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SECOND WORKSHOP
 

USAID/GOVERNMENT OF INDIA
 

COOPERATIVE PROGRAM ON
 

ALTERNATIVE ENERGY RESOURCES DEVELOPMENT
 

COAL CONVERSION AND BIOMASS CONVERSION
 

The Second Workshop of this Cooperative Program was held at
 
the Maurya Sheraton Hotel in New Delhi, India on
 
February 4-7, 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 prograr.; to assess the status of the
 
individual projects through site visits to the facilities
 
and add-ess any concerns or anticipated problems in meeting
 
the objectives of each of the collaborative projects; and to
 
prcvide 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 specifi areas of interest in coal and bicmass conversion.
 

The meeting also led to specific project-related discussions
 
in order to develop and/or modify work plans for implement
ing the selected projects. Site visits were made prior to
 
the Workshop to review the progress made on the individual
 
projects during the past year.
 

Four areas have been selected for collaboration in coal
 
conversion and three in biomass conversion. The four major
 
coal areas are:
 

o Fluidized-bed Combustion
 

o Cas Cleanup and Separation
 

o Coal-water Mixtures
 

o Coal Cleaning
 



The three major biomass conversion areas are:
 

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

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

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

The Workshop sessions included presentations by Indian
 
scientists/engineers and by a few U.S. team members,
 
followed by panel discussions. At the opening of the
 
Workshop, representatives of the Governr,,ent of India and its
 
participating units, the USAID office in New Delhi and USDOE
 
provided introductory remarks which emphasized the need and
 
importance of the technology development in meeting India's
 
energy needs.
 

During the Workshop sessions, presentations covered progress
 
made in the above technologies during the period Ncvember
 
1983 to February 1985, and the status of specific biomass
 
conversion technologies being independently pursued in India
 
by various organizations.
 

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 February 5 by
 
scientists/engineers from the Indian private sector and
 
government institutions.
 

Also, at a dinner on the first day of the Workshop, Professor
 
B. K. Mazumdar, recently retired Director of the Central
 
Fuel Research Institute in Dhanbad, was honored for his
 
contributions in the field of coal science.
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OPENING SESSION - MONDAY, FEBRUARY 4, 1985
 

INTRODUCTIONS BY MR. DAN BIENSTOCK (USDOE/PETC)
 

I am pleased by this large attendance. We have representatives
 

here at the head of the table from the major laboratories
 

involved in this program.
 

To address us initially is Mr. Owen Cylke. Mr. Cylke has had a
 

long distinguished career in the U.S. Foreign Service. He is
 

presently Director of all AID programs in India and previously
 

was Deputy Mission Director in Egypt. I understand he is a
 

strong supporter of energy programs.
 

Mr. Cylke ............
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MR. CYLKE
 

I am the Director of the USAID mission in India, which is
 

co-sponsoring this seminar with the Department of
 

Non-Conventional Energy. I am delighted to he here but
 

certainly do not intend to make a speech about energy -- it is
 

really not my field -- but I would like to say that the USAID
 

programs worldwide, and particularly in India, are increasingly
 

trying to focus their resources on areas of science and
 

technology and their applications to development. Our program in
 

India now is devcting perhaps 30% of its entire prograx to the
 

technology side. We would be anxious to do elien more. There is
 

no question but that alternative energy, non-conventional,
 

opportunities suggest ways that science and technology can be
 

applied to development paradigm in a concrete and direct way,
 

more so than in many other areas. And so we have a special
 

interest in this area, not only for its content but for the
 

leadership it can give and the insight it can give to other areas
 

where science collaboration can take place. We have been
 

traditionally working with ICAR, with ICMR, with the Department
 

of Science and Technology with successful science programs over
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the years. What strikes us about this program, however, is its
 

opportunity to really come to grips with a problem which can make
 

a difference in people's lives, particularly in the countryside
 

in India. And it is for this reason that we have given such
 

strong support to this program, and we would intend to continue
 

such support. Over the last five years we have organized tv/c
 

programs with the Department of Non-Conventional Energy and we
 

are currently discussing a third program which will continue
 

support for this kind of workshop and other prcgrams of this
 

nature.
 

Having said that, my role here today is really just to wish you
 

good luck in this conference and to make a conuritment that USAID,
 

for its part, feels very strongly about these kinds of programs,
 

is open to new ideas and certainly open to expanding its
 

involvement in these kinds of areas if ideas such as that should
 

come frcm this conference.
 

Thank you.
 

**** **** ** 

Thank you, Mr. Cylke. Cur next speaker is Mr. Maheshwar Cayal.
 

Mr. Dayal is Secretary of the Department of Ncn-Conventicnal
 

Energy Sources. Pricr to this, Mr. Dayal served as President of
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a Science Commission of UNESCO and as an Alternate Governcr of
 

the Board of Governors of the International Atomic Energy
 

Authority in Vienna. He was also associated with the design and
 

construction of the first nuclear reactor in India, Apsara,
 

along with Dr. Bhabha, and was also in charge of India's first
 

nuclear power station at Tarapur.
 

Mr.Dayal ............
 

MR. DAYAL
 

It gives me great pleasure to participate in the opening of
 

this Second Workshop which is being held as part of the
 

bilateral India-US scientific program. relating to energy
 

development. The Department of Non-Conventional Energy Sources
 

is coordinating the implementation of the Indian side of this
 

half of the Department, I would like to extend a cordial
 

invitation to all United States and Indian participants in this
 

Workshop.
 

The main topics covered by this Workshop, coal conversion and
 

biomass conversion, reflect certain common scientific interests
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cf Indian and U.S. specialists in the field of energy. The
 

specific projects in the areas identified for cooperation would
 

Le of considerable significance to cur lcng-term energy economy.
 

While India would appear to have large coal and biomass resource
 

endowments, these are not very large in per capita terms.
 

According to an estimate, India's total fossil fuel 
resources
 

including coal are only about 1/90th the per capita resources of
 

the United States and 1/140th those of the U.S.S.R. So far as
 

biomass is concerned, we are deeply conscious of the growing
 

denudation of our forests. The need for reversing this trend and
 

providing a green biomass cover on our wasteland is absolutely
 

paramount. Taking into account the growing population and its
 

vast needs, the need for efficient conversion and utilization of
 

all available energy resources becomes obvious. Importance and
 

potential role of new and renewable energy sources in the Indian
 

energy scene were recognized in 1980 when a specific program for
 

implementation during this five year plan was prepared and
 

necessary allocations made. Government's commitment to this area
 

was underlined when the Commission for Additional Sources of
 

Energy was set up in 1981, followed by the creation of a
 

full-fledged Department of Non-Conventional Energy Sources in
 

1982. This interest has been recently reaffirmed in the approach
 

to the seventh five year plan. While the detailed program and
 

physical targets for the seventh plan have not yet been
 

finalized, a major expansicn in the programs can definitely be
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expected and, not only is it to be expected, but as has been
 

remarked by Mr. Cylke, this is a prograr which has the promise of
 

making an immediate impact on the quality of life of vast
 

millions cf our people, particularly in the rural areas.
 

The area of biomass production, conversion and utilization forms
 

one of the important segments of the activities of the
 

Department. Work on identification and experimental cultivation
 

of quick-growing species of trees has been identified in recent
 

years and intensified. We have recently approved two projects
 

relating to the production of woody biomass on sub-standard soil
 

in arid and semi-arid regions for implementation between Indian
 

and U.S. scientific organizations. Work in this connecticn has
 

become urgent in view of the resolve to develop and reclaim
 

wastelands,, The Prime Minister has recently announced the
 

establishment of a wasteland development board with the object,
 

among othersr to reclaim about five million hectares of land per
 

year. The various concerned departments in the Planning
 

Commission are presently giving shape to this prograr which
 

presents both a challenge and an opportunity. As I estirated in
 

a paper prepared early last year, even if one-fifth of the
 

estimated 18 million hectares of barien wasteland can be covered
 

by an erergy plantation con power program, a generation capacity
 

of about 48 thousand megawatts can be created, which is more than
 

the entire installed electric capacity in the country today from
 

all thermal, hydro and nuclear sources put together.
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Furtherrcre, large areas of denuded land would be provided with
 

green cover, fuel wood and fodder potential. The power from such
 

plantations would be made available from a number of
 

decentralized locations, thus minimizing transportation and
 

distribution costs. About a thousand hectares of land can
 

provide about 3 megawatts of power besides prcviding fuel wood or
 

charcoal for the cooking needs of 125 to 150 families. This
 

could also prcvide substantial employment and raise rural
 

incomes. Inves-ment on such projects could be as low as Rupees
 

12 thousand or roughly $1000 per kilowatt. Furthermore, there
 

are substantial amounts of wood and agricultural wastes of
 

different types. The development of suitable gasifiers and
 

engines which can operate on biomass fuels would obvicusly be
 

needed in any program for increased utilization of biomass
 

resources. It is in this context that the three projects
 

presently being funded under our Indo/US prcgram assume
 

significance.
 

As there will be comprehensive reports on the progress or these
 

projects in this Workshop, I do not wish to go into details. 


woulc7 only suggest that the Indian and U.S. teams make every
 

effort to achieve the objectives of these projects in the
 

shortest possible t-ime. We expect a large program fzr the
 

deployment of the biomass gasifiers for water pumping and power
 

generation during the Seventh Plan, and it is therefore necessary
 

to achieve technological readiness as early as possible.
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DNES has also taken up a program for the demonstration and
 

propagation of improved wood stoves with the view toward reducing
 

the pressure cn existing biomass resources. This progran, which
 

is a little over a year old aims at the installation of 500
 

thousand improved wood stoves throughout the country and
 

converting 5000 villages into "smokeless" villages in this
 

financial year itself. These figures are to be upscaled tenfold
 

during the Seventh Five Year Plan.
 

Among other important bio-energy programs of the Department are
 

those relating to draft animal power and utilization of urban
 

wastes and, of course, biogas. We have estimated 80 million work
 

animals, whose combined contribution to the total energy
 

consumption probably matches the contribution of the entire
 

installed electrical capacity in the country. India is one of
 

ten countries in the world which is taking up scientific study
 

aimed at a more rational utilization of draft animal power. Our
 

programs for the utilization of urban wastes include an
 

incinerator plant heing set up in Delhi which will treat the
 

municipal wastes of the area, and also generate more than 3
 

megawatts of power. Apart from that, there is a very ambitious
 

prograr for setting up sewage gas plants ir several towns. A
 

string of sewage treatment gas generation and utilization
 

projects in the towns along the river Ganga are already planned
 

in some details and this we hope will start getting implemented
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very shortly along with the other plans for the control of
 

pollution along the Ganga, of which you must have heard since
 

there is very great high-level interest and a Ganga Authority is
 

also now going to be established. The establishment of plants
 

based on pyrolysis of urban wastes and the extracticn of energy
 

from landfills in cities is also envisaged during the Seventh
 

Plan.
 

Now, coming to biogas, it is well-known that India is among the
 

countries that have pioneered the production and utilization of
 

biogas from animal wastes. About 400,000 such plants have
 

already been installed all over the country and an expanded program
 

cf installation of one and a half ,nijlion plants over the next
 

five years is proposed in cur draft proposals for the Seventh
 

Five Year Plan. In the current financial year, 150,000 biogas
 

plants are being installed under the DNES program. These plants
 

will yield an annual return of Pupees 500 million in fuel and
 

fertilizer equipment. A relatively novel concept being tried cut
 

during the past few years in india relates to the irstallaticn of
 

digesters with the capacity of 45 cubic meters and above for
 

community and institutioi bic-gas plants. More than 200 such
 

plants have been apprcved for installation in different locations
 

and several are already functioning.
 

Apart from bio-energy, the other most impcrtant renewable er:ergy
 

resource in India is solar energy. We all know that most parts
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5 of India are well endowed with solar installations and receive 


to 7 kilowatt hours per square meter for 250 to 300 days of the
 

year. Solar ther'al as well as solar photovcltaic technologies
 

are of ccnsiderahle relevance in this context and we have a very
 

substantial program of research and development demonstration and
 

utilization presently underway in all of these areas. The
 

research efforts cover materials such as selective coating, solar
 

collectors and concentrators, prime movers, thin film amorphous
 

and other types of solar phctovcltaic devices and systems for
 

varicus applications. There are 30 to 40 ongoing research
 

projects in each area relating to thermal and photovcltaic
 

technologies.
 

In the current year, we have started a program for large-scale
 

deployment of solar thermal systems such as water heating units,
 

dryers, desalination units, timber kilns, etc. The Central
 

Government is encouraging the installation of such systems
 

through a variety of technical support measures, incentives and
 

subsidies. The response from industrial, ccmnercial and other
 

organizations to these measures has been extremely encouraging,
 

and soon we should be having hundreds of such systems operating 

all over the country. It is estimated that the units that will
 

be installed in this financial year will save irore than 50
 

million units per year equivalent of electricity. Studies
 

indicate that substantial savings in conventional fuels, such as
 

coal or oil, are possible when solar thermal systems are utilized
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as a supplementary source in a large variety of applications.
 

For the individual users, DNES has been promoting dontestic solar
 

water heating units, which are just starting, and solar cookers.
 

All these have led to the establishment, I am happy to say, of a
 

good industrial base which enables the manufacture, assembly,
 

installation and servicing of a variety of sclar thermal systems
 

all over the country.
 

Just a brief word about photovoltaics. DNES has direct
 

responsibility for programs leading tc the development,
 

production and application of solar photovoltaic devices and fair
 

progress has been achieved in this area in the Sixth Plan. The
 

program seeks to establish pilot scale production facilities
 

based on locally developed technology, and to develop and
 

demonstrate systems for a variety of applications. Production of
 

photovoltaic cells, modules and systems is now underway at two
 

units -- Central Electronics Limited and Bharat Heavy Electricals
 

iimiteO. Among the systems successfully demonstrated in india
 

are water pumping systems for irrigation and drinking water
 

supplies, community radio and tv sets, street lighting units,
 

power supplies for offshore platformis, microwave repeater
 

stations, etc. A major program taken up in the current year
 

relates to rural electrification through solar photovoltaics.
 

Under this program street lighting units are being installed in
 

over 200 villages in association with the Rural Electrification
 

Corporation, State Electricity Boards and renewable energy
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agencies in the states. Within a few months, over 40 villages
 

have already been provided street lighting powered by solar
 

phctovoltaic systems. Considering the fact that there are at
 

least ten thousand villages in the country where it will be
 

almost impossibl: or very expensive to supply electricity in the
 

conventional manner in any foreseeable future, we expect that
 

there will be good scope for the employment of photovoltaic
 

devices in the country. The feasibility of such applications is
 

particularly interesting in situations where the loads are snall
 

and the locations are distant from electricity grids. However,
 

the future demand for photovoltaics is heavily dependent on
 

achieving substantial cost reductions and improvement in
 

efficiency. We hope that improved and new technology such as
 

amorphous silicon-based photovcltaics will develop adeqLately
 

%ithin the next few years.
 

As you perhaps all know, an integrated enezgy system was
 

conceived and installed in 1982 at Masudpur village near Delhi,
 

and it has been very interesting to see the impact of this
 

relativ;ely modest project, which has already started showing
 

results in improving the quality of life for the wbole village.
 

i would like in this connection to make mention of another
 

integrated energy project which is taking shape under the Inco/US
 

program at Salojipally village in the Medak District of Andra
 

Pradesh. This particular project is being implemented with
 

support from the USAIC arid the DNES. The tiogas and photovcltaic
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device components in the village are already operational; in
 

fact, Salojipally village became the first village in the country
 

to have solar-powered streetlights. Today there are four pumps
 

operating on photovoltaic power and these are prcviding
 

irrigation facilities in a village which never had such service.
 

In addition, community tv and radio sets have been operating for
 

some time and are now an integral part of the village
 

environment. The solar thermal component of the power generation
 

project, amounting to 22 kilowatts, is expected to be completed
 

some time this year. On the whole, the Salojipally project
 

provided a valuable opportunity to Indian and US scientists to
 

gain experience in system design and integration and field level
 

evaluation.
 

Another project under the Indo/US program relates to solar crop
 

drying. This has been quite successful, and it is felt that the
 

design of solar crop dryers for rice developed under this project
 

can be commercialized very soon.
 

Other inportant decentralized energy sources are small hydropower
 

and wind energy. We have established an alternate hydroenergy
 

center at Roorkee which is presently collaborating with a United
 

States university in the development and installation of small
 

hydrogenerators and new control devices with varying load and
 

hydro systers. A wind energy center set up under the Department
 

in Allahabad and another center being established in Bangalore
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will take this area further forward we hope in a vigorous
 

fashion. P prograrr for the demonstration and large-scale
 

installation of water pulrping windmills is already under
 

implementation. Most recently, the Department has commenced
 

action on the procurement of wind electric generators and the
 

establishment of wind pumps. Two megawatts of wind pump capacity
 

are likely to be installed within the next few months.
 

DNES is also funding an R&D program in the area of
 

magnetohydrodynamics power generation with the cooperation of
 

Bharat Heavy Electricals Limited and the Bbabba Atomic Research
 

Center. A pilot project based on coal with a thermal input
 

capacity of 5 megawatts is nearing completion at Tiruchirapalli
 

adjacent to the BHEL major complex. Future large-scale
 

utilization of this technology will depend upon the development
 

of appropriate coal gasification and combustion technolcgy as
 

well as the other systems and sub-systems such as magnets,
 

plasma channel, etc. We have therefore a very direct and
 

close link with the other programs relating to improved
 

utilization of coal and improvements in the efficiency of coal, which
 

is the other part of the team present at the workshop. In this
 

connection, some of the work that is being done, for example in
 

fluidized bed boilers, has very considerable significance not only
 

in terms of better utilization of Indian coals with their high
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ash content but also for their possible fallout and applications
 

for the utilization of agricultural wastes. It is very well

known that very substantial amounts of surplus power could be generated
 

from agricultural wastes of existing farms and existing
 

agricultural operations by the utilization of inproved types of
 

bcilers, by the use of reheat from the flue gases, and also by
 

other new technologies which would enable much higher
 

efficiencies and also provide surplus power for the neighboring
 

networks.
 

There are lots of other exciting programs relating to energy from
 

the oceans, chemical sources, hydrogen, battery powered vehicles,
 

etc., but shortage of time doesn't permit me to cover all of these
 

topics.
 

I would perhaps, however, show three or four slides to point up
 

my presentation, which might be of some interest.
 

This is a picture of the Salojipally project photovoltaic
 

installations, the panels providing a small local pcwer unit 


as it were a micro-micro central power station -- which is a
 

village-level power station. This is the advantage of of
some 


these systems.
 

This is also at the Salojipally project -- one of the outlets
 

from the photovoltaic power installation, where a pump is being
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run from the power obtained from the sun directly above the head 

of the village, without having to depend on the vagaries of the
 

grid.
 

Now, this is another part of the project which has been set up.
 

What is being seer in the background is a large biogas plant and
 

in the foreground a biogas-cperated pump. So the animal and
 

human wastes of the area can also be utilized for generation of
 

energy and power. This can serve and is serving the village
 

needs.
 

This is not Salojipally, but I thought it might be interesting to
 

show a slide of a solar-lit village near Delhi called Achheja.
 

You see the street lights are transforming life in the village.
 

which never had electricity since the dawn of history. Ncw
 

they are getting it from a resource which is right above their
 

own heads.
 

This is a solar-powered television in the same village and
 

demonstrates, of course, the enormous hope for improving the
 

quality of life and getting instruction in other inputs into a
 

village scene Ly very modest investments in power. Television
 

takes only about 40 or 60 watts of power and one can provide a
 

medium whereby ideas, education, literacy programs, all kinds of
 

cultural and other inputs can he brought into the homes of the
 

villagers themselves by using solar energy, a resource available
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in abundance.
 

A part of the program that I mentioned -- improved wood stoves.
 

This is one of the village ladies who has made some of her own
 

slight modifications to further improve it, and this is now being
 

adopted in very wide measure. As i mentioned, there are
 

20 some models of these stoves which are being propagated.
 

but something like 500 thousand of these would be installed this
 

year, resulting in a savings of more than 4 lakh tons of
 

wood a year, which is equivalent to something like 16 crores cf
 

rupees annually. This is the sort of impact one can make with a
 

relatively modest improvement.
 

Another such improved stove. This is the fixed model -- the
 

other was a portable model. This also not only improves
 

efficiency of wood use and cuts the fuel wcod consumpticn by half,
 

but also reduces smoke to almost zero levels and that has its own
 

great advantage.
 

This is just a picture of the biogas unit at Masudpur where we
 

are also adopting certain integration of solar eneray. What you
 

see here is what we call a solar canopy on the bicgas unit which
 

improves its yield, particularly in the winter months.
 

This is a picture of the fertilizer which comes out as a
 

byproduct of the hiogas and, in this particular case, the
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fertilizer is being dried and packed. This can be a very good
 

scurce of fertilizer for inproving crop yields in horticulture
 

and other purposes. So one can see the wide impact in the
 

demonstrations of these programs.
 

Now, I would like in conclusion to mention t~at we are very
 

happy to once again welcome cooperation with our scientific
 

colleagues in all parts of the world -- in this particular case
 

the United States. The programs that have been going on in this
 

particular field have been in many ways an example of the way we
 

can cooperate in a mitually advantageous fashion. It is not a
 

question of great import of technology or large commercial deals,
 

but this narticular question of joint work by scientists on both
 

sides is cne which can yield results which are very interesting
 

and of great advantage and very satisfying to scientists on both
 

sides. I fee) that, the more we can do to enaLle working
 

scientists to come together and do work of interest with a
 

minimumn of bureaucratic and procedural obstacles, the better it
 

will he and the more satisfactory our work will continue to be.
 

I have every confidence that this, in fact, will continue in this
 

fashion and we shall start getting more and more results and more
 

and more applications in the shortest possible time.
 

Thank you very much.
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Thank you, Mr. Dayal, for a most interesting and thorough review
 

of India's alternate energy program. I would like this audience
 

tc know that the complete text of this morning's presentations and
 

al. the technical presentations following will be incorporated in
 

Proceedings, which each of you will receive shortly after my
 

return to the States.
 

Our next speaker would have been Mr. Varadarajan, who is Director
 

General of CSIR, but unfortunately he is ill.
 

The next speaker was to have been Mr. Puri, Chairman of BHEL.
 

However, although he desired very much to come, he is now in
 

Europe and, in his place, Mr. Sridhar will make the presentaticn.
 

Mr. Sridhar is presently the Technical Director of Bharat Heavy
 

Electricals Limited. He has held several responsible positions
 

in BHEI. He was General Manager of the Trichy plant from April
 

1976 and later became the Executive Director in charge of BHEL's
 

Overseas Projects Division.
 

I would like now to introduce Mr. Sridhar ...........
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Mr. SRIDHAR
 

1. INTRODUCTION
 

Dr. Dayal has very aptly covered the varicus areas of
 

non-conventional energy scurces which our country has so far
 

developed and what plans it has along with USAID and other
 

agencies all over the world. It is now my privilege tc present
 

to you the other areas for which all of ycu are assembled here for
 

the next two days --the conversion cf fuel and other fossil
 

energy sources through various means of transformaticn to energy,
 

what BHEL has achieved so far, what are its ongoing plans and
 

what are its futuristic plans. T am very happy to say that in
 

the last twc years the BHEL R&D programs, both in the ccnversion
 

of fossil energy sources as well as the non-conventional energy
 

sources -- whether they be magnetchydrodynamics or the solar
 

photovoltaic development -- have had a very good push, thanks to
 

Dr. Maheshwar Dayal's unstinting support.
 

Before proceeding with some of the details of my presentation,
 

for the benefit of those of cur distinguished visitors from USAID
 

fcr the first tirre, I would like to touch briefly upon what BHEI.
 

is. Bharat Heavy Electricals -- BHEL -- is the largest
 

engineering and manufacturing company in India and is committed
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to meeting the energy needs of the country. BHEL's share in the
 

total power generating capacity installed in India has risen from
 

a mere 2% in 1971 to 55% in 1983. In fact, BHEL's share in the
 

additional capacity installed in the year 1983-84 was 91%.
 

However, considering that the world average per capita
 

consumption of electricity is 1884 kilowatt hours and that the
 

corresponding figure in India is only 192 kilowatt hours, the
 

scope for further growth in installed capacity in Irdia is
 

considerable. Hence, BHEL has a very heavy responsibility in
 

fulfilling its role, for which it was set up by the
 

Covernment of India 20 years back. All efforts are accordingly
 

b:eing made by BHEL to improve the reliability and efficiency of
 

the power generation units, apart from developing technologies
 

for developing cheaper sources of power and converting it for the
 

ultimate end use. Fossil fuel energy research and development programs
 

at BHEL started in 1974. Today the -,omnpany is vigorously
 

pursuing these programs at two of its centers -- the boiler
 

manufacturing plant at BHEI. Trichy and the corpcrate research and
 

development division at Hyderabad. The objectives of these R&D
 

programs are: first, developing other fuels as substitutes for
 

oil for the boilers as well as the systems; second, improving
 

the perfcrmance of the existing power plants; third, developing
 

advanced coal-hased pouer generating systems; fourth, developing
 

systems suited to the high-ash highly abrasive coals that are
 

useO in India; five, utilizing biomass and other ivaste fuels; six,
 

assimilating data on fuels, related equipments and techncicgies.
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2.0 FOSSIL FUEL SCENARIO IN INDIA
 

2.1 Coal and Lignite
 

In India, coal is the major fossil energy used for pcwer
 

generation. It has registered a compounded growth of nearly
 

8% per annum, and is expected to grow from 50 million tons
 

in 1982-83 to 200 million tons by the end of the century.
 

The total coal resources in India are estimated at 112
 

billion tons spread over 53 coal fields. The quality of
 

coal, however, is far from consistent. As much as 40% of
 

the resources contain lore than 32% ash, which is
 

homogeneously ingrained along with the organic matter.
 

Besides, around 1185 million tons of coal as found in Sihar
 

are of low vclatile content, having less than 16%, and about
 

2500 million tons found in Assam are of high sulfur
 

content, varying from 3 to 7%.
 

There are also a few fields which yield coal coDt.ining
 

minerals of low melting point. According to an estimate
 

made in 1982, the production of washery rejects, that is,
 

the coal ccntaining about 60% ash -- from the coking coal
 

and non-coking coal washeries -- %as of the order of .5
 

million tons per annum and 4.2 million tons per annum
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respectively. About .4 million tons of washery tailings
 

were also produced. This is just to give you an idea of the
 

various types of coal -- the good, the bad, the ugly -

being mined all over the country. This is the coal for
 

which the technology has to be developed for conversion to
 

pcer generation at the most optimum and competent
 

prices. The R&D programs of BHEL are tailored to achieve
 

optimum utilization of the aforementioned varieties of coal,
 

lignite and washery by-products.
 

2.2 Oil
 

In India, due to an aggressive crude oil exploration
 

program, there has been a comfortable growth in the
 

indigenous producticn of oil and gas. Projected demand for
 

indigenous production of crude oil can he found in the
 

handout which Mr. Bienstock mentioned in the form of a
 

table (Table 1), so I will not touch much upon that. However,
 

the gap between the demand and the indigenous producticn
 

necessitates continued research on oil substitution systems.
 

W<hatever the increase in oil production which we have
 

achieved or which is in the plan, there will he a continued
 

gap between the demand and indigenous production.
 

2.3 Biorrass
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TABLE I: DEMAND FOR AN INDIGENCUS PRODUCTION OF CRUDE OIL IN INDIA 

Year 

Crude Oil 
Demand 
(Mill.Tonnes) 

Crude Oil 
Production 
(Mill.Tonnes) 

Crude Oil 
Production 
(% of Demand) 

1984-85 41 29.6 72 

1989-90 57 40.0 70 
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Today the total consumption of non-commercial energy sources
 

in India is estimated at 190 million tons of coal
 

equivalent. Out of this consumption, agricultural waste is
 

estimated at 43 million tons of ccal equivalent. The forest
 

residues, the aquatic biomass, the municipal wastes account
 

for the rest. Optimum use of biomass would gc a long way
 

toward solving the energy problem of the country.
 

3. STATUS OF R&D PROGRAMS BEING PURSUED INDIGENOUSLY
 

3.1 Ongoing Programs
 

With this background of the conventional and
 

non-conventional -- I will not touch upon the hydro portion -

energy resources available in India, I would like to briefly
 

touch upon a few of the ongoing R&D programs which are
 

currently going on at BHEL.
 

3.1.1 Atmospheric Pressure Fluilized Bed Boilers
 

First and foren-ost is the development of the
 

atmospheric pressurized fluidized bed boilers. BHEI.
 

has come a long way since 1975 when the first work on
 

the fluidized bed combustion boiler was started on a
 

small 10 tons per hour prototype boiler. I am happy to
 

say that our fluidized bed technology is almost on a
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par with whatever has been developed anywhere in
 

Europe or the United States. A test rig of .5 x .5 fm,
 

size is also available for conducting combustion
 

studies on various fuels. Regular fuels, starting from
 

washery rejects containing 70% ash, bituminous coals of
 

25 to 50% ash, biomass fuels such as hark, husks,
 

bagasse, sawdust, paper sludge, spent bagasse,
 

sclvent residue and spent liquor have been
 

successfully fired in this FBC setup at our boiler
 

plant at Trichy.
 

I will go on in my paper to discuss the startup of the 

various FBC projects undertaken by BHEL. We have so 

far designed and manufactured a process hoiler of 5 

tons per hour for a distillery; a boiler of 45 tons per 

hcur for a chemical plant; a fluidized bed hot gas 

generator replacing cil with coal; a converted 

stoker-fired boiler using bagasse to a fluidized bed 

boiler; hot gas generator with husks as the fuel; 

conversion of an oil-fired marine engine to coal at 15 

tons per hour. The 45 atms oil-fized marine boiler has 

been converted to coal using the fluieized bed 

technique; a ten megaivatt utility bciler has been 

ordered by the Tata Company for the captive power 

plart for the mines using washery rejects ccntaining 

70% ash. This boiler, cf course, is still in the 
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stages of manufacture and we do hope that in the year
 

1985-86 -- that is, around this time next year -- this
 

boiler will be working at one cf the mines near
 

Jamshedpur. A 35 tons per hour utility boiler using
 

bagasse is also on the anvil; the biggest of course is
 

a 60 tons per hour utility boiler for a paper mill on
 

the West Coast using coal, again on the anvi].
 

So we hope all these boilers, the two biggest ones a 10
 

megawatt for the Tata Iron and Steel Ccmpany and a 60
 

tons per hour for the West Coast paper mill, using the
 

worst possible coal, will be running by December 1986.
 

Table II summarizes the status of the various FEC projects.
 

3.1.2 Cil Conservation in Pulverized Coal-Fired Boilers
 

The next major R&D project which BHET. is ambitiously
 

pursuing is the conversion of oil-fired to the
 

pulverized coal-fired boilers, which are the main source
 

of power generation in the country. The petroleum
 

fuels are used in the pulverized coal boilers for
 

boiler warmup and also for lcw-load flame
 

stabilization. In view of the uncertainty of the
 

quality of the coal, the maintaining of the oi3 flame 

as a support for the stabilization of the coal flame is 

costing us quite a lot of oil. For effecting oil
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TABLE II: STATUS OF THE VARIOUS FCB PROJECTS UNDERTAKEN BY BHEL
 

Commissioning
 

S.No. Date Type of Wcrk 


Currently Operating
 

1. 1980-81 	 Process Boiler 


2. 1982-83 	 Process Boiler 


3. 1983-84 Hot Gas Generator 


Currently under Execution
 

4. 	 1984-85 Conversion of 

Stoker 


5. 1984-85 	 Hot Gas Generator 


6. 	 1984-85 Ccnversion of Oil-

Fired Marine Boiler 


7. 	 1985-86 Utility Boiler 

(10 MW) 


8. 	 1985-86 Process-cum-

Utility Boiler 


9. 	 1986-87 Process-cum-

Utility Boiler 


Fuel 


Coal 


Coal 


Coal 


Bagasse 


Husk 


Coal 


Washery 

Rejects 


Bagasse 


Coal 


Ratings
 

12 tph
 
(Steam)
 
45 tph
 

6
 
7x10
 

kcals/h
 

20.5 tph
 
24.5 ata
 
340 deg.C
 

6
 
0.8x10
 
kcals/h
 

15 tph
 
45 ata
 
400 deg.C
 

56 tph
 
24 ata
 
400 deg.C
 

2x35 tph
 
64 ata
 
485 deg.C
 

60 tph
 
40.5 ata
 
400 deg.C
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conservation in such boilers, we have undertaken the
 

following programs:
 

(i) 	 Boiler warmup ignition and flame stabilization with
 

low calorific value coal gas. This demonstration
 

project is at the peak of its execution in one of
 

the 60 megawatt power stations in or near Vadras.
 

(ii) 	 Low load flame stabilization by using a split coal
 

nozzle. This we have successfully demonstrated
 

at a power station in Haryana State.
 

(iii) 	Direct ignition of pulverized coal has
 

reached a state of commercialization.
 

We have a project at a number of power stations where,
 

except for the startup, the total support cf oil for
 

the flame stabilization can be totally eliminated by
 

the introduction of direct ignition of pulveri7ed coal.
 

We are negotiating with one or two electricity boards
 

to install it in their power stations.
 

The validity of the concept of boiler %armup ignition
 

and flare stabilization with low calorific value coal
 

gas was successfully demonstrated in a wall-fired 35
 

tons per hour, 400 deg. C, 4C atm boiler at one of our
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manufacturing plants at Hardwar. With the financial
 

support of the Ministry of Energy, the Government of
 

India, the demonstration project for the twc 60 MW
 

boilers at Ennore Thermal Power Station are in the
 

early stage of execution.
 

Regarding the low load flame stabilizaticn using the
 

split coal nozzle which we have demonstrated. we
 

find that, with the normal boiler lcads while burning
 

coals with low volatile matter content, oil may be
 

required as a support fuel for stabilizaticn even at
 

high loads. To obviate the need for such support fuel
 

for the flame stabilization, we introduced the split
 

coal nozzle about three years back. With these coal
 

nozzles, the coal flame has been stabilized without any
 

oil support up to loads of about 35%.
 

The successful application cf the high energy arc
 

ignition to oil-fired systems developed by Combustion
 

Engineering, who are collaborators on the BHEL boiler,
 

led to Combustion Engineering and BHEL applying this
 

same concept to pulverized coal-firing as well. To
 

test the suitability of such an ignition system for the
 

high ash coals available in India, we are currently
 

installing a simulated setup of 210 megawatt wind-box
 

oil compartment. Initial trials on the dense phase
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transpcrtation of coal, ignition of coal by high energy
 

arc in the laboratory setup have been successful. The
 

complete simulated test facility is expected to be
 

commissioned by March of this year.
 

3.1.3 Pressurized Fluidized Bed Combustion Boiler
 

The coal combustion studies in the pressurized
 

fluidized beds are being carried out in a test rig of
 

200 mm diameter for the Corporate R&D Division of BHEL
 

at Hyderabad. Coal model studies for the development
 

of rotary flow cyclones for application under high
 

pressure and high temperature conditions are also in
 

progress. The pressurized FBC test rig for burning 500
 

kg per hour of coal and its associated gas cleaning
 

systemare under erection.
 

