE OF ENGINE
 

* DEPOSIT FORMATION ON COMBUSTION CHAMBER 

WALLS, PISTON TOP., VALVES, NOZZLE TIP 

- CHANGING THE CHARACTERISTICS OF SYSTEM 

* CORROSIVE AND ABRASIVE WEAR 

- LOSS OF COMPRESSION 

- LOSS OF POWER AND EFFICIENCY 
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LUBOIL CONTAMINATION
 

PHENOLIC COMPOUNDS
 

n -LOSS OF PROPERTIES
 
- INCREASED WEAR
 
-
 INCREASED LUB-OIL CONSUMPTION RATES 
- DECREASE INOIL CHANGE PERIOD 
- INCREASED EXPENSES 



INCREASED- MAINTENANCE
 

FREQUENT CHANGES OF LUB-OIL
 
D INCREASED WEAR 

* BEARINGS 

* PISTON GoLINER 

- NOZZLE CLEANING
 

- DECARBONISATION OF CYLINDER HEAD VALVES, PISTON CROWN ETC,
 



EMISSIONS
 

* EXHAUST 

MORE PARTICULATES 

HEAVY HC
 

* CRANK-CASE 

* SYSTEM 

- WHEN ENGINE ISSTOPPED 
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ISSUES INVOLVED
 

CAUSES OF PRESENCE OF TAR AND INFLUENCE OF
 
DESIGN AND OPERATING CONDITIONS ON TAR
 
QUANTITY
 

ASSESSMENT OF POSSIBLE MINIMUM LEVEL OF TAR
 

INGAS
 

ASSESSMENT OF TAR-TOLERANCE OF I,C', ENGINES
 

TAR REMOVAL FROM GAS
 

EFFECTIVE & ACCURATE METHOD OF TAR
 

MEASUREMENT
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WHY TAR ? 

BIOMASS GASIFICATION CONSISTS OF
 

* DRYING 

* PYROLYSIS 

* OXIDATION
 

* REDUCTION 

PYROLYSIS
 

RELEASE OF VOLATILES 

- UPTO 3400C NON-TARRY PYROLYSIS
 

CONDENSIBLES
 

- AT > 340°C TARRY PRODUCTS 

TAR ISPRODUCED INSECONDARY PYROLYSIS ZONE
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GAS & CONDENSIBLE PYROLYSIS PRODUCTS PASS THROUGH HIGH 

TEMPERATURE OXIDATION ZONE 

* TARS SHOULD GET 

- CRACKED 

- BURNED 

- GASIFIED
 

INOXIDATION ZONE AND INHOTTEST LAYERS OF REDUCTION ZONE
 

* SUCCESSFUL TAR CRACKING INOXIDATION ZONE REQUIRES 

- HIGH TEMPERATURE UNIFORMITY
 

LE1 NO DARK ZONES
 

- ADEQUATE RESIDENCE TIME
 



TEMPERATURE AND UNIFORMITY DEPENDS UPON
 

* DESIGN OF OXIDATION ZONE 

- SIZE AND GEOMETRY OF ZONE
 
- LOCATION OF AIR TUYERS
 

- NO;OF TUYERS
 
- VELOCITY OF AIR THROUGH TUYERS
 

* CONSISTENCY OF BIOMASS FLOW RATES TO THE ZONE 

* GAS FLOW RATES 

IE, ENGINE LOAD
 

* BIOMASS MATERIAL PROPERTIES 

- COMPOSITION.,
 

- MOISTURE CONTENT
 



HOW MUCH TAR ?
 

THEORETICALLY IT SHOULD BE ZERO TAR 

PRACTICALLY TAR-FREE GAS ISA MYTH.
 

PRACTICAL APPROCH IS TO 

- DETERMINE TAR TOLERANCE OF I,C. ENGINES 

- DESIGN AND DEVELOP 

POST GASIFICATION TAR-REMOVAL SYSTEMS TO MEET 

ENGINE REQUIREMENTS, 



TWO IMPORTANT POINTS :
 

[HOW-TO MEASURE TAR ? 

WHAT ISTAR ?< ,j 

APPLICATION-SPECIFIC DEFINITION OF TAR
 

LITERATURE ON TAR
 

MEASUREMENT OF TAR ANALYSIS OF TAR 

THREE TYPE OF 300 CONSTITUENT COMPOUNDS HAVE BEEN 

METHODS IDENTIFIED 



TAR MEASUREMENT METHODS 

COLLECTION OF ALL CONDENSIBLES AND PARTICULATES IN CHILL
 

CHAMERS AT 00 C,
 

PARTICULATE AND SEPARATION BY SOLVENT WASHING
 

TAR ESTIMATION BY; SOLVENT EVAPORATION. 