3.1.4 Combined Cycle Demonstration Plant
 

Another very ambitious project to make use of our poor
 

quality of coal is the combined cycle demonstraticn
 

plant, which I do hope by November of this year wculd
 

be fully commissioned. The basic objective of the
 

coal-based combined cycle plant is to improve cverall
 

efficiency of power generation and eliminate the
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combustion and erosion problems encountered with the
 

coal-fired boilers due to the high ash coals available
 

in India. We believe that ultimately the solution in
 

Tndia for pcwer generation will be the use the high-ash
 

high-abrasives coals. The quality of the coal,
 

according to the information we are continuously
 

receiving from the Ministry of Energy, is bound to
 

deteriorate further. As it is today, because of the
 

poor quality of coal, the pulverized coal firing
 

capacity is not sufficient to generate the full power
 

for which the boilers and turbines are meant. In fact,
 

the Ministry of Energy has recently asked us whether we
 

can do something by way of supplementing the generation
 

from coal by firing oil, or by coal-oil slurry. Until
 

recently we were not very keen on doing any research on
 

the coal-oil slurry as we are concentrating more cn
 

coal-water slurry. But, because of this necessity thtt
 

has come up, supplementing the coal-fired generation
 

with oil in all of our existing power stations, we are
 

seriously thinking whether scme work should be started
 

with USAID. I discussed with Dr. Bienstock a few days 

hack whether anythirg could he done on firing coal-oil 

slurry in our coal-fired boilers at the utilities. Sc 

we believe that ultimately, after 1990, this combined 

cycle demonstration plant, which can give us an 

efficiency as high as 38 to 40% and which can wake use 
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of this poor quality of coal, will be the ideal
 

technology in India. Accordingly, several projects were
 

initiated in these combined cycle demonstration plants.
 

The basic object of a coal-based combined cycle plant is
 

to improve the overall efficiency of power generation,
 

and to eliminate the combustion and erosion problems
 

encountered with coal-fired boilers due to the high-ash
 

coals available in India. BHEIL is currently executing
 

at its Trichy unit an inhouse R&D demonstration project
 

on a combined cycle power plant of 6 VW capacity, and
 

it is expected to be commissioned by June 1985. The
 

demonstration plant would be based on a fixed-bed
 

qasifier, capable of operating at 10 atm pressure with
 

a coal throughput of six tons per hour, the gas turbine
 

with dual-firing capability which could generate 4
 

inegawatts of power. The exhaust from the gas turbine
 

would be used to generate an additional 2 megawatts of
 

po~er using the steam cycle. The fixed-bed gasifier
 

has been totally designed and developed by BREL. To
 

this atmospheric fluicizaticn facility we are later on
 

proposing to add, in the course of the next three years,
 

a 200 tons per day pressurized gasi:fier so that
 

the two would run parallel.
 

3.1.5 Magnetohvdrodynamics System
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As Dr. Dayal already mentioned, in the area of
 

magnetohydrodynamics the 5 megawatt thermal input
 

pilot plant is under the final phase of commissioning
 

at Tiruchirapalli. This plant has been funded by the
 

Department of Ncn-Conventional Energy Scurces, the
 

Ministry of Energy of the Government of India, and is
 

being jointly executed by EHEL and the Bhahha Atomic
 

Research Center.
 

These are some of the ongoing projects on coal
 

utilization which BHEL has been executing.
 

3.2 New Programs
 

Some futuristic R&D programs which we want to undertake are
 

the development cf the circulating fluidized bed combustion
 

technology sc that we can upgrade from our existing
 

capability of 30 megawatts to about 6C megawatts, ash
 

agglomeration furnace which I will briefly touch upon,
 

coal-%ater slurry combustion and, of course, the latest idea
 

that has struck is the coal-cil slurry combustion.
 

The first phase of the circulating fluiCized bed combustion
 

project is aimed at developing the solid recirculaticn ir a
 

fluidized bed, for which a cold model test rig has been set
 

up. The hot mcdel and the pilot plant studies will be taker
 



up during the next phase. In the meanwhile, technologies
 

available from abroad are being scanned fox developing
 

boiler capacities of 60 megawatt and higher using the
 

circulating fluidiztd '.ed techniques. Mcst of the problems
 

cf power stations in .ndia are attributed to the erosion of
 

pulverizers, the boilers and the conveying system, and
 

inadequate stabilization of the flame, also attributable to
 

the high ash content of the coal 2vailable in the country.
 

To overcome these problems, it is planned to develop an ash
 

agglomeration furnace in which only crushed coal is used and
 

the entire ash, or a substantial portion of the ash, is
 

removed in a molten forn so that the rest of the boiler, the
 

ID fan system, and the electrostatic precipitator are free from
 

the high ash that is passing through them. A test rig to
 

burn 140 kg per hour of coal is under construction. Some
 

success has been achieved in obtaining stabilized coal-water
 

slurry and firing it in a fluidized bed combustor, and
 

further wcrk with our atomizer burners is being planned and
 

the subject will be eiscussed in detail ir the next two
 

days.
 

4. STATUS OF P&D PROGRAMS BEING PURSUED JOINTLY TITH USAID
 

I would like to briefly touch upon the status cf the R&D
 

progzan's being pursued jointJ' with USAID. My colleagues 

whc are here will be presenting detailed papers on this
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just briefly touch upon them.
 today and tomorrow, but I will 


4.1 Ongoing Programs
 

BHEL and USAID have jointly undertaken the following
 

R&D programs. First, the evaluation of freeboard
 

performance in a fluidized bed combustor, writing of
 

the design of a 30 megawatt fluidized bed combustion
 

boiler developed by BHEL which we are trying to
 

commercialize, combustion studies on the coal-%ater
 

slurry, and the development of the hot gas cleanup.
 

The spadework regardaing the project on the evaluation of
 

freeboard performance in a fluidized bed combustor is
 

complete. The instrumentation and control, including
 

the data acquisition system to be supplied by USAID, have
 

been finalized and this will be shipped to India very
 

shortly. The test rig is being set up at the boiler
 

plant at Tiruchirapalli and is expected to be
 

commissioned by April 1985. USAID has also deputed one
 

engineer from Oak Ridge National Laboratory to work
 

with BHEL engineers on this project. The engineer has
 

so far made very appreciable contributions to this
 

project.
 

The design package for a 30 megawatt fluidized bed
 

combustion boiler is to be handed over to the engineers
 

of the Tennessee Valley Authority after the conclusion
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of the Workshop.
 

Regarding the combustion studies on the coal-water
 

slurry and the development of hot gas cleanup system,
 

the work planned for these projects has been completed
 

and the necessary approvals obtained. As part of the
 

first project, CFRI of India is also associated while,
 

on the second, RRL of Hyderabad is also associated. It
 

is expected that during the year 1985-86 these two
 

projects will make substantial progress.
 

4.2 Proposed Programs
 

I have been talking to Dr. Bienstock about some more
 

rropcsed programs on which BHEL would like to explore
 

the possibility of taking up joint work with USAID in
 

the following areas: (i) a 30 megawatt fluidized bed
 

combustion boiler demonstraticn plant after the design
 

is completed and we get the assistance of USAID. The
 

next phase is to put up a demonstration plant somewhere
 

in India to burn this high-ash coal. Other mentioned
 

areas include (ii) reirculating fluidized bed
 

combustion boilers for larger capacity units.
 

As I said earlier, BHEL is not just engineering and
 

manufacturing the boiler alone. BHEI. is also in the
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total energy business of converting the basic energy
 

from the source to the ultiirate utilization point. We
 

also make the turbines, generators, transformers and
 

whatnot.
 

With this background in mind, we want to take up if
 

possible with USAID a total system development. The
 

fuel is to be converted to heat energy either through
 

fluidization or gasification, whether it be coal, rice
 

husks, bagasse or the coal washery rejects. With these
 

basic sources of fuel available, what is the
 

appropriate technology to be developed through
 

fluidization, gasification, combustion to the heat
 

energy, and the development of the heat energy to the
 

electrical or mechanical energy through development of
 

suitable engines or gas turbines or hct air turbines,
 

coupled with the cogeneration philosophy. I have beer
 

discussing with Dr. Bienstock if there is any way by
 

which, apart from the fluidization gasification on
 

which a lot of work has been done, the development of
 

the Sterling engines or any other biomass engines, or
 

air turbines and gas turbines, can be undertaken. We
 

have been talking with a number of gas turbine and gas
 

turbine manufacturers for we are interested in
 

developing a total system from the basic energy raw
 

materials to the ultimate mrechanical or electrical
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power. Some work we are trying to do on cur own on the
 

development of hot air turbines, hot air engines,
 

Sterling engines, etc. which all can make use of the
 

heat generated through gasification or ccmbustion from
 

biomass low-grade fuels, coal rejects or even solar
 

energy and, last but not least, the waste heat that is
 

going through our furnaces. If we are able to develop
 

a suitable low-temperature high-efficiency engine, the
 

entire waste heat going through in all of cur
 

industries can be used for generation of power. It is
 

a very ambitious plan on which we are doing some work
 

ourselves but, if USAID can help us in this, it would be
 

a boon to power development in this country.
 

I think I have taken much time on this. I am vezy
 

happy that I am here today and will also be here
 

tomorrow. A lot of my colleagues are participating.
 

The workshop that was held here more than a year back
 

was very pleasant with a lot of useful ideas. BHEL
 

has in the last year, I am very happy to say, with
 

USAID's assistance done considerable work in the
 

conversion of fossil energy, and i am sure we will get a
 

lot from the next few days.
 

Thank you.
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EVALUATION OF FREEBOARD PERFORMANCE IN A
 
FLUIDISED BED COMBUSTOR
 

RPKRISHNAN, S CHANDRASEKARAN, AVVMURTHY, CBHASKARAN & SSHANMUGAM 

ABSTRACT: A collaborative research project funded by the U. S. Agency for International 
Development (USAID) and Bharat Heavy Electricals Limited (SHEL), has been initiated at the 
BHEL high pressure boiler plant site in Trichy, India. The project involves the design, erection and 
commissioning of a one metre square cross section atmospheric fluidlsed bed combustor (AFBC). 
The test facility will be used to obtain engineering and performance data on the combustion and 
heat transfer in the freeboard region of the AFBC, High-ash Indian coals, low grade fuels and 
high-sulfur U. S. coals will be tested in the combustor, The energy Systems Group (ESG) at BHEL. 
Trichy and the Oak Ridge National Laboratory, USA have the joint technical responsibility for carry
ing out the project. 

This paper describes the objectives, project schedule, current status, design details of the combustor 
and auxiliary systems, test program and instrumentation and control. 

1.0 	 INTRODUCTION & BACKGROUND 

In order to distinguish the gas and sJids flow 
pattern in a fluidised bed, the bed is divided 
into three distinct regions (see fig. 1). Close 
to the bottom of the bed is the air distributer 
region which is composed of small gas jets or 
bubbles. Above this region, is the bubbling 
bed region, where the gas bubbles coalesce 
and rise to the surface of the bed causing the 
bed to expand in height and simultaneously 
allowing the solids and the gases to mix. The 
region above the expanded bed is referred to 
as the freeboard region. Here, the gas bubbles 
collapse at the bed surface and the solid par-
ticles are thrown up in the free space. Depen-
ding on the particle size and the gas velocity, 
the particles thrown in the free board are either 
carried out of the bed by the gas stream or dis-
engage from the gas and fall back into the bed. 

The freeboard space in an FBC Boiler has 
several important functions which affect the 
overall design and performance of the boiler. 
These are 

Provides additional residence time for the 
unburnt crbon fines carried by the flue 
gases to burn :!nd thereby enhance com-
bustion efficiency. 

" 	 In FBC systems employing overbed feeding 
a significant amount of the combustion 
occurs in the freeboard. 

0 	 The heat released during combustion in 
the 	 freeboard could be substantial and 
needs to be extracted for higher thermal 
e e ncy. 

efficiency. 

4 	 Apportioning of boiler tube surfaces in 
the "BED". "FREEBOARD", and "CON-
VECTION ZONES" depends a great axtent 
on the freeboard heat release. 

Dust loading in the freeboard affects the 
cycloncand bghouse performance down
stream of thecombustor. 

" 	 Sorbent fines elutriated from the main bed 
into the freeboard could be further utilised 
to drap additional Sulfur-oxide pollutant 
by proper freeboard design. 

Nitrogen oxide pollutants released during 
combustion can be suppressed by sele

ction of the proper freeboard geometry 
and operating conditions. 

Design of the reinjection system for racy
cling flyash and unburnt carbon into the 

main bed, typically employed in FBC 
systems, is affected by freeboard geometry 
and the extent of combustion/heat 
transfer in the freeboard. 

Although the importance of the freeboard has 
been recognised, very little quantitative infor
mation is available to design the freeboard 
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region. Major uncertainties exist in the 
combustion rate, the heat transfer rate, the 
solid particle inventory (solids loading), the 
particle size distribution, the gas and solid 
temperatures and the gas composition. While 
some information is available ftom operation 
of Pilot plants and other FBC test facilities, 
(B&W'EPRI 2m x 2m- 6' x 6'; Pope, Events 
and Robbins lm x 1m - 3' x 3'; Leatherhead, 
UK im x 0.8m - 3' x 2'; TVA/EPRI 20 MWe 
AFBC Pilot Plant) the data are not adequate 
to satisfactorily design the freeboard. 

The literature on heat transfer in the in-bed 
region (bed-to-tube) is fairly comprehensive, 
A recent review by Sastry and Sambasiva Rao 
(1983) describes most of the partinent lite-
rature and correlations developed for the in-bed 
heat transfer coefficient. With respect to the 
freeboard region, the work of Byam et al, 

(1981), George and Grace (1982), Xavier and 
Davidson (1981), contain experimental data 
on overall convective heat transfer coefficient 
in the "splash zone" (near the active surface) 
of the fluidised bed, with the exception of 
Byam et al. (1981) these investigations were 
conducted in relatively small beds with sand 
particles. 

Byam et al. Studied the heat transfer to tubes 
in the splash zone of a PFBC. The combustor 
was 1m X 0.6m (3 ft. X 2 ft.) cross section and 
operated on coal. The bed contained 1.25" 
tubing arranged on 3.5" horizontal and 3" 
vertical pitch. The tube bank extended from 
1.3 to 3 ft. above the distributor and simulated 
designs proposed for commercial units. The 
cooling medium was water. The extent and 
position of cooling could be varied during 
operation. Measurements of heat flux in the 
splash zone were made at different bed depths, 
bed temperature, pressure and excese air. In 
the experiments, the amount of cooling in the 
tube bundle located in the splash zone was 
varied by varying the cooling. The corres-
ponding increase in the heat input required to 
maintain a constant bed temperature was taken 
as a measure of the heat extracted by the free-
board tubes. Two basic configurations were 
examined: (1) in one set of experiments all 
the tube banks were immersed in a 9' deep bed 
and (2) in the second set of experiments, 
part of the tube bank was immersed in a 4 
deep bed. Under steady state conditions the 
heat transferred to the freeboard circuits was 
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obtained at bed depths ranging from 4' to 9' 
at different bed temperatures. The data ob
tained in (2) was piotted as a fraction of t'ie 
heat transfer co-efficient when all the tubes 
were immersed, i.e., from (1). An experimen
tal decay type correlation was developed for 
the overall heat transfer co. efficient in the 
"splash zone" as a function of the heat trans
fer co-efficient in the bed. 

Although this work represents an important 
contribution to " freeboard heat transfer ", the 
results focus on a very limited but important 
region in the freeboard. This kind of study 
should be extended beyond the splash zone in 
the freeboard to understand the combustion, 
heat transfer, sorbent utilization with and 
without flyash recycle. 

Krishnan et al. (1983) studied the combustion 
of Western Kentucky No. 9 coal in a 25 cm 
(10 in.) combustor with a 1.8 m (6 ft.) free
board and a 42 m (14 ft.) freeboard. Test 
conditions were estricted to bed temperature 
near 845"C (1550* F), superficial velocity of 
1.2 and 1.8 mis (4 and 6 ft/s), static bed debth 
near 0.75 m (30 in.) and excess air 15 to 30%. 
The bed material was sulfated limestone 
(mean particle size 730 microns). Four distinct 
coal particle size cuts ranging from 1800-150 
microns were tested. The combustion trends 
observed in the "short" and "tail" configu
rations, indicated some additional degree of 
freeboard combustion especially near the 
active bed surface with the tall freeboard. 
However, the dat, were not sufficient to 
quantify the extent of freeboard combustion. 

The extent of h&at released in th3 freeboard 
(freeboard combustion) is generally assumed 
to be around 10-20% of the coal heat input for 
an underbed coal fed AFBC system. This is 
again based on limited test data for specific 
operating conditions (B Er W 6' x 6' tests) and 
may or may not be applicable beyond the 

limited range of test data. Most of the experi
mental work in the U. S. is with relatively deed 
beds which may not be extrapolatable to the 
shallow beds used in India. The freeboard 
combustion may be more predominent in 
shallow beds because of the larger concent
rations of oxygen available in the freeboard. 
Again with overbed fuel feeding, the percentage 
of freeboard combustion is bound to be higher 
than with underbed feeding because of the 
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fines escaping to the freeboard as obtained in 
the TVA 20 MWe Pilot Plant Data. This 
again needs to be quantified for Indian coals
and 	 washery rejects. 

The proposed study is an attempt to perform a 
detailed investigation of the freeboard region. 
For this purpose, a lm X 1m (3 ft. X 3 ft.) 
experimental fluidised bed combustor adequa-
tely instrumented to bridge the existing data 
gaps has been suggested. It is also expected 
that together with the freeboard data, a broad 
but specific engineering and performance data 
base on the combustion characteristics of high 
ash Indian coals and other fuels sufficient for 
the design and scale up of commercial size 
AFBC (upto 30 MWe) can be generated from 
this effort. 

2.0 PROJECT OBJECTIVES 

This project is a detailed investigation on a 
specific region of fluidised bed combustor de-
signated the ,freeboard region" in an experi-

3.0 PROJECT SCHEDULE AND CURRENT 

mental test facility with the following objec
tives. 

* 	 Design. construct and commission a imeX
1 m cross section atmospheric fluidised 

bed combustion (AFBC) research test 
facility at BHEL-Trichy. 

Gather performance data on ,ombustion, 
heat release and heat transfer rates along 
the freeboard height. 

Obtain data on dust loading and gas com
position along the freeboard height. 
Obtain combustion efficiency/carbon burn

up data as a function of fuel type and size. 
Obtain data on SO/NO, emmissions in 
the freeboard and their effect on unit 
emmission and sorbent utilisation. 

Correlate experimental data in terms of the 
design and operating parameters for per
formance prediction and scale up to large 
AFBC system. 

STATUS 

The following tasks and schedule have been identified to achieve the objectives stated in section. 2 

Task No. Tasks Description 

Detailed Engineering Design of the 
test facility, and specification of 
instrumentation 

2. 	 Freparation of the design document 

3. 	 Review of the aesign by FBC organi-
sationsiexperts in the US with BHEL 
Engineers 

4. 	 Ordering of special instrumentation 
from the U. S. 

5, Preparation of manufacturing draw-
ings, procurement of materials and 
equipment and fabrication of 
components 

6. 	 Erection and commissioning 

7. 	 Testing, data gathering and data 
analysis 

8. 	 Final report preparation 

Start Date Completion Date Current Status
 

November '83 March '84 Completed
 

March '84 

June '84 

July '84 

October '84 

March '85 

June '85 

June '86 

BHEL will continue the testing through 

May '84 Completed 

August '84 Completed 

October '84 Completed 

February '85 Ongoing 

May '85 

July '86* 

August '86 

December 1986 
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•40 DESIGN DETAILS 

The detailed engineering design of the corn-
bustor, including the anxiliary systems, the 

test program and specification of instrumenta

tion for ths test facility are described below : 

41 General Arrangement of the Test 


Facility 

will be located in the Fossil 
The test facility 
Energy Development Complex along with the 
existing FBC test rigs. The existing peri
pheral facilities such as water treatment plant, 
condensate storage tank, air cooled conden-
sers, coal preparation, coal handling, chimney 
and other utilities will be utilised for the test 
facility. The overall systam arrangement is 
shown in Fig. 2 

Coal and limestone contained in storage 
bunkers will be metered by gravimetric feeders 
and fed pneumatically underbed as a mixture 
into the combustor. Provision to feed the 
coal/limestone mixture overbed is also made 
in the design. The forced draft fan/roots 
blower (5000 Nm'/h, 2600-3000mm water 
column) used for combustion air will also 
supply the necessary air at the required 
pressure for transporting the fuel. An electrical 
preheater or a fluidised bed airheater will be 
provided to preheat the air as needed. The 

combustion gases will pass through two sets of 
cyclones (primary and secondary). Provision 
to re-cycle the flyash collected from the 
cyclones into the combustor is also made. 
Isokinetic dust sampling probes will be 
provided at the inlet and outlet of each of the 
cyclones. Space has been set aside for ins
tailing and testing a baghouse at a later stage. 
The flue gases from the secondary cyclone 
will be vnted through an induced draft 

system to the existing chimney. 

The bed material will be drained periodically 

through overflow pipes located at several ele-

vations along the height of the combustor. The 

bed material will be cooled and stored in bins. 
a bottom drain is also providedIn addition, 


for draining the bed material when needed. 


4.2 Combustor 

aThe fluidised bed combustor is designed as 

hot water generator (65 tonsir at 10 kgrcm(g) 

pressure and 179'C) with the following fea-

tures. 
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Variable bed height (300 mm to 1300 mm) 

a Variable freeboard 
6000 mm) 

height (1000 mm to 

0 
Refractory lined wa
Recycle of solids 

lls 
from the primary and 

secondary cyclones into the main bed 

•Underbed or overbed coal/sorbent feed. 

Overfire air 

The four sides of the combustor upto 2000 mm 
(6.6 ft.) height from ti.3 distributor plates are 
ref.actory lined. One side wall is detachable. 
The detachable wall carries the in bed tube 
bundles. The number ot tube layers and the 
pitch of the tubes can be varied by dropping 

the detachable wall. A provision is made to 
insert a water wall test loop in the side oppo
site to the detachable wall. The water wall 
test loop consists of three sections each of 
600 mm height and connected in series. The 
purpose of the waterwall test loop is to measure 
the heat pick up in the bed wall region. 

The combustor height will be initially set from 
ground level at 7.5 m (24.6 ft.) in Phase I and 
later extended to the maximum height of 11 m 
(36 ft.) in Phase II. The four sides of the 
freeboard are refractory lined. Provision to 
insert water wall test loops along the freeboard 
height at selected locations, to measure the 
heat pick up is also made in the design. The 

heat pick up will be cross checked by installing 
heat flux meters at the selected locations. 

The convective tube bank will be located at 

tneexit of the freeboard. The tube bank will 
be horizontal. By moving the convection tuba 

at thebank, the freeboard height will be set 
desired level above the expanded bed (1000mm 

to 3000 mm in phase I and 1000 mm to 

6000 mm in Phase II). The convection tube 

bank will be raised cr lowered by an overhead 
chain block. The flue gas temperature at the 

outlet of the combustor is expected to be 

around 400'C. 

A nozzle type air distributor plate bolted to 

the windbox will distribute the air enzqring the 

combustor. The coal/limestone mixture and 

recycled fly ash will be fed through individual 
nozzles attached to the distributor plate. 
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The combustor will be bottom supported. The 
maximum height of the combustor will be 11m 
from the distributor plate. Provision for 
pressure, temperature, heat flux measurements 
gas and soiids sampling, overfire air and man-
hole doors for charging and lighting-up of the 
bed are made along the side walls. 

Start up the bed will be achieved by sprinkling 
charcoal and kerosene on the bed surface, and 
controlling the fluidising velocity until the 
bed attains the desired temperature 
feeding will be initiated. 

when coal 

Fig. 3 is a 
combustor. 

detailed representation of the 

4.3 Auxiliary Systems 

A brief description of the coal.limestone feed 
system, flyash recycle bed overflow and bed 
drain, fiyash disposal particulate removal, air 
distributor, air/flue gas and water circuits is 
given below i 

Flexibility has been built into the coal/lime-
stone feed system design to permit either 
underbed or overbed feeding. In the underbed 
feeding mode, coal and limestone are discharg-
ed from the individual bunkers to the respec-
tive gravimetric feeders. The coal and lime-
stone are mixed before they enter the constant 
speed rotary air-lock feeder. The coal/lime-
stone mixture is then pneumatically injected 
into the bed through the coal feed nozzle in 
the distributor plate. The pneumatic trans-
port line is sized to permit the operation of the 
combustor with Indian coal, US coal and 
rejects. The line size is 76.1 mm (3") OD 
8mm thickness for Indian coal and US coal; for 
washery rejects the line size is )9.5 mm 
(3.5") OD 4.85 mm (0.2") thickness. 

The schematic of coal/limestone underbed 
feedi system is shown in Fig. 4. In the over-
bed feeding mode the coal and limestone ara 
individually metered by the gravimetric feeders, 
mixed, and fed by a screw feeder. The sche
matic of the overbed feeding system is shown 
in Fig. 5. 

Fly Ash Recycle 

The facility has provision for reiniecting the 
'ly ash collected in the ash overflow hoppers 
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located beneath the primary and secondary 
cyclones. The overflow ensures that a con
stant level of fly ash can be maintained in the 
hoppers during recycling. The ash from the 
hoppers enters a variable speed rotary air lock 
feeder. It is then pneumatically injected 
underbed through the feed nozzle provided in 
the distributor plate. The ash can also be 
injected overbed to compare the performance 
with underbed recycle. 

The recycle system is designed for recycling 
upto 5 times the coal feed rate for Indian coal 
and US coals and upto 3 times for washery
rejects. Two lines drawn separately from a 
single feeder will handle the recycle stream. 
The line size is 108 mm (4")OD and 8 mm(0.3") thickness The schematic of fly ash 

recycle system is shown in Fig. 6. 

Bed overflow and Bed drain 
Provisions ar9 made along the combustor 
side wall at specified elevations for overflow 

of the bed material in order to maintain a de
sired operating bed height. The number and 
location of the overflow tappings are shown in 
Fig. 7 When operating with Indian coal and 
rejects, the overflow elevations between 
350 mm (1.15") and 760 mm (2.5") will be 
operative. The bed can be operated at five 
different bed heights at intervals of 100 mm 
(4"). When operating with US coals the bed 
height can be maintain3d at 1100mm (3.6 ft.). 
1300mm (4,3 ft.) and 1500mm (4.9 ft.). This 
type of bed overflow arrangement is being 
successfully used in the BHEL existing facilities 
and commercial FBC boilers. 
In addition to the bed cverflow pipes a bed 
drain pipe 108 mm (4") OD is installed at the 
bottom of the bed to periodically drain the bed 
materiai when required during underbed feed 
operation, During overbed feeding, a water 

cooled rotary air-lock feeder will be installed 
in the drain pipe to facilitate continuous dis
charge of the bed material. 
Fly ash disposal 

Fly ash from the ash over flow hoppers located 
beneath the prirnary and secondary cyclones. 

which is not recycled will be collected and 
storec in bins and sent to the ash ramp for 
disposal. Provisions are made in the overflow 
piping for collecting the samples of ash for 
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analy'sis. The fly ash transport line is 76.1 mm 
(3")OD and 5 mm (0.2") thickness. 

The schematic of the ash disposal system is 
shown in Fig. 6. 

Air and Flue Gas System 

The combustor will be designed for balanced 
draft operation on air and gas side. The 
combustion and fluidizing air will be supplied to 
the combustor by a forced draft fan or a roots 
blower. The pneumatic transport air for the 

coal/limes tone and fly ash recycle will also be 
supplied by the same fan/blower by tapping a 
line after the air preheater. The air flow 
quantities will be metered. An electrical air 
preheater/fluidized bed air heater will be used 
to preheat the combustion air from 40'C (900 F) 
to a maximum of 357°C (675°F). The combus
tion products will flow through the freeboard,conecton anka~i searaorsandcylon 

will be discharged to the chimney by the 
induced draft fan. The flue gas leaving the 
combustor will be around 4000C (750°F). The 
air/gas system is shown schematimally in Fig. 8. 

Water Circuit 

The total quantity of deminrrelized (DM) 
water required in the test fbcility will be 
supplied from the existing 0M water tank. At 
the start of the test, the DM water will be 
pumped to the condensate storage tank (CST) 
and stored. The required quantity of water 
will be drawn from the CST and pumped 
through the inbed tube bundle, convection 
bundle ar; i water wall circuit. Four feed water 
pumps, one with 15 t/hr capacity at 20kg/cm2 

pressure, and the other 3 with a capacity 
of 25t h, each at 20 kg/cm2 pres3ure are 
specified. The hot water generated in the 
combustor approximately 10 kg/cm 2(g) 
178 0C (350'F) is sent to the air cooled 
condensers/coolers. The cooled water flowsto CST from where the water is recirculated 
through the system. The schematic of the 
water circuit external pipe lines, cooling and 
water recycle system is shown in Fig. 9. 

Particulate Removal 

The particulate removal system is designed to 
separate the solid material (unburnt char, 
flyash and bed material) from the dust laden 
flue gas. The system consists of a primary 
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cyclone and a secondary cyclone. The 
quantity of dust handled in the particulate 
removal system is approximately 3000 kg/hr 
(6612 lbs, hr) at a temperature of 355°C 
(671'F). The dust quantity has been esti
mated assuming a recycle ratio of upto 5 to 1 
(fly ash-to-coal) for Indian Coal and US coal, 

and 3 to 1 for rejects. The material collected 
inthe primary cyclone and secondary cyclone 
is recycled to the bed. The design of the 
primary and the secondary cyclones is based 
on the Stairmand design proportions. The 

overall collection efficiency based on the 
Stairmand design efficiency curves is esti
mated to be 88.6% for the primary cyclone 
and 70% for the secondary cyclone. 

The particle size range is taken to be between 
10 to 350 microns for the primary cyclones 

an 10 to 200in f the scodarcyclones. The dust loading of the exist flue 
gas from secondary cyclone is estimated to be
1 8 gm/ms at 3500C (660 0F) Fig. 6 shows 

thefy clesy 

Air Distributor 

The distributor is a nozzle type design and has 
the flexibility to accommodate the range of test 
variables, i. e. fluidization velocity, bed height, 
underbed recycle, underbed coal limestone 
feed and coal/limestone particle size. In addi
tion, the distributor plate is designed to meet 
the pressure drop during cold fluidisation 
operation. Three distributor plates are envi
saged to cater to the above operating range. 
The overall dimensions of the three distributor 
plates are 1150 mm square (3.8 ft. x 3 8 ft.) 
and 10 mm (.4") thickness. 

5.0 TEST VARIABLES & TEST CONDITIONS 

The design of the combustor and auxiliary 
systems has been made to provide the necessary engineering/process data to perform the 
material and energy balance in the main bed 
and freeboard. The variables of interest are 
superficial velocity, expanded bed height, bed 
temperature, excess air freeboard height, coal/ 

sorbent ratio and fly ash, recycle ratio. Three 
different coals namely bituminous high sulfur 
US coal, high ash low sulfur Indian coal, and a 
washery reject will be tested. Because of the 
wide variation in the composition and heating 
value (see table 2), the test conditions will be 
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different for those coals. For example the low usually restricted to 850°C max. The lower 
sulfur ccuntent Indian coal and rejects compared operating temperature with US coals is due to 
to US coali will not require limestone-sorbent the adverse effects of temperature on sulfur 
for bed material. Crushed refractory/ash will retention beyond 850°C. 
constitute as the bed material. Again theoperating bed depths in the case of low sulfur To achieve the wide range of test condihigh ash Indian coals will be much halow tions listed in table 2, it is proposed to vary 
(300 to 700 mm) compared to deep beds (1200 primarily the immersed heat surface in the bedto 1500 mam) as in the case of US coals. by either rfducing the pitch or retracting

specific layes of tube bundle or both. How-
Furthermore the maximum operating bed tem- ever, if this cannot still meet the requirements' 
perature can be upto 950°C for Indian coals, the combustion air preheat temperature will be 
whereas for US coals the bed temperature is controlled to attain the desired conditions. 

TABLE 2 

VARIABLE TO BE INVESTIGATED IN THE TEST PROGRAM 

S. No. VARIABLE VALUEiRANGE 

1 Coal Type Coal Washery Indian U. S. 
Rejects coal coal 

C 25.60 51.7 71.2 
H 2.02 3.21 5.1 
N 0.9 0.87 1.3 
S 0.3 0.49 4.3 
0 1.40 8.69 6.3 
Moisture 1.31 6 85 3.3 
Ash 68.47 28.20 8.5 
HHV Kcal/kg 2410 4892 7317 
(Btu/Ib) (4333) (8805) (13.190) 

2 Coal particle size 6 mm X 0 mm (1/4" X 0") 
6 mm X 1 mm (1/4" X 1/25") 

3 Bed Material Size 
25.4 mm X 0 mm (1" X 0") 

a. Crushed RefractoryAsh ... 3 mm X 0 mm (1/8" X 0") 
(underbed feeding) Weighted average size 800 microns 

b. Crushed Refractory/Ash 4.5 mm X 0 mm (3/16" X 0") 
(Overbed feeding) Weighted average size 1200 microns 

c. Limestones (underbed feeding) ... 3 mm X 0 mm (1/8" X 0") 
Weighted average size 600 mIcrons 

d. Limestone (Overbed feeding) ... 4.5 mm X 0 mm (3/16" X 0") 
Weighted average size 1000 Microns 

4 Bed Temperature ... 800 - 950°C (1472 - 1742-F) 
5 Superficial Velocity ... 1.2  3.0 m/s (4.0 - 10.0 ft/s) 

6 Expanded bed depth ... 300 - 1500 mm (0.98 - 5.0 ft) 
7 Excess air ... 5 - 30% 

8 Freeboard height ... 1000- 6000 mm (13.3 - 19.7 ft.) 

9 Ca/S Molar Ratio ... 1.5 - 3.5 
10 Recycle Ratio ... 1.0- 5.0 (U. S. & Indian coals) 

1.0 - 3.0 (Washer rejects) 
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An important parameter in the test programme 
will be the recycle of fly ash. The etfect of 
varying Ihe recycle ratio on combustion effici-
ency, heat releae in Ihe bed and freeboard. 
sulfur retention in the bed and freeboard, dust 
loading and size distribution, gas compositions 
and temperature profile in the freeboard will be 
quantified to the extent possible. Despite the 
small size of the combustor. tesfs will be con-
ducted to evaluate underbed and overbed 
feeding modes. These tests are intended to 
shed light on the overall system performance 
and engineering of feed system design. 

The physical and chemical analysis of the coals 
sorbent, fly ash and other solid sampie stieams 
will be routinely made during the test. A de-
tailed test programme matrix will be prepared 
prior to the actual testing in the unit. 

6.0 INSTRUMENTATION 8- CONTROLS 

for con-Conventional controls are adopted 

trolling pressure and temperature. On the air 
side, the transport air, fluidising air and over
fire air will be controlled by regulating the 
dampers provided in the forced draft fan roots 
blower. These dampers will be modulated by 
pneumatic actuaturs. Water flow in tre bed 
and convection tube bundles will be inde-
pendently controlled to regulate the desired 

flow in the tube bundles. The flows will be 
in acquisionmonitored and logged the data 

system. 

Pressure measurements will be made at every 
100 mm spacing along the bed 

Gas Emission Model 

03 755 

CO, 864 

CO 864 

SO, 865 

NO, 951A 

HC 400 

height upto 

2 m bed height and at selected locations 
above 2 m. The bed temperature will be 
monitored at two locations; one at 50 mm 
elevation and another at 150 mm elevation, in 
the combustor. The temperature in the free
board and convection zones will be monitored 
at selected locations by providing suitable 
ports to insert thermocouples. Measurement 
of heat flux in the bed, and before and after 
the convection tube bundle will be made in 
each experiment at fixed freeboard heights. 
The heat flux meter will be installed aiong thie 
four walls at 2500, 3500, 4500, 5500, 6500 
end 7500 mm elevations. 

A schematic of the pressure, temperalute and 
heat flux measurement points are shown in 
Fig. 10. Two gravimetric weigh belt feeders 

are proposed to monitor the coal feed and the 
limestone feed continuously within the 

accuracy of +- 0.5% 

GAS SAMPLING SYSTEM 

The composition of tne flue gos will be 
monitored in three locations (one in the bed 
and two in the freeboard). A Backman gas 
analysis system for continuous monitoring 

CO, CO2, SO ., NO , and totalof the 0, 
this purpose.hydrocarbons wiii be used tor 

The gas compositions will be recorded, dis
played and fed into the data acquisition 

system. The principle and range of ihe indivi
dual gas analyzers are given below: 

Principle 

Paramagnetic 

Nondispersive Infrared 

Nondispersive Infrared 

Nondispersive Infrared 

Cheirluiinescence 

Flame Ionization 

52 

Range 

0,5, 10, 25 E 50% 

0,5, 20% 

0-1000. 5000 ppm 

0-2000, 10000 ppm 

0-10, 25, 100. 250, 

1000, 2500 

10000 ppm 

0-4 ppm 
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DATA ACQUISITION AND ANALYSIS 
SYSTEM 

As the data collection and and analysis is 
given prime importance in the exper;inental 
test facility, a versatile data acquisition system 
will be employed to gather upto 1000 data 
points, and simultaneously process the data, 
display and transmit the data to the existing 
BHEL computer. A Hewlett Packard Model 
3054A system having the following subsystems 
I bNew 

1. 	 Colour Desktop Computer 

2. 	 Data Acquisition/Control unit with exten-
dors. 

3. 	 Inkiet Printer 

4. 	 Graphics Plotter 

5. 	 Backup Computer 

6. 	 Modem to transmit signal to the main 
existing ICL Computer, 
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QUESTIONS & ANSWERS 

COAL CONVERSION, FIRST DAY 

Q: Why is this work being undertaken when you are 

commercializing fluidized bed combustors? 

A: Y. P. Abbi: When we set up the 10 ton/hr facility, it 

was a prototype unit and we had apparently some 

objectives such as knowing the combustion efficiency 

and the heat transfer coefficient in the bed. We have 

data and, on the basis of that, we were able to design 

but that is not the end of it. It is not the most 

optimum design; for example, particularl in the area 

of freeboard on which this project is concentrating, 

we have kept the height of the bed based only cn the 

state of the kncwledge as cf that date and presumed 

certain parameters. We find that these parameters are 

not t-tally right and we have to cptinize in that area. 

if we are able to design the freebcard in the most 

cptimum manner, then an optimum boiler design can be 

obtained. 

Q: C. R. Cavale: We have heard about the fluidized bed 
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system here and, in one of the slides, you mention the
 

retention of sulfur in the bed. Secondly, you talk
 

about the high ash content of coal. Third, can we use
 

any kind of coal, even lignite, or Assam coal which
 

has a lot of sulfur? Also, how about the metallurgical
 

aspect. Have you taken care, during the design, of
 

these 	aspects?
 

A: 	 Y. P. Abbi: This fluidized bed system can use any
 

grade of coal, including lignite. :t can use washery
 

rejects and, as our Director pointed out this morning,
 

a number of coals have been tested -- bituminous,
 

subbituminous, even washery rejects. Regarding the
 

metallurgical aspects, we have been closely watching
 

the in-bed tubes where the particle emission is more,
 

and we have come to the conclusion from the data that
 

it will give the normal life of the tubes -- that is,
 

up to about 30 years, particularly because the
 

velocity of impingement is low though the impingement
 

rate is high. In fact, in all the boilers which hae
 

operated commercially
 

we have found no problems of erosion in the in-bed tubes.
 

A: 	 S. Chancrasekaran: Adding to what Dr. Abbi
 

said about lignites, presen,:!y we have not added this
 

to our program but lignite combustion has been
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envisioned as a separate program with USAID for the 

future. For example, in the US, North Dakota lignite 

has high sodium which has special problems such as 

agglomeration, so these aspects are to be studied in 

detail and hence have been identified as a separate 

program. 

A: R. Vasudevan: Lignite was tested and between 98 and 

99% efficiency was obtained. Sodium chloride we have 

not investigated, but the softness of the coal was of 

no consequence. 

Q: M. M. Sen: Provisions exist for top and bottom feeding 

in the experimental test facility. Will the same size 

of coal be used for both feedpoints? 

A: P. Krishnan: No. For overbed coal feed, our top size is 

much higher -- it is about an inch and a quarter. For 

the underbed, the top size is about 6mr or one-quarter 

inch. 
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AFBC BOILER SCALE -UP 

KMA MALARKKAN , S SUNDARARAJAN & G VISWANATHAN 

1.0 INTRODUCTION 

Atmospheric Fluidised Bed Combustion (AFBC) 

boiler technology was introduced in India a 
decade ago, and its unique ability to burn a 

wide range of fuels and low grade coals includ-
ing coal washery rejects of heating value 
1900 Kcal/kg in an efficient and environment-
ally acceptable manner accounted for its rapid 
development, 

A large fraction of the proven coal reserves in 

India is of poor quality, and coal allocated to 
the energy sector is of an inferior variety. The 

quality of coal is further deteriorating over the 
years (Fig: 1.1) due to large scale mechanised 
mining. Conventionally fired boilers that were 
designed for a qood quality coal are unable to 
accept this quality deterioration without sacri-
ficing the performance and availability, 

F'uidised Bed Combustion offers an excellent 
potuidiaed BortedC stion offr qaxclt 

potential for the utilisation of poor quality coal, 

coal washery midd~ings and rejects. 

Bharat Heavy Electricals Ltd. (BHEL) is acti-

vely engaged in the development ot this tech-

nology and has already demonstrated commer-

cial operation of over 14000 hours at a 12 t/h 

unit. A second commercial unit of 45 t/h 

steaming capacity commissioned in October '83 
of operation.has logged over 4800 hours 

Contracts for the supply of a 10 MWe FBC 
boiler for captive power generation at a colliery 
(utilising washery rejects containing 67% ash), 
a 35 t/h FBC boiler for bagasse, a 60 t/h FBC 

boiler and 2 hot gas generators are ,nderway. 

This paper elaborates the design philosophy 
developed by BHEL Tiruchy in designing a 
30 MWe AFPC boiler. 

2.0 GENERAL DESCRIPTION OF THE FLUI-

DISED BED COMBUSTION STEAM GENE-

RATOR AND AUXILIARIES 

The steam generator is of the bottom supported 

non-reheat, natural circulation, bi-drum atmos-
pheric Fluidised Bed, semi-outdoor type unit, 
designed for firing coal. The boiler parameters 
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have b3en listed in Table-2.1. The fuel analy

sis is given inTable 2.2. 

The general arrangement of the boiler and 
auxiliaries will be as shown in the layout draw
ing (Fig : 2.1, 2.2).The complete furnace section 
is of the welded wall type, arranged as a gas 
and pressure tight envelope. This eliminates 

the refractor material from the entire furnace 
wall section, besides providing structural 

rigidity for the unit. The steam and water drum 
are conservatively designed and the bank tubes 

connect both the drums. 

Part of the evaporating heating surface is 
located within the fluidised bed proper The 
superheated steam system is in two sections. 
The first stage superheater is located at the 
furnace outlet section, and the second stage 

superheater section is located within the flui
dised bed proper to ensure the rated superiebdprertenueheaedse
heated steam temperatures. An interstage de

superheater is provided in between the two 
stages of sUperheater, to control the final steam 

unit. The boiler istemperature from the 

provided with a bare tube economiser fabricated 

from plain seamless steel tubes. The Ecoriomiser 

will be arranged after the boiler bank section 

and enclosed by flue ducts. The boiler is 

provided with a tublar airpreheater as the last 

stage of heat recovery. 

The coal feeding system consists of rotary 
(Fig: 2.3) air lock feeders, feed piping through 
which the crushed coal is pnuematically trans

ported and fed to the fluidised bed. 

The main boiler is of the bottom supported type 

an q i le o rte pier 
and requires simple concrete piers for support. 
The boiler is provided with one forced draft 

fan for supplying the required air for fluidised 

combustion, and one primary air fan 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 electrostatic precipitator is located before 
the ID fans to collect the fly ash from the flue 
gas. 



3.0 BOILER PRESSURE PARTS SYSTEM 

The details of the boiler pressure parts system 
include : 
3.1 Economiser system. 
3.2 Circuit*ion system including steam and 
water drums, boiler bank, downcomers, water 
walls and riser systems. 
3.3 Superheater systems. 
Spray water control system for superheater 
desuperheater. 

3.1 Economiser System 

The ecor.umi-'.-i system (Fig : 3.1) draws the 
feed water through the feed pipes to the 
economiser inlet header. The economiser 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. 

3.2 Circulation System (Fig: 3.2) 

The hot feed water from the economiser is dis-
charged into the steam drum below the water 
level where it mixes with the recirculated 
water. The mixed water flows through the 
comparatively cooler bank tubes to the lower 
drum. In addition the outermost boiler bank 
side wall tubes are specifically designed as 
down comer sections to enzure adequate water 
flow to the lower water drum. In the boiler 
bank section the front rows of bank tubes 
(which are comparat;vely hotter) act as riser 

tubes and the rear rows of tubes act as downcome tues, cirulaionhusformngcom er tubes, thus form ing a circulation 

system within the boiler bank system. The 
water from the water drum flows to the water 
wall system lower headers, whi:h act as the 
wal sytem fu-ewaders,lwe r w ct. as the 
inlet to thefraeae asubstantial 
water rises up through the water wall/bed 
evaporator tubes it gets converted partially 
into steam. The water steam mixture, from 
the water wall top headers flow back to the 
drum, through the riser tubes, where the drum 
internals separate the steam and water; the 
saturated steam flows to the superheater 
section ind the water flows back into the cir-
culation sys.em. 
3.3 Seither 

The superheater system provided will include 
a first stage superheater located at the furnace 

9
A 

outlet, a second stage immersed in the 
fluidised bed and a desuperheating system in 
between the two stages for controllin9 the 
final superheat steam temperature. 

The convection superheater located at the 
furnace outlet will be a spaced, continuous 
loop, plain tubular type and would be hung 
from the furnace top. 

A second stage superheater is located within 
tne fluidised bed in three main segments. 
The start up segment has no superheater 
immersed in it. For controlling the final super
heated steam temperature at the rated value, 
over the ccntroi range of the boiler, a spray 
type desuperheater is provided in the steam 
connecting link between the two stages of 
superheat. This interstage desuperheater will 
be of spray type. 

4.0 FLUIDISED BED ARRANGEMENT 

4.1 Design Parameters: 

Based on the operating experience the follow
ing basic parameters were adopted for the 
design of the AFBC boilers. 

Superficial fluidisation velocity 2 to 3 m.s 
Average bed temperature 850°C 
Excess air (on fuel bed) 10% 
Combustion above bed (as a % 

Average bed particle diameter 0.8 mm 

The thermal design of two alternate configura
t o s a b x a d a b n y e w r a e h 

a wtio ax bank type ee a t
birunaktyedsgwssecedsis
height is considerably smaller than that of the 
box arrangement and consequently effected 

material savings. 
s 

The fluidised bed is arranged as a single bed. 
The bed comprises of three main bed sections 
in which the superheater surface and evapora
tor surface are immersed, and a start-up bed 
which has three sections having only the eva
porator surface immersed. During start-up 

of the end segments of the start up bed 

is initially actuated. Adjacent sections of the 

start up bed are then activated, and brought 
into service by feeding air and fuel. After 
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sufficient steam flow has been established by 
the immersed evaporator sections of the start 
up bed, the main beds are actuated after ensur-
ing the inbed superheater surfaces are cooled 
by the steam already generated. 

4.3 Wind box Arrangement 

The wind box is divided into six compartments 
three smaller compartments for start-up and 
three main compartments. Air flow meters are 
provided to monitor and control the air flow 
through bed sections. Provisions are made in 
the air box for the coal feed pipes and the 
bottom ash discharge system to transverse 
through. The wind box is supported on the 
water walls. 

4.4 Distributor Plate Arrangement 

In the first generation design BHEL adopted 
a multiorifice type distributor. Eventhough 
the fluidisation performance'..s good, the long 
term reliability after many start-ups was not 
very satisfactory. After testing several types 
of air distributors in a test rig speciaily meant 
for this purpose, BHEL has evolved a nozzle 
type distributor and opLimised the design with 
suitable material of construcion, the pitch of 
the nozzles, nozzle height, hole size etc. 
With this design it has been possible to limit 
the distributor plate metal temperature very 
close to the inlet air temperature. This elimi-
nates oroblems of overheating, high differential 
temperature and consequent warping of the 
plate. The distributor plate load is supported 
on the water walls. The design of the distri-
butor plate includes an effective seal to the 
enclosure wall to prevent air bypass around the 
perimeter of the bed, and yet accomodate ths 
differential expansion caused by the tempera
ture extremes that the plate is subjected to. 
The nozzle type design protects the air distri-
butor 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. 

5.0 COAL FEED SYSTEM 

The coal feed system draws the crushed coal 
of size 0 to 6 mm from the crushed coal bunker 

by gravity on to the rotary air lock feeders that 
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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 and the pressure is boosted in the primary 
air fan before it is supplied to the air headers. 
Control valves on the headers regulate air flow 
througn coal/air pipes. The fuel is then pneu
matically conveyed to the coal splitter where 
the fuel is distributed and fed into the fluidised 
bed by underbed feed lines. Individual air 

headers are provided for each compartment 
with necessary air measuring and control devi
ces for shut off if required. The rotary air lock 
coal feeder is a volumetric type of feeder which 
helps feed coal against pressuia, by effective 
sealing. A dynodrive mechanism which con
trols the eddy current flow helps regulating 
the speed of the rotary air lock feeder and 
hence the coal flow into the air fuel lines. Each 
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 
maintain boiler load even while a few of the 
feeders are out of service. Coal/air pipe bends 
are adequately lined to prevent erosion. 

6.0 BED ASH LET DOWN SYSTEM 

The bad ash let down system maintains the 
level of the fluidised bed which would other
wise swell warranting a boiler shut down. It 
also helps to drain the higher size material that 
do not fluidise or to orain the entire bed in 
case of an emergency. 

6.1 Ash Overflow System 

A major oorion of the ash brought into the bed 
by the coal gets elutriated with the flue gas. 

However tie recycled fly ash and the higher 
size ash that is retained needs to be drained to 

maintain the bed level. Openings provided on 
the water walls, of required size at the top of 
the bed that help to drain this material by gra

vity. Submerged ash conveyors 

quenched ash to the bcd ash silo. 
carry this 

6.2 Under Bed Drain System 

The under bed drain system is 

itilised to drain out the larger size 
essentially 
fraction of 
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the bed material that do not tluldise ano 

settle to the bottom of the bed causing 
defluidisation to set in. An air-lock rotary 
valve which is motor operated and water 

cooled to handle the hot ash, is provided at 

the outlet of the under bed drain pipe. The 
under bed drain pipe is sufficiently sized to 

drain of the entire mass of bed in case of 

emergency. 

7.0 DRAFT SYSTEM 

The AFBC boiler has a balanced draft system 
with the forced draft (FD) fan 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) fan boosts a 
portion of the air leaving the FD fan and th,s 
air is utilised to transport the coal to the 

fluidised bed. 

8.0 TUBULAR AIR HEATER (Fig. 8.1) 

The boiler will be equIpped with a tubular air 

heater, with gas flow through the tubes and 
The air heater willair flow outside the tubes. 

be supported on necessary steel work and wil 

be complete with all air/gas ducting, insulation 

and outer casing. A refractory lining is pro

and the AH tubes to prevent
vided at entry 

erosion of the AH tubes. 


9.0 DUST COLLECTING SYSTEM 

afterAn electrostatic precipitator is located 
ID fansthe tubular airheater and a head of the 

to collect the ash from the flue gases before it 
A four field EP is providedleaves the stack. 

The EP is sized forto dedust the flue gases. 

an outlet dust emission of 250 mg/Nm3. 


10.0 	CONTROLS AND INSTRUMENTATION, 
COM-ELECTRICAL FOR FLUIDISED BED 


BUSTION BOILERS 


The Instrumentation and controls for the 

boiler are generally based on the pneumatic 
system of measurement and control. To carry 

out the operation of the boiler efficiently both 
manual as well as automatic controls are pro-

vided. All temperature indicators are of 

analog type. 

All remote indicating, recording arid control 
Instruments as well as the protective annun-

A 
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control panel located inside the control room. 
The essential parameters such as pressure, 
temperature level and flow are indicated, re

corded and controlled through the instruments 

and controllers mounted in the panel. In 

addition field mounted local gauges are also 
provided for local indication of pressure, level 

and temoerature wherever required. 

10.1 Control System 

The automatic control system provided for the 
boiler is designed for efficient running of the 
boiler. The steam temperature control loop is 
also designed for maintaining the temperature 
within the guarantee limit. Thecontrol system 
of the boilers can be divided under the follow
ing control loops. 

1. Three element feed control 

This maintains the boiler drum level constant 

flow and steam flowby computing feed water 

2. Steam temperature control 

This maintains correct temperature of outlt 
steam. 

3. Furnace draught control 

the com-This maintains constant draught at 

bustion chamber.
 

4. Combustion control 

on theboil contant by va presure 

boiler constant by varying cal flow and air 

flow for optimum combustion efficiency. 

11.0 CONCLUSION 

of theThis paper presents a bird's eye view 
design features adopted by BHEL for 30 MW 

AFBC boiler. 
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TABLE 2.1 BOILER PARAMETERS 

100% Boile 

MCR Load 

Main Steam 

Flow (at Main steam stop valve) 

Pressure (at Main steam stop valve) 

Temperature (at Main steam stop valve) 

Feed Water 

Temperature entering economiser 

... t/h 

...kg/cm2 (g) 

... aC 

oC 

150 

63 

496 

210 

72 
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TABLE: 2.2 FUEL ANALYSIS 

COAL 

PROXIMATE ANALYSIS (As fired % weight basis) 
RANGE 

Moisture 5.7-6.1 

Ash % 32--44 

Volatile Matter % 21-23 

Fixed Carbon % 28-38 

Higher Heating Value Kcalikg 3570-4635 

Coal size Minus 6mm 

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 

A 
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QUESrPIONS & ANSWERS 

COMBUSTION SESSION, FIRST DAY 

C: Y. P. Abbi: Thank you. Mr. Malarkkan and Mr. 

Sundarara~an. Any questions? 

Q: A. B. Datta: What is the combustion efficiency of the 

10 ton/hz and the 45 ton/hr and what are the number of 

feedpoints in these two? Aze they underbed or overbed 

feed? Also, since you have used fins for heat transfer 

what is the heat transfer coefficient for tubes with 

fins and without fins? 

A: K. M. V. Malarkkan: The combustion efficiency achieved 

is of the order of 92-94% without recycle. With 

recycle, we could achieve more and we have planned a 

test with recycles. 

The system of feeding is underbed and the coal feed 

consists cf zero to 6mm size. Te have planned tests 

but we feel that, with the overbed system and a large 

quantity of fines, the ccmbustion efficiency would 

suffer and this has not been quantified as yet. 
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Regarding the feedpoints, we have about four per 

compartient. 

A: S. Sundararajan: The tubes are all plain tubes 

and have no fins. The heat trarsfer coefficient is 

2 
about 250 to 270 kcal/hr m deg.C. on the gas 

side. 

Q: Mr. Engineer: Does the AFEC system cause any pollution 

problems? If so, what are the remedies taken? is 

there any problem with fly ash going into the cbimne ? 

A: Y. P. Abbi: It is not in the fluidized bed combustion 

system -- it is the fly ash collection system. If you 

have to go down to 50 mgs then you have to use 

electrostatic precipitators. If you can tolerate 150 

to 200 mgs, then you can use mechanical precipitators. 

Q: Mr. Engineer: Is the installation of ESPs necessary for 

smUl fluidized boilers? 

P: Y. P. Abbi: No. 
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.-2STRACT
 

Coal-water mixture (CWx) behe';es like a fluid and can be
 

used as a low-cost substitute for petroleum-based fuel. Major
 

development projects have been urdetaken in many countries in
 

order to establish anr corrrc.]ise the technology.
 

In Part I of the paper, characteristics and potential fields
 

of application of CWM fuiel r,, -rt:-F-nt status of the technology 

including Indian effort, have been briefly reviewed. The techno

logy of CWM fuel is relatively straiht-forward and does not Dose 

environment'l prrhi..-m. The economic vialilitv of CWM over residue 

fuel oil 	is also encouraging, the r.c'e ci fi:ereritie! or these tw 

fuels being ov-_$2.0 /GJ C .20.C0/Gj). 

The preliminary rheoloqcel studies of C"WM prepare-d with
 

a few Indian coals and condiicted at Pittsburgh Energy Techno

logy Center, U.S.A., are reoorted in Part II. From the
 

limited experimental results, it ha3 been observed that the
 

character and concentration of coals and dispersing agents
 

used had strong effect on the viscosity. It was possible to
 

correlate the viscosity data by means of an empirical equation
 

available in literature. The nature of the narticular coal

water dispersion was slightly thixo-ropic and similar to Bingham
 

plastic. More experimental evidence are however necessarv to
 

confirm these observations.
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FIUEL AND PRELTMINARY STT"DIESCOAL-WATER MIXTURE 

ON ITS RHEOLOGICVL CHARACTERISTICS
 

M. Chakraborty
 
Central 	Fuel Research Institute, Post-FRI,
 

PIN: 828 108, Dhanbad,
 
INDIA. 

INTRODUCT ION
 

Coal-water mixture (CWM) fuel is essentially prepared by
 

It is distinctly
dispersing finely ground coal in water. 


different from coarse and dilute slurry used for hydraulic
 

transport of coal. The pipeline transportation slurry
 

generally contains around 50 per cent coal and dewatering,
 

drying and further size reduction are usually necessary prior
 

to its combustion. Concentration of pulverised coal (having
 

average particle size below 50 microns) in CWM may be between
 

60 - 80 per cent depending on method of preparation and type of
 

coal, and can be directly used in boilers and furnaces like
 

fluid fuel.
 

In Part-I of this paper, the oeneral characteristics as
 

well as present status of CW4 technology including its economic
 

viability are briefly reviewed. The nreliminary rheolcgical
 

a few 	tvical Indian coals conducted
studies of CWM prepared with 


at Pittsburgh Energy Technology Center, USA, during the visit
 

- Aoril, 1984 are reported in Part-I
of the author there in March 


PART - I
 

CW'. F"-ELCHARACTERISTICS ANJD POTENTIALS OF 

CW,.M fuel behaves like a fluid a 5 can be stored, pumped, 

almost all major advantransported, atomised and burned wi-


tages of fluid fuel. If prerared wi- demineralised coal, CWM
 

fuel would be more homoceneoi:s, have higher calorific value and
 

that of residual
physico-chemical properties reasonably close to 

= 


fuel oil. Demineralisation -E cc=- n-4 ore.aration o. CWM fuel 

are therefore regarded as partner technolocies. 
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In view of significant price adv~ntaces over mineral oil 

and gas, appropriately prenarpd CWM i a votential low-cost 

alternative fuel for substituiting oetroleum based fuel in exist

ing oil and gas-fired furnaces and boilers with minimum modifi

cation, capital investment and gestation period.
 

Principal properties of CWM is qnown in Table 1. For compar-i

son, properties of residual fuel oil is also incorporated. Although 

the specific energy in CWM is comparz-ively much less, its fluid 

form within acceptable viscosit, range virtually eliminates a 

major constraint ii handling and wI:Y- use of coai in its normal 

solid state. 

Moreover, development of fluid W7' M ftel and system suitable 

for its combustion would make dr-.ing step redundant, which is one 

of the highay energy consuming critrJ_1 oreratiLons in hydraulic 

transport of coal. Feeding coal in zi e form of concentrated 

mixture with water to fluidized bed combustcr and pressure 

gasifier is also reoorted to have sever;rl advantages over the 

method of feeding in its solid form, -n( tlhis technique is used 

in Texaco coal gasification orocess v :uhrchemie AG and Ruhrkohle 

AG, West Germany (1). Encour&ginc: r-sults are also obtained by 

injecting CWM to blzst furnace (2). The CW9M fuel beneficia

coal wovld ohv>'sl, have more potential =nd
ted or demineralise, 


find application in many new an4 key areas.
 

It may be mentioned tha- water n CWM is not entirely inert 

in the process of combustion an sfiction. NOx emission 

is less and ash produced di:r~r:g CWM _combustion is more benign (3,4 

tends to acce!.rate the c-r-bustion process. It isWater also 

believed that riincrease in nartic>1 r~action surface and acti

vation occurs durinc ignitior stage, an- the steam carbon reactior.
 

become significant duint, combustion stage. In gasification it
 

has been exrerimentally astblishe6 '!) that water in the fuel 

causes Dartial saving of gasifier a-:*, cxycen, and an incrpese 

in specific yield of synthesis gas richer in hydrogen. These
 

more
two effects as well as safer control over the coal feed, 
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than compensate for the negative effect oz water feed involved
 

in slurry conveyance to the gasrfair.
 

'EL '"CHNCLOGY
STATUS OF CWM 


The concept of coal-water mixt,_,re technology is 
not new.
 

The work in this field was initJited in West Germany and Russia
 

in sixties and early seventies (4). The emphasis of Russian work
 

the utilisation of wastes frcm 	coal benefici.ation 
and coke
 

was on 

fines produced during
plants. CWM was also prepared from coal 


mining,and transported hydraulically, ar burned in c-,clone
 

In West Germany, the technical
furnaces and industrial boilers. 


60 : 40
 
feasibility of preparing and burninr. a 


a result of tests performed
cod1-water mixture was established es 


on a 56,C00 lb/hr coal-designed water-tube boiler 
at the stalg
 

Durn:g that period, -here were
 power plant, Killermann, Lunen. 

TSA
 

also trials of CWM combustion in c'vclone furnace conc-'cted in 


in order to encourage the construct-on of coel 
slurry pipeline.
 

that coal liquids from
 it is now being increasingly re-alised 


coal gas from gasification
direct and indirect licuef~ction arf: 


so expensive that theF- ap-roaches to coal conversi,
 processes are 


find widespread commercial application for well
 are not likely to 


The in:ocess of coal-water mixture
 into the foreseeable future. 


the other hand simple, hrdly needs any high-technolog
fuel is on 

view of this apreciation,
and poses envircnmental orotlem. In 


an, _:fern'-nnral stratecies, R & C
 uncertain oil supply position 


r- cc-bu FtQfl of has
 
work on the development of rrocess 


- e'zicuarlV in almost all oil
 again asstimed immense import nce 

importing countries. In recent ve: .,,lcrk in tni l has 

hich pricritv
been initiated anc is beirg aczive!', pursued with 


Ja-en, Canada and USA.
in Sweden, Italy, U.Y., 

a CWM
In Canada, for preparation a'i 	:se cz Carbogel, 


-
 is under way.
(Helsingbor:, Sweden),
developed by AB Carbogel 

to 7-m.tfnr
 

A 4-metric ton(m.t)/hr pilot plant, now beinc; exarided 


3000 m.t. of CWM wi:h washed coal
has already prod'ced some 
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containing 1.6 per cent ash ard 0.9 1-1: cent sulphur. Tests are 

now being conducted on a 12.5 .Me ho. >r. It has bern amnned to 

move on to a larcer boiler en, event, .ly to corrnerci.alise tne 

technology a- one or sr.verl t" . -r.e power generators (5). 

support to establishThe present 'S effort with or loirl oil' federal 

CWM is pioneering on many couts, ear: technology is fast nearirc; 

completion. Two hiohly !c.;deA Ci"i f'2s developed in UTSA are 

per cent coalARC-Coal and Co-Al. The APC-Coal n' :iing 6C-75 

by weight of specific particl- siz, "-ributioP with a proprie

tory additive has been developed b,., .'!antic Research Corporation 

of Alexandria, Virginia. Co-Al m!x'<lrI fuels hAving upto 81 per 

cent coal have been prepared at r Universit. 7t was reported 

that high coal loading ir the mi:t., wa: possible by proper 

" ",on and electrochemistry.consideration of r-rticle si-. 

General emphasis of ex-erimerta=l wor. is ro'.. mainly en the develop

specific low-cosT vir,: : reducers and stabilizersment of more 

it properlyboth to transrort t mixture easi'v c'nd t. atomize 

in the burner. 

Tests on combustion of OWM are ber' corducted at Pittsburgh 

Energy Technology Center (of D.O.E.) in 1.O-hp fire-tube and 700-hr 

water-tube experrm~np-al tcilers. Tr .on to eveluatino -'ne 

- aM, r..rrt.tctransport and handling co rCctes ', o" C valual-

has been genertec- on boiler oeert-.., pcllutai t emissions, ash 

o 'c" "' tubes, and the effectsdeposition, corrcs:on and erzsionn 

combustcr r:'rf.!-;nce.of beneficiated coals on 


" 
The U.S. Svnthetic Fueh'.- Cor-'7)- '--r, (SFC) has made proorm. 

= 
for two demcnstra-Jon-scalp -esrs o CJIM. 

TI'D:AN EFFOPT 

In ndia, prooramme for -.1 J-'elcnrent of CWM inc'udinC its 

itn 4 Certra.i Fuel Pesearchcombustion system has been t;,-ker 

Institute (CFI) and Bharat .eawy E!"c-ricals Limited (BHEL), 

CF-: is 7r-rne¢- 7.*- t. cevelor.ment,Tiruchirpralli. 


n nd:.sa . f-els
criar-cterization ann standaP : . nmce-s and 

.repare wit]-, tv l_ Indan n-..... coel wi. or ,....cut 

~ is enca i * d.ent c,8beneficiati on. 
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system including le:ign of atomiser suitable for highly loaded 

CWM fuel. Both the projects have been identified for support 

under US AID.
 

The primary objective o; CFRI's cart of workj is to prepare 

CWM fuel with minimum quantitv of water maintaining the fluidity 

and stability within acceptable lirrts. The work on the prepara

tion of CWM has already been initia-,-d, and approach made on the
 

principles of surface an(" coloid chemistr' and of rheclogy (6). 

The principal parameters are particle size-consist, nature
 

of coal surface, and mineral mat-tr content and its constituents.
 

Since the nature of coal surface car not be precisely specified 

and is believed to be largely heterogeneous, the primary! step is
 

to induce on the coal surface uniform hydrophilic character for
 

improving the wetting and gel fcrmirg properties which help
 

dispersion and stabilizaticr of coa-water mixture. With this 

hypothesis in view, hydrophilic agent hzs been prepared from coal.
 

colar groups is supposed to be
This coal-derived substance having 


firmly adsorbed on the coal surface. Electrical double layer
 

developed at the 5olid-liquid interface, as with efficient
 

dispersing agents, minimisp the effect of natural forces of
 

fnrm aggregates. A free-flowinc
attraction among the particles to 


CWM fuel containing 65 per cent coa-l with 16 per cent ash has
 

been prepared with this coe!-derive7 product. The stability of
 

the mixture is also reasonably good. The properties are being
 

quantitatively evalate(. .-.ttemps ar. also beinc; made to furt?+ 

increase the coal loading by stud;irce an(- optimising the effect 

of size consist.
 

The methods of grinding of co" .rr" incorporation of 

dispersing agent a<p ear to h:;e ccsiereble influence on the 

onproperties of CWM. A conceptual flo'.sheet of CWJM plant based 

orel~in-r' oi. ejv.=ric of SF.T is r-rrsented in Fig.l. The 

s both dr';salient features of the nrocess s-.e are adoption of 


and wet grinding, a.nc incor-r=tir : :t cf the dis-. er-i:
 

,et to -e
a-'nat wet arinring stage. The s "ow-v.r. "'t 


establishe by mrens of larce-sc&a1 r_-er-istent triels.
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ECONOMIC VIABILITY
 

M
Since our develormpr+- - r:r C' i at .he orejmin.r,/ 
the published i mf,-rptic:, (7) on t,- in:], sis o0 e'onr;nic viabilit. 

has been reviewed here.
 

For a 2.5 million tonne per enrlim "green-fPil-ls" pl nt
 
including all facilities, normal off-cites 
and anci::iaries, the
 
capital outlay has been est'.mated ?- 5 lCS millicn (1983 price).
 

Of the total capital., 46 per cent is for preparation and 31 per
 
cent for coal CWM handling and stcr:_-.
 

The main components involved in 
-he cost of preparation and
 
final product, CWM, are summarised in Table-2. The basis and
 
assumptions made for the estr.qte 
are also mentioned.
 

The estimate has been male for :M containing 25 per cent
 
water, 3.2 per cent ash having hea-'_-i value of 23.2 CJ/t or
 
5500 Kcal/kg. The cost of preparat_-r of CWM is $ 24.68 and cost
 
per ton of CWM including preparation, handling and transport is
 
$ 65.3. The price differential for .-:M and residual fuel oil is
 

$2.15 /GJ. It has been state, that z-nsiderina extreme parameter 
ranges, the cost differential ma' ,a-- from$^0.4 /,j..- to$2.!5 

This sufficient margin indicates via.- Litv; of CWM f:el 
as an
 
alternative substitute for petroleum based 
fuel oil.
 

It may be seen that the most cr --- 1 comconents are capital
 
and coal costs. These factors woi,:l be more favourable under
 
Indian conditions, particularly if t'.- CWM production plant is
 
suitably integrated with one of the ex:is-:,n 
 coal preparation
 
facilities, viz., coal washer,, thermzl -rower plant ( PF fired ),
 
etc. It may hence be generallv inferr-ed that 
cos- adva;ntace of
 
CWM in India would be more siifcnt
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PART II
 

CF CWNM PREPARED
PRELIMINARY S-.'DIES CN 'HE--OLOGY 

WITH INDIAN CC.-";
 

SIGNIFICANCE OF R.HEOLOGY
 

Rheological property of coal-water mixture is of paramount 

r stability and atcmizatiorimportance as it influences the ~ui-y, 

The main aim in CWM -evelozment is t minlmise viscosity without 

a parti.': lar concentration of coal.affecting the stability for 


Although no cener correlazion betreen atomised droolet size 

that, for any one CWM,and CWM viscos-iv: was found, it was ?v erl 

reducing its viscosity (through dilution or heating) improved 

There is however no consistant temperature atomization quality. 


viscosity relationship; some CWM recrtedly become more and other
 

less viscous with the increase in temnerature (B).
 

v less than 2000 mPa.s .(cP) at
The viscosit of CWM should be 


- Idealiv the viscosity should,
100 sec shear rate and 25 C. 


rates above 50 sec
remnain below 2000 mPa.s at all shear 

irrespective of rheology ( Newtonir., pseudoplastic, dilatant,
 

Bingham plastic, etc.). it has beer zenerallv found that the
 

s:-e distributior of: coal,
nature, concentration and particle 


surfactants used to disoerse and s-=ciize the mixture si-n--

cantiv influence the rheology.
 