DA SILVA, HUMBOLD WEDAG ] 

* 	 DA SILVA OVEN HEATED THE CONDENSIBLES FOR 30 hrs. RESIDUE 

WAS CALLED TAR 



TAR MEASUREIENT METHODS
 

COLLECTION OF ALL CONDENSIBLES AND PARTICULATES 

ON FILTER ELENENTS AT 100 - 1 C 

CHILLING THE POST FILTER FLOWI TO 000 

PARTICU-LATE SEPARATION USING A SOLVENT FOR TAR 

TAR ESTIMATION BY : 

SOLVENT EVAPORATION 

SOLVENTS USED - ACETONE, DI-OHLORO METHANE 

AND BENZOL 

OR 

GREY S .CALE METHOD (TIPI) 

TIP,,THT, UWDP/WORLD.BANK-, HEDDEN) 



-

-

-

-

METHODS ARE S IMPILE 

REASONABLY ACCURATE 

SETUP REQUIRED IS SINPLE 

SUITABLE FOR FIELD MONITORING 

-Ln 
i._ 



TAR MEASUREMENT METHODS
 

ISOKINETIC SAMPLING
 

COLLECTION OF PARTICULATES ON FILTER AT 2000C,
 
PARTICULATE DETERMINATION BY WEIGHT DIFFERENCE
 
CHILLING OF POST FILTER GASES INIMPINGERS AT O°C,
 
COLLECTION OF CONDENSIBLES BY WASHING THE IMPINGER
 
TRAIN BY A SOLVENT DETERMINATION OF TAR BY SOLVENT
 
EVAPORATION,
 

[TECHWEST ENT., ENFOR]
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ANALYSIS OF TAR 

* 	 CONSTITUENT COlvONENT IDENTIFICATION AND 

QUANTIFICATION 

* 	 ELEMENTAD. ANALYSIS 

* 	 CALORIFIC VALUE 

CONDENSATE FROM GAS 

WATER AND WATER INSOLUBLE PARTICULATES 
TARWATER SOLUB-

-LE ORGANICS
 



ESTIMATION OF WATER CONTENT BY KARL-FISCHER TITRATION
 

ESTIMATION OF 	 WATER SOLUBLE ORGANICS BY CHROMATOGRAPHIC SEPARATION 

B P <, 1 0 °C)(THOSE HAVING 

TAR (HEAV-Y HYDRO CARBONS B P5it 180 C) 

EXPECTED COMPOUNDS ARE ­

uL 

PHENOLS 	 ANTHRACENE
 
CRESOLS 	 BENZOPYRENE
 
XYLENOLS 	 PYRENE
 
PHENANTHRENE FLUORANTHENE
 



METHODS OF ANALYSIS OF TAR
 

CONSTITUENT COMPOUND IDENTIFICATION 

AND QUSNTITATIVE ESTIMATION 

THREE ANALYTIC METHODS ARE USED
 

CAP LLARY COLUMN GAS/LIQUID CHROMATOGRAPHY FOR 

IDENTIFICATION AND QUANTIFICATION 

*MASS SPACTROMETRY FOR IDENTIFICATION AND GAS
 

CHROMATOGRAPHY FOR QUANTIFICATION
 

S F -T I R FOR IDENTIFICATION AND GAS 

CHROMATOGRAPHY 'FOR QUANTIFICATION 



IN ALL THE THREE METHODS IT IS REQUIRED TO 

CLEAN THE SAMPLE OF PARTICULATES 

DISSOLVE IT IN A SOLVENT 

S MPLE SOLUTION INJECTION IN THE EQUIPMENT 

F T I RI G C TECHNIQUE IS STATED TO BE EASY AND ACCURATE 



QUESTIONS AND ANSWERS - BIOMASS CONVERSION, AFTERNOON SESSION, DECEMBER 6, 1986
 

P.P. 	Parikh - lIT-Bombay
 

Q. 	What is the efficiency reduction as a function of the load?
 

A. 	 If the mixture goes below the lower inflamability limit, that is when the
 
problems start. Don't go below 40%, if 50% is the excess air. In that
 
range, the efficiency really drops, and drops drastically. I won't be able
 
to give you the figures, I don't have them handy. Certainly between 40 and
 
90 for 50% there is no problem of efficiency.
 

Q. 	 I understand that you have internal combustion engines working on natural
 
gas elsewhere in the world. You also mentioned methane, which is also a
 
natural gas, at the end of your talk. How is the operating experience of
 
natural gas driven engines tied inwith your chart? Secondly, as we heard
 
from Professor Mathur, injecting producer gas has severe environmental
 
problems. Would biogas have the same type of environmental problems?
 