-

There is hard>v any cub!i'shed :rfmation on t-e rheolo.-t ca
 

mixture orecared wi_'th
cncen-r' c-watecharacteris-:ics of 


Indian coals and d-4-rent J:spersl- acents. The c: 

this study conducted at the heo-c' aborator." of pittsburh 

to acc.:ire sore " "_r:e
Energy Tecnnolo,-v Certer, -o.S.A.,c-


-or successf.': .re-araon tnese aspects w,.r are di.re:h 


f'. . - e:<er~mert- work was
tion and irdusr'-. use of C" 


-t r-*. ' _eri- -c'£ th t-e
also undertaken as an exerc: e f 


tor- --. rclooica! uis.

scophst:c-ted i4rsr:ments 's:d 
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EXPFRIMFNTAL
 

The inli,4n. cn.=: sarrnls us"d ir -.he rreparation of mixtures 

and North Karanpura seams.and rheoloaicF1 stur:>s were from Sar-l 

For comparjs.ri, a few exp-r.-vcnnts P-'.qo conducted with 

Pittsburgh (No.9) seam and c'--rica]2v dem-.neralised Samlp cob. 

The analysis cf r-h co;] s,,-.r- s a zresrnted in Tabl! 3. The 

s totash content of Nort- Kar=n, --- r-,35.0,) comr:ed at 

of Samla and Pittsburgh -op-l (14.0 15.0 %-resnec-ively). 

The coal srrnrKs were zr.in" Jr '.&Icrrtory scale dry grindin 

mil to partic- s e 7% passing -'qh 200 mesh (75 microns). 

The mixture was prr'-ared by aiding- m--v:-d cr -ntf t, of ground 
' 

coal in specified amount of ori nar water along wit r- particlar 

dispersing agent, in 250 ml qi:ss .4, under conditi-P oz constant 

stirring. The stirring was continued for 15 minutes to ensure 

thorough homogenization ;:nd wetting. Separate mixture was made 

for each exnerimrt at a -articuelr s'ear r:-te. 

The rhecl gic; prcoert'es of "ix:<ures were measured by means 

of HAAKE (Rotovisco RV3) concent-r4c-y-.:nder rotational viscCmete: 

in which, as ir gt-real instrrmen--s of this cls 

the couple transmi-tted thro2ch z;.e 2i to te sus:ered rotary 

The defct-iorinner cvlinder ia sted b a c -rated string. 

allcws dete~ir-t:on of torcue an corr-szon..n .of the sprino 
=i- o tcr:',e and t:re areshear stress. The flow :'. "es 

directly recorded. the 'it.he o:- .nst- rmen constants, -he 

values of shear str-ss (orne/cm orz r rate (sec 

wer-..... ,-'1 from te rzfcw curveand viscosity (cp or m Pa.s) 

at oartic'.a: .M or ro-or (9). 

The particlo= s:_e '..ns ..term4ned by the Leeds 

-tra -991 -rt---le Size Analvzer& Nortr r Mcde" - ;'r

utilizes th-e nh-crnmnon o- >, ar-- for'qard scatter -n i-c-

from a laser beam irojected .nroc3 t stream cf. .'-s 

circulated bme".-rs of -:e .. TheeThe.:.te e 

of the entire s." ,: .... r a r ",t- si'-rv da7- are 

printed on a paperaoe *. e ar:.I _e ...... u
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comf,,puted by tl n&umen'- ir A4I~i ~rnt-. . manners, viz. cumu.

lative graph, I!- relative volume graph, !II- cumulative and histo

gram data & IV- summary data. Typical particle size distribution 

obtained with North Karanpura coal samole showed that 97 per cent 

were below 75 microns, 85 per cent IF microns, 76 per cent 27 micr * 
69 per cent 19 microns, 49 per cent 13 microns, 38 per cent 9.4 

microns, 29 per cent 6.6 microns an,' 16 per cent 4.7 microns. 

RESULTS AND DISCT'SSION
 

The experimental work was condcted as per following scheme: 

i) Effect of concentration of different coals on viscosity 

at shear rate 100 sec "I ani. with a2rrost identic ! particle size 

distribution. 

ii) Effect of different disper. ing agents on the visc,,sit: 

of mixtures with North Kararpura coa.42. 

iii) Effect of time on viscosjrv.
 

iv) Effect of sheer r .te on shear stress.
 

The results of the effect cf corcentration (weight percent
 

on dry basis) are shown in Figure 2. It is clear from the results
 

that the viscos:- 6s usual increasf' wit}. tli- increase in concen

tration ofe coal. The viscosity of CWM with Samla coal was
 

slightly lower than that wit|. North Karanpura coal. The CWM with
 

Pittsburgh coal showed still, lower 1,Jscosjy. The viscosities of
 

slurry prepared with Samle coal with or without demineralisation
 

recorded little H.fl'erence. The 	r-,,Its siggest that there was 

vr pHosit',pK of the mixtures
an effect of the toe of ccal or 


and oxygen cortent in coal (mentior- in the same Figure) gave 

an ntiic-tion t-hl-t these fac'ors 	h., some direct relation with 

viscosity. From these limited expe-4mental results, it was not
 

possible to pinpoint which pjperty -F ccal was specifically 

it however showedresponsible for this varit.!-n in v-i'ecsity. 

that increase in oxygen content in co'al showed an increase in
 

viscosity. 
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Figure 3 pref-erts the r'sults of the effect of C,'4M concen

tration of iortrh -r nc'. coal on -'icos ,, wi .h different 
additives as par-met-er. Thr9 -iif-er~rt ic'it4ves useA were NaOH, 

'Celex' (a c.-nc-r: r-ted so'utcn oi: Y'rCne ium Lignosulrlonate,
surttlied by indi-.r Pe=rer Purn Coer", Ca'utta), Lamar D (Sodium 

salt of an alkvl -cno-nauhth.1!ne s'Iphnnic ac_"i, suprlifd by 

Diamond Shamroc rror....c-,r, ... ri-wr, NJ), Ce.ex + NaCH, and 

Lomar D + NaCH, viscositv r -ucticr ,-h-h Lom-,r 7) was hir'hes- of 

all the cbteed the c-, -- aditives antheirresu'ts with _r 

combinations. 

At-empt has heen mae' to corre>- e t-e viscosi-,' of the CWM 
(with Lomar D) wi-th volume fraction of solid concentrz-t.:in (4,) 

in terms o* , the maximim at-_,.able_ sclids volume fraction 

in the susnensi:n by,. mears cf the fc' !cwirc emr,Lrical (1 ) 

equation / i . ) 

where X I's reli.ve viscosi., . _ a constant depending on 

susnersion. The ec..ution ws cr'pos -by 2otsaris _and Astill on
 
the basis -r.. .. _ c -aer- anIof - C.onj, Christian. sen 

The efective maximum solids fr".c-f..on for .ene art-icl z e 

distriuticn, incl1uc1es the e-:=zt o -art le inmerec-;cns. !n 

order to d-e-r re - sar7.r'-ter, e -Ic ( -asV' W 

made and z:'e line ws ex<rapo-te. -t zerc to ::".ie the value o- 

as cer methocd emrocveo -r-akel and .%crivos (12).or:,a!v 7v 

The olot is slon icn Fic,.e 4 fr. '^:r c,- is obtaied for t-e
 

particv _Jr susrensiIn by extr-ooIat -. Cnce c, is cb-ained,
 

the correlat.on is sted hy ulottr: ( vs /
 

which should ciie a straight line cD":r's. thrcugh /
 

having a slcme of "/h.Thee -'lct c: " , =ata a n e
 oave strai-h-

su~goesm- reescnablv- good val:d-t" of the correlation for t. i 

particuler ca -aervt s .- rscn. Th.: plot is shown in Fi_':re 5. 
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The plot rcf viscosity vs tim,- in Tigure 6 demonstrates that 

viscosity sligltly decreased wit:h t.in'e showing the thixotropic
 

character of the susrension.
 

Figure 7 represents the rel <onshir between she'r stress 

and shear rate. The rheogr-m slhows O',;4t the nAture of these coal

water mixtures was similar to Singhzrn -!pstic within the range of 

shear rate emu!loved. More exoerimen-tal evidence would however be 

required to conFirm the rheo2oirai cbaracteristics. 

CONCLTTFION 

i) Development work is beirc r'rsued in many countries to 

establish the technology of preparatin and combustion of CWM fuel
 

ii) CFRI has also uniertaken P & D work in this field. A
 

dispersirg agent prepared from coal has been found to be effective 

2HEL, Tiruchirapa lij, is eng.aged in thIe develorment of combustion
 

system suitable for CWM fuel. 

iii) CWM fuel has cost advantace over residual fuel oil, the 

price differential for these two fuels being over$ 2.0 /GJ. 

iv) Nature and concentration of co;i as well as additives
 

had strong infl:ence cn the viscosity of CeIM. 

v) Viscosity of CWM prepared with North Karancu'ra coal 

could be correlnted in terms of vo!u'e fraction and ef'ective mexi 

mum solid fraction for the participr dispersior by means oFf arn 

empirical equat-or. 

vi) From the limited exrerimer-z-1 results, it showed that 

CWM orenared with North Karzr -_ra was slt rc~,,rc--" tixotropic 

and had cheracterist.cs similar to F-4ncham n --stic. 
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TABLE - t 

PRINCIPAL PROPERTTIFS OF RESTDUAL FUEL OIL., aND PROVEN C'.M FTEL 

RFO 
.---

CWM-------------------------.--.... 

75 - 81.00
87.30
Carbon Wt.% 


_ 25.00- 30.00
Water I 


2.00 - 10.00
0.04
Ash I 


41.00 20.00 - 23.00

Specific GJ/t 


- 5250.00

Energy Kcal/Kg 9,785.00 4567.00 


1.15 - 1.20

Density Kg/i 1.05 


500 - 1000
105
Viscosity cp 


TABLE - II
 

F"EL (7)COST OF PREPARATION AND COST OF CWM 

BASIS
COST
COMPONENTS 


Fixed Capital for a
Utilities $/t CWM 5.20 

2.5 M t/a plant: $ 108 millior 

" 4.50 .sh content of CWM : 3.20%Chemicals 


Capital ,, 8.64 1'ater ": 25.00% 

Charges 

Other items " 6.34 Heating value of CWM: 23.20 GC 

Total Preparation
 
24.6R
Eost 


Cost Zaf OFO
Cost- o4 co 'J 

Projected for the


includir': prepn., 

. period 1985-1990 :$5.00 //-7

and trnnslcrt+ ficr 

40.62
of CWVM. 


Cost of coal :45.00 /t.

Total cost
 
of CWM 
 65.30
 

</GJ 2.85
 
$If6' Kcal 10.00
 

Price of $/GJ 5.00 Price differential: 2.15
 

RFO /GJ
 

100
 

http:9,785.00
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TA3LE - III
 

ANALYSTS OF COAL SAMPLES
 

Coal. SamplesProximate T% --
Analvsis 

Samla 13r ., PittsburghKaranouram 

6.00 5.90 2.43
Moisture 


15.07
14.00 34.70 


Volatile Matter 31.30 25.50 33.11
 

Ash 


49.39
Fixed Carbon 49.39 33.90 


Calorific value
 
<cal/kg 6350.00 6755.00
 

Oxygen % (dmf) 10.5 13.5 8.0 
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COAL WATER SLURRY COMBUSTION IN FLUID BEDS
 

-PROSPECTS IN INDIA 

PVLN SARMA & KMV MALARKKANK NANDAKUMAR, 

high ash coals and their washaoilityIndian coals are predominantlyABSTRACT.: 
are very poor compared " North American or Eurcpean coals. So any coal water 

system developed to gain the advantages like flexibility in handling a, d storage, 
characteristics 


slurry (CWVS) 


minimum space requirement etc has to contend with higher ash.
 

and low he3t value fuels and hence CWS
Fluidised bed combustion is suitable for high ash 

fluid bed ha.q combination of advantages. Combustion of medium ash CWS
combustion in 


and washery tailings in fluid bed has been successfully researched in Canada, USA, Sweden,
 

China & Italy. In India and elsewhere washery tailings have been posing pollution problems.
 

of slurry fuels similar to washery tailings in their
BHEL, Trichy has already initiated testing 

(0-6 mm size) coal wafer slurry prepa
0.5 x 0.5 m test rig. It is proposed to install a coarse 

ration and feeding system and conduct full fledged experiments for firing washery tailings 

and high ash CWS. 

India has about 2500 million tons of low ash but high sulfur bituminous coals. It is proposed 

can be done with Assam coals
that research on low ash CWS preparation and combustion to 

on a wider scale with the advent of successful demineralisation systems.
start with and can be 

1.0 INTRODUCTION 

Pumpable mixtures of finely ground coal sus-

pended in a liquid have been identified as 

technically and commercially viable proposi-

tions over the past few years of research and 

demonstrations. Various liquid options like 

oil, methyl alcohol, ethyl alcohol and water 

have been successfully tried, 

Coal water slurry (CWS) fuels have been fired 

through atomisers in retrofitted oil or pulve

rised coal fired boilers, as spray over Stoker 

fired boilers and in Cyclone furnaces. But most 

of the above successful trials have been done 

with low ash raw codls or beneficiated coals 

with around 5% ash content (1, 2 & 3). 

Table-1 shows some typical slurry composi-

tions tested. 

Sophisticated techniques like chemical demine-
OTISCA-T 

oil agglomeration,ralisation, 
processes are being developed for economic 

coals (4, 5).beneficiation of different types of 

Deep deashing and cleaning of CWM leaves a 

109C 

content butresidue of fine coal with high ash 
To imalso with substantial heating value. 

prove the economics of low ash CWM the 
high ash fractinn is to be utilised (6, 7). The 

versatile fluid bed combustion technology in 

which other low quality fuels like washery 
rejects, biomass and other multifuels have 

been successfully fired, has been found suit

able for coal water slurry fuels also. 

2.0 ASH CONTENT OF INDIAN COALS 

The coal reserves of India (except the tertiary 

coals of Assam) are of high ash and low sulfur 

content. Table-2 shows he ash content of 

Indian coals and the reservas. The reserves 

with lesser than 18% ash content is a meagre 

320 million tons against the total reserves of 

83,052 million tons. The low ash (<6%) 
high sulfur (= 6%) Assam coal resarves total to 
2500 million tons only. 

Because of the drift origin mineral matter in 

Indian coal is not only higher but also homo

genousli mixed along with the organic 

1 



matter, unlike that of other countries having 
carboniferous coals with low ash and easily 
separable mineral matter. 

3.0 WASHABILITY CHARACTERISTICS OF 
INDIAN COALS: 

helpful in comparing theWashability index is 
ease with which coals can be washed, irres-
pese wthehich als cne whed, irres-
pective of their ash content. Higher index 

indiateseasywashngtonnes 
indicates easy washing. 

The washability indices of Indian coals, except 
Assam coals, range from 15 to 43 and for 
Assam coals between 47 and 76 (8, £, In 
contrast, washability indices of foreign coals 
from countries like UK, USA and Germany 
range between 45 and 76 indicating the 
comparative ease with which they are 
washable. 

On an average, the ash content of cleans from 
coking coal washeries is of the order of 17.5% 
with 60% yield. 

With non coking coals, the average yield of 
clean coal is around 70% with 25% ash, while 
the ash content of the remaining 30% rejects 
is 60%. 

Even with techniques like oil agglomeration 
the yield has been only 70%-80%. 

4.0 COAL WASHERIES AND WATER 
POLLUTION 

Mechanised mining has resulted in higher pro
portion of smaller coals and fines with consi-
derable free minerals along with the bulk coal. 
Subsequent crushing and handling prior to 

washing increase the proportion of fines. With 

some difficult to wash coals, crushed to below 
13mm, ultra-fines below 100 microns were 

found to be 6-8% and fines below 0.5 mm were 
as high as 20-25 per cent of the feed. 

Such fine and ultra-fine particles of coal, shale 
and dirt in washery tailings do not settle easily 
and are ultimately discharged into the streams 
or rivers causing water pollution (10). 

It is reported that about 0.4 million tonnes of 
washery taiiings are polluting the Ganga and 
Damodar rivers in the ezstern sector. Disposal 
of such large amounts of combustible tailings 
from coal cleaning plants poses difficult pro-
blems. Burning a slurry made of coal tailings 

C 
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in a fluidised bed combustor is an economic 
alternate means of disposal. 

For efficient and economic beneficiation mostly 
wet processes are used in Indian coal washe
ries(8). Table-3 lists the washeries with the 
respective installed capacities, both existing 

r p o s ed r p ie me iu / e icoing 
anprosdfrpimeiu/mickg
and non-coking coals totalling to 64.9 million 
tne pieckn 38 eimckn 

(prime coking 33.8, medium coking 

17.6, non coking 13.5 million tons). 

5.0 CWS COMBUSTION CHARACTERIS-
TICS IN FLUID BED 

C'AS combustion in fluidised bed has been 
found to be more efficient w. r. t. carbon 
burnup efficiency than raw coal combustion 
The characteristics of CWS combustion differ 
from raw coal combustion. (11) 

5.1 Agglomeration and reduced elutria
tion 

Due to the evaporation of water at high tempe
rature, CWS droplets form porous solid fuel 
spheres, with an ash layer left on the surface. 
Such spheres do not worn out fast, but at the 
same time provide much reaction area. The 
thin ash layer causes the diffusion resistance 

to be decreased. Because of such agglomera
tion, elutriation losses reduce in comparison 
with coal particles. 

5.2 Enhanced and uniform bed reaction 

With coal firing in fluid beds, the oxygen is 

consumed within a thin layer over the distri

butor and the reaction of fuel with CO. is at a 
lower degree. 

With CWS firing high cencentration of water 
vapour emanates because of which gasification 
reactions take place. 

C H2O - CO + H, 

C -,- 2HO - CO + 2H 2 

Eventhough the rate of carbon consumption 
is lower with gasification reactions compared 
to direct oxidbtion, since gasification reactions 
take rlace throughout the upper region of the 
fluir ,ed, the combustion rate of the whole 
bed is increased. 

2 



5.3 Less sensitive to excess air 

Because of the gasfication react!ons with 
water vapour, combustion does not very much 
depend on the excess air as much as the dry 
c:al particles depend. Lower excess air 

combustion of CWS is found possible. 

5.4 Low No, emission 

Because of reduction atmosphere in the bed 

the No, formation is depressed. 

5.5 Effect of water content on corn 
bustion efficiency 

There is a myth prevailing among many people 

that addition of water to coal brings down the 
efficiency drastically. If we assume that the 
added water does not affect combustion re-
actions and calculI,te the heat loss due to 
moisture in fuel according to ASME P.T.C. 
for steam generating units; the efficiency 

loss comes to about 1.5% for every 10% in

crease in moisture content of fuel. The effici-

ency drop with increase in moisture content is 

shown in figure 2 for a typical Indian coal. 

From figure 4 we can observe the effect of 

var/ing water content from 0 to 50% on the 
sensible heat loss due to dry gas, due to mois-
ture from hydrogen in wuel and heat loss due 
to evaporating water from CWS. 

should be optimised to
The addition of water 

reduce the loss. When converting oil fired 

boiler to CWS, the cost of modifications and 
cost of fuel oil saving should balance the 
efficiency loss due to moisture addition for 

viability, 

5.6 	 Advantages of (WS Firing in fluid bed 

Simplicity in feeding and distribution for 

atmospheric and pressurised systems. 

" 	 Elimination of coal drying for high mois-

ture fuels. 

" 	 Carbon burn-up efficiency of CWS could 

be higher than that of crushed coal with 

fines, because of lower elutriated carbon 
loss. 

* 	 No, emission from the fluidised bed burn-

ing CWS is lower (about 50%) than that 

burning dry crushed coal. 

C 

Sulphur capture effectiveness of Cao 
mixed directly with CWS is much better 

(about 25-,. more) than that of using con
ventional desulphurisation method of add
ing limestone. 

0 CWS eliminates need for steam (60% by wt. 
of coal) in fluidised bed coal gasification 

process. 

r Elimination of inert gas for pressurised 
feeding of coal. 

6.0 STATE OF ART-CWS COMBUSTION/ 
GASIFICATION IN FLUID BEDS 

USA, Canada, Sweden, UK and China are 
seriously engaged in the research on coal water 
slurry combustion and gasification in fluidised 
bed(12). Table-4 lists the work carried out 
in the above countries. 

USA 

The Cool water gasification programme in USA 

has generated electricity in May 1984. The 

1000 t/d gas plant has Texaco process where 

coal water slurry is gasified. 

USDOE, Morgantown along with NCB, UK is 
working on CWS combustion in pressurised 
fluid bed for combined cycle applications. 

CANADA 

Energy Mines and Resources Department, 

Government of Canada has tested firing com
bustible tailings from a coal cleaning plant in 
Nova Scotia, in a 1' x 1' fluid bed combus-,or 
designed by B &W. Stable and efficient 

combustion hias been achieved. 

SWEDEN -AMMONIA GENERATOR 

CWS has been successf:illy used as a feed 
stock for ammonia production in a gasifier 
operated by Boliden AB. 'Aith CWS (CARBO-
GEL), ammonia production was excellent. 

Soot was found to be lesser than with heavy
fuel oil. 

UNITED KINGDOM 

Coal water mixture with low sulfur, high valatile 
matter has been fired in a pressurised 6 atm flui
dised bed combustor of 12 inch aiameter. High 

combustion efficiency (99%), low No, emis

3 



sions and good fuel distribution have been 
observed without any hindrance due to pre-
sence of water. 

CHINA 

Zhejiang University, Hangzhou. China has con-
mm andducted lot of tests in their 250 x 250 

500 x 500 mm test rigs with 0.5 to 3.0 mm 
size coal of 30% ash contcnt with ,:crying 

water content (upto 70%), excess air (20%) 

and bed temperature (600-1100'C). They 

have also experimented with two bees, one 

working as combustor, the flue gas of which 
acts as fluidising medium of another gasifier 

ultimately getting gas with calorific value as 

high as 1400 kcal/Nm3 . 

slurry combustion inResearch cn coal water 
has been done at Institute difluidised bed 

Ricerche Sulia Combustions, Napoli, Italy and 

ENEL, Pisa, Italy (13). 

7.0 	 SCOPE FOR LOW ASH CWSSYSTEMS 

old 	 oil fired boilers with CWSRetrofitting blersc iayWRefitingscoidredao commerciallyfiring is considered as one ofof the 

In India it is estimatedattractive propositions. 
that about 30% of the petroleum fuel con-27 
sumption in boilers is in smaller capacity 
boilers. So development of 	 low ash CWS 

system has formed a part of the total CWS 

technology development. 

The low ash bituminous coal reserves of 

Assam, total to 2500 million tons, vide 
Table-5. The significant low ash fuel re-
serves could form the feedstock for prepara-
tion of slurries to start with. Meanwhile 
successful demonstration of economical chemi-
cal demineralisation systems or oil agglomera-
tion techniques in medium scale plants could 
lead us to the utilisation of coals having 18 to 
40% ash content. 

IN BHEL8.0 PROJECT STATUS 

8.1 Project Sequence 

The high ash content and the poor washability 
index of Indian coals are pointers to the prob-, 

lems that are likely to be faced by a CWS 

combustion system which may necessitate 

C 

incorporation of coal beneficiation, ultrafine 
grinding and firing through atomisers. 

Considering the spurt around the world in 
fiuidised bed combustion, BHEL has chalked 

out the following sequence of research for 

CWS combustion. 

1. 	 Firing washery tailings in fluid bed corn

bustors along with middlings or washery 
rejects fired as raw fuels. 

2. 	 System development for high ash, coarse 
(0-6 mm) coal water slurry preparation 
and firing in fluid bed. 

3. 	 Design and development of low ash coal 
water 	slurry preparation and firing system 

beneficiaintegrated with a suitable coal 
tion 	system. 

8.2 Slurry Preparation 

To simulate washery tailings, BHEL prepared 
slurries with pulverised coal (75% lesser than 

and carboxylic75 microns). Soluble starch 

sarfactant were added to coals used.
stabilise the slurry.Table-6 gives the analyses of the 

be 	 achievedThe coal loading upto 60% could 

to 
47.9 per cent. 

8.3 Combustion Tests 

Already, BHEL has successfully burnt spent 
liquor having 46% water and of 2400 kcal/kg 
calorific value in a 0 5 x 0.5 in fluid bed test 
rig. CWS prepared out of pulverised coal was 
tested in a set up specially designed for the 
same as shown in Figure-1. When the fluid 
bed combustor was having stable combustion 
with raw coal feed (0-6 mm size) CWS was 

introduced into the bed. To start with, the 
raw coal to CWS proportion was of the order 
of 80 : 20 by heat content. The stable bed 

of comtemperature indicated the sustenance 
bustion with CWS firing. 

Additional set up for CWS preparation and 

feeding, with instrumentation has been planned 
as detailed in figure-3. Detailed experiments 
will be conducted to coilect quantitative 

results. 
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8.4 Activities under progress 

1. Literature survey - Completed 

2. Identification and procurement 
ments and equipment 

of instru-
-

Purchase order placed for two stage progres
sive cavity screw pump to handle 0-6 mm 
size CWS of 3 t/h, 3" 0 inlet and outlet, 
9 kg/cm2 pressuro. 

Specifications prepared for online viscometer 
and density/mass flow meters. 

-3. Detailed design of system Detailed design of CWS feeding system for 
fluid bed combustor taken up. 

Design of the stirrer (turbine type) and tanks 
completed. 

Identification of additives aod stabilisers under 
progress.
 

8.5 Schedule 

Major activities involved in BHEL's part of work along with date of starting, completion and 

duration are as given below 

Start Complete Duration 
(months) 

1. Identification, evaluation and procurement Oct 84 Dec 85 15 

of instruments and equipment 

2. Detailed design of system Dec 84 Mar 85 4 

3. Fabrication Jan 85 Aug 85 8 

4. Erection of equipment Mar 85 Nov 85 9 

5. Combustion tests in fluid bed Apr 85 Sep 86 18 

6. Atomisation studies June 85 Dec 86 18 

7. Combustion by atomisation Jan 86 Dec 86 12 

8. Study tour to US Apr 85 Apr 8b 1 month 

9. Reporting Every 3 months 

113 
C 5 



CHARACTERISTICS OF 
TABLE 1 

TYPICAL COAL WATER SLURRIES TESTED 

Company 

(1) 

ProductName 

(2) 

Parent 
Coal 

ash 

% 
(3) 

Solids 

% 
(4) 

Viscosity 

CP 
(5) 

HHV 

K Cal/kg 
(6) 

Slurry 

F. C. 

% 
(7) 

V. M. 

% 
(8) 

Ash 

% 
(9) 

Moisture 

% 
(10) 

USA 

Columbia 
Chase Corpn. 

CWM 6.95 70.0 1000 4500 39.6 24.9 5.58 30.0 

North 
American CWF 

CWF - - < 1000 6180 - - 3.4 -

Amax Coal 
water 

8.7 62.0 1500 6250 37.0 23.0 1.8 38.0 

ARC 30-40 70-75 400-1000 5550 - - 2.5 25-30 

Coal Liq. CW - 70.0 950 - 38.5 25.2 5,0 30.0 

OXCE Fuel OXCE 20 80.0 < 1500 5950 - 25.0 < 5.0 35.0 

Slurry Tech Coal AL 5.2 75.0 1000 6130 46.4 24.5 4.1 25.0 

Energy Resource 
Engg. 

CWM 3.5 50 0,3 50 



TABLE 1 (CONTD.) 

Company 

(1) 

Product 
Name 

(2) 

Parent 
Coal 

ash 
% 
(3) 

Solids 
% 
(4) 

Viscosity 
CP 
(5) 

HHV 
K Cal/kg 

(6) 

Slurry 

F. C. 
% 
(7) 

V. M. 
% 

(8) 

Ash 
% 
(9) 

Moisture 
% 

(10) 

UK 

James Howden Howden 
micro coal 
water 

4.4 70,0 - - 30.3 27.3 3.4 -

Babcock Coal 7.0 75.0 100 5710 42.0 26.0 7.0 25.0 

J SWEDEN 

Fluid 
Carbon Int. 

Fluid 
carbon 

20.0 80.0 <1500 5950 - 25.0 < 5.0 2C.0 

AB Carbcgel Carbogel 3.8 72.0 400 6070 44.8 25.8 1.4 28.0 

Nycol NycoICAM 3-6 70.0 1500 5120 - - - 30.0 

JAPAN 

Sumi Tom,. 
Heavy ind. 

Ash 
reduced 
CWS 

8.0 70.6 2600 4330 5.2 29.4 



TABLE - 2 

ASH CONTENT OF GONDWANA INDIAN COALS 

Coal type 
Average ash content 

(%Wt.) 
Total reserves 

(Billion tonnes) 

Non-coking coals 

Superior quality 

Grade A & B < 18 0.320 

Grade I & II 18-24 3.648 

Unclassified < 32 18.032 

Inferior quality > 32 40.788 

Coking coals 

Prime coking < 15 5.851 

Medium coking 15-17 9.434 

Semi/weakly coking > 17 5.070 

LIGNITES 3-17 2.089 

Total 83.052 

8C 
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TABLE - 3 

COAL WASHERIES OF INDIA 
Capacity 
MT/Yr 

PRIME COKING 

Existing 

Dugda I & II ... ... ... 4.8 

Bojudih ... 2.0 

Sudamdih ... ... 2.0 

Chasnalla ... ... ... 2.0 

Pathardih ... ...... 2.0 

Lodna ......... 0.4 

Durgapur (HSL & DP2) ... ... ... 2.85 

Jamadoba ... ...... 1,45 

Moonidih ......... 2.0 

Bervrah ... ... ... 0.5 
...... 20.0 

Prooosed 

Mohuda ... ... ... 0.6 

Putkee ... ...... 3.6 

Bhalgora ... ...... 4.0 

Dharmaband ... ... 3.6 

Madhuband ... ... ... 2.0 
...... 13.8 

II. MEDIUM COKING 

Existing 

Kargali ..... .. 2.7 

Kathara ... ... ... 3.0 

Sawang ... ... ... 1.0 

Gidi ... ... ... 2.8 

W. Bokaro 2.5 
...... 12.0 

Proposed 

Keola ......... 2.6 

Ramgarh ...... ... 3.0 
......5.6 

117 
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III. NON-COKING 

Proposed 

Sodepur ... ... ... 0.85 

Biha CCP ... ... ... 4.50 

Jhinguda CPP ......... 3.00 

South Balanda ....... 1.65 

Bhortpur ... ... ... 3.50 

...... 13.5 

Total ... 64.9 

10
C 
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TABLE - 4 

STATUS OF CWS COMBUSTION/ GASIFICATION TECHNOLOGY 

Country Application Projectants Test Rig Details Year 

Canada Utilisation of combustible 
washery tailings 

Energy Ministry 
with B & W 

Atmospheric fluid bed 
1 ftx 1 ft 

1983-84 

China Combustion Et gasification 
of washery rejects and 
pipeline transported coal 

Zhajiang 
University 

Atmospheric, 80mm 0, 
250 x 250 mm 500 x 500 mm 
beds single bed combustor 
and two bed gasifier 

1981 onwards 

Sweden Gasifier for production of 
ammonia 

Garbogel AB 
Boliden AB 

1981 onwards 

U. K. Pressurised fluid bed gasi-
fier and combined cycle 
plant 

NCB/CURA 1 ft 0 gasifier 1982 

USA Pressurised fluid bed gasi- 
fier for combined cycle 
plant 

USDOE 1000 t/d 1984 

Italy CWS utilisation in fluid 
bed combustors 

Institute di Ricerche Sulla 
Combustione, Italy, Et 
ENEL, Pisa, Italy 

- 1984 



TABLE - 5
 

LOW ASH COAL RESERVES
 

Field Fed% Moist. % Ash % V. M. % F. C. ReservesMillion tons Total 

Makum 2.1 - 3.9 1.9 - 6.3 39 - 45.2 49.3 - 50.8 1664 

Dilli Jaipur 3.9 - 6.0 0.8 - 6.3 42 - 46.7 32.3 - 48.2 95.4 

Namchick Namput 2.3 - 3.3 2.0 - 8.4 43.5 - 51 41.3 - 49.7 610 

Nazira 1 - 10.0 0.7 - 4.0 36 - 44 51 - 4 54 

Others 0.8 - 13.0 2.8 - 6.0 33.8 - 40 46 - 54.9 76.2 

BITUMINOUS 2499.6 

12C 

120
 



TABLE - 6 

CWS COMPOSITION PREPARED BY BHEL 

Prox. analysis Slurry 

Coal name %Coal in 
slurry 

Particle 
size M Ash VM FC CV 

Cv 
Kcal/kg. 

Akashkinaree 45.87 75 microns 0.50 31.80 14.50 53.20 5840 2678 

Kooridh 59.60 75 microns 0.60 41.70 13.20 44.50 4743 2826 

Singareni 49.00 75% less than 
75 microns 

8.80 27.50 25.90 37.80 4925 2413 

Swang Middlings 54.00 75% less than 
75 microns 

1.03 47.93 20.60 30.44 3675 1984 
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FIG.1. SCHEMATIC DIAGRAM OF FLUIDISED BED TEST RIG.
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COMBUSTION OF BIO - MASS IN AN ATMOSPHERIC
 

FLUIDISED BED COMBUSTOR
 
Dr R VASUDEVAN 

utilisation techniques available, the most sui-INTRODUTCION 
table for energy recovery of bio-mass is 
through the use of fluidised bed combustion.India as a developing country cannot afford 

to expend its foreign exchange reserves for 
the import of primary energy viz oil to meet TRADITIONAL METHODS OF COMBUS
the growing demands of Industry. To a large TION OF BIO-MASS 
extent, the resources available within the 
country viz. coal is being exploiteo and better Bio-mass burning furnaces, developed in the 

ways of energy conversion and utilisation are 1840'S, include (i) Step Grate furnace, (ii) 

being developed. Also, India as a leading Horse shoe furnace and (iii) Eisner furnace. 

country among developing Nations, in the Essentially the above furnaces are of " PILE 

agricultural production, generate a huge BURNING " type i.e. the fuel is fed in bulks 

surplus of agricultural residues. These and the burning is effected on the conical 
about 350 shaped heaps with very high excess air operaagricultural wastes totalling 

Million tonnes annually can to a large extent tion. 
replace Fossil fuels. This paper discusses the 
salient aspects of better utilisation of these Subsequently semi suspension burning method 
agro-wastes through the latest combustion for bio-mass was developed, in which a com
technology. (fluidised bed combustion.) bination burning in suspension and a thin 

uniform fuel bed burning will take place. 
These type of furnaces (spreader stoker with 
dump grate arrangement) operate with less 

about 140 million tonnes of excess air when compared to the pile burning
India produces 
food grain per annum. For every tonne of 	 type furnaces. But these furnaces also suffer 

from high unburnts and poor load response.and a half tonne of crop resi-food grain, two 
dues are harvested. Thus the production of 
crop residues reaches 350 million tonnes PRINCIPLE OF FLUIDISED BED COMBUS
annually. TION 

Agricultural residues are traditionally used for 	 Fluidised bed combustion is a new method 

Animal feed, fuel, roofing material etc. Now of burning a wide variety of fuels. The process 

due to the Green revolution, high yield hybrid involves burning the fuel in a bed of crushed 

varieties of Paddy and other grains are culti- refractory/sand which is maintained in a Flui

vated with extensive usage of Fertilisers and dised State by the combustion air. 

pesticides causing the residue unsuitable for 
Thus these bio-masses are to be When air passes upward at low velocities throcattle feed. 

utilised as energy substitutes. Use of bio- ugh a mass of finely divided solid particles 

mass for energy purposes has been receiving (such as crushed refractory/sand) the particles 

considerable attention for some years. Bagassse are not disturbed. As air flow is gradually 

and rice husks are being extensively used as increased, the particles become suspended. 

boiler fuel. Production of Bio-mass pellets of Further increase in the air flow gives rise to 

high density and pellets of pyrolysed bio-mass 	 bubble formation and vigourous turbulence, 

is being attempted on commercial scale. Gasifi- (Ref. Fig. 1) the bed of solid particles has the 

cation of selected bio-masses also has been achi- same characteristics as a liquid and thus the 

eved. Attempts are going on for fermentation bed is termed as Fluidised Bed Cambustion of 

of some bio-mass to produce alcohol. Of all the 	 fuel. 
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hot, 	providesIdeally the fluidised bed when 

the following necessary requirements for effi-

cient combustion. 

1. 	 Large surface area per unit mass of fuel 

2. 	 Long time of contact or large residence 

time (Residence time is many times greater 

than that of suspension firing). 

3. 	 High relative speed between air and fuel 

for turbulence. With these features and 

large bed thermal storage, the fluidised 

bed combustion boiler is able to burn a
f fuls.FLUIDISED 


wide variety of fuels. 

widevarity 

ADVANTAGES OF FLUIDISED BED 
COMBUSTION 

1. 	 Ability to burn fuels containing very high 

inerts. 	 (Washery rejects containing 73/ 
have been success-ash and 1% moistur6 

fully burnt in the prototype FBC Boiler at 

BHEL, Tiruchy). 

fuels ranging from2. 	 Fuel flexibility (Burning 
HHV of 10500 Kcal/kgfuel oil having 

down to rejects having a heat value of 

1900 Kcal/kg in the same combustor has 
by 	 BHEL, Tiruchy.been demonstrated 

3. 	 Higher efficiency - combustion efficiency 

90-92% and boiler efficiency of 80% based 

on higher heating value of coal was 

with washery rejects,achieved. Even a 

high boiler efficiencv of 75% was 

achieved. For bio-mass, the combustion 
efficiency exceeds 99%. 

850C,
4. 	 As the bed is maintained between 

and 950 0C, ash does not get heated to its 

initial deformation temperature. Hence, no 
hard 	deposits onclinkering or slagging or 


heat exchanger tubes occurs. 


5. 	 Ash is less erosive and hence life of boiler 
second pass and ID system is increased, 

Because of low temperature combustion,6. 
by alkali compounds 	 in

corrosion caused 

ash is significantly reduced. 


less 	boiler cross sectional7. 	 Requires much 

area than a stoker. 

8. 	 Uniform temperature throughout the fur-

nace volume. 

9. 	 No need to spray water (as required for 

stokers) or rtiiove fines. 

10. 	 Reduced emission of harmful nitrous oxide. 

11. 	 Sulphur dioxide emission can be reduced
 

to an acceptable level with least expense.
 

12. 	 Operation is as simple as that of an oil
 

fired boiler.
 

13. 	 Load response is comparable to that of an
 

oil fired boiler.
 
FOR BIO-BED COMBUSTION 

MASS 

The composition of Bio-mass is giver in 

table-1. Ultimate analysis of bio-mass reveals 

that these fuels have very high oxygen content 

with high Hydrogen to carbon ratio. Also 
these ashthese fuels contain very low ash but 

have a much lower fusion temperature, in the 

range of 950°C. 

when burnt in fluidised bedThus bio-mass 
controlled bed temperaturecombustors at a 

only 	in the amorphous(800'C) will yield ash 
form of silica, without causing slagging. Also 

oio-mass can be burnt in FCB with very low 

excess air at combustion efficiencies exceed 

ing 	99%. 

Adiabatic combustion temperature of dry bio

mass exceeds 18000C where as for wet bio

mass it is of the order of 900'C. 

Thermo Gravimetric Analysis for Bio-mass 
reveals that combustion is complete at tempe

ratures above 5000C. 

BHEL'S AFBC COMBUSTORS BURNING 
BIO-MASS 

CHEL has successfully burnt paddy husk, 

sawdust, wood bark and bagasse in their pilot 
plant AFBC combustors. Based on the experi

mental data, optimum parameters have been 

AFBC combustorsarrived at for designing 

suitable forbio-mass.
 

BHEL has designed a hct gas generator using 

the 	 general arrangerice husk. Fig. 2 shows 
ment of the combustor. The heat output of 

million Kcals/hr.this 	FBC combustor is 0.75 

The unit is being erected at the works of M/s. 

Pamani Fertilizers Ltd., Mannargudi. 
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BHEL has also undertaken the conversion of a 
bagasse fired stoker boiler into fluidised bed 
firing of bagasse at M/s. Shimbholi Sugars, 
U. P. The conversion is being carried out and 
the operating results will be available in the 
next few months. Fig. 3 shows the arrange-
ment of boiler with fluidised bed combustion, 
the advantage of this retrofit will be the uprat-
ing of its capacity by 25% with increased 
boiler efficiency. 

NW APPLICAINS OF Cout 
OF BIO-MASS IN AFBC 

BHEL has evolved some new concepts on the 
application of AFBC combustors burning bio-
mass. They are 

i. Billet heating furnaces. 

ii. Lime roasting furnaces. 

iii. Bio-mass gasification. 

Paddy husk contains about 16% ash and a 
heat content of 4300 kcal/kg (db). Also the 
ash melting temperature of paddy husk ash 
exceeds 1600CC, Taking advantage of this 
peculiar characteristic, BHEL has conducted 
experiments in their pilot plant burning rice 
husk to reach a bed temperature of 1200'C 
for billet heating with rice husk ash as the bed 
material. The experiments are successful and 
further attempts are being contemplated to 
establish a biiiet heating furnace with AFBC 
concept. Fig. 4 shows the conceptual arrange-
ment of a billet heating furnace utilising 
AFBC principle, 

LIME ROASTING IN AFBC COMBUSTORS 

BHEL has developed a conceptual lime roasting 
process making use of AFBC combustor. As 
the lime roasting process need a precise 
temperature control between 900-950°C 
AFBC Combustors can be suitably adopted. 
Also AFBC offers uniform heating. The useful 
heat in excess of 900'C liberated in the bed 
when dr,/ bio-m-iss is burnt is absorbed by 
the proce,;s. The roasted product will come 

in the form of powder which can be 
collected from the cyclones and the hot gases 

leaving at 900'C will be utilised for drying the 
limestone and bio-mass. Pilot plant studies 
will be taken up in the near future to test this 
concept. 

810-MASS GASIFICATION 

BHEL has come up with a conceptual design 

of a bio-mass gasifier as shown in fig. 5. By 
seeking necessary government financial sup
port, a pilot plant may be bui;t in the near 
future, for the exploitation of this technology 
to augument the low load stabilisation of 
boiler flames. 

CONCLUSION 

AFBC combustors can only burn the bio-mass 
at very high efficiencies and innumerable 
newer applications can be thought of, for 
industrial energy substitution making use of 
combustion of bio-mass in AFBC boilers. 
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TABLE - 1
 

COMBUSTION OF BIO-MASS
 

ULTIMATE BIO-MASS COAL 

Carbon % 49.8 82 

Hydrogen % 6 5.7 

Oxygen % 44 9.2 

Sulphur % 0.1 1.4 

Nitrogen % 0.1. 1.4 
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INTRODUCTION
 

As the United States' largest user of coal (27.5-million tons burned in
 

1983), the Tennessee Valley Authority (TVA) is interested in developing
 

better ways to utilize this energy resource. Atmospheric fluidized bed
 

combustion (AFBC) is a promising near-term alternative to conventional
 

pulverized coal burning for the TVA power system.
 

TVA's involvement in AFBC development began in 1974 ana has addressed
 

the major technical uncertainties through a comperhensive program of
 

design, experimental, and analytical studies. A major milestone was
 

reached in 1982 with the completion of a 20-MW AFBC pilot plant. This
 

engineering pilot unit was designed to simulate utility power plant
 

conditions and mechanical features. Full operations began in June 1982,
 

commencing four years of tests under joint TVA/Electric Power Research
 

Institute (EPRI) sponsorship.
 

20-MW PILOT PLANT DESIGN FEATURES
 

TVA constructed the 20-MW AFBC Pilot Plant at the Shawnee Steam Plant near
 

Paducah, Kentucky. Included are coal and limestone preparation facilities,
 

a solid waste storage area, the boiler building, chimney, baghouse, air

cooled condenser, and an office service building. The facility is
 

the nearby power plant for only electricity and
self-sufficient, relying on 

The plant is staffed by operators and technicians from the
raw water. 


utility system. A full-time engineering and laboratory staff support
 

testing.
 

The 20-MW Pilot Plant is an intermediate step between the small process
 

development research units and commercial-size utility demonstration power
 

plants. Its size, design, and flexibility allow for comparing and
 

screening various options for fuel feeding, fly ash recycle, and control
 

on commerciai-size equipment. The basic unit arrangement is shown in
 

figure 1. 

Both underbed pneumatic and overbed spreader coal feed systems are
 

The bed area is large enough to simulate commercial unit process
provided. 

and operating characteristics. The fly ash recycle 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.
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Table 1
 

20-MW DESIGN PARAMETERS
 

Design Flexibility 

Bed area (ft2 ) 216 58,108,166,216,288 

Superficial velocity (4ps) 8 4, 8, or 12 

Bed temperature (OF) 
Bed depth (ft) 
Coal feed rate (lb/hr) 

1,550 
4 
12,000 

to 1,650 
to 6 
to 22,000 

Steam capacity (lb/hr) 
Outlet pressure (psi) 
Outlet temperature (OF) 

111,200 
2,400 
1,000 

to 170,000 
2,400 
1,000 

OPERATING HISTORY
 

The first coal fire was in May 1982, and a full load, 24-hour operability
 
The
test run was achieved less than five weeks later on June 6, 1982. 


300 hours
formal TVA/EPRI test program started on July 1, 1982, after over 


of hot functional checks. te initial test campaign lasted until April 6,
 

1983, and accomplished the objectives of operator familiarization,
 

equipment shakedown, data acquisition implementation, and base-case
 

performance testing. There were approximately 1,500 hours of coal-fired
 

operation during this time.
 

Follouing shakedown, testing began to evaluate system performance and unit
 

operating characteristics using the two alternative methods of feeding coal
 

and limestone (underbed and overbed). As of December 198L, approximately
 

10,000 hours of coal-fired operation have been completed. Approximately
 

1,500 hours have been with overbed coal feeding with the remainder being
 

with underbed coal feeding. Both underbed and overbed limestone feeding
 

have been tested. The coal used has been high sulfur Kentucky No. 9 with
 

two different limestones tested, Reed and Fredonia.
 

20-MW AFBC PILOT PLANT RESULTS
 

Process performance tests have given encouraging results. Combustion
 

efficiencies of 97 perrent can be achieved with either underbed or overbed
 

feeding by recycling fly ash material from the multiclones back into the
 

combustor. Figures 2 and 3 show combustion efficiencies achieved for a
 

given amount of recycled material (recycle ratio is defined as pounds of
 
Combustion efficiency
multiclone catch recycled per pound of coal fired). 


a significant
suffers considerably when feeding unwashed coal overbed with 


These fines do not reach the bed and are elutriated out of
fines content. 

the combustor and cyclone with insufficient time for complete combustion.
 

The use of Kentucky No. 9-type coal overbed will require control and
 

normalization of the fines to achieve consistent acceptable carbon bur.iup.
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Sulfur capture efficiency depends primarily on the amount of fresh
 

limestone in the bed, its surface area, and residence time in the unit.
 

Increasing the rate of fresh sorbent feed reduces the SO2 emissions
 

almost immediately. Economics, however, require the calcium-to-sulfur
 

ratio (Ca/S) be kept at a minimum. Unsulfated sorbent is elutriated out of
 

the combustor and caught by the multiclones. This material, with the
 

unburned carbon, is also recycled to the unit. Figures 4 and 5 show sulfur
 

retention achieved for various Ca/S and recycle ratios for both underbed
 

and overbed feeding, respectively. The results to date indicate that 90

percent sulfur retention can be obtained using underbed feeJ with Ca/S and
 

recycle ratios cn the order of 2 to 2.5. Overbed washed coal results show
 

the same trend as underbed feed tests with a reduction in performance.
 

The single-screened, onwashed 1-1/4 x 0 inch coal data, shown circled in
 

figure 5, gave inconsistent and significantly lower sulfur retention due to
 

the large amount of fines which burned in the freeboard. The SO2
 
released here does not have the residence time nor the intimate solid-gas
 

contact required for good capture. Washed coal on the other hand gave
 

more stable operation and better performance due to control of the amount
 
of fines.
 

Emissions of NOx from the unit have been below the environmental limit
 

for all conditions tested. Low nombustion temperatures, on the order of
 

1,500 0 F, in AFBC units limit the generation of thermal NOx to in
 

insignificant level. Figure 6 shows the variation of NOx emissions with
 

excess oxygen in the flue gas. No special efforts have been made to date
 

to lower the NOx emissions.
 

Equipment and systems are being carefully monitored to develop a data base
 

for design, operation, and maintenance planning. There have not been any
 

major unresolved AFBC system-related problems.
 

Overbed feed has proved to be a relatively simple, high-availability feed
 

system. However, consistent coal sizing is not practical, and a special
 

feed preparation and handling system would be necessary to control fines to
 

the level required for stable operation and acceptable process performance.
 

Rocks fed with the coal tend to plug drain and disposal lines and can cause
 

defluidization if allowed to accumulate in the bed. Special attention to
 

coal preparation and/or mechanical design features which will add
 

considerably to complexity and cost, would be required to prevent these
 
problems.
 

Underbed feed has not been as reliable as the overbed feed system.
 

Problems encountered include components and feed line plugs due to high
 

moisture and large particles and excessive feed pump and feed line
 

erosion. Modifications to the system have since improved reliability
 

considerably and availability is now acceptable. Modifications included
 

use of wear-resistent materials, special anti-wear designs, reduced
 

transport velocities, and elimination of discontinuities and flow
 
restrictions.
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Erosion of in-bed tubes and supports has been within acceptable limits.
 

Convection pass tube and supports are in excellent condition and have not
 

experienced any erosion. No measurable corrosion has been found anywhere
 

in the unit.
 

160-MW DEMONSTRATION PLANT
 

Based on the encouraging progress at the 20-MW Pilot Plant, TVA, in
 

cooperation with EPRI, the Commonwealth of Kentucky, Duke Power Company,
 

Combustion Engineering, Inc., the Department of Energy, and several other
 

utilities, coal companies, and railroads has undertaken a follow-on project
 

to design, construct, and test a AFBC 160-MW demonstration plant. The
 

plant will be an add-on boiler adjacent to unit 10 at TVA's Shawnee Power
 

Station with startup scheduled for 1988.
 

The Shawnee Steam Plant is composed of 10 pulverized coal fPC) units of
 

identical size and design. The demonstration plant will be nominally rated
 

the maximum turbine output of unit 10.
at 160 MW(e) which corrcsponds to 


As shown in figure 7, the add-on AFBC boiler will be constructed beside the
 

existing unit 10 as a replacement for that boiler and will utilize the unit
 

10 turbine generator set. The existing PC boiler will not be dismantled
 

but will remain online during the consLruction of the add-on AFBC
 

demonstration boiler and will serve an
a2 alternate to the AFBC boiler.
 

Existing auxiliary equipment will be used wherever possible, but 
new
 

equipment (such as forced-draft fans and air heaters) will be required.
 

The AFBC boiler is designed to interface with the unit 10 steam supply to
 

the existing turbo-generator. the flue ducting to the unit 10 baghouse, the
 

unit 10 yard coal-handling equipment, and with various water systems.
 

The existing coal-handling system will be used through the transfer station
 

adjacent to the unit 10 boiler building. At that point, a new conveyor
 
the AFBC boiler
will transport the coal to a new transfer ;tation east of 


and then into the AFBC boiler building. The design basis coal is an
 

eastern high-sulfur bituminous as typified by Kentucky No. 9. A complete
 
a receiving
limestone handling system will be added and will include 


hopper, crusher, and a screening system. Redundant crushing and 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 design basis limestone will be similar in activity to Reed or
 

Fredonia. Alternate fuel or limestone will be tested within design
 

limitations of the boiler.
 

160-MW AFBC boiler.
Combustion Engineering, Inc., will supply the new 


Designers will apply fully the engineering experience gained from the 20-MW
 

Pilot Plant. The steam generator will be a balanced draft, drum-type AFBC
 

boiler. It will supply superheated steam to the high pressure turbine at
 

1,815 psi, 1000 0F, and reheated steam to the low pressure turbine at
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445 psi, 10000F. The boiler will be a combination top- and bottom

supported design with a flexible expansion joint in the convection pass.
 

Fuel feed systems will employ underbed feed of both coal and limestone.
 

Solids entrained in the flue gas will be collected with mechanical cyclone
 

to the fluid beds. Boiler efficiency is
separators and a portion recycled 


guaranteed to be 87.53 percent at a maximum continuous rating with a
 

Ca/S molar ratio of 2.3, based on the design fuel and sorbents.
 

an
 

extended commercial demonstration run is planned. A 6-year commercial
 

operation period will follow resulting in a total of 10 years of data
 

acquisition.
 

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


SUMMAR!
 

The 160-MW AFBC Demonstration Plant will join the 20-MW Pilot Plant that
 

has operated successfully at the Shawnee station since 1982. Joint
 

TVA/EPRI testing continues at the pilot plant with performance evaluations
 

AFBC components and systems, load control approaches, and
of large-scale 


coal feeding methods. The 160-MW demonstration unit will start up in 1988
 

and be operated in a controlled test program intended to fully
 

commercialize AFBC for the utility industry.
 

142
 



13. CYCLOI DUST COLLECTOR
I. COAL BUNKER 

14. RECYCLE DRAIN COOLER
2. LIMESION BUNKER 


3. FIEL UNCERBED LIM(STONE FEED 15. RECYCLE FEED PUM 

.S 4. (NIRBED LiMESTOE FEED 16. RECYCLE STREAM SPLITT.R 

17. FUl STREAM SPLITTER
5. OVERBED COAL FEED 

6. AIR DUCT 12. BED DRAIN COOLER 

AIR HEATER7. OVERFIRE AIR SYSTEM 19. 

8. IN-BED SiPERlEATER SURFACE 20. BAQIOUSE 

21. ELECTROSTATIC PRECIPITATOR
9. IN-BED EVAPORATOR SURFACE 

22. FORCED DRAFT FANID. SUPERHEATER


! CO E 
 23. FLUE GASES TO BAGHOUSE
 

12. CONVECTION PASS REGION 

222
 

isi
 

20-MW AFBC PILOT PLANT
 
FIGURE 1
 



COMBUSTION EFFICIENCY 
UNDERBED FEED 

(%) 

L 95 

AA 

(3 

0 

bl85 

E 

0 1 2 

RECYCLE RATE 

3 

CCOAL RATE 

4 5 

FIGURE 2 



COMBUSTON EFFICIENCY (%)
OVERBED FEED 

100 I
 

7% FINES (PERCENT LESS THAN 
30 MESH) 

>-95 

Z 16% FINES (PERCENT LESS THAN 
W -30 MESH) 

(-
I--

w 90
 
z
 
0
 

m 85
 

0 

1 L I-1

S I 5
80 -

I 
3 4
2
1
0 

FEED/La COAL FEED)
RECYCLE RATIO (LB CHAR 

FIGURE 3
 



100 

UNDERBED FEED 

0 

19) 

7 0 

:3 

360 

130 + 

RECYCLE RATIO 

50 
0 

Ca/S( 
12345 

MOL Ca IN LIMEST ONE IMOL S IN COAL FEED) 

FIGURE 4 



100
 

0 0 

WASHED 
oc - 7, \o 

U 
 I I UNWASHED
I
c 

L , RECYCLE RATIO 

:3 N o+1.8 _ 

:3 60 U 0A t .2.0 

+ 2.5 
3.8 

50a 

0 2 3 4 5 

Ca/S ( MOL Ca IN LIMESTONE I MOL S IN COAL FEED ) 

FIGURE 6
 



NOx EMISSIONS (LB/MBTU) 

o a 

£ 

.5 
a 

0
 a
 

0 

oo
0 

Z 0O
 

0 0 - UNDERBED 
.1 -___A - OVER13ED (WASHED) 

- OVERBED (I 26 x 0) 

2 4 6 10 

02 (M) 

FIGURE 6 



BARGE UNLOADING FACILITIESTO EXISTINGN 

PLANTEXISTINO SHAWNEE $TEAM 

&ITAC STACK
 

POWERHOUSE 
EXIx$rNG 
 UIS11

COA~1. STORAGE YARD 

COAL HANDLING SYSTEM 

SYSTEMHANDLINGLIMESTONE 
MAIL CAN UNLOAOER
NEXISTING 


AREASTORAGELIMESTONE 

160MW ADD-ON - AFBCSITE PLAN 

149
 



QUESTIONS & ANSWERS 

COMBUSTION SESSION, FIRST DAY 

C: Y. P. Abbi: Thank you, Mr. Vincent. 

now open for questions. 

We are 

Q: R. Vasudevan: 

overbed feed? 

What are the problems faced in the 

A: R. Vincent: Basically it is the material you feed in 

which is an inch and a quarter top size. The problems 

come frem the large material and the small material. 

The lazge material you are feeding in rocks, or ash 

material that is that size. When ycu mine the coal you 

get rocks that are arz inch and a quarter. These build 

up in the bed and tend to deiluidize the bed and you 

have to have a distributor plate that will take these 

rocks and move them to a drain or have multi drains in 

your unit to get rid cf the rocks. On the small end, 

if you have toc many fines it blows up into the 

freeboard and se all your combustion is occuring in the 

freeboard. You have much better heat transfer ir the 

bed and that is where you would like it to occur. Also, 
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if the amounts of fines vary you have a lot of control 

problems in maintaining tempetatures. If fines 

increase, all the heat goes into the freeboard and you 

have trouble maintaining the bed temperature so you 

have to feed more coal just tc keep the bed temperature 

up. 

Q: R. Vasudevan: 

efficiency? 

Any marked changes in the combustion 

A: P. Vincent: Yes, that is why with the demonstration 

plant we decided to go to the underbed feed system. We 

received proposals from Foster-Wheeler, P&W and CE, and 

one of those gave us an overbed feed system and it was 

not acceptahle for performance reasons. 

Q: R. Vaidyeswaran: You mention the development of AFBC 

up to say the year 2000 or so. Any development on PFEC 

or is it being ruled cut completely? 

A: R. Vincent: It is not being ruled out totally, but TVA 

is not invclved in any pressurized units but we feel 

that is a step for the future. We are looking for 

commercialization of fluidized bed combustion now and 

are putting all our forces on atmospheric fluidized bed 

combustion. 
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Q: B. K. Mazumdar: Did the rank of coal have any effect 

cn the efficiency of combustion, and was there any 

emission of organics along with the particulates? What 

was the maximum efficiency of combustion? 

A: R. Vincent: The maximun combustion efficiency achieved 

was around 98% and we reached this at a very early 

recycle ratio of around one and a half to twc. 

Increasing recycle further really does not improve 

performance. 

Regarding the effect of rank of coal on combustion 

efficiency, we have used just one type of coal. 

Q: M. M. Sen: In this 216 sq. ft. 

feedpoints are provided? 

bed, how many 

A: R. Vincent: Our normal design was one feedpoint for 18 

sq. ft. We have also done tests for one feedpoint for 

every 27 sq. ft. and bave seen very little degradat4cn. 

Q: S. Sundararajar: What are the main problems you have 

faced with this unit and the ones you are going to take 

up in your 160 M9 unit. 
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A: 	 R. Vincent: We feel that the technology is ready and
 

that is why we are committing our money and others are
 

ready to put their money on the line also.
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PANEL DISCUSSION - FIRST DAY 

Q: B. K. Mazumdar: Because of variations in natural 

moisture content -- bed moisture, seam moisture, mine 

moisture -- one coal may have a moisture content of 40%, and 

another 1%. Therefore, when you discuss coal, which coal? 

is the natural moisture content of ccal taken into 

consideration when you describe your coal/water mixture in 

terms of solids and water? Otherwise, all your calculations 

in terms of efficiency of combustion or the impact of water 

on the efficiency of combustion would go wrong. I would like 

to have your comments on this. 

A: I think this aspect was dealt with by Mr. Malarkkan where he 

separated the losses due to the inherent moisture and 

the extra water we add in coal-water slurries. 

A. Mr. Malarkkan: Naturally the water content is the 

total water content. We have not really talked about coals 

like peat or lignite wherein the moisture content is very 

high. We have not talked about such coals, but only the 

bituminous and subbituminous coals having a moisture 
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content of roughly 10 to 15%.
 

C. 	 B. K. Mazumdar: But, excuse me, even in subbituminous
 

coal, depending on what you dc in the dispersion of
 

coal in water, the natural moisture ccntent can be
 

20-25% which is quite sizeable. Then again, even with
 

dry coal, in situ 40-50% by weight of coal, %ater is
 

generated in the process. There are a lot of points to
 

consider to compute the efficiency vis a vis the water
 

content in the fuel.
 

A: 	 The inherent moisture is of the order of 2 to 6%. Most
 

of the water is surface moisture and this moisture is
 

taken into account along with the inherent moisture.
 

So only the special fuels --the very high moisture
 

fuels -- may have a little chance of subjecting
 

themselves to such a slurry combination.
 

But otherwise we include definitely the surplus moisture
 

of the order of about 20% as moisture already available
 

for slurry.
 

Q: 	 P.V.N. Sharma, BHEL, Trichy: What is the stability
 

achieved and how do you measure the stability of
 

coal-water mixtures? What is the amount of additive
 

used and is there any relationship between the ash
 

content and the additive that is there? What is the
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size of coal used for 65% concentration?
 

Q: Mr. Malarkkan: You ask what is the stability 

achieved and how do you measure stability? We cannot
 

really quantitatively measure stability as yet but,
 

qualitatively, we find the stability by taking the
 

density of the sample from different parts. There
 

are other methods for which we do not have the
 

apparatus now. There are two types of stability
 

-- stoke stability and serenity stability. By the latter
 

I mean that in coal/oil slurry when kept, due to the
 

natural attraction of the particles, the particles
 

slowly agglomerate and the clear liquid comes to the
 

top so that it is visible. The natural tendency of
 

the particles to agglomerate, to flocculate, is always
 

there. You can partly minimize this but in time it
 

agglomerates. So, in our case, in five to six days
 

time we find that the clear liquid comes out at the
 

surface. As a specific answer, we could not
 

quantitatively measure the stability. In the sample I
 

have seen you can definitely see that, in the whole day
 

it is kept, there is no settling.
 

What is the amount of additive used? Is there any
 

relationship between the ash content and the additive?
 

The amount of additive used is less than 1; in fact,
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there is more than one type of additive, one a
 

dispersing agent and one a stabilizing agent. They may
 

be preservative or anti-foaming. There are a number of
 

additives we add but the total is less than 1.5%.
 

There are relationships between the ash content and the
 

additives, but we have not studied this in detail. It
 

is very case-dependent because all coals are not alike
 

and do not behave equally, so the surface phenomenon of
 

the coal, as well is the ash characteristic composition
 

of the coal, is important.
 

What 	is the size of coal used for 65% concentration?
 

That 	is given in the paper -- 97% passing through 200
 

mesh, that means less than 75 microns. That is more or
 

less 	conforming to the pulverized coal.
 

Q: 	 Mr. Chaudhuri of URJA: I would like to know 

more on the possibility of transportation of 

coal-water slurry for decentralized generation. 

A: 	 This is a concept many people are now considering, but
 

I don't think that this concentrated coal-water mixture
 

can be pumped for a long distance. What can be done?
 

One can transport a coarse-coal slurry through a
 

pipeline and, at the receiving end. One need not dry
 

it. It can be wet ground, properly mixed through
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additives, and then burned directly. But, at present,
 

what is done is that coarse coal is transported
 

through a pipeline and, at the receiving end, it is
 

dewatered and dried then burned. So, coarse coal

water slurry can be transported, dewatered and drying
 

is not necessary. Wet coal can be dispersed in a
 

minimum quantity of water and it can be burned like a
 

liquid coal. People are thinking of doing it this way,
 

whereby the drying stage in the bi-plant transportation
 

of coal can be eliminated.
 

A. Dr. Krishnan: Just before I left, at Morgantown Energy
 

Technology Center they were starting on a program to
 

burn coal-water slurry in fluidized-bed combustion. 


think the shakedown is going on and no results have
 

been published, and this is strictly some information I
 

have gathered. But you can go up to a top size of I=
 

and when you say crushing to less than 200 mesh, that
 

really scares me because it takes a lot of money tc
 

make something so precise and it involves a lot of
 

energy. The question now is, what is the top size you
 

can burn? I think there were some tests done at in a
 

PFBC in a 20 MW rig and they have demonstrated that you
 

could burn up to 3mm. That is the top size in the
 

state-of-the-art. Even with the 3mm you cannot
 

transport or pump the coal long distances to get it
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from the tank to the combustor. The distance
 

has to be very short, and most of the problems have to
 

do with plugging in the lines and the elbows. So they
 

are considering that and, as we were discussing in the
 

lab, if this should really take off and you want to
 

still feed the 3mm size particles, someone should come
 

up with a way tc do away with the additives and make it
 

a very cheap process. The ingenuity will be how you
 

are going to feed the slurry -- maybe you are going to
 

have to come up with a system where you bring it up and
 

have like a centrifuge and then swirl the coal around
 

and feed it like a overbed, except that you swirl it
 

around and because of that it will burn before it goes
 

to the bottom. So a lot of thought, I think, should go
 

into developing a combustion system to the burner
 

configuration as well as how to get the coal-water
 

slurry in the combustor. I think that is the main
 

thing. Once you get it in the combustor, it is going
 

to burn, but how to get it without settling and still
 

de away with the problem of crushing and grinding and
 

adding additives? I think an approach like that will
 

be very beneficial, not only here using 70% ash high
 

washery rejects, but also in the States and other
 

places. I thought I would just add this comment
 

because my thinking is along these lines -- to develop
 

a feed system for the slurry and give me any particle
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size and then see what ycu can do with the worst case.
 

C: 	 Y. P. Abbi: It is very clear that, in this coal-water
 

mixture, the end use has to be kept in mind. If ycu
 

want to make a coal-water slurry, transport it by
 

tankers and burn it in existing oil-fired boilers,
 

slightly modified, then you have to go for fine
 

grinding and make a slurry of that nature. If you are
 

able to consume the slurry immediately in a fluidized
 

bed combustor, as Dr. Krish is saying, then it can be of
 

the higher particle size. Now, I have some mcre
 

questions but, our friends from America are here but I
 

do not find any questions to them directly. I would
 

like 	the audience to raise questions. We are here, we
 

are available in India any time for you to ask
 

questions but they are not going to be here too long so
 

I would say if ycu have any questicns to them please
 

direct those questions. T request you to come tc the
 

mike.
 

Q: 	 I would like to know from the American participants
 

about the IEA fluidized-bed program because the IEP
 

membership is limited to the developed countries and
 

what I foin6 is that IEA is very secretive about their
 

work on fluidized bed. What can be shared and what can
 

he learned?
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A: 	 R. Krishnan: It is hard for us to get information
 

also, and we get most of our information from DOF.
 

I think IEA is more cn a commercial basis, and a lct
 

of the information is classified. In putting up plants
 

like Grimethorpe a lot of money has gone into it
 

and different countries are involved and they like to
 

keep their technology to themselves, at least to some
 

extent. Bu:, unclassified information is available in
 

USDOE reports.
 

Q: 	 There was a conference in St. Louis in August. Are you
 

familiar with that?
 

A: 	 Dr. Krishnan: We have the coal abstracts that come
 

every two weeks. lEA abstracts. Mcst of the reports I
 

have been able to get without going through too many
 

processes. Now, the USA is a member of the IEA and we
 

have a representative in our Laboratory. Every two
 

years there is a man deputed tc [EA in London. I think
 

the information is available and i am pretty sure here
 

are at least a hundred reports cn the PFBC that have
 

recently come out. I am just using a rough nurmber, hut
 

there are all kinds of reports on implementation and
 

irstrunientation, distribution, etc., going very much
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into detail and I think well documented, and available
 

through the National Technical Information Service, for
 

a small fee of six or seven dollars. You can get most
 

of the reports on PFBC and I would suggest you write to
 

IEA directly and ask if they have any immediate
 

information. The reports are there and available.
 

Q: 	 Mr. Mazumdar: Regarding SO and NO emissions 

x x 

and prevention by fluidized bed combustion in the
 

utility for the 20 MW unit that ycu have described, and
 

the demonstration plant coming out in the future, the
 

limestone bed is used to keep down this SC /sulfur
 
x 

trioxide emission. After some time there is a buildup
 

and calciu- sulfate is formed, at which point the bed
 

is changed over to a new bed. I 	would like tc know
 

whether the calcium sulfate decomposes catalytically
 

even 	at the lower temperature of 850 or 900.
 

A: 	 Basically, what we do is maintain a certain bed level
 

in our t it to keep the tubes submerged and, based on
 

that, we feed a certain calcium sulfur ratic. You can
 

feed a continuous stream of limestone with the coal and
 

that dictates what kind of sulfur capture you get, and
 

also the amount cf recycle that you put back ir.imnpacts
 

how much sulfur you capture. It is not something ycu
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just 	turn off and on -- you have a constant flow of
 

limestone.
 

Q: 	 Regarding the erosi_n of in-bed coils, here in India
 

we have taken long-time measurements and even after 15
 

thousand hours of operation there is not even 0.1 mm of
 

erosion in the in-bed coils, whereas the experience in
 

the U.K. has been different. In many boilers the
 

erosion has been almost nil but in a few boilers there
 

were even punctures because of the erosion. What is the
 

experience of TVA regarding the bed tube coils?
 