A. 	 No, I think the environmental problems come from carbon monoxide emissions.
 
Obviously biogas doesn't have a problem. As far as methane engines are
 
concerned, most of the ones that are being used are spark ignition engines.

So dual fuel operations with methane have rarely been used, so I will not
 
be able to compare what I am trying to predict here and what has been the
 
experience. There are methane engines working on our offshore ONGC
 
platforms and they seem to be working beautifully with no problems, but
 
they are desinged for it. When we are talking of the existing engines, the
 
problems are of a different nature.
 

Q. 	Have dual fuel engines been tried with spark ignition?
 

A. 	 In certain laboratories, with spark ignition, especially when there are
 
starting problems. But dual fuel is not being used continuously. The
 
engine is started on a given fuel for which the engine is designed and then
 
it is run on another fuel.
 

Q. 	 In the USA, the technology exists for using a teflon coating on the engine
 
for lubrication, while the engine has been running. I understand that it
 
has been approved by the Federal Aviation Authority in America and that the
 
engine has been coated with teflon. You can drain out all of the
 
lubricant, and the engine will be finished in half an hour. You can strip

the engine and see that there has been no damage to the engine. Now, the
 
cost is about $32, equal to about 400 rupees. Itmight be worthwhile to
 
coat the engine that way in India as well. I don't know if there have been
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any studies done on this, but certainly teflon is the slipperiest material
 
available and it might sort out the problem of sticking piston rings, and
 
other things.
 

A. 	I'm not aware if any thing is being done in India. I know about substances
 
like ceramic coatings being tried, but that is for a different purpose all
 
together. Not for lubrication.
 

Q. 	Have you had any problems with spark ignition engines and producer gas?
 

A. 	Dr. Vimal recently sent one gasifier and spark ignition engine to my lab.
 
It has been running on full load for the last eight days. The only real
 
limitation I have is the starting problem.
 

C. 	Most of the engines in the States are spark ignited engines, so we have a
 
lot of experience in producer gas from sizes going up to 200 to 300 kw.
 
think there are no problems as long as the gas is clean and cool.
 

0. 	Would you say that it is impossible to have a spark ignition engine?
 

A. 	 In a diesel engine you have to make major changes. The spark plug must be
 
incorporated. Ifyou change the compression ratio, you can certainly run
 
the engine on spark ignition.
 

Q. 	What if you don't know the structure of the engine?
 

A. 	 It's for existing engines, without major modifications. I am talking of
 
major engines. If you want to have spark ignition engines, I am not saying

that 	it is impossible. It is certainly a possibility, but it does require
 
a lot of modifications in the existing engines, or development of new
 
engines.
 

Q. 	When your diesel is 17-20% do you require a change in the compression ratio
 
of the engine?
 

A. 	No.
 

Q. 	There will be no de-rating from 17-20%, also?
 

A. 	 Itwill depend on the gas quality.
 

Q. 	 What is the minimum calorific value of the gases, or the total mixtures 
that you use? 

A. 	For these calculations, the calorific value has been assumed to be 100
 
kcals per cubic meter.
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Q. 	That is the minimum?
 

A. 	 Yes.
 

C. 	I would like to make two comments. One about the diesel engine and another
 
about the spark ignition engine. Mrs. Parikh has brought out the various
 
aspects of operating the existing diesel engines. I want to add our
 
experience in this. We can have dual fuel operation, and pilot injection.

So long as the substitution of producer gas is up to about 70 or 75%, you

have about 30% energy supplied by it. Diesel oil can get the same power

and the same efficiency. In this way you have reduced the smoke. But if
 
you go to pilot injection, where you keep a greater proportion of energy

supplied by producer gas, with hardly 10 to 30% energy supplied by diesel
 
oil. Then there is a rapid de-rating of the engine, and loss of
 
efficiency. There will be 15-25% power loss. Therefore we should keep in
 
mind 	that we may claim to have 90% replacement, at the cost of power, and 
at the cost of efficiency. The efficiency is drastically reduced.
 

The second comment I wanted to make was we did operate a spark ignition

engine for a long time on producer gas. We found that in the case of a
 
spark ignition engine, there was reduction in power and also a reduction in
 
efficiency.
 

A. 	Spark ignition basically means zero excessive air. So what ever is
 
represented on the chart for zero excess air, it is roughly a 50% power

drop at the same rpm. B.ecause of the flame velocity, you can't even
 
release the rpm, so it is going to be even further. In fact, if you take
 
an automotive engine, the power that you finally get as a spark ignition
 
engine, it will be at just about 20-25%. You can't even go to 3000 rpm -­
itwon't burn.
 

C. 	 I think this has been very well pointed out by Mrs. Parikh. As long as the
 
speed is around 1500 rpm or so, diesel gas substitution is all right. A
 
question was raised about injection timing. Injection timing has an
 
influence at rpm where you can play with injection timing, and there is
 
still some power loss. The rpm are around 1500, so if it is below 1200, it
 
has no effect. You cannot play with it. This is what we have experienced.
 
But the broad principles are that ifyou go for too much producer gas

substitution, you will have drastic reduction in power efficiency;

therefore, when you quote the percent substitution without quoting the
 
efficiency in power output, it is very misleading.
 

A. 	Everything has been written, I think, on these charts; power output, et
 
cetera, and, as I said, these are the assumptions made.
 

Q. 	 Can Mr. Abu Talib tell us what is happening in other small countries, if 
you have some reports. 

A. 	I think Virgil was in the Philippines recently. When we 're talking about
 
charcoal and dual fuel operation, in most of the gasiFiers that I have
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seen 	the replacement has been around 50%. 
 They 	have had problems with the
 
charcoal 
cost being very high. The way they are making the charcoal, there

has been no quality control. So there have been operational problems.

There were spark ignited units in Indonesia. These were the German Imburg

Units. They operated for a while, and I think the fuel moisture was very

high in the cleanup. So the engines were pretty gummed up. The only

success story I know of is in Brazil. They have a very organized fuel

production and distribution system. In other words, Brazil produces a lot
 
of charcoal for a steel industry, and with the scraps of charcoal that are

left over, entrepeneurs have gotten into the business of using that
 
charcoal, either by pelletizing the left over charcoal then selling it to

the owners of the gasifiers. But they are making more money selling the
 
charcoal that has been left over. 
 It has already been subsidized by the
 
steel industry. Those are the only successful gasifiers in developing

countries that I am a..are of. Brazil is the only example. There ae a lot
 
of thermal gasifiers and a lot of power gasifiers. This is a secondary

operation. 
 They were not producing charcoal just for the gasifiers. They
 
were producing the charcoal for the steel industry, and the left over was
 
being used for the gasifiers. They control the specifications. Most of the
 
other countries' operations have besr very mixed. Gasifiers donated by the
 
French, the Germans; they operated as long as the engineers were they.

Once they were left out, the operation ceased. Virgil Flanigan may be able
 
to add something more. He was in the Philippines last year.
 

C. 	The Philippine operation was very difficalt at best. 
 I think it you

started analyzing the cost of the charcoal and the savings, you quickly

realize that itwas very hard to operate the system with any gain or

savings. Not only did we quickly ralize that, but the farmer also quickly

realized that he really wasn't s&ving any money by using a charcoal
 
gasifier. 
Also, itwas quite apparent that there was a capability of
 
operating differently from place to place. There was a set of tuyeres, and

there was an adjustment capability where you could run with three tuyeres
 
or two tuyeres, or a top tuyere or not a top tuyere, and needless to say,

every place we went was operated a little bit differently. None of them
 
operated like the manual said they should have been operated. Gas quality
 
was a big problem. The gas substitution they talked about was about 70%

replacement, but they probably got 4% replacement. Also, the engines were
 
all 50 horsepower -- much larger than what we are talking about here -­
four cylinder, I think, at 2400 rpm. 
 I would have to check that. Then you

look at the gas cleanup equipment which was a complicated system even
 
though they were burning charcoal. It had a lot of engineering things we

could discuss. There were real problems with the gas systems in the
 
Philippines.
 

C. 	 I think the Missouri gasifier is too complicated for the India situation
 
because cleanup isvery cumbersome. So, the reason the Missouri gasifier

was given was not because we were trying to get the design that was
 
suitable for India, it was a need at 
the time for both teams to have a
 
common denominator in terms of the gas quality. 
The Missouri gasifier was
 
never intended to he applied in an Indian Killage, and itmay not be

suitable. I don't think it is suitable. 
One more comment; most of my
 
experience has been that no biomass, particularly gasification, was
 
economically viable unless it was an integrated process. For example, a
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rice mill has a waste available to it. Then you put in a co-generation
 
plant, and the cost of the raw material is nothing. Those are the
 
successful plants. A pulp and paper mill, for example, has the bark and
 
the waste available so that the boilers and the co-generation are there -­
those are the successful, economically viable processes. Ifyou are trying
 
to design a project based on forestry or planitation wastes, or trying to 
chip nice quality wood, I don't think any project will be economically
viable. Ithas been proven in the Philippines and other countries. The 
only successful biomass projects have to be iniegrated operations. Alone, 
the biomass projects are not economically viable today. 
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N. Anuradha - lIT-New Delhi
 

0. 	There is data available which says you can char at various temperatures.

Suppose you char isothermally at 300'C for a long duration. Again, there
 
will be an end product. Then you do it at higher temperatures,

isothermally, for a long duration. At lower temperatures, the statement is

that you get higher fraction of char - as much as 50%. Your experiments
 
were essentially time dependant using TGA as a heating rate. It doesn't
 
reveal this feature. Suppose I do char using one of these techniques,

using isothermal charring and these temperatures? Please comment.
 