A: 	 Let me get into the performance first. This is a slide
 

of combustion efficiency vs recycle ratio. As I
 

mentioned earlier, our feed point spacing is one per
 

evrary 18 sq. ft. of bed area -- the three feedpoint
 

curve that is shown there. The triangles are the data
 

puints we used for 2 feedpoints per compartment, or one
 

fcr every 27 sq. ft. Yju can see that, as recycle
 

increases, combustion efficiency also increases. But
 

once you get above a recycle of around 2 -- the recycle
 

ratio is how many pounds of fly ash material you are
 

putting back for every pound of coal you are feeding
 

into the boiler -- you start to reach a diminishing
 

return.
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Pere is a curve of sulfur retention. In the U.S. we are
 

required to absorb 90% of the sulfur, or 1.2 lbs. per
 

million Btu is the emission limit. So this curve is
 

what it takes to get 90% capture and, for zero recycle,
 

we are having a feed of about 3.5 moles of calcium for
 

every mcle of sulfur. As you increase recycle ratio,
 

it helps out on the sulfur capture. Again we plot few
 

feedpoint curves, subject to the type of stone you are
 

using and also the bed temperature. If your objective
 

is to capture the sulfur, then you will have to stay
 

around 1500 and 1550F. As you go off that temperature
 

on the low end, sulfur capture decreases rapidly. On
 

the high end, it gradually tapers cff. There are
 

similar curves for underbed and overbed on the
 

performance. Overbed is worse but the same trend is
 

there. On the subject of erosion in-bed, we have
 

boiling water tubes and superheat tubes in the bed.
 

We started out with a Reed limestone and we are getting
 

on the order of 3 to 3.5 mils per thousand hours of
 

operation -- a mil being .001 inches. We have about
 

3.5 mils per thousand hours on boiling bank surface.
 

These are the carbon steel tubes that are in the bed.
 

The superheater tubes are stainless material 304H and
 

to date, 10,090 hours, %-e really haven't seen any
 

appreciable erosion. Tubes tend to develop ar oxide
 

protective layer which prevents erosion from occurring
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on the in-bed superheater tubes. On the convection
 

pass, 10,000 hours of operation, gas velocities between
 

the tubes on the order of up to 70 to 80 ft/s have
 

shown no erosion. And going to the Fredonia limestone,
 

the erosion rates are now down to less than a mi] per
 

thousand hours. It's a softer stone -- and we have
 

been 	able to pick that up all the way from out in the
 

yard 	where we have a hammermill crusher -- we used to
 

have 	to rotate cur hammers because of the wear and now
 

we can run a lot longer without having to rotate the
 

hammers on the crusher --it takes less horsepower to
 

crush limestone. It's a softer material - it
 

elutriates a little bit more but the perfcrmance is
 

even better than the Reed limestone so far as sulfur
 

capture is concerned.
 

Q: 	 Can you say that this erosion is mainly due to the 

lime, because, when we did not add any lime in the 

fluidized bed, there was practically no erosion? In 

fact the black color of the tube does not change. 

A: 	 Yes -- we have run only one type of coal so we are
 

comparing two different limestones and there is a
 

tremendous difference. I am not saying you could not
 

get some typical silica or pyrite in the coal that
 

night cause erosion also.
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Q: 	 About the choice of AFEC for the 160 MW which is
 

going to be built in the USA, did they consider the
 

CFBC even in the context of sulfur capture? Whatever
 

Bob was saying they could achieve with a 3.0 recycle
 

ratio, the ratio in the CFBC is something like the order of
 

2. I 	understand that with 1.5 we could achieve
 

the same sulfur capture as well as achieve very high
 

combustion efficiency. I would like Mr. Vincent to
 

give us his views on CFBC vs AFBC as a choice.
 

A: 	 The 160 MW demonstration plant of boiler specifications
 

was drawn up by TVA, and EPRI was also involved, and it
 

was limited strictly to AFBC designs and so was not
 

open to circulating beds. At TVA the position now is
 

that 	AFBC is a proven technology and it is just a
 

matter of demonstrating to the utilities so as to get
 

the orders coming in. Circulating bed, Pyropower,
 

Lurgi and others are boasting a lot of claims, but I
 

have seen very little data that circulating beds do
 

have the very good potential that they claim.
 

C: 	 In this context I would like to mention that Alstrom
 

has quite a number of orders for CFBCs and Lurgi too,
 

so it is already in the market.
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C: 	 Yes, Colorado Ute, another utility in the States, has
 

provided a contract to Pyropower to build a 110 MW
 

circulating bed so FPRI is really involved in three
 

different demonstration projects for fluidized bed. We
 

have our own AFBC project, 160 MW; at TVA, we have a
 

Colorado Ute 110 MW circulating bed, and Northern
 

States Power has a retrofit unit they purchased from
 

Foster-Wheeler -- that is an overbed feed system. The
 

orders are coming in and Pyropower is selling units.
 

In Canada, Nova Scotia Power is building a 20 MW
 

circulating bed unit.
 

A. 	 At this stage, you really cannot distinguish which is
 

better. The development has to go on side by side. TVA
 

may say that bubbling bed is riqht and others might
 

say, from the standpoint of techno-economics, that
 

circulating bed is preferred. So I don't think at this
 

point we can make a clear-cut distinction as to which
 

technology we should adopt. It all depends on the
 

techno-economics and the individual experience which we
 

have.
 

Q. 	 I would like Bob Ichord to give his views on this
 

coal program which is going on between USAID and
 

India. He is the Program Coordinator from USAID
 

Washington.
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as well.
 

Third was the problem relating to the supply of
 

traditional fuels for rural development, as well as the
 

problems of deforestation and land management that are
 

very important and referred to this morning by
 

Maheshwar Dayal.
 

As a result, we basically developed a program that
 

focused on coal conversion technologies, biomass
 

conversion technologies, energy conservation in
 

industry -- a program that is going to have a series of
 

meetings in the coming two years looking at energy
 

conservation in specific industries. The collaborating
 

institution in India is the Association of Indian
 

Engineering Industries and that may be of interest to a
 

number of you. Mr. Tarun Das is the Secretary and will
 

be helping to work with our counterpart, the Nationa]
 

Academy of Engineering, in arranging some cf that
 

program. Then we had a program on biomass production
 

mentioned this morning, which would help to carry out
 

research on fast-growing woody biomass and its
 

applicability to different locations in India both
 

north and south. Going back to coal, the program is
 

extremely important in terms of the future of Asia,
 

which I have worked in for the last fifteen years.
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A: 	 Mr. Ichord: One of the reasons I came is that I wanted
 

to go into depth on the status of the program, and so
 

far I am pleased with what I have heard. I might
 

backtrack, since I was involved in the initial
 

discussions several years ago in terms of the structure
 

of this project, which is really the second
 

collaborative energy project with India. I would like
 

to point out that, at that time, there was a clear
 

recognition of the three goals that were of importance
 

in terms of the development of the program. One was to
 

try to deal with the problem of oil imports, which waz
 

clearly very important. You will recall that India was
 

importing $4 billion worth of oil in 1980. The
 

situation has improved somewhat, down to a couple of
 

billion dollars this year, but it is still a major
 

problem and is important, given the fact that the
 

growth in India will require a tremendous ainount of
 

energy of all kinds, both oil and coal and other
 

sources as well. So that was a major goal and coal is
 

a critical element in that process -- in the power
 

sector, industrial sector and others.
 

The second goal was improving the efficiency of energy
 

use, and that is not confined to the modern sector but
 

is related to the efficiency and use of biomass fuels
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Seeing what has happened in Asia with regard to the
 

importance of coal as a substitute for oil, and as a
 

major source which countries will depend on in the
 

future, has indicated to me that the potential and the
 

changes in technologies will be dramatic. Certainly
 

India has been and will continue to be in the forefront
 

of this development just as in the U.S., with our large
 

coal base, we will be continuing to have a major
 

program on all phases of coal technology. Certainly
 

the work in all areas of this program is going to be
 

critical. I think that the problem India faces in
 

terms of the high-ash coal is of particular importance
 

and is a severe case, but other countries in the region
 

are also dealing with lignites and poor quality coals
 

so that the issues as to how to improve the efficiency
 

in the use of these coals and what are the technologies
 

available for doing this are cf great importance. In
 

particular, we 7re involved in other programs tc look
 

at the feasibility of ccal-water mixtures. In the
 

Philippines, for instance, we are doing a major
 

feasibility study on the demonstration of the
 

coal-water facility near Manila. We also have a
 

program in Indonesia that will be working to develop
 

boiler technology with an arrangement similar to that
 

you have here with BHEL and Combustion Engineering,
 

using their indigenous coals.
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Going back to my statement of the importance of the
 

work here, it is clear to me that what is happening is
 

that growth in the coal industry is just beginning and
 

the market is enormous. To the extent that we have
 

moved toward the demonstration of these technologies
 

and shown other countries in the region that are not so
 

advanced what the possibilities might be, they will be
 

in a better position, as we all will, to make decisions
 

with regard to how to spend limited investment capital
 

in this area. If you look at what is happening in a
 

difficult financial situation, the decisions are very
 

tough as to hcw to invest capital in the energy sector,
 

which has already taken a very large percentage of
 

government budgets in most countries. A very high
 

priority in our efforts is the extent that we can use
 

indigenous resources and use them more efficiently and
 

expand the availability of power and energy fcr
 

national development of both agriculture and industry.
 

So I applaud all the work cf the scientists and
 

engineers here and will again be having more detailed
 

comments in terms of the different sub-projects after I
 

have had a chance to hear and talk with you all.
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C: Dr. Abbi: T would like to thank all of the
 

authors who tock so much pain in preparing the papers
 

and giving the presentations.
 

I would like to thank the organizaticn for giving me
 

this opportunity for chairing this session. I have
 

enjcyed it and found it very informative, and I have
 

learned quite a few new things. I thank you all cnce
 

again.
 

END OF FIRST PANEL SESSION
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DR. SIDHU'S ADDRESS TN HONOR OF PROF. B. K. MAZUMDAR
 

On the evening of February 4, a dinner was held
 

honoring Prof. B. K. Mazumdar for his
 

contributions to the field of coal science. On the
 

behalf of the Pittsburgh Energy Technology Center, Dr.
 

G. S. Sidhu, recently retired Director General of the
 

Council of Scientific and Industrial Research,
 

presented Prof. Mazumdar with a plaque. Follcwing are
 

Dr. Sidhu's remarks on this occasion.
 

Ladies and Gentlemen:
 

I consider it an honour and a privilege to be
 

invited to speak this evening to felicitate Mr. B. K.
 

Mazurdar, who is today India's most renowned Coal
 

Scientist.
 

Mr. B. K. Mazumdar was born cn February 1, 1925 at
 

Kushtia (now in Bangladesh). He had his early
 

education at Calcutta and studied at the Presidency
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Ccllege and University Ccllege of Science and
 

Technology, Calcutta, for his F.Sc. (Honors) degree in
 

Chemistry and M.Sc. degree in Applied Chemistry in 1944
 

and 1946. After a brilliant academic career, he
 

started his research at the Indian Institute of
 

Science,Bangalcre, in 1947 with the well-known organic
 

chemist, Dr. P. C. Guba. After a short spell of
 

teaching as Lecturer in Chemistry at Vidyasagar
 

College, Calcutta, he joined CFRI in 1949 and worked
 

for the first seven years in the Regional Coal Survey
 

Stations at Jharia, Ranigunj and Ranchi. He then
 

shifted to the main Institute and his meritorious work
 

led to his promotion as a Distinguished Scientist and
 

Director of this prestigious institute.
 

Mr. Mazumdar has nearly a hundred original research
 

papers, technical reports, and patents to his credit,
 

and i3 a recognized supervisor for Ph.D. by Calcutta
 

University and Indian School of Mines, Phanbad. He is
 

a member of several learned societies and
 

member/chairwan of numerous technical committees. He
 

has been invited to several international conferences.
 

He was invited in 1960 by the Union Carbide European
 

Research Association, Brussels, to attend a round table
 

conference on coal science to present a paper on coal
 

struct!re. In 1964 he attended, or invitation, the
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American Conference on Coal Science held at
 

Pennsylvania, and presented a paper on chemical
 

constitution of coal. He represented India at the
 

Gordon Research Conference in the USA in 1982, where he
 

expounded his new concepts on system, structure, and
 

behaviour of coal.
 

The work cf Mr. Mazumdar and his younger colleagues in
 

CFRI is too well-known for me to recount. Suffice it
 

to say that it is internationally recognized and
 

referred to as the "Indian School of Thought." It is
 

frequently cited in learned journals and has been
 

extensively reviewed in standard textbooks on coal, and
 

was referred to in Kirk-Othmer's Encyclopedia on
 

Chemical Technology as early as 1967.
 

His studies on coal constitution broadly relate to the
 

determination of functional groups in coal and
 

their effect on behaviour of coal, the mechanism of
 

oxidation of coal leading to the different structural
 

parameters like aromaticity cf carbon and hydrogen in
 

coal, and dimensions and disposition of side chains in
 

coal structure.
 

His work cn the interrelationships of coal properties
 

and the new systematics of coal, correlation of
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intrinsic properties of coal, and proximate analysis
 

have led to a new grading system and pricing of coal.
 

His contribution to the assessment and elucidaticn of
 

several structural parameters of coal, mostly by
 

chemical methods, and the concept of depicting the
 

genesis of coal from lignite to anthracite in terms of
 

four models designed to portray the transition during
 

geochemical evolution is considered a breakthrough in
 

coal science. His concepts have of late been
 

corroborated by scientists in other countries by
 

application of physical methods and structural models.
 

His R&D studies on coal utilization have also been as
 

rewarding as his fundamental work, and I would like to
 

refer particularly to his investigations on shipment of
 

Indian coals for export vis a vis their susceptibility
 

to spontaneous fire hazards. His contribution to
 

formed coke technology won him the Metallurgists' Day
 

Award for 1969. He is the first recipient of the
 

prestigious Senior Coal Scientists Award (1979) of the
 

Department of Coal, Government of India.
 

My association with him at a personal level has been
 

most enjoyable, and his congenial nature, his
 

cheerfulness and ebullient enthusiasm and other
 

personal attributes have endeared him to everyone.
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I am sure you will all join me in wishing him good
 

health and cheer and many years of fruitful work ahead.
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BENEFICIATION OF DIFFICULT CLEANING COKING 
CO AL 

A.K.CHAKRAVARTI
 
Antral Fuel Research 1.. titute,Chanbad 828108
 

1. 	 INTROOUCTION 

The coking coals of India have, in general, difficult 

cleaning charac.ori!tics anc in majority -f cases the ash content 

is high. 3ue to these, the yield o" cloan coal as obtained by 

beneficiation in the cznventLo,Z. 	 manor is low. In fact, the 

average yield of clean coal at present r -duced in hre eignteen 

coal washeries operating in the 	country is nardly 55 to 60 

percent and in future, the yield is likely to go down with the 

progressive deterioration of the quality of the coal mined. 

By washing Indian coals, in conventional manner, a gooo percentage 

o f by product as ,idd2.ngs/sinks 	 with ash content 40-50 percent 

is dotained which cc not have direct use in metallurgical coke 

making. Studies at CFRI nave indicated that clean coal to the 

extent of 	SO percent cn tone yield of ,ia-cLings/sinks can be 

recovered by finely grinding fnllowed by oLieficiation oy 

suitable technicue. Thus, :y rstrsatmont of the by product, it 

may be possiole to increase the yield zf clean coal tc the 

satisfactory -evel f.mLIndianCoking ccals. 

2. 	 5EN FICIATl CHR,CTR.ITET_.C 3F CAL 

- ;r percenrage of 

gravity materials ";.N) at che sp.gzavit'=, cf cut for separating 

tne cleans i-., 17 t 18, asn. The yiecl of clear coal, sp.gr. 

incian coking coals h.Z : -i near 

of cut and f : :aricus sources :r; "kincoals are 

contdoo.. 
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presonted in an-
Tclo 1 for nrC..,,:edium caking coaleo 

t lay bcserve "cht tne specific gravjity of cut lies 

is 
apprcximar,-'_ 1.45-tue. -and .5C. The ;rT,'aas high as
 

40 to 77 and tne yia! - 14.5 70.,.
 

3. UNFLUENCE OF CRKSH..- PRIOR TO '3EEF:IC;,TIoN 

Studios ',;ave sonuwn Lhar by crushing coals tu smaller 

sizcs prior to benericiation, somewhat increased yield of 

clean cdal. duo to lioeration taking place with ohe reduction 

of N.G.eM/ . the results cn .nfluence of crushing are presented 

in Table 2, 

4. BENEFICIAt:1O OF -RUSHED COAL 

The extent of smaller crushing at present practised for 

coal bene.ficiaticn in India corrLesponds tu 13 m top size of
 

the crushed prodct and 
 13 mm to 0.5 mm size is treated in
 

Heavy Nediu. 'cyclone (HM cyclcne ). It has been observed
 

'Zhat on crushing the difficult cleaning coal to minus 2 mm or so 

in place of 13 rhm, additional yield of about 8 percent might
 

ba PoCssi)- (Table 
 3). Sy crushing to minus 2 mm size, the 

percentage of coal in the fraction 2 mm-0.6 mm obtained ja only 

40-50 percent, the rest of tha materials is below 0.5 mm. The 

screen analyses of tL- co s, one uith difficult cleaning
 

characteristics 
and thL other with comparatively less difficult 

characteristics :fter c:ushogtc linus 2 mm are shown in 

Table 4. It may be seen tnat about 40 percent of the materials 

is within the size range .6 rm- 0.15 m ( 10C mosh), thus
 

the percentage of matorials within tne size -ango 2 m",O.15 
mm
 

is as.high as 82-85 . The production of fLnes below 0.15 ,,m
 

size generated due to crushing to 
minus 2 mm is 
low due to
 

contd....
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I 3 

tough nature of Indian coals contati ing considerablo 
prwportion of organic inortinite. Tha INV v, of 2 mm-0.15 an 

size fraction although is quits 2.oso o compared to that 
,f 13 rf,4T.. :i: , it is still high as :s:-c.red t. that 

of foreign coals. The tuo siza fractionms, namely 2 mn-0.15 nin 

and minus 0.15 rrn posie prcbIcr,,; noth in benoFiciation and 

dewatering duo to finunoss and poor cleaning characteristics. 

5. POTENTIAL APPLICATION CF HF.1'JY "LVUi CYCLONE 

Hoeay cdium, cyc±lonus have reen well 9stablished 

for the bunaficiatiin of s,all coal upto bottom size of 

,7 .5 mm; the widGly used f ad size range is 13 '.Tn-0.5 mm. The 

bottom size nas so far beon liMitoL rL: 0.5 rn euo to the 

problems of :epulping and medium clearing for particles 

b.lcw 0.5 mm. Ouring Uho recert fow years, :tudiss on the 

possibilitics of application of H.r'. cyclone for fine coal 

cleaning ars eing pursued in some countries of th world 
including t!,d USA and the !,etherlands, aiming at the beneficiation 

upt, tnE zero size of coal. The rasults of separation in 

H. J. cyclon6 exending tne bottoe Liit tzi finer sizes 

ara reportoe to ca oncouragidg . At the Central Fuel Research 

Institute, Inciz, extensive studiaes we_ r de in early 

fifta,,'s & sixtocs ( 1-6 ) on rtnc apzlication of H.M.cyclono 

for tha banoficiatiLn of incian colking coal:; using 0.5 rmn 

as thd bottom size of co-al. With a view to study the 
porformanco of c. :n finer feec: extensicncycl.ne with 

cf bottom size limit, a projoct has cain undertaken recently 

c'jntd..... 
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4 :
 

work has been started. Inunder the USmIiE/LGi pvogzamme. 

is being given on the efficientthis study, Spec--, itZs3 

tne viscous medium. Inbeneficiation cf finer fraction in 


orde: to acniavc tnis, nigher cantrifuglforce( higher 

low sp.gr cf tne mec m for stip:ulated cut &pressure), 


finer grind of tha magraetita w.ill be particularly considered.
 

A sarrple of -ry ground magnetitu as avaiLable in tis a" 

market, wrich m being used in many of the oal ,jasheries 

in India, bbeen c",aracteriseo. The results are shown 

in Taole 5. It may be seen that the magntite is adequately 

is rather on the low side.fine but the magneties cono;nt 

mray require magnetic concentration.Therefore, it 

6@ RECOVERY OF CLjD4S iY MCDLI,,tS/SIN';S RTRATP-ENT 

The yield of clean coal even by the application of 

satisfactory andH.M.cyclone using finely crusned coal is not 

by-product as ,niodlings/sink arcnsioeraol9 p:: zg:ti":: *f 

hav- shoun that about 56 percent of clean
obtained. Studies 

C.¢ L Ut ,f :;,G jy -,-.Cuct)can ze rocvorL, by fine grinding 

Oeruficiating 

the byproduct andtep.lyiog tne jil agglomeration technique. 

By tnis technique, the .mistureretention in the cleans is
 

minimised. m typical result of oeneficiation cf difficult to 

envisaging 

clean Indian ocking calf H.1. cyclone ep. oil 

aggl-meratic-.u is sr'Lwn in fLwu sheet 1. 

mCKNOWLEDGE."ENT 

The aut:or expresses nis neartfelt thanks to the 

team members of the project i.a. Sri S.Sakha,Sri S.K.Ghcshp i' 

S.K.Mitra(j:) Sri P.K.:,ajumoar, H.P.Dea a-c/ .,Scientists for tneir 

valuable assistance in aking the pa er. 

182
 



tEFUE.iECES 

1 Thu usu of cyclcne ir coal u* nin. -.. c'Iaravar & 
,54-59.
A.Lahiri. inc.irnt. Chcm. ngrs, 1955-54 


study of thc os.atifn cf 3" r.i,_zmjr
cknwasher
2. il 
r-.,.Ir. and A.


insta.LIec at t.;e C 

1in Cur. S;pt 1-55.
Lahiri.lnld. 


3. 9 study of tro opazat r -m IA. c.c1 nt uasher-A.K. 

.La,i. 2' nmst_ur FuelCakraaaiti,.G. , 


(Lcndcn) Nov 1V57.
 

4. The affect of ncar ;ravity matarials un --me performance 

of dense medium Cual wasning units- .
 
923, ; 7,59.

k.K.Chakravarti anc ,.Laniri- JSIR, VUl 

low pressure cyclkna uashEr-..r.ChakravartiD.Basu,
5.. Studies in 

i,-,iN et & Fuuls. July 1960.


G.G.Sarkar a:.u ,.L-2n--i, 


ouking cc.--' fractiofn frcm soae
6. Studios on the rocvwry of 


ccas ty treating in cyclone washer.
4ifficult cleaning 

S.K.ghosr,,.Basu,A.\.Cnakravarti an_3.L;.Sarkar. 3our.

..


-
Min.Met & Fuels, Special iscsuo, 1964. 

183
 



- ------- - ---------------- ---

Table 1 

Yield and JG." at separation densities correoconding to 
17,a & Ib ash in clean coal 

Details 
sa.,ple 

of t1h Overa.l71 ash 
Sjn-a5p..r. 
ar cuc 

.Q ;. ie2 
8 ash 

.G. of 
u6 

NG 1; Yield 

A. PRli'E COKING COAL 

1, 6alihari colly. 
X seam,75-O.5mm 35.7 

2. Madhubano colly. 

X seam, 75-0.5mm25.7 

1.460 

1.470 

43.0 

74.0 

14.5 

37.0 

1.467 

1.405 

50.0 

75.0 

16.7 

45.0 

3. Bhalgora colly. 
X seam,75-0.5mm 28.1 1.499 59.5 50.0 1.52! 55.0 57.0 

4. Loyabad colly. 
XI Seam, 75-0.5mm28.1 

5. Benedih colly. 
XI/XII Seam 28.3 
75-0.5mm 

1p459 

1.453 

64.0 

51.3 

44.5 

37.0 

1.400 

1.420 

66.0 

62.0 

53.0 

44.0 

5. Khas Jeenagora 
colly.VII Top 
75-0.5nmm 32.5 1.472 56.8 11.3 1.470 58.2 13.0 

7. Khas Jeenagoa 
VII B5 
75-0.5mm 

26.2 1.499 A7,0 41.0 1.518 50.2 46.0 

8. Bastacolla colly. 
Ohansar seam 

75-0.5mm 29.3 1.486 64.6 22.8 1.499 68.2 29.0 

8. PEOIUM CCKING CAL 

1. Swang co.ly. 
Bermo seam, 
13-0.5mm 27.7 1.466 52.9 50.5 1.510 49.5 57.0 

2. 0'JC Ane 
errmo seam

13-0.*5 mn 
3.2 1,470 46.2 33.0 1.495 48.0 37.5 

3. On-ori colly, 
Berm seam 
13-0.5mm 41.9 1.436 29.0 17.0 1.473 31.5 19.0 

4. Kathara colly. 

Kargali seam 
sot sec. 
13-0.5mm 

25.0 1.405 E3,5 61.0 1.506 59.0 5810 

5. Ohori colly.
Kara cct. 
13-0.5rmm 

. 
Kt 1.56 32.,! 64.0 1.530 22.2 

50
58.0 
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Table 2 

Inrluonc. of crushing, on the sp.gr. of separation, N.G.M. 
porcent amu yield of clean cual for rucovuring 

saino ash pJruduct 

Coltiory Suam uf.I Ii'.,iaal YIELDP OF CLEAN COAL WiI 1" ASII FOH TIlE WtlOLE COAL CIUSII-U V6 OELOU 
swutiul azhi, 201) nux, 75 i T3 an 3 rll 0.47 ,x:. 

(t;izo 2U00 inm-O) (75num-0) (13 fiO-D) ( 3 ,,l-U) (0.42 :i-U) 
Ljata woJll Uiv I/V(' I-, 1l 23. 4 Yi Id-40j, 4 , 5 2.0 72.5 UO.O 

wfl,; ,ji 
t;,L jiti 

Sp. 
N.t.. 

r- 1.4-,2 
Hi. -:0. 3 

1. 502 
79.0 

1.543 
G2.2 

1.587 
46.0 

1.652 
2h 

Last Ln 1iI'II 29.3 Yiuld.Y - 27.7 40.2 5U.0 54.4 
00,i.,u ,--. V,/v I/u I I Sp.6r - 1.5UI 1.5j1 1.574 1.603 

sLi, i4.I.M./" - b3.0 !6.0 4:.7 4U.7 

-----------------------------------------------------------------



- --------- - -------- - - - - - - - --------------

-------------------------- - - ---- --- -- -- -- -- --

Cr,;tive o..caannt cf y.L~L. :nd N.G.:i. for 

;iffor..nt ao:- 'LJCvLS utci,'.J In cruso-,iig tno 
zoa2r s c Iooay t1t 12 zno 2 .Tm 

STcr f1 wo a. a rus.,: to 1n Raw c al Czusned to 2 .m 
ashy. in yi . 5 U.. of 'L;.. yilC5L S.G. of NG? il 

-ian cut 
ccal 

VI1, 32.3 	 1a 43.0 1.530 54.5 E2.0 1.573 40.5 
19 48.0 1.542 54.0 56.0 1.590 36.5
 
20 53.0 1.555 £3.C 51.0 1.610 
 36.5
 

23.0 161 75.5 1. 70 :6.0 67.0 1.130 10.0 
19 d2.0 1.610 27.5 90.0 1.25 7.5 
20 86.5 1.650 22.0 92.5 1.93 5.5
 

.. Tao le 4 
Scroon analysis of coal crushe tc minus 2 mm 

v/Vr,lt.'I s5.1a cojzv 4oca, coc! from Muraicih cclLiary 
from Lo nagora ccilc4ry 

2 ,mm to 

U.O5m 47.0 .3 41. 28.5 
0.5 -m t5 
0. 15 ;Z. 3.0 20.5 4j.7 	 18.7 

C.5'Im to
.u7% iiin 7.1 15.9 '11.2 	 18.5 

Golow 0.075 
.-.
Im 7. 31.1 .22 	 6 

10-0 2.3 co. -. 	 23.0 
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F--- ,;1-Zt 1
 

Reu c Z:
 

2-0.15. _1E.0 3 14 

2 2 
Washo in t1 cyc',.Nrc ionafiiatao ny 

( ___ __ 

Cicqns 
Wt 3 .9. 

Sinks 
- 46.1 Agglzrmcratos Taiings 

msh% 17.3 Asn. 45" 'tr 11.2 Wt 3.8 
, (17.0 6 5.4 

2 20 . ar"2 2 
c'ash y 

Ag oil jglznoFati4 ng 

2} 202~i r 

W t%. 27.7 t; 13.4 
Astl,' 22.3 .4 ri.E 1 6 

Total cloans
 
w t' 77.0 Tatal :ajact 
Asnr7- 1S. 
 22.2
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medium cvpr=Foi .;f.used ao d 

,,!G=! ? jnnt 

Sp e c .f1 c ) r nv -y -;I p c ,,d o rs d rr g nc ;ic ; 4,.1. 

Size anal.Isis= 

+0.075 n 	 1.90 
4.830.076-0.053 m 

m.n 	 6.560.053-0.044 
23 . 5 3

0.044-0.030 7m 

2"5.150.030-O.C20 
12.390'.020-0.010 mm 


Co:w 0.010 mm 15.39
 

100.00 

Stac£iiy of magnet/tz :.i-f S.G. :)f 1.45 

S.I - 94.8 ( very g~uU star"lity ) 

Viscosity _-f thc ,CnGtito mIedium cf .G.- 1.45 

5 conti FSSO 

Viscosi-y cf caL- ,acrTtito ::usrjonsi--n- 5 cent± poise
 
sp.g. ,cdium in weigh ratio


(100-200 ,m c:.2. :;-iXC7 	 With 1.40 

;f le)
 

0l
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P. S. Rangan
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Dy 

. . -ao and R. Ranzan 
Energy Systems '."-

L, 'Hyderabad3 

LC. tr.e Year 1074, with tne31EL started i:-, ?.& .r-rze 

ultimate objective tc ievelop an: zIe~en- tecnnolozy for better 

in India for :cw-.r generation.
utilization of coal resources 


T.e ?-D prograr-es of BEEL for the efficien, use of coal ca. be 

two categories.broadly classified into the following 

A) Develo.,ent of equipments and systems which will result
 

in the imrrovement of perfor:ance an: economy of conventional
 

in the utility as well as industrial sectors.
 power plants, 


come undrr this category:
Following progra-n=es 


i) Atmcspheric Fluidized Bed Combustion boiler. 

to study the combustionii) Solid fuel burnir.; test facility 


behaviour of coals. 

iii) Erosion test facility to study the erosion due to coal 

ash for variou- materials. 

iv) Low pressure coal gasification as a substitute for fuel 

oil for flame stabilization in culverized coal fired
 

and low load oterations.
boilers dw=i.g start ur 


vy Coal beneficiation
 

B) Equipment and s'yster. development wh.ich will result in the eventual
 

..- advanced eyste=n- gera=:r.
establishment of hizh efficie
:ny for The 


of .ower.
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under this category:The following progranmes come 

:-ressu-rised coal gasificat-on:
1 


a) Prezsurised Fixed bed -asification 

b) Pressurized Fluidized bed gasification 

2) Pressurised fluidized bed combustion (P-3rc) 

3) Combined Cycle Demonstra!.ion 7l ant. 

usinr4 coal gasification or
Nost of the advanced 	 power cycles 

fluidized cormbstion processes would be economica]iy 
viable, only
 

Sas can be rEduced to 	 levels 
when the particulate loadir.s in the not 

the 
acceptable to the zas-tarbine operation, without having to lower 

in the clea:-up s,°stens.process gas terpera- tures 

tne buage: provided for coal
Table-i gives the details of 

-he estated budget for theof -_3G/Hyderaoad.programme zroects 

the dusty gasthe .: rig on
hot gas cleanir- test rig along wit-

Fs. 127 lak-hs. UZ A iB expected to -rovide 
generator is arcunc 

e ents-- wor:t arcund : .24 lakhs over and above 
inst~rents and 

3 , alrea y 'nzatCa 	 .the fndin; by 

HO .. . . ..... .. - _. . 

cieanir- systems development work 
The ultimate goal of ho- ;as 

of gas -turbine acce.tab--ty, in 
will be to clear. the gas to a level 

based combined cycle power generation. This being
the field of coal 

=aj-or objectives of this proJec:
the main goal the followL'. are the 


systems and to work
 
1. Identify potential hot gas cleanLg 


of such sy.stems.
on the development 

test faciLity suitably instrumented for the
 2. 	 Establish _T. 


of zas cleaning equipments.
;erfoa.nce study 

191
 



Train personnel and develop technical expertise in this area.
 
. 

Update information on developments 	elsewhere.
4. 


area to meet these objectives are
The activities undertaken in this 


as follows:
 

1. 	Review of available info=matcn (literature as well as ccm.me=ial
 

in order to assess inlet particaate loadirg limits, for tne
 

application 	intended.
 

assess their potential to
2. 	Review different clean-up systems to 


meet 	ME? gas clean-up requirements.
 

test facility for performance
3. 	 Design of the f:rst system and the 


evaluation.
 

Turbine iniet Lodi-o
 

,urr.ent estimates in literatuze based on model st-adies and on extra

polation of experimental data indicate that ;as turbines wi',l tolerate dust 

two to one h ._redtimes c-reater thin :resent s zeci.fioat-.ons,loadings of 

./zr-4 of d:s: - -he ex._azson gas. Based on "h
w.hich allow only DC 


: c- t-.e s 	 be C.OCC?2 g/-- tc C.0: 5 
the allnwabi= hI 	 . e be "en 


:iated. -t 
ass-med distritu.ions. owever,

These estimates are ho;,v._ assr 


they do provide a referenne .:cin f--r eval.ua-.ion of clean-up per.:zrance of
 

contendlng systems. 

The foilowing equipnents have b,=en identfied aS havig the potential 

for clearing gases ir.hot conditios, and many organizations are work-4"or. 

suit ;Lication..their development to -T-? 	a 
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a) Special cyclones - .'anjet cil.ones, Multiclones, etc. 

b' Surface filters - ?abric filters, ceramic filters 

c) GOanular bed filters 

d) Electro-static precipitators. 

3 - , intends to test a selected few of these systems in the HP 

test facility, presently under design, and initially granular bed 

filteration system has been chosen for the tests due to the expected
 

high filteration efficiency and relative mechanical simplicity of the 

system and flexibility in operation. The test rig is being designed 

using a fluidized bed czmbustor operatinE at 5 atm and 90000, as the 

required dust" zas zenerator.
 

Table-2 depicts time zchedule for th. project "granular bed 

filter perfcr.ance analysis". 1he project is expected to be completed 

in the mid of 1987. 

Test Fac iliti, 

The test faciliz will be established at Hyderabad. A fluidized 

bed cobuszt:r, weneratzz- arour: 12's :../_% of flue-gas will be used 

as t.e &:: .... The will.=.::: d forzr tn-st. combustor 

be operated at at: pre'zure and a te perature of around 9000C. 

The flue gas passer throun two szates of cyclones to reduce 

the dust loadi-.; in tne gas, before i- enters the gE-anulax bed filter. 