A. 	We have yet to study the different atmospheres, and i had said that we have
 
yet to study at steam, and other atmospheres. I suppose I just forgot to
 
tell you that we haven't studied at isothermal conditions. It is not that
 
our research is over; we are still doing it. We are going to study
 
isothermal conditions also.
 

Q. 	Why are you concentratinq on just steam gasification?
 

A. 	We can have any atmosphere other than steam, and carbon dioxide for
 
gasification purposes.
 

Q. 	You have said that inyour gasifier, biomass material and air both come
 
from the same opening at the top. How do you feed the biomass into it?
 

A. 	We feed it manually.
 

Q. 	Contir'.ously?
 

A. 	Yes.
 

Q. 	What is the periodic interval which you feed the biomass?
 

A. 	Every 5 to 10 minutes. We have already designed a small hopper which will
 
be connected to the engine in order to feed it according to that rate,
 
periodically, and automatically.
 

Q. 	How do you ignite the biomass material?
 

A. 	We start it with a small amount of wood, put a burning cloth in,start the
 
blower, and it starts.
 

Q. 	The length of the tube, you mentioned, was 2.5 m.
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A. 	No, it -is around 70 cm. We might reduce it further, to almost zero.
 

Q. 	Because sugarcane is a very seasonal byproduct, how long will you be able
 
to use it for the gasifier? The farmer may need some alternate energy
 
resources. The gasifier should be set so that various biomass products
 
could be used, at various points in time.
 

A. 	 Yes, up to now, all of our technology and experience has come from the
 
second world war. This technology consists of an extremely fuel-specific
 
and engine-specific gasifier. I think the system that we have now, which
 
is a throatless system, may be ameanable to use with various biomass. We
 
have tried the sugarcane leaves very successfully. We have had partial
 
success with 60% sugarcane leaves and 40% wood. But after an hour and a
 
half we have had some choking of the bed; we are trying to remedy that.
 
Because sugarcane leaves are very dry, they can be stored for long periods;
 
that could be very beneficial to the farmers.
 

Q. 	Could you use pre-briquetted sugarcane leaves?
 

A. 	Yes. Actually, we almost set up a factory for briquetting sugarcane
 
leaves. We tried to get the technology from overseas, but they had
 
technology for gas only. We wanted to see if they could briquette
 
sugarcane leaves, but they were not able to give a guarantee that it would
 
work. I must add that within a itter of a month or two we will have put
 
this on the canal, and then we 6 11 get a lot of field experience in that.
 

Q. 	Did you try to find out what the angle of internal friction iswith the
 
shorter leaves?
 

A. 	We found the angle to be 600.
 

Q. 	What is the diameter for non-arching flow in the wind? What diameter are
 
you using.
 

A. 	We are in the process of modelling, and right now we have a pretty good
 
model. Because we have enough experience, we were able to come to an
 
optimum. We have gone from 15 cm directly to 46 cm.
 

Q. 	Since the ash content is 1%, how does the clinker problem, and other
 
problems compare? Also, what about efficiencies?
 

A. 	We have found that this tar-laden water is an excellent weed killer. We
 
have a half acre plot of tomatoes which we are testing this on, but we do
 
not have all the answers yet. It has 200 different components, and a few
 
of the components are the same as in the existing weed killers.
 

Q. 	Do you think the farmers will accept this system?
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A. 	As long as the farmer can keep getting diesel, it is difficult for me to
 
think that a farmer will go through such trouble for maintenance. I will
 
give you a simple example. We have taken a small village which was totally

barren, I think around 130 acres of land, which a farmer was growing. It
 
was full of wealth, but they did not have the means to pump water. Now
 
they have a diesel pump set and every day the man goes to get diesel. His
 
problem can be solved if I put in a gasifier. Instead of going to get

diesel everyday, he will go once a week. He may be in the right frame of
 
mind 	to accept the idea; this is just a hunch, but it might work.
 

C. 	 In the morning session, Dr. Vimal said the limiting factors are social
 
factors. There are pockets of miles and miles of land mass where, for the
 
next 10 - 20 years, neither diesel nor any other technology will reach. We
 
can afford the risk of lower efficiency, higher cost, and all that. It is
 
on those points that we should make it a viable test.
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H.S. 	Mukunda - IISC-Bangalore
 

C. 	I just wanted to let you know that we are also running our gasifier without
 
any vibration. This becomes even more pronounced if you increase the
 
power. At 2.6 kw we get a problem after four hours, but at higher kw we
 
have no problem.
 

A. 	 It is nice to know that. Thank you.
 

Q. 	What is the wood consumption you are getting, per kw?
 

A. 	We are getting about 1.1 kg per kw, or close to that; that is running it at
 
about 2.5 kg per hour. We can run it for about 2 hours with an 8 kg load.
 

Q. 	The engine has remained as it is -- no changes in compression ratio?
 

A. 	Yes, in the first 50 hours of running, due to the practical operation

problems, but the point is there is no considerable reduction in
 
performance.
 

Q. 	 I find it interesting that you have carried out experiments on the
 
measurement of the tar and the dust. What is the range that you have found
 
with the various kinds of materials, and what are the materials you have
 
tried?
 

A. 	We have used only a particular type of wood. We have't used any other wood
 
yet, so I won't be able to say anything on performance on other kinds of
 
wood. The numbers I !lave given have been for a long time average of about
 
100 hours.
 

Q. 	One other point that is common to all of the gasifier problems; the water
 
which comes out after cleaning the cooling system is a very huge quantity.

Its effect may not be a concern in some of your experiments, because you

have a dry system. Could you tell us something about this dry system?
 

A. 	What you saw was a flat-plate heat exchanger. Let me show you this sketch.
 
We decided that if you had to go to operating, generating, and so on, we
 
wouldn't have a continuous source of water. Therefore, we should design

something which was dry. This system is simply a plate that is 600 mm in
 
length, 50 mm thick, and about 1.2 meters high. It could be best described
 
as convective cooling which can be augmented with the following idea: We
 
put a small cloth around it, dipping in water. Some amount of water goes
 
up and cools the entire surface. The inlet temperature is about 350°C -­
it varies from about 200-250°C -- and the outlet temperature is less than
 
45°C. It goes through the filter, here, which reduces it here to about
 
40°C. The entire gasifier is made of about 8 mm thick stainless steel. It
 
is very important to make it out of stainless steel because corosion can be
 
a very serious problem. Some amount will produce products like formic
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acids, which will come and deposit, and cause corosion. Other than that
 
there really isn't much more to say about it.
 

Q. 	 Doesn't the water get heated over the course of time?
 

A. 	 Even after 20 hours of operation it doesn't happen, there is a very simple
 
solution. There is a very small drain where we can pour water into this
 
about once every two or three hours, it doesn't make a significant impact.
 

Q. 	The cost seems very reasonable at about 1000 rupees per 5 kw. Please tell
 
us something more about the operational cost?
 

A. 	The operational cost is near zero because of depreciation and other noncash
 
deduction. This particular system is designed to run completely on wood
 
gas, between an average of 60 and 65% of the normal level, which is stated
 
at 2.2 to 3.2 kw. This is the kind of power which it is designed to
 
provide. Most of this is contracted out. These costs are not inhouse
 
fabrica- tion costs. The gasifier is contracted, so are most of the
 
elements. Of the two units which we have made, this one for 10,000 rupees

includes a 15% the profit for the man who makes it.
 

Q. 	But on a commercial scale, won't the price come down?
 

A. 	The point is that when one is costing raw material, there are many
 
variations that are possible. The man who uses it may have his own form.
 
In this case, it is zero cost.
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CONCLUDING SESSION - DECEMBER 6, 1985
 

C. 	We have talked quite a bit about gasification on one end, and utilization
 
of coal on the other end. There are two problems that concern the area
 
where I work. We don't have the traditional coal, but we do have lignite.

What is feasible for utilizing lignite in what may be called a commercially

exploitable state or it might be in smaller requirements. The second is
 
there are a lot of problems in gasification; there is tar, and there are
 
engine problems. As a mechanical engineer, unfortunately I did my
 
specialization from Michigan in internal combustion, but I still have some
 
sort of an idea what an engine is. The possiblity of using a turbine in a
 
closed circuit, I am only fantasizing how it can be put into use, has to be
 
worked out. There an be fluid which can be heated by any means. You can
 
use solar, biogas, or flue gases from the burning of biomass. Power which
 
can be between 15 to 25 kw which, I presume, is adequate to meet the rural
 
demand on a noncentralized basis. I would very much like to see if some
 
work could be taken up on those lines.
 