A compressor wit: . capacity of 1ICC 'U"3/h, sup.lies the necessazy 

air for :'he combustor. A Dart of the cm-:ressed air is used for 

the recircuation :f -r-anular med- wnere In it setarates the dust from 

the -edla. The dizt' ar will ther. be cleaned i- a conventicnal cleanL-._z 

syste: "rhere a choice will be =ade between a baz filter and a cvclone 

-.5
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and availability.

estimated operating temperature
depending on 


te used to record
propos:.d to 

Logging and reduction system 13 


These parameters
required system parameters.
and process all the 


are mainly flou rates, temperatures, oressures, pressure 
drops,
 

The proposed test facility
 
velcities, dust concentation, etc. 

in F,_.1 and preliminary equipment
is shownconfiguration 

rig is shown in Fig.2. Online :artliculate 
of the testlayout 

systems using optical
measurement
size and concentration 


and conventional laboratory systems
 
techniques will be used, 


used for bacK-up

based on extractive sampling will 

be and
 

of the filter,the inlet and outletBoth atcomparison purposeF. 

for draual of sampleswill be used
isokinatic sampling systems 


the dust loading and particle size
 
for analysis to measure 


to periodically check the
 
and this will be useddistribution 

functioning of the online device.
 

ND DFOi3N FEATURESUNIT - DESCRIPTIONB2D FILTRGRANUL-'R 

is accomplished
filter, particle collection 

In the granular bed 

to nove radially inward in 
by causing the Particle-laden gas 


granular collecting materials,
 
cross-flou through an annulus of 


dia. The 
case are Alumina balls of 2 mm 

the oresentwhich in 


bed anfL the media
fact movingis in a
granular solid media 


by a pneumatic transport system. It
 
is achievedrecirculation 


and deposited on
 
the oust particles =ollected 

is expected that 

period.during the transportationbe separatedthe granules will 

a secondary conventiorouted through
is then
The pneumatic air 


as feed air with the help
and sent to PFCB

nal cleaning system 


is planned to Oe

media recirculationof a booster. The 

L.valve.controlled by a 


the stage of detailed mechanical,
 
This unit is presatly in 
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o . 5o.a. 

Oesian Fsatures 

Two different designs of filter elements both having 10 of 

and 00 of 500 mm with filter thickness of 200 mm will be100 mm 


=
 - vessel. The'height can

tested in sequence in the same pressur
 

be varied to abtain face velocities in the range of 0.23-0.76 m/s. 

The clean gas passes through the 100 mm dia central pipe and is 

radially distr:'buted into the top portion of the filter from 

where it exits. The tu.n elements differ in their design of gas 

of them i5 capable of two stage operation. The dirty
exit and one 

gas and clean gas regions are separated oy a hori-Onta! plate. 

can be fillea with sand 
The outer space surrounding the filter 


to effact a change in thie face velocity oF gas.
 

Recirculation system 

The dirty media is riicirculated by pneumatic transport and is 

in that orocess. At the top of
expected to be freed from dust 

line, the pioeline is expanded so as to 
the pneumatic transport 


oartirionthe solids flou doun a
have a sprouting effect and 

filter via a dip
from there it is drawn in to the 

provided and 


media flow is controlled ny an L-valva.
leg. The 


loop has been designed
lift line of the recirculation
The 

using choking velocity criterion. The L-valve is designed 

: Ina system
based on Puolished literature and exP:imen !a ta. 

en ta-mpraturealSo -- ,n
eaevated orossures,
has to be proved at 


variations are expdcted. 

Test oarameters
 

granular bed filters is primarily
Particulate collection in 


controlledby the following mechanisms:
 

1) Inertial impaction
 

2) Interception 
195 
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3) Diffusion 

4) Sedimentation 

These mechanisms are dependent on size of dust, particle density 

in addition to the gas properties and operating parameters like temperature 

and pressure. To understand the capture mechanist in filter beds, 

it is vital to know the effect of these parameters, through which design 

basis and criteria for scale up could be developed for granular bed 

filters. 

By considering the test rig limitations the following parameters
 

are selected for study for this :-urpose. 

1) Thst concentration 

2) Bust size
 

3) Bed pressure drop
 

4) Media size
 

5) Velocity of gas
 

6) Pressure drop in the recirculation system.
 

Dust size 

The dust size can be expected to be in the range of 1-40 microns 

with more of fine sizes since the ?f-- ±lue gas passes through two stages 

of cyclones before the G3F and the concentration is expected to be 

around 1-2 gm/m'. 

Pressure DroD 

The pressure dinp varies with variation in dust load, gas velocity 

and media size. Effect of all these parameters on pressiure ro0 shUuld 

be carefull-r studied so as to arrive at 3n optimum set of coeratL'ug 

parameters. 196 



.n -ovin; bed filters at steady state, the pressu- drop in the bed 

can be ccnrrolled by ccntrolling recircuiaticn flow rate. It is plarned 

to vary the media recirculation rate in the ranbge of 130 to 350 kg/,hr. 

bed will be measuredPressure dor Lin the recirculation system and 

procedure for recirculationand it will be attempted to set a design 

variations and temperature variations.system using pressure drop 

Media size 

are selected as fil-erFor initial studies 2 -m -ia Alumina balls 

media based on the earlier studies on E-ranul-ar bed filters. In addition 

as media for study.1 mm and 3 mm d-ie Alumina particles 'will also be used 

Velocity of was
 

3ased on literature 	study it is planned to vary the face 

of 0.23 to 0.76 -/sec. for the rerfo:rncevelocity of gas in r-n:e 

study of the G&3F. 
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COAL PROGRAMME BUDGET 
(ESG, HYDERABAD) 

COMBINED CYCLE DEMONSTRATION PLANT 
& 

FIXED BED GASIFICATION 

IN LAKHS 

1475.00 

- FLUIDIZED BED GASIFICATION 15B 00 

- FLUIDIZED BED COMBUSTION 8B00 

- HOT GAS CLEANING SYSTEMS 
EXCLUDING PFBC RIG 

6000 

- ANTICIPATED US AID FUNDING (TO BE FINALISED) 24.00 

TABLE-1 



IIME SCHEDULE 
(G B F PERFORMANCE ANALYSIS) 

DETAILED DESIGN
 
GRANULAR 
 BED FILTER
 
AUXILI ARY 
 EQUIPMENT 

RECIRCULATION SYSTEM 
FEBINSTRUMENTATION 	 1985& SPECIAL EQUIPMENT 

SPECIFICATIONS & TENDERING 
PROCUREMENT JUNE 1985U S A I D 

JAN 1986
B HE LFABRICAT ION 	 JAN 1986 

JAN 1986 
ERECTION & COMMISSIONING 

EXPERIMENTATION &	 
OCT 1986DATA ANALYSIS 


REPORT 

WRITING 
NOTE:-JUNE 
 1987NOTE U S A I D AGREEMENT AS PER THE PRESENT STATUS 

IS VALID UPTO JUNE 1986 

TARI F 
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4, 

LE GEND 

1-G 0. F. 

2 - L- VALVE 

3-MEDIA LIFT 

4-DUST SEPARATOR 

5-MEDIA FEED INLET 

6-CYCLONE 

7-ASH LOCK 

AIR TO 
P. F. B.C. 

7 

IN B-BOOSTER 

CLEAN GAS 

GAS FROM -i 
P. F.B.C. (5alta, 900 'C) 

3 

COMPRESSED -A 
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GBF GRANULAR BED FILTER 
DO OUST DISENGAGER 
C CYCLONE 
A ASH LOCK 
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FIG.2 - GBF TEST RIG 
( PRELIMINARY LAYOUT) 201 
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GAS CLEAN UP- A REV!1d 

Dr.R.Vaidyes wrn
 
Re5ion'.! Research - b. .'erhnd
 

Gasification of coal is an important method of coal
 

conversion. It is meant -or the nroduction of fuel gas to
 

be used in industries, to .n gas after reducing the carbon
 

monoxide content; synthesis gas (CO+H,) for subsequent
 

conversion to fertihizers, synthetic liquid fuels, methanol
 

and chemicals, and synthezic natural gas, and for gaseous
 

reduction of iron ores. Gasifica-ion is usually done with
 

air-steam or oxygen-steam, at atmospheric or elevated
 

pressures. The orocesses for gasification can be olassified
 

as fixed or moving bed, fluidised bed and entrained bed.
 

Each of these has advantazes and disadvantages. Depending
 

upon the type and size of coal, the end use of gas, :he
 

process is chosen. The processes so far commercially proven
 

are the following:
 

Moving bed pressure as-ication process, eq. Lurgi. 

- Fluidised bed orocess at ordinary pressure, eg. Winkler. 

- Entrained bed orocess at atmospheric pressure, eg., 

KoQoers-To tze.k. 

Some of the orocesses under development are the
 

-entrained"bed gasification under pressure (Texaco, Shel! 

Koppers), flui;ised bed Lunder pressure (:-4igh temperature 

Winkler) fluidised bed urnder oressure and ash agglomerating 

con-litions (,estihuc fdh -as , moving be,' gge

( -ritish - ..e s.nven-.i;nalGas Lurzi s-aer. 


-
:,"as g ne-.or oerinq Tt ordinarr'; oresp -. sure *--Se n i 

a asuse -or quite some tiMe ma nrI Z -en 

_0 3 
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for local use. Gasification under pressure is advantageous
 

for subsequent,orocessing.
 

For every subsequent use the _-t s produced by oxygen

stenm or air-steam !a.;ificnion has t- be cleaned to remove 

the dust particulates, tar p, rti:ulates, sulphur compounds, 

carbondioxide, alkali an4 chlorine compound. The dust 

particulaites have to be removed parti: ularly when the gas is 

to be used in gas turbines to avoid erosion of blades. For 

shift conversion or methanation, the dust particles have to 

be removed to avoid foulinc of catalysts. The sulPhur 

are poisonous to catalysts for methanation andcompounds 

FT synthesis. The usual sulphur compounds are hydrogen
 

sulphide, carbon oxysulphide, thiocyanate, mercaptans, etc.
 

Carbondioxide being inert, it is preferable to remove it and
 

enhance the calorific value. For ammonia synthesis and FT
 

,,o be removed. Alkalis and chlorides
synthesis also it hns 


be used in gasare particularly harmful if the gas is to 

anturbines. From -. ese viewa points, :s clean up is 

important proce:'sinp srep for coal gasification. in any 

substanziallygasification process, -as 21eanin- c.r tributes 

to the total capital costs, beteen 15 and 35. 

The present practice is to use wet methods involving 

aqueous media like hot ootash for the removal of oarticulate 

matter, sulphur comrounds and -02. During this process
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the gas which leaves the gasifier at about 50000 in moving bed 

processes and at hicher temperntures of about 10O00", or even 

more in entrained bed o:-o:essez ins tc be zooled with hert 

recover' to a temnerature of less than 2000'. By this process 

the sensible heat of the gas is lost -nd .'or subsequent 

processin- (e,., sht,t conv.rsion) ilt h*s to be reheated to 

a higher temperature. For use in gas turbines, a higrher gas 

temperature is advantageous. The process is thus thermally
 

less efficient than when the gas is not cooled. The process
 

efficiency will be better by 2-4 points when the gas is not
 

subjected to wet handling and cooling. It is reported that
 

wet scrubbing results in loss of 20-33 Btu/cuft on fuel value
 

and tar removal in 1-25 Btu/cuft. Hot gas clean up helps to
 

save heat content to the extent of 50-60 Btu/cuft. The caDita
 

costs are also high for heat exchangers, wet scrubbers and
 

other equipment. Solvent scrubbing with methanol, dimethyl
 

ether, polyethylene glycol, etc., is also in vogue in the
 

industry. These methods have been founnd to be very effective
 

for large scale practice. All the industrial gasifiers use
 

one of these wet scrubbing methods. At the same time
 

alternative and more efficient methods of gas clean up are
 

being developed by many agencies in USA, UK and Germany.
 

These methods may be classified as
 

- Adsorptive methods usina beds of adsorbents;
 

- Permeative methods using membranes;
 

- bsor.-ive methods using met-ls/metalox-ies/molten salts. 

Some of these are briefl' 	me tioned here. 
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Removal of oarticulate matter and tar:
 

Dependin7 upon the type of gasification process, the
 

dust content in the gas varies and it is more in entrained
 

and fluid bed systems than in moving bed processes. In
 

fluid bed processes, the particulates may have to be recyclec
 

to improve the carbon conversion. In the case of fixed bed
 

processes, the accompanying tar and oil will aggravate the
 

problem of removal of solid particles. Quenching the gas
 

with gas liquor is-the normal practice for removal of tar
 

and oil. )uenching with steam may be a better method.
 

Physical absorption in solvent is feasible when the quantity 

of tar and oil is in minor amount. Cracking the gasificatior 

product over a bed of lime and other materials which have 

catalytic activity has been suggested as a method of removal 

of tar and oil. This may simultaneously increase the 

content of gaseous hydroca.rbons and the calorific value of 

the gas. 

Particles >2 micron ±n size can be removed by high 

velocity water jets, wetted mesh filzers, charged droplet 

scrubbers, electrically charged filters (a combination of 

electrostatic fi]ter and mechanical filter), sonic agglome

ration, cross flow filters, etc. Table 1 gives some of the 

particulate removal systems capable of operating at 8000C 

and 20 atm. 
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Cyclone collectors are the most common used equipment 

for the removal of coarse particula.tes. Cyclones are 

however not efective for removi-z fine 7articulates. The 

efficif nn o.:' in cyclone_- decreases with 

increasing temperc:ture but this can be of-set to some 

extent by using a batzerv of smll -%,clone- in nl-3e o

one Lar,e-sizet one. i increasin- pressure, :erormrance 

of cyclore im:'oves. -1u-'in in cyclone is a drawback. 

Granular bed filters are being developed in which dust
 

laden gas passes through a shallow granular bed, depositing 

Darticul.te matter on the surf )ce of gr nular media. 

The bed media is cleaned by a reverse flush that fluidises 

the bed and elutriates the collected oarticulate matt!r 

from the system. Such granular bed filters are being 

developed mainly for use in jressurised fluid bed combustors 

(PFBC). These may also be suitable for fluid bed and 

entrained bed gasifiers. These are reported to hmve a 

collection efficiency of more than 99a without pluggage, 

media attrition an- metal corrosion. Higher pressure 

is reorted to improve the efficiency. Electro static 

granular bed filters for oressurise luic bed zombustors 

at 7500C are also being, tried. -hese are reported to 

be economical in cost comp res to cyclone cum low 

temier'tzure bachouse. A dr'7 plate scrubber similar 

to sieve column :ontaininz alumina snheres 

has been found to remove dust particul=Zes at
 

2C;
 

http:Darticul.te
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600-9000C and 15 bar and brin7y down the dust content to a
 

level permissible in gas turbines. Use of electrostatic
 

forces in one of the plates helps to improve collection
 

efficiency.
 

Zeramic crosr flow filters are being tried for PFBC
 

at an elevated temperature of 800"C and a pressure of 10 bar.
 

They do not get plugged and can be cleaned by a pulse
 

jet of reverse flow. Cerami fibres have also been used
 
o micron 

for filtering fine (5-20 / particles. These are two types 

filter with a fitted media consisting of a nonwoven ceramic 

mat between retaining screens -nd a filter woven from ceramic 

yarn. Collection efficiency of 99.89 - 99.99% has been 

reported at high temperatures of 500"°. National Coal 

Board of UK also studied the use of ceramic fibres for 

hot gas clean up. When spun and woven into a fabric, 

these filters were efficient but they lost mechanical strength 

rapidly when heated and failed during pulse cleaning. 

Ceramic fibres bonded into a solid matrix in the form of 

candle have sho rm high collection efficiency, good mechanical
 

strength and moderate residual pressure drops.
 

High temperature particle separator is under develop

ment for temperatures urto 500WC and for removal of
 

particles upto 2 microns. Venturi scrubbers have also been
 

suggested for particulate removal. In some of these methods,
 

pressure drop, carry over of nist and loss of temperature are
 

disadvantages. Electrostatic precipitators currently
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available are usually restricted to low pressures.
 

owever such precipitators for higher temperature 
(upto
 

and pressure are under development. The panel

9oo) 


bed developed by Snuires was ?lso investigated by 
NCB in
 

National 2oal Board of UK
UK but was subsequently given up. 


made a study of sand filters for removal of particulates
 

reported to be not encouraging.
but the results were 


Removal of Sulnhur Comoounds:
 

The method of wet gas cleaning for removal of
 

it is well known.
sulphur ca mpounds is not dealt here as 


The disadvantages of such wet methods are loss of 
sensible
 

requirement and high
heat, solvent loss, large srace 


capital costs. Attempts are being made to develop dry
 

These can be grouped as conventional, involving
methods. 


absorption, adsorption and chemical conversion and 
non

conventional involving membrane oermeation and 
use of
 

supported metal complexes. These dry processes hiowever
 

Hence the gas from moving
required a tar and oil-free gas. 


bed gasification process has to be cooled to below 
tar fog
 

asificatio
 
temperature. Any unconverted steam used for 


may also pose some problems during .ust removal. The
 

is well
 
of iron oxide beds for removal of 

H2S 

use 


known. It operates at room temperature and requires 
large
 

and mercaptans

space. It is suitable for removal of H2S 


but not for CMS.
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Other adsorbents like active carbons, molecular sieves,
 

silica ?re bein tried. Most of the adsorption processes
 

operate at room rempner-ture since adsorption at higher
 

temperatures is poor. Active carbon beds remove sulphur
 

compounds by inducingq oxidation of H2 to sulphur. Molecular
 

sieves have been tried for sulphur removal. The life of
 

such sieves is reported to be 2-5 years. Removal of "0.
 

by molecular sieves is well known.
 

Mixed oxides have been studied for bringing down
 

the sulphur content in coal gas from 200 ppm to 1 ppm.
 

Copper oxide, copper oxide/zinc oxide beds (packed and
 

fluidised) have been found to effect this degree of desul

furisation at 6OO-650C. The sorbent can be regenerated
 

with air-steam. Oxides dispersed on zeolite or coprecipitated
 

oxides have been found to be equally good for sulphur
 

removal. These oxidies can remova mercaptans, carbon
 

oxysulphide and carbon disulphide. However, a pre-requisite
 

for using such oxides is sulphur reduction from initial
 

level of 6000 ppm to 200 opm, usually in iron oxide beds.
 

A reactor with multiple beds of sorbents having different
 

affinities for H2S is stavted to be having an advantage
 

over single bed of metal oxide in that, during
 

regeneration, the products contain elemental sulfur which
 

is more favourable than when S02 is formed as in the case of
 

single bed of sorbents. Such metal oxides having low
 

affinity for S tompounds are mansanous oxide, cobalt 2J2minlte, 

iron chromite, iron ortho silic2te, cobalt
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The sulphur removal can be at high temperatureE
titanate, etc. 


upto 6500C. The residual sulphur has to be removed by
 

another oxide bed having high aft'inity towards H2
S (eg.,
 

zinc oxide). The regeneration is carried out in the reverse
 

drection and the S02 from top high affinity bed (zinc 
oxide
 

reacts with low affinity oxide bed
converted to zincsulphide) 


(converted to sulohidle) and forms sulphur.
 

area for separatior
Membrane o4oce.s 	is a ne'±Ly emerg-in 


The process depends upon the principle
of gaseous components. 


of different components permeating across a membrane at
 

different rates. Many materials like rubber, polymer are
 

being tried as membranes. This process is yet to be tried
 

on large scale. It has many advantages - lower utility
 

Membranes have been
requirements, reduced capital, etc. 


tried for separation of other gaseous components like
 

ethylene and propylene from paraffins, dehydration of
 

natural gas, recovery of methane from biogas, adjustment
 

of CO/H2 ratio in synthesis gas, recovery of helium from
 

natural gas. Separition of air into oxygen and nitrogen
 

is also being tried. This method appears to have a qood
 

?nd other sulphur compounds.
potential for.removal of 02 

Sunoorted metal complexes on polystyrene and similar 

supports have been used for preferential removal of 
CO, 

02 . Pd, 7r and Ru complexes of the type 
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Pd,(h2 P....2 2'-2en h.2v 'oUnd u-eful for CO removal.? 2 

Remove1 ofo.lkP.i -ors:-,.Ili. 

Sodium and notassium vano;'s released in gasific - ion process 

ran7e from less than 0.1 npm to *ou+ 1000 o,,m. Em-r.->1ite ,elets 

(full.rs enrth) wore 9 ounrl to be -ood ,etters for alkali at 

temperature of 850°'I and 10 b',r. :\lumina spheres have also been 

found to remove -. l!<'.1i vanors zo the :..tent of +99.3" and more. 

Pronosed nrogramme at T?2L-t : 

1-L-H has a ni.or .12-- 'rogr..ne on coal zii-o 

A I t/hr .iovin be 7a-ific-tion oilot nlant has been installed 

eare nro-ress on zhe g sificationand commi-.sied. in 

and on process oarameters forcharacteristics of hitch ash co:'.ls 

getting different troes of :as like fue! --s, snthesis gas, etc. 

The nilot ol!nl- li s f:-i~i-ies for -ir-steam and oxygen-steam 

5 .iash.gasification and for removal of "'0_ by hot cotasn 

-- ific :ian is also beinfg studied on-tmos' herio fluid 'DC 

bench scale by t- e or iorY. 

As n.rt of thi'-"".' ro.ect, gas clean up nd searatlon 

by recenz methods is c-ronosed zo be vesti7zazed. it ic 

nr'onoseci to n=-,,,; ecmiu~ for se72aration off : ic :o 

sulphur compounds.likc.,r on .o. , -!. ' :r.' i- . and 

In the first nh-se, se-arptnio! ,nd re-ener-tion beh.viour of 

t?-),1 ecul~r 7ieves and o:h.ermetal/metal o'i-les, 3ftive 

!"Kie(,:iP. be or benc, scale. simulated vasadsorhent. 

mixture will be used. 
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wil! be tried withDifferent mombrine m-terial. 

like Pressure andsimulated 7as mi.:tures. P:raeters 

temerature wilt be tudied.utiso In the second ohase,
 

zas from the movin T :e sifi.er .],J. be used after 

tar a! oil rerov. 

- ' . b'.e t-,i, d -.ecz, n -in(! estimation=uit 

CO. at p m level '.ill be firstof sulohur comoounds and 

established.
 

To summa-ise, the subjoct of Vs clean ui for 

removal. cr .crtiJ u1 , mait er, sul:.hur compounds, _C2 9 

.hich are h-rrmful to aas turbines' and to catalysts
etc., 


for subsequent crocessin.R is of treat interest in coal
 

conversion orocess and is being extensively studied.
 

These involve adsorption, chemical reaction with metal
 

etc., 'embrne senara-ion nnd other
oxides, com.olexes, 


of these
novel technijurs. it is ironosed to try some 


an' later
-u..ixt.ure
on bench scale usin 


the rzas from the Movin- bed ifier at ?. L-?.
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Table I
 

Particulate Removal Svstems .caoible of oceratin; at about
 

800"' and 20 trn. 

Filter medi--


Cyclone 

Metal abric 


ceramic Fibers 


Silica Fibers 


Electrostaticallv 

charged filter 

media.
 

,
Panel bed sandl

filter. 

Panel bed sand 

filter. 

Moving Pebble bed. 


$intered metal 

!mpin~ement 
scrubber.
 

'ize 
rfI.- t ive 
zo cvc-
Ione. 


1 

0.3 to 

2.0
 

3 to 6 

3 to 6 


0.6 to 

2.0 


0.6 to 

3.0 


0.3 to 

2.0 

3.o 


5 to 10 

2 to 3 

'.fi-
('iencv
't 2 
micron
 

ze. 

0 

99.9 


-

-

99.9 


99.9 


9-.0 


80 


Ie 

_9.9 

:'Fe 
veloci' 
ft/min. 

100-200 


-

-

20-40 


30-45 


30-90 


30-100 


7-10 

-

Developer
 

.erodye _eve
!opment 
2or'oration.
 

3runswick Coron.
 

3N _Oo 

J.?'.Stevens.
 

Ame,"izv_
 
Precision.
 

7ity collec-'e of 
:ev York. 

Ducon ;o.
 

Combustion 
?yq;er 2o. 

?al! Trinity 
.%i.cro "oron. 

Babcock & Wilcox. 
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QUESTIONS & ANSWERS
 

COAL 	PPF:PARATION & GAS CLEANUP - SECOND DAY
 

C: 	 B. K. Mazumdar: Thank you, Dr. Vaidyeswaran. We are
 

now open for a few questions.
 

Q: 	 S. K. Ghosh: We are basically involved with the
 

transportation of coal over long distances, and this
 

coal 	must be ground to a particular size; water is then
 

put 	into it to make a slurry and it is pumped. Can we
 

take 	advantage of this mode of transportation, in
 

connection with coal beneficiation, mainly for thermal
 

power stations? To my knowledge, not mLch worlk has
 

been done on thermal power coal reqtirements for
 

beneficiation as is done with coking coal.
 

Transportation of coal as slurries to pipeline opens ur
 

a convenient avenue for beneficiaticn of thermal coal.
 

A: 	 M. Chakraborty: The project we have undertaken under
 

the USAID/GOI program. considers coking coal
 

beneficiation; however, I will reply to Dr. Ghosh's
 

questicn about non-coking coal beneficiation and
 

pipeline transportation. With coking coal, the
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ultimate use of clean coal is in coke making. So if it
 

is ground tc a very fine size, 14 mesh ].2mm, as you
 

are considering for transportation, that nay normally
 

lead to problems in coke making unless some improvement
 

is made in the coking technology. Regarding non-coking
 

coal transportation, the product has to be dewatered;
 

otherwise it will have a lot of free moisture in
 

addition to inherent moisture and that will lead to
 

tremendous inefficiency if the moisture is not removed
 

mechanically and thermally. Fcr non-coking coal
 

beneficiation, why should we grind it to a smaller size
 

to beneficiate it? Our power stations are designed for
 

accepting coal having 35% ash +/- 2%. The main purpose
 

of beneficiation is not to remove the ash but to remove
 

the detrimental particles of hard lumps and also free
 

silica, etc. in the final form, so that these will not
 

czeate operational and naintenarce problems or reduce
 

production availability. In order to avoid frequent
 

stoppages at the plant, we have to remove the
 

detrimental particles; ash is not very important. The
 

efficiency will also depend on the nature and
 

characteristics of the coal. it may not he the same
 

for all power stations so pirpeline transportation can
 

definitely be used for non-coking coal but we will have
 

to assure that the coal is duly dewatered prior to
 

using for combustion purposes.
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C: B. K. Mazumdar: I do not know whether or not Mr. 

Ghosh is satisfied but we will have the pane] 

discussion later and he can ask the question again. 

Q: S. Chandrasekaran: Cn the hot gas cleanup, Mr. Rangar 

was telling us that the object is to get the gas 

cleaned to a level of 30 mgs per normal meter cube for 

gas turbines, etc. As far as the inlet concentrations 

are concerned, has he considered different coals to be 

fired in the PFBC, which is going to generate this hot 

dirty gas. What are the coals considered, and what are 

the inlet dust concentrations? 

A: R. S. Rangan: The inlet dust concentration to the 

granular bed filter does not directly depend on the 

coal fired in the PFBC because this is the final stage 

of gas cleaning. Before that we will have at least one 

or two stages of cyclones and, depending on the 

concentraticn that is expected at the outlet of the 

PFBC, it is always possible to add or delete one 

cyclone to get the desired concentraticn at the 

granular bed filter inlet. 

C: R. Krishnan: I have a questicn on hot gas cleanup. 

was looking at the chart and you had a pressure of 5 

I 
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atm going into the granular bed filter. My questicn
 

is, what is the operating pressure in the PFBC? Is it
 

5 atm 	or higher? As a followup, I would like to ask if
 

there are steam tubes, air tubes, or what type of cycle
 

you have for the pressurized fluid bed combustion.
 

A: 	 R. S. Rangan: No -- this is an adiabatic combustor,
 

and this would be operated at 5 atm pressure. It is
 

nainly for testing the combustion aspects of
 

pressurized coal burnirg.
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MORNING PANEL SESSION - SECOND DAY
 

C. 	 B. K. Mazumdar: I will now request the authors of
 

the morning presentations to be here and also our host
 

coordinators for the program, Mr. Killmneyer and Dr.
 

Ghate. Please submit your written questions or
 

comments, or come to the microphone and address your
 

questions clearly.
 

Q. 	 M. M. Sen: I have a question for Mr. Rangan. 

Has BHEL any program for cleaning up sulfur compounds
 

for gas to be fed to the turbines? My second point is,
 

I have been told that alkali compounds are harmful for
 

turbine operations. So how are we going to get rid of
 

the alkali compounds in hot gas cleanup systems?
 

A. 	 R. S. Rangan: We don't have a program for H S
 

2
 

removal or alkali removal at the moment, but this
 

problem is being looked into separately by our material
 

science people.
 

A: 	 R. Vaidyeswaran: In a fluid bed gasifier or any
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type of gasifier, H S COS and mercaptans are always
 

2
 

present. Depending on the concentration, perhaps the
 

first stage removal will be using iron oxide. In the
 

second stage, mixed oxides, activated carbon and
 

molecular sieves are being tried. The removal of
 

alkali and chlorine, particularly for use in gas
 

turbines, is very necessary. The norms are very
 

stringent. I came across a reference where pellets are
 

being used, something like fuller's earth, which
 

retain the alkali by some sort of a complex, and then it
 

can be regenerated. Beyond that I am not aware of any
 

other details.
 

C: 	 N. N. Ramakrishnan: With regard to the questions
 

posed by Dr. Sen as to whether or not BHEL is working
 

on H2S removal and alkali removal -- we have imported
 

one gas turbine from Mitsui for combined cycle power
 

generation. The requirements of the gas turbine are
 

such that the sulfur content of the gas can be as high
 

as 2% and the alkali compound requirements are also
 

quite high. Based on our coals, we find there is no
 

requirement for cleanup of these two compounds at this
 

stage.
 

Q: 	 G. S. Sidhu: Is it possible, and not too soon to
 

imagine, that in ten years the new materials of
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construction will lead to gas turbines which will not
 

be concerned with separation of particulate matter or
 

impurities in the gases?
 

A: 	 B. K. Mazumdar: This is a very interesting question
 

and a challenging one. All our scientists will be
 

interested in tackling it. Any responses?
 

A: 	 R. Krishnan: Right now there is a void in the
 

availability of advanced and sophisticated materials to
 

clean the dirty gas from combustion gasification
 

systems, I think, and I am not speaking for the USDOE
 

or the companies in the US. There is a high
 

temperature mat'erials technology lab being built at
 

Oak Ridge National Lab to look into this problem of
 

finding new materials. GE has done a lot of work and I
 

think they have come to the conclusion that it will be
 

more like 15 to 20 years before we can hit upon some
 

soph: sticated material to combat the sulfur, the alkali
 

potassium and detrimental agents in the hot gas.
 

Parallelly, the target date set for commercialization of
 

PFBC is something like 1990-1995 and compromises are
 

being made from the advanced concept of high pressure
 

FBCs to low pressure -- for instance, the turbo-charge
 

concept, wherein you have lower operating pressures so
 

that 	your tolerances on the turbine can be a little
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more 	relaxed.
 

This is a very important question and i think the
 

answer is "yes," there is a lot of work that has been
 

initiated at the basic research level, but I think the
 

time factor is more like 15 to 20 years. The other
 

approach that has been simultaneously taken is to look
 

at new process variations where you look at lower
 

pressures so that we could still, with the available
 

state-of-the -art technology, use conventional
 

off-the-shelf items. The third thing is, of course,
 

basic research which the current administration is
 

emphasizing. National laboratories have to perform
 

fundamental basic research and provide the technology
 

for the industry, and they should take up the issue of
 

commercialization.
 

These-are the three approaches being follcwed in the
 

United States. GE and Westinghouse have been working on
 

this, but they are far behind in time. I am not very
 

sure how countries in Europe are reacting to this.
 

Q: 	 I would like to ask a question on hot gas cleanup.
 

With all this work on hot gas cleanup in the U.S. an3
 

the rest of the world over the last 15 to 20 years, at
 

least to my knowledge we still do not have a gas
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cleaning system. From Dr. Ghate and his colleagues, I
 

would like to know whether we are moving in the right
 

direction to have a combination of cyclones and
 

granular bed filters, and what other developments are
 

taking place in the United States in this connection?
 

A: 	 M. Ghate: There are two approaches. One is,
 

what is the source of the dirty gas? If we are looking
 

at the PFBC combined cycle and the gasification
 

combined cycle, cleanup systems are entirely different.
 

As far as the PFBC combined cycle is concerned, we are
 

looking at several units -- a granular bed filter is
 

one of them and metal oxides for the removal of sulfur
 

is another. As far as the gasification combined cycle
 

is concerned, in the US we have a twc-fold problem -

not only the particulates but also the sulfur NO
 
x 

and SO . In that respect we are looking at
 
x
 

cyclones for the primary particulates cleaning,
 

followed by zinc ferrites or some of the metal oxide
 

systems. Currently at KRW, formerly known as
 

Westinghouse, we have a program testing the zinc
 

ferrite system which was developed at Mcrgantown. GE
 

has just completed a test in which a fixed bed gasifier
 

was used and in situ removal using dolomite. We have
 

captured almost all the sulfur and alkalis also. It is
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predicted right now from the data that all the alkalis
 

were 	sorbed and the turbines were almcst clean after
 

almost 500 hours of test. To really tell you which way
 

we are going -- in gasification we are going into the
 

zinc 	ferrite or iron oxide systems and, in the PFEC, we
 

are going to the granular bed filters and some of the
 

newer devices.
 

Q: 	 I have a question for Dr. Ramakrishnan. The 

combined cycle plant is going up at BHEL Trichy, and we 

were told yesterday by the Director Technical that the 

commissioning date is now November 1985. Is it 

possible, or is it somewhere in the test program, that 

a hot gas cleanup system can be actually tested in this 

facility because that, to me, looks like doing some 

testing on a larger unit that can speed up the rate of 

technology in India and in turn provide information in 

the United States. This is because we do not have a 6 

1,1combined cycle plant. We do have the big coal-i.ater 

project. 

A: 	 N. N. Ramakrishnan: Presently we are going ahead with
 

fixed bed gasification technology for combined cycle
 

power generation. Fere we have a wet scrubbing system,
 

so in this particular plant which is to be commissioned
 

in October or November of this year we do not have the
 

225
 



facility for hot gas cleanup systems; however, as our
 

Director Technical told you yesterday, the second phase
 

of the study on the combined cycle plant will be linked
 

up with fluidized bed gasification of the same
 

capacity. When we move over to fluidized bed
 

gasification, our intention is to hook up a hot gas
 

cleanup system and do these combined cycle plant
 

studies. This program is envisaged three and a half
 

years from now, so at that time we will be able to
 

generate data on a hot gas cleanup system and its
 

effect on gas turbine operations. Before that, we will
 

be doing our hot gas cleanup studies on the fluidized
 

bed combustor. At our facility in Hyderabad we have a
 

fluidized bed combustion unit and, if feasible, we
 

would link up the present hot gas cleanup facility to
 

that 	fluid bed gasification facility so that the
 

changeover to the 6 MW power plant would be simpler and
 

easier.
 

C: 	 M. Ghate: I would like to say that, prior to the
 

selection of any cleanup system, it is critical that we
 

look at the entire system including the type of coal
 

used and the end use. Once you have defined the system,
 

then you can select the kind of cleanup system you
 

really need. If you find out frcm your analysis that
 

you really do not need that much cleanup, then you
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will 	have a very simple system. I think it is inmmature
 

to select a cleanup system and then fit a coal
 

conversion and turbine system around it. I would feel
 

more 	comfortable by selecting what you have based on
 

your raw material and then develop the cleanup system.
 