A. 	There have been four points made: The first point is the use of lignite as
 
a commercial exploitation. The second is the problem of tar and other
 
engine problems. The third is why isn't it in a close circuit itself? We
 
are already looking for the resources to be exploited, so we welcome this
 
proposal. Any feasible project proposal yOL would like DNES to consider, we
 
would welcome it. We would like to take them up. The presentation that
 
Dr. Parikh gave was a good overview of these three aspects. She raised
 
the fundam~iental point: What is tar? We have to define that part. The
 
second oart is the different methods of estimating the tar because some are
 
very complex, and some are very simple, so we have to utilize a method that
 
is so simple that it can be an integral part of the complete system

wherever there is gasification work. Also, about the engine problem, Dr.
 
Mathur and Dr. Parikh also have given a good overview. The quantity and
 
quality of a gas into the engine has to be properly monitored. The beauty
 
of this program is that it is a very well conceived program because there
 
are three component parts to it. One is about the proces-Ig of the
 
biomass to get a consistent quality producer gas that is to be fed into
 
the engine system. But a'-,in, I think we should go back to what the
 
requirements of a good ertgine are and how this quality of gas should be
 
produced. One other point which has been raised is this gasifier system is
 
very 	selective as far as the biomass is concerned. The physical and
 
chemical characteristics -F the biomass has to be determined in a very
 
analytical way. This is ,ne first part of the project; the second part is
 
the engine system, and the third part would be the extension. That is the
 
demonstration and one component cannot be overlooked. So, what we have
 
been 	emphasizing again and again is the interlinking of these three
 
components. In its practical way, good work has been done, and I will
 
complement the US team which has been able to bring the complete vision of
 
this whole program. I think it has been a very well conceived program.
 
The workshops have been able to highlight and bring the type of awareness
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that 	we want. I think by the next workshop we will be able to coordinate
 
the efforts of all three groups in such a way that we develop a good

delivery system. Already in addition to this program, here at a national
 
level also, we have initiated about seven or eight projects in an other
 
program which have been characterized by the efforts of last year. Now we
 
are going one step further, to production activities in this area so that
 
many private firms are taking an interest in the commerciai manufacturer of
 
these gasifiers. In phase of the program we may have to plan for better
 
coordination between the private sector. The problem of tar and other
 
Indian problems have been very well taken care of in our discussions. We
 
are now taking very concrete steps, as I discussed with Mr. Dayal, and each
 
component we will have to taken as a separate project and then thrashed
 
out. For example, the tar problem, the soot, the cooling system, or
 
cleaning system; each has to be taken up in 
a separate way and discussions
 
need 	to he organized. The third aspect of running a closed system, DNES is
 
open to ideas. As you know, DNES is committed to seeing that any idea
 
which is really worthwhile matures. So any one who has a proposal, you are
 
welcome to contact DNES and we will see that any such proposal gets good

footing on the ground. 

A. 	 Regarding the use of lignite, there is already a planning commission group

working on identification of where there are pockets of lignites available
 
in several areas. The problem is they are available in small quantities in
 
many places. Still, they have not decided to what extent it is
 
exploitable. Regarding the lignite we have tested in our fluidized
 
combustion boiler, we have presented papers in other sessions. Ifwe
 
eliminate the small deposits, and even ifwe can put a 10, 15, 30 MW
 
station which can be fueled for 25-30 years, it is feasible. As far as
 
technology of the combustion of lignite, down to the calorific value of
 
1800, 1900 kilocalories, it is possible, and we have done that. It is only
 
a question of coming up with a concrete commercial proposal which the
 
electricity board will be to undertake.
 

C. 	 From the session on the biomass gasifier, one thing was very clear. The
 
gasifier, right from the biomass itself, needs a systematic and thorough

analysis, rather than having it at sporadic centers. Having come up with
 
some results, we should have some viable model which would reach the users.
 
For that purpose, I suggest that we have a coordinated project on gasifier

systems, identifying certain viable centers whose specific tasks are well
 
defined. This type of work will be very useful 
so that we get something in
 
a very short time.
 

A. 	 I do appreciate the idea. I think that the type of discussion that we had
 
this morning and afternoon has really convinced us that it is not a system

that can be taken up in isolation, but an integrated view that has to be
 
taken up. 
 Not only that, but specific projects have to be given to some of
 
the centers we work with and then integrate the information. We appreciate
 
your idea of an integrated project on biomass gasification.
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Q. 	Somebody asked me yesterday whether this workshop could be held in the US.
 
Because you have had three in India, they asked if it is possible to have a
 
workshop in the US. I would like to get DNES' and the audience's view on
 
this. Ifwe would be able to attract people from India who want to come to
 
this workshop, would it be possible to have it in the US next year?
 

A. 	 I personally think that we would have too limited an audience
 
on the Indian side. That is my concern. This is the Indian
 
program and if only a few could participate, it would not be
 
worthwhile.
 

C. 	If the organizations can pay for the travel, and you can take care of the
 
local hospitality, and internal travel, it may be possible that each
 
organization would send a couple of representatives for discussions. If
 
the money from AID for this workshop, particularly for travel, could be
 
spent on local hospitality for the people coming from India, it would be
 
much easier. The travel from India to New York and back, we can pay in
 
Indian rupees because we won't have to pay the foreign exchange. For many
 
organizations that may be a problem.
 

C. 	You make a good point. In the present program, 17 people will have visited
 
the US extensively. They vill go through a dozen or half a dozen
 
laboratories. Perhaps, we may be able double that number of people, so
 
there is an opportunity for maybe 30 people to visit individual
 
laboratories of their preference. I 'think that would be possible. What do
 
you think?
 

A. 	 I agree with you on both aspects. Firstly, as you have stated, itwould
 
provide an opportunity for some of them to visit some of the places where
 
there is activity. But Dr. Abbi has also pointed out that if we could work
 
out a system by which this link could be developed by the various
 
organizations, this proposition may be a feasible one.
 

C. 	Maybe we could think of both approaches on a small scale, and take
 
advantage of both ways of doing it. We certainly shall consider this, if
 
this is the feeling of the group. I think the training programs we have
 
instituted has been very, very successful because people get to see many
 
laboratories.
 

C. 	Additional exposure is always welcome because it is an education. I think
 
it will help, but we have to see the other feasibility aspects.
 

Q. 	 I see we have made considerable progress inmany projects, but the original
 
objectives have not been acheived. You said the whole program is ending

June 30. What happens then? Are we supposed to continue on our own?
 

A. 	 That is what it appears to be. Ithas to come to an end. All of the
 
equipment promised to you will be delivered to you. As a matter of fact,
 
we are adding to your laboratory. Your laboratory in the Hot Gas Cleanup
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will 	get additional equipment.
 

Q. 	Will the program be monitored?
 

A. 	That is unknown at this time. Take a guess! We are trying to continue
 
this effort but whoever manages it,well, that is to be decided by others.
 

C. 	At the present time, DNES and USAID are working very closely together to
 
extand and expand the existing program considerably. It has not been
 
finalized, but hopefully it will take place fairly soon. There may be a
 
substantial expansion to this program, according to Maheshwar Dayal.
 

C. 	 I would like to make a small suggestion. If the papers that were presented
 
had been circulated earlier, it would have been more interesting.
 

A. 	That is always a difficult thing, but what we are offering instead, is the
 
proceedings containing all the papers, the questions, and the responses

that have been made. These will be out soon after we return home. So
 
everyone who has attended this meeting will get a copy of the proceedings.
 

Q. 	We had been talking of integrated systems. It has been pointed out that
 
charcoal in gasifiers may have been useful inmany places. This is not a
 
viable proposition. The success story given to us was our project :nd
 
maybe one or two other places. Now, some of us who have been deep in
 
biomass plantation, and biomass promotion work, have all of a sudden been
 
harping on one operation and technical aspect. We can think of large scale
 
biomass plantations and energy plantations. Think of metro plants.

Charcoal is produced as a byproduct. Is it not time that you and me take
 
off on a bigger and bolder project? For that purpose, for the few projects
 
we have going on in some places, we would very much wish, request, and
 
expect some feedback, or some other indication, that the project is
 
continuing in this country. As an offshoot for your next term after June,
 
could this be taken into account, not just gasifiers, but a total project
 
where even the training could be taken care of?
 

A. 	At the outset, I do appreciate the initiative taken by US team to create
 
the type of awareness this project should have. I do feel, and hope, that
 
in some form or another, this project will be continued and the association
 
that we have made will be examined. The proposal you made is already under
 
consideration of the government.
 

C. 	Apart from the proceedings, could I suggest a panel of experts from
 
different areas, sit together and review the presentations made during this
 
workshop, and prepare a consolidated, very short, very concise report on
 
the different technologies and their status worldwide.
 

A. 	That is an interesting point, and I think we should consider that.
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C. 	 If that is all, we shall close the session. I would like to thank all the
 
session chairpeople who put a strong effort in making this a successful
 
meeting. I thank you all. We'll see you in November 1986, God willing,
 
for the fourth annual workshop. Dinner is at 7:30, right here.
 

C. 	On behalf of thu government of India, thank you very much Dr. Bienstock,
 
and his team for making this program a grand success in the country. I
 
personally think the; is a great idea -- this India and US collaboration -­
and I expect that it hill grow in time and both countries will profit by
 
it.
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