C: 	 Mr. Mazumdar. I am glad to hear what Dr. Ghate has
 

to say. In fact, I was going to remark on the
 

challenginq question put by Dr. Sidhu which was so ably
 

tackled by Dr. Radha Krishnan. Either you develop
 

materials of construction to contend with the situation
 

or you make the coal behave -- that is possibly what
 

Dr. Ghate had in mind. In this connecticn, let me
 

refer to one of our recent works on weathered coal. A
 

lot of development has taken place in America on SRC,
 

which is one of the cleanest possible fuels. While you
 

refine the coal by high pressure hydrogenation, wherein
 

the hydrogen requirements are as little as 1 to 1.5% by
 

weight of coal, you remove most of the oxygen. Coal is
 

thus upgraded in terms of its heat value, its carbon
 

content and the process sulfur also -- 80 to 90% is
 

removed. So if you use a cleaner fuel fcr ycur
 

gasification of fluidized bed combustion and the like,
 

the gas cleanup systems become simpler and also this
 

fuel becomes more environmentally acceptable.
 

Moreover, the cost would be more than made up by what
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you get out of it, because Dr. Vaidyeswaran said that
 

30-35% of the cost is due to the gas cleanup systems.
 

Therefore, either you have the right materials of
 

construction or make the coal behave to meet your
 

requirements. Another approach is to use weathered
 

coal, a part of the seam which has cropped out. The
 

entire carbon structure of this coal has remained
 

intact and there has only been oxidative
 

dehydrogenation, bringing about a profound change and
 

reorganization between the aromatic and hydrcaromatic
 

carbon molecules, as a result of which the coal has
 

been converted to a non-caking coal and a smokeless
 

one. Not a trace of tar or smoke emanates from this
 

weathered coal. If this weathered coal is used in
 

gasification or combustion, the gas cleanup systems
 

with regard to tar and tar mist would be much simpler.
 

Both SRC and weathered coal can obviate many of the
 

problems associated with gasification and combustion
 

gas cleanup systems.
 

Q: R. Krishnan: I have a very short question. I saw
 

the scheme put up this morning by Dr. Chakravarti and
 

it looked like when you reached 20% ash everything came
 

to a standstill as far as the cyclone is concerned.
 

The question is, have you done washability studies to
 

see if pushing it beyond that will be uneconomical and,
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with the situation in India and with the technology you
 

have and are developing, is there an upper limit such
 

as 20% ash beyond which any of the techniques will not
 

be effective? Also, how are the mining techniques in
 

India contributing to the worsening problem of high ash
 

and, with 	advanced longwall mining techniques, do you
 

expect to 	get better quality coals?
 

A. 	 A. K. Chakravarti: From numerous washability data and
 

carbonization and petrographic data we have established
 

that, as far as coking coals are concerned, 19% ash is
 

optimum because if this is exceeded to 20% the
 

materials that will be added will have an ash content
 

higher than raw coals. So, instead of going to 20% we
 

can mix the raw coal and hence the purpose is defeated.
 

After 19% ash, the vitrinite content sharply drops,
 

and hence the coking propensity of these coals drops.
 

This is the optimum percent of the coking coal ash that
 

can be obtained.
 

A: 	 S. K. Bose: I would like to add a few words to Dr.
 

Chakravarti's comments and the question raised
 

regarding the ash content of clean coals for ccking.
 

understand -- it is not a personal experience -- from
 

Energy Board discussions in which I have also
 

participated in India that, even from the user's angle
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-- i.e., the blast furnace efficiency -- it seems that
 

this ash content in clean cr'al up to 20% has a
 

relevance. This means it does not deteriorate the
 

efficiency further from the level of 17.5% of ash
 

content in clean coal we expected earlier, in the
 

1960s. In actual practice we have been going outside
 

this limit so we have experiences, not only from the
 

concept angle but from what is actually happening. So
 

it is found that, even stretchiwg to 20%, it does not
 

deteriorate the blast furnace efficiency to that
 

extent; of course, there is a stage of carbonization.
 

But the point is, that from the angle of coal
 

washability characteristics, the high ash contents of
 

the raw coals we are now treat.ng which, as we
 

mention, have figures up to even 35%, a totally
 

different situation from 22 to 24% ash in raw coals
 

when 	we had built the preparation plants in the 1950s
 

and 	1960s. Today it has even gone up to 25 to 35% ash
 

in raw coals. The Energy Board recominnendations have
 

alsc 	brought out this point very strongly and from the
 

cperating angle we should accept this 20% ash in coal.
 

Q: 	 S. K. Bose: Coming to another area, if I could ask a
 

question of Mr. Chakravarti. You have shown 2mm top
 

size for washing coal in heavy medium cyclones, smaller
 

diameters yet to be tried, and then .35mm
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for oil agglomeration. If this is the concept, then
 

the first question is: seeing the nature of coal
 

mining trends in the coking coal bed, we are now going
 

to enter into a new era of large-scale open cast mining
 

in the coal belt of Jharia. We should prepare our
 

flowsheet for such a type of project. Thick seams
 

contain shale bands in such a way that, after these
 

deposits have taken place over a long period of time
 

and drift origin, they are bound to have shale which is
 

a small but significant element in the coal seam
 

production. So both these shales as occurring in
 

nature and also extraneous materials which are likely
 

to come up in the open cast mine in the future.
 

Further, the old mines are already honeycombed by the
 

old pillar mines and, while you do the open cast
 

mining, you will have a tremendous amount of rock
 

associated while digging the coal. It is not a normal
 

open cast mining as we claim for a fresh coal seam.
 

But it will be open cast mining over first-worked
 

underground deposits and therefore we should have a lot
 

of admixture of associated rocks. With this situation,
 

after the first crushing, if we could just wash off at
 

1.8 specific gravity then we would get the "real" raw
 

coal for handling the subsequent stage. If in the
 

subsequent stage -- that is, the main coal washing step
 

-- would you consider that the coal be treated in the
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normal coal preparation process? Whatever sinks or
 

middlings are generated in the process, we will reduce
 

it down to 2mm or 3mm, and then bring in irore release
 

of the extraneous matter from the coal and upgrade it
 

by the processes that Mr. Chakravarti explained. If
 

this could be the area of thinking, then the
 

application of the new dimensions of smaller-scale top
 

size 2mm has to be adopted into the whole system of
 

handling, preliminary preparation and final
 

preparation. My question is, why 2mm? In coking coal
 

practice we have 3mm. I know in Germany the
 

preparation plant designers especially ask this
 

question. Where did it originate?
 

I understand in this size of crushing range they used
 

to have 30mm coals and the new crusher developments
 

crush with a ratio of 15:1. Hence as a corollary it
 

came down that a 30mm coal would have a size of 2mm by
 

one-stage crushing.
 

I would like to hear from Mr. Chakravarti how to react
 

to the total process scheme and the question of 2mm top
 

size.
 

Another question I would like to pose is, the heavy
 

medium cyclone he has conceived -- can it be dealt
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through jigs? In any case you are treating the
 

subsequent fines and products through oil agglomeration.
 

A: A. K. Chakravarti: I fully agree with Mr. Bose that,
 

due to large-scale mining, particularly from the
 

quarries, a lot of variable extraneous impurities will
 

come that will not be constant. Therefore, a
 

pre-dressing stage is necessary just to eliminate the
 

dirt and hard stones which would lead to operational
 

problems in the coal preparation plant. There may be
 

many ways of removing this matter, either by
 

hand--picking or dry selective breakage, or even with
 

the application of jigs. In any case, pre-dressing may
 

be necessary for coals from such open cast mines. Once
 

the coal is cvushed to below 2mm for processing, it is
 

obvious thac only the coal matter wculd be crushed and
 

not extraneous impurities. The answer to the question
 

of why we have selected 2mm is that, in normal
 

coke oven practice, 2mm is the top size. It can also
 

be 3mm, but Indian coals are harder as compared with
 

other coals and hence it is difficult to get the
 

correct size in the coke ovens and we have to recycle
 

and select the proper crusher. We found that if we
 

crush it to below 2mm the additional recovery cf clean
 

coal is 10 to 12% The fines production would be less
 

in the case of Indian coals because of its hardness and
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hence it may be advantageous to move from 3mm to 2mm
 

top size. We would not advocate crushing to be2cw 2mm
 

if the coal were softer than typical Indian coals.
 

Regarding the second question, that is, heavy medium
 

cyclones vs jigs -- jigs have certain limitations and
 

even the modern jigs cannot treat coals having
 

extremely difficult cleaning characteristics. There
 

will be a lot of misplacement which will prevent
 

maintaining the proper quality of clean coals. One way
 

is to clean raw coal using jigs, and certain products
 

from this operation are recycled through either jigs or
 

cyclones for further cleaning. Jigs have a limitation
 

in that it is very difficult to handle near-gravity
 

materials.
 

C: B. K. Mazumdar: I would like to make some
 

observations regarding the questions and answers in
 

this session. To put the subject in proper
 

perspective, I will tell you that Mr. Bose was the
 

Chairman of the Ninth Internaticnal Coal Preparation
 

Congress and naturally his views on coal preparation
 

vis a vis problems in the Indian scenario are of
 

importance. Regarding the question as to do we have to
 

live with this 19-20% ash so-called clean coal in
 

India, it is being tackled in this Indian program and
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the flow sheets apparently made out that the final
 

product will have clean coal ccntaining 18-19% ash,
 

which has led to this question. In Europe or America
 

no one will touch this coal. Indian coking coals in
 

the lower seams of the Jharia coking fields hold nearly
 

all the prime coking coal in India. The upper seams
 

can be cleaned by ordinary densimetric principles but
 

the lower ones are very difficult to wash. The
 

intrinsic ash, including the extraneous matter, would
 

range anywhere from 25 to 35%, the average being 30%.
 

Hence, Mr. Chakravarti started with 33% ash and
 

provided a flow sheet. His idea is to combine these
 

heavy medium cyclones with oil agglomeraticn. Last
 

year in discussions with Mr. Bienstock, Mr. Deuerbrock
 

and others, it was observed that in America there was
 

considerable development as a means to tackling fine
 

size coal, but this is irrelevant. Unless you grind
 

the high-ash coking coals of India to as fine as 0.Ijrm,
 

the mineral matter is not liberated frcm the physical
 

chemical matrix of the coal. Coal has to be ground
 

even finer than 0.1mm and, adapting all the
 

sophisticated techniques, either froth flotation or oil
 

flotation before heavy medium cyclone, we still have to
 

live with 18% to 20% ash content -- unless, of course,
 

you are prepared to sacrifice the yield. If you want
 

to have a clean coal with ash of 14-15% I am afraid
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your yield would hardly be 40-50%. So we have to
 

strike a compromise. However, there is a solution 

-chemical cleaning of coal. In our institution we have
 

developed this chemical process -- something akin to
 

that developed at Battelle Columbus. Coal and alkali
 

slurries are heated to temperatures not exeeeding
 

120-130C for one and a half hours and then washed with
 

dilute sulfuric acid. Technologically there is no
 

limitation to this coal preparation. Coal of any ash
 

content can be demineralized almost ashless by this
 

technique. In the American approach the whole
 

contention is different. You don't have to worry abcut
 

the mineral matter content since, by ordinary
 

densimetric principles, you can remove most of the
 

mineral matter because it is extraneous in nature and
 

comes because of coal mining. The problem is
 

desulfurization and from that point of view Battelle
 

Columbus took up this work using alkali reaction. Hut
 

their technique is completely different from ours. They
 

grind the coal as fine as possible and mix it with
 

concentrated alkali and treat it in an autoclave under
 

pressure of 50-100 atm an at a temperature of
 

275-325C. They claim that 50-60% of the sulfur is
 

removed and in the process the mineral matter is also
 

removed. In the Indian process, we do not grind the
 

coal fine -- we crush it to 3mm, treat it with alkali
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in a concentration of 60-70% by weight and it is an
 

atmospheric process. Here the alkali penetrates into
 

the physical matrix of the coal, attacks the mineral
 

matter preferentially and converts the aluminum
 

silicates to sodium aluminum silicate, which is
 

soluble. We require two chemicals, caustic soda and
 

sulfuric acid. To make the process more economical,
 

the cost has to be retrieved largely by the recovery of
 

by-products and hence total utilization. We can recover
 

from the mineral matter sodium sulfate, aluminum
 

sulfate and silica gel. If we have a market for this,
 

we get the coal almost for a song. Probably this is
 

the ultimate solution.
 

Coming to the size of 2mm, this size consists of coal
 

charged to coke ovens which predetermines the ultimate
 

strength of coke which is so very important for blast
 

furnace operations. We have to assure its impact
 

resistance, its abrasion resistance, which is
 

determined by the size concept. To charge too fine a
 

coal into the coke oven will not only create a dust
 

problem but also will effect the coke oven. With the
 

oi] agglomeration technique which has been developed,
 

there has been a considerable improvement. Although at
 

the moment we charge fine coal -- 100-200 mesh size
 

--later we will be in a positicn to use 2mm. Probably
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this oil-agglomerated clean coal can be blended with
 

top-size coal and coke can be made.
 

C: A. K. Chakravarti: Regarding the s:.ze,
 

normally in coke oven crushers, eith.r hammer or
 

impacted, the feed size can be 5 and 6 inch and the
 

product size more or less 3mm. If it is a hammer type
 

of mill, the size reduction can be very wide but, for
 

other crushers, like a roll crusher or any gyratory
 

crusher, the size ration will be very narrow. If too
 

much of fines is there in the coke oven feed, the bulk
 

density will be low and the coke will not have
 

sufficient strength. But with improved coking
 

technology like stem charging, the good quality coke
 

can also be prepared. One plus point for oil
 

agglomeration is that it will retrieve the middlings or
 

sinks coming out if oil agglomeration is applied and
 

clean coal recovered. The product will have low
 

moisture and good coking propensities because we have
 

seen that, from the middlings, the clean coal retrieved
 

has good plastic properties because of the presence of
 

oil. The oil agglomeration not only dewaters the coal
 

to a low extent, that is, 10% moisture by gravity
 

drainage, but also the size is agglomerated to 1.5 to 2
 

mm and dense agglomerates having 1.3 specific gravity
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can be obtained. We have numerous data on cleaning by
 

the oil agglomeration technique and the clean coal
 

recovered from the middlings has good coking
 

propensities. Therefore the combination of heavy media
 

cyclones and oil agglomeration definitely has some
 

potential whereby two products will be obtained, middle
 

products will not be there, and high yields as high as
 

70% can easily be obtained. However, the ccke oven
 

technology needs to be modified to take the overall
 

clean coal.
 

Q: 	 S. K. Bose: Would you like to crush all the coal to 

2mm as you are proposing or would you like to treat the
 

coal in a conventional process, remove the clean coal,
 

and then treat the rest of the coal after crushing to
 

2mm and treat it in the manner you like?
 

A: 	 A. F. Chakravarti: This is very pertinent since we should
 

not crush coal if we do not get any benefit. There are
 

some seams where we do not get the advantage but there
 

are definitely some coals wherein crushing from 13mm
 

top size to 2mm top size can produce a lot of benefit.
 

It depends on the nature of the coal. For the sake of
 

economy we should use all the conventional types of
 

equipment and, in case we can improve the yields, partly
 

treat the coal by crushing to smaller sizes.
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C: 	 B. K. Mazumdar: The lower seam is a difficult coal and we
 

can crush it to normal size, wash it, then from 30 to
 

35% clean coal will be retrieved with 17 to 18% ash and
 

the rest may be treated to this technique.
 

Q: 	 B. K. Mazumdar: I would like to ask Mr. Rich Killmeyer his
 

observations on the Indian situation with regard to the
 

difficult problems of coal washing.
 

A: 	 R. Killmeyer: Let me try to relate the
 

situation to ours in the United States. Our coals
 

clean fairly easily down to 10% ash, whereas in India
 

they clean fairly easily down to 20-30%. The objective
 

of the DOE coal preparation program is now to super
 

clean the coals down to 1% ash or less so that we can
 

replace fuel oil with coal-water slurries, for
 

instance. It is very difficult to go down from 10%
 

down to 1%, just as it is difficult to go from your 20%
 

down to 10%. Both problems involve ultrafine coal
 

crushing. Advanced beneficiation techniques work on
 

ultrafine coal, and the whole objective of our coal
 

cleaning program is to develop these ultrafine cleaning
 

processes. Even beyond the use of heavy medium
 

cyclones, which work on coal down to 100 mesh, we are
 

trying to develop processes that can handle ultrafine
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coal to be crushed to say 100 microns or even 20
 

microns top size. We are working on several different
 

techniques to clean this -- one is two heavy liquid
 

cyclones. Instead of a magnetite slurry you use a true
 

liquid heavier than water -- an organic liquid or freon
 

or salt -- arnd these work very well on coals which are
 

top size of 100 mesh by 0. Again this is advance of the
 

state-of-the-art.
 

Another technique we are looking at is very similar to
 

the oil agglomeration, something we have called
 

selective coales-cence. It is very generic oil
 

agglomeration. It simply means you are trying to
 

coalesce ultrafine particles of coal and leave the
 

mineral matter and the pyrite dispersed in the water,
 

just like an oil agglomeration except you do not have
 

to use oil. You can use freon, an organic solvent,
 

liquid carbon dioxide, or some exotic type of liquid
 

which will clean the ultrafine coal particles. Then
 

you just regenerate the agglomerating agent and use it
 

again. The problem with oil agglomeration is that the
 

cil stays with the coal and this is very expensive. Of
 

course, the third method that we are funding a lot in
 

DOE is chemical coal cleaning. As was discussed, this
 

is one technique that we have found does work very
 

well -- the TRW gravimil] process has clean coals down
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to .1% ash, removing virtually all the pyrite and it
 

removes up to 80% of the organic sulfur, which is our
 

main concern. Certainly chemical coal cleaning is a
 

possiblity but it is also very expensive, as has been
 

mentioned. That is our prcgram in a nutshell and as
 

you can see it very well simulates the problems here.
 

It is a matter of ultrafine coal cleaning, developing
 

new techniques and, as Mr. Bose stated, we would
 

envision any type of advanced coal cleaning being
 

preceded by an initial conventional stage where you
 

clean all the rock out -- a very coarse size 1.80 or
 

2.0 specific gravity -- and go into a second or even a
 

third stage of cleaning.
 

Q: 	 S. K. Bose: I have one question -- is there something
 

developed in Canada in the area of oil agglomeration
 

where they use only 1 or 2 % of oil instead of 6-8%? Can
 

you throw some light on this area?
 

A: 	 R. Killmeyer: The only thing I know about it is that there
 

are several groups -- Canada is one of them -- who are
 

'working 	on using small amounts of oil by some sort of
 

super dispersing agent which will make very very fine
 

molecules or agglomerates of oil so it can spread
 

itself around a lot easier. I have heard about it but
 

it is very secretive.
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C: 	 A. K. Chakravarti: As far as fine coal cleaning is
 

concerned, our flotation or ultra-flotation processes
 

are quite effective for beneficiating coal. But what
 

are the plus points for oil agglomeration? The plus
 

point is that the dewatering problem is easy and by a
 

cheap and simple method we can dewater the coal. The
 

presence of oil improves the coking properties of clean
 

coal which has been recovered from sub-standard coal
 

and the middlings. The oil used to the extent of 1 to
 

2% will be enough to effect beneficiation but will not
 

be sufficient to give a consolidated hard product which
 

may create problems in handling in coke plants.
 

However, we have recently decreased the dose of oil
 

from 10 to 13% to 7% in oil agglomeration by mechanical
 

improvement -- that is, by increasing the forces
 

responsible for concentrating the agglomerates. By
 

using 7% oil we are getting perfectly spherical 1.5 to
 

2 rrm agglomerates. We are trying to reduce the oil
 

further but it so happens that gcod beneficiation may
 

be achieved but the product may not have sufficient
 

structural strength for use in the coke cvens.
 

Q: 	 M. Chakraborty: Mr. Killmeyer mentioned that coal
 

preparation is now approaching coal refining. Another
 

aspect of indian coals which has not been very much
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highlighted is the solvent refining of coal. The
 

peculiarity is that not only is the mineral matter
 

intimately integrated throughout the whole chemical and
 

physical matrix of the coal, but it is non-coking also.
 

But if you resort to solvent refining it will achieve
 

two things. We achieve demineralization below. 1% and
 

we upgrade the coal as well. Non-coking coal becomes
 

coking. So I would like to know, what is the
 

possibility of SRC in respect to cleaning of Indian coal?
 

A: 	 R. Killmeyer: I will have to back off on that one -- I am
 

not a liquefaction man and you are really talking
 

liquefaction there. A solvation chemical process is
 

involved. When I am talking coal refining I am really
 

talking about physical coal cleaning. By coal
 

refining what I really meant was you clean a coal to
 

produce two or three products from the coal preparation
 

plant. A superclean coal, say maybe one-half percent
 

ash; a high-ash middlings and then your refuse
 

product. That is kind of the idea I was trying to get
 

across.
 

C: 	 M. Chakraborty: To my mind, even if you demineralize
 

Indian coals the problem of upgrading still remains, so
 

we will have to have coking coals. Solvent refining of
 

coals is likewise improved by DOE and Lumas and the
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ash removal process has been improved by anti-solvent
 

de-ashing. Maybe we should also look into this area
 

from 	the Indian standpoint, which may solve our
 

problem.
 

C: 	 B. K. Mazumdar: I am glad that Dr. Chakraborty has brought
 

up the question once again. As I said, in America
 

tremendous work has already been achieved but in a
 

different context. America has been interested in
 

clean fuel but here, irrespective of the rank of the
 

coal, whether lignite, bituminous or subbituminous, you
 

end up more or less with a similar product. The
 

product is upgraded with the removal of oxygen groups.
 

The coal is depolymerized to an extent so that it is
 

called reconstituted coal and non-coking coal is
 

converted in the process to a highly plastic coal with
 

a softening point of 170. This was all known to
 

Americans in the early 70s. In Pittsburgh the
 

Consolidated Coal Company and Gulf Spencer Company
 

achieved this, but in our Institute we have developed a
 

concept in view of the low softening point and the low
 

mineral content where the idea is to blend SRC with a
 

sub-standard coking coal, such as 33% ash coal,
 

obtained by washing at 1.7 to 1.8 by removing the
 

mineral matter and bringing the ash from 33 down to say
 

25%. This product can then be blended with SRC which
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will add to its fluidity and that will also decrease
 

the ash content in the final coke. From that pcint of
 

view, the idea is very attractive but somewhat
 

futuristic at the moment.
 

We have had a very adequate discussion with the
 

participation of all, and I must thank our authors who
 

have made very effective presentations and also thank
 

our distinguished participants who asked interesting
 

questions and made comments which contributed to a very
 

very effective discussion. All the projects under the
 

USAID/GOI have done some preliminary work, spelled out
 

in the program and now comes the time to achieve the
 

objectives of the projects. Thank you very much.
 

END OF SECOND PANEL DISCUSSION
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P.D.Grover, K.K.Baveja, T.R.Rao and P.V.R.Iyer
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Neu Delhi-110016. (INDIA).
 

1.0 Introduction:
 

One of the major inputs for increasing crop production
 

is irrigation. In South East Asia and particularly in Indian
 

sub continent, the average land holding per household is
 

crovide timely irrigation, in India about
extremely small. To 


depend upcn pump irrination. It
30 million farmers have to 

that a typical farmer uith land hclding of abcutis estimated 

engine2 ha. would require about 2000 KWH of energy (at the 

It has also beencutlec) for pumping per rop per year. 

households have availablecstim'tod that, some 7 million 


Indian sub continent.(1)
scurces in thebut unaxfloitcd uater 

installedAccordingly, the r-ajority of irrigation pumps 

are of 3-5hp and energised by diesel or electrical pouer. 

Tho increasing costs and non availability of these resources, 

tho peak periods of cultivation, necessitate-spocially durinc 


of biomass energy for irrigation pumping.
the development 


biomass
Increased fcod productirn results in increased 

Those become morc important
rcsidus avoilobl2 for pcucr. 

jituatin existing resources are already beingin c: uh2rc: 

ut i1isn.d.
 

importcnce and potentials, a small
Crnsidrinq its 


Villcno Lovel Gazifior based on agro-rosiduos is being 

develc2-d undcr the Indo-U.S. collaborative programme on
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Although charcoal firod simplo gasifiors arc commercially 

avail3ble in any sizo, small scale casifiers ( 5HP) working 

on agrowastos biomass dorived fuels arc yet to be dcvclopcd 

for 	satisfact,:ry performancc. 

2.0 	 Characteristics of Small Ar-Waste Gasifier: 

Direct utilisatinn of Agro-Wastos in small gasifiers is 

mor-- cnorgy efficient than the charcoal or biomass derived 

fuel casificrs but have many limitations. efore thoso 

limitations ar discussed, th-3 basic roquircmcnts :f a village 

lovl casifier unit shculd be thorouchly identified.
 

To have ready acceptance -f a village level gasifier, it 

shnuld have the following characteristics. 

(a) 	 Simple in construct-nrn without any moving parts and 

complicated control instrunents. 

(b) 	 The materiol's rwiability with minimum maint.onanco. 

(c) 	 Easy to operate without ccnstant attontion. 

(d) 	Should withstand difforent climatic c lnditions. 

(e) 	 The proventive maintonance activities should be simplo 

and inexpensivo. 

(f) 	 The gas cooling and cleaning equipment should be simple 

such as ca!; filtcrs should be fittod uith replaccablo 

filters madc frc-m locally available materials. 

(g) 	 Should have Pollution free and safe operation.
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(h) Lou cost within tho roach nf a small farmer.
 

direct biomass fueled gasifier atThe limitztinns of c 

Village Level arc: 

ecsign problems, 

(a) Low bulk density of biomass resulting in s-ccific large 

sizes for gasifior. 

(b) Duo to bulk handling, contamination of food with 

uncsirctl : inorganic matter. 

(c) Oue to hich volatile contents, oxcessivc formation of 

tar dirinc gasification. 

(e) N:cos< .ty rf elaborate gas cleaning apnliancos, thcroby 

incrcasing costs Pnd operational Probloms. 

(r) Tendency f:r slaininn of focd due to high ash content 

and crosenco of alkalius in biomass. 

(F) Corr: sicn problems of condensar and crclor duo to 

acidity < tar enr ccndcnsatc in the gas stream. 

(g) Polluti-n Frcblcms duo to disposal of tar and condonsato. 

(h) Duo to lou heat capacity of qasificr, fluctuations in 

temporaturc th:cby producing gases nf varying composition 

Fuel Preparation: 

To avoid many of the above mentioned operational and 

it is imperative that the agro-wastes should 

ono of
be processed prior to gasification. Thorafors, 

cf this gasifior isdovelopmontimportant activities for the 

a smallto pr.:paro clean dotarrcd fuels suitable for 

fuels consists of 
gasifior. The procoss for makincq thoso 
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Particl cnrbcnisin:, grinding cum mixing of char with 

suitable binders, briquetting of char and drying of these 

briquettes. Such briquottos of cd-osired sizes kn-wn as 

"PARU FUELS" can be prcparcd in mochaniscd, community level 

and village level units ( 2 . Amongst those, the preparation 

of fucl fcor villaco level gasifior in drum charring, a 

villc.0e levl operation, is most appropriate. This would 

cnable th- former to prepar his own suprly cf fuel from 

agro-rasidues availablo from his fields. This will also 

eliminate his dependoncy nio ethers and the transportation 

2rctlems associatod with the procurement of this basic fuel. 

In this sectionr, the performancc characteristics of 

sinl rrum charring system arc presented which have been 

carried cut ns a part f evclopmont of this project. 

toi ( 3 ) carria' nut tests with wrcd chips in a drum 

(2')charring unit already doscribcd and shown in Fig.1. 

Tho oporation involves lighting some biomass and 

followed by adding the. biomass matorials periodically in 

suit:ble Latchos in tho drum till the drum gets filled up.
 

Once hcc t-d te a proper tamporature, the drum is covered 

with lid an. :lln-f d to co-l boforo the char is taken out. 

Th. materiel and energy balance for a typical trial 

run for carbL;nisation of wood chips is given in Table-1. 
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TABLE-1I PERFORMANCE CHARACTERISTICS OF DRUM 
CHARRING UNIT 

PRODUCTFEEDITEM 

CharWioodMtrria! 

21Amount pcr batch (K-) 84 

Hih0r Heating Valuc: 4208 6808 
(K Cai Kg ) 

03.8
loisturo 

18
60.0
'Jrltiles 

2.5
C.4
Ash 


140,930
354,103
Energy: (KCal) 

= 2.00 hrs.Timc rf ar dition 

= 3.00 hrs.
Coclinn time 


= 25%Yiel0d 

= 40%Thormal cfficiency 

the
 
a typical charring by partial combustion run,
For 


throc points along the axial

tCmperatUro UCro measured at 


drum at (a) 17cm, (b) 44cm and (c) 71cm from
 direction of 


were 
thc baso of drum. The temperature at theso locations 

The tcmpcrature profiles
radial dircction.
also measurod in 


arc

time fror hcating and cooling zone 
as function of 


presontod in Fig.2. 

for Gasification:
Biomass
4.0 	I' ntifictln of 


agro-biomass material can
 In principle, any typo of 

fir directthe choice of aqro-residues
te gasified. Hntejvor, 
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rasification in a mcving bed gasifier is governed by the
 

moisture and ash contontsr ash crmpositinn and r:hysical
 

size of material. Tho ChoLcc- of biomass gcts fjrthcr 

restricted if the biomass is to be pyrolysed in a Village 

Lcvcl Pyrolyser -nd pyrnlyscd fuel thun uscd as fuel for 

Crnsidering those constraints, the most suitable
 

mctcrials i.cntifiod so far arc:

(a) Corncobs
 

(b) Groundnut shells
 

(c) Cotton stalk
 

(d) Pinc noc los 

(o) 	 Twi-s an2 le-aves 

determinin5evecre! xperiments have been carried out for 


thc fu.l chnr:rtoristics of corncobs and cotton stalk agro

under progross with oroundnutrcsi'cs an-, excrimcntation is 

shell material. 

Analysis of those matorials for finding volatile
 

matter, ash, calorific value etc. are carried out by
 

" stndard methods. Table (2) givcs these values for 

vdrious fuels.
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TABLE-2
 

Volatile Fix-d Ash •CalorificMatcrial M'is tur a 
(% wct) mattor carbon (% dry) KCal1KaVol'o

(- 'ry) (% dry) (HHV) 

0,8 3248
1, 	Corn cobs 48.5 87 12.2 

86 	 2.5 3154
2. 	Corn cob stom 58 11.4 


3. 	Corn cob char - 18-28 75-80 1.5-3.5 7450 

4. 	Corn cnb char - 35-40 50-60 2-4 7000 
(fro. ccr ti-7!
 

pyrolysis)
 

3378
3. 	Rcu, cotton 7.5 71.2 22.1 6.7 


stalk 

7500
6. 	 Cotton stalk - 12-20 65-72 12.16 


char
 

Sun ~dried
 

and citton stalk materials arc pyrolysod
The corn cchs 

u.:crr'ifforant c:-n,!itions for obtainin; 	good ouality char.
 

a batch reactor by
Pyrolysis -f corn cobs is carried out in 

indiroct hooting. In ccoso cf ryrolysis of cotton stalk 

pyrolysissmall samfios arc takon in crucibles an-	 subjocted to 

at differont temrcroturos. The yiold of char from corn cobs
 

is around 25% by woight in the
(15-30%,initial moisturo) 


of 3 0 0 -395 0 C . In case of cotton stalk
 
tomperature rangc 


the yi:ld is around 24% in tho tom.araturc rango of
 

500-700 C. 
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andsis.
5.0 T.G.A.Gasific: tIycn enysis: 

and 	chars obtained
Gasification r f thr fuel materials 

frr. 1hos= mr tcrials un0er different conditions of oyrolysis 

is carricd in an atm-snhero nf nitrogen and steam (5:3) in 

t S ton Rz:crcft Thormngravimctric balance. Figure (3) 

s -, typicl -i]ht lnss fraction vs. t-m oraturc for normal 

C!, r :'I::tia 7 yrolysis char obtained frnm corn cobs and 

similar rlots f-r cotton stzlk matorialsFi irc (4) sh- us 

i--:i~c tint t activitv - these motcrials at vario'-s 

t,- r-:t',cs. Thc ivrclysis 'nd steam gasification results of 
° ..... -- n-2 -' cotto--n stalk char arc given in Figure (5). 

F:-m t:ic a! 2vo invcstiqations, tha follouing cnnclusions 

can b2 drawn. 

1. 	 The ortimum tomForature r~ngo for obtaininr best ouality 

c ic'yi, ld of char is 300-350 C in case of corn cobs and 

550- 6 5 0 cC in case of cotton stalk. 

2. 	 The reactivity of corn cob char represented by the acticn 

ftam with carbon bcgins at 600°C an6 bcccm-s rari at 

750 0 C -nujarcs. 

obtained from partial pyrolysis
3. 	 Tha roactivity of thc char 


starts oround 4000 C and progrcssivoly increases until
 

750 	 C anA above this temperature it becomes quito rapid. 

moro suitableThis shous that partially pyrolysod char is 

f:,r r.sification than the biomass itself. 

cotton stalk, the tomporature4. 	 For char -:-tained frcm 
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at which the reactivity begins depends upon the pyrolysing 

tem-erature conditions and ranges from 3000 C-6000 C.
 

5. 	 In oeneral, the reactivity of those char samples increases 

oradually upto a temperature of 700°C and hecomes rapid 

after this temporature.
 

6.0 	Cncr, tual D' ig-n -,f Gasifier: 

Takinn into consi-ieration the important and 4istinct 

features required for thp dcvolopmc.nt of a Villag.: Level 

Gasifier, a conce:tual design of this unit 's proposed. The 

basis for its design is nivcn in Table (3). 

Tabe-3 : Ecsis f-r the c'esign of rasifior 

Type : Doun -raft -asifior 

Fuel : Carbonisod .riquettcd fuel (PARU) 
H.H.V. = 18.9 MJ/Kg; ash = IC% 

Duty : 5 hp engine runp irrigation (8 hrs/day) 

Engine BSark ignition/compression ignition of 
efficiency = 2C%. 

Sulk Density = C.5 K7/litre 
of fuel 

6.1 	 Dcsi jn Cocu2a.tions: 

1 KC of briquetted fuel (urto 10% moisture) should givc 

about 2.4 Nm 3 of producer gas and 1Nm 3 of producer gas 

roughly contains energy equivalent to 2 hr-hr. (5370 KJ). 

With 20% officiency of tho engine, the amount of fuel 

rcquirod for 5 hr 7noineoutout is equal to 5 Kg/hr. and the 

amount rf fuel rcuircd frr 8 hrs. c-cration is 40 Kg. 

Based cn hulk density cf fucl equal to r.5 Kg/litre, about 
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20 liters volume is r:quircd to accommodate 10 Kg. of fuel.
 

Accordingly, about 27 liters of volume fcr funl in the gasifir

has been provided. This implios that about 10 Kg. of fuel has
 

to be added after every 2 hours. 

Scsod on specific gasification rate of 0.45 Nm3 /Cm 2 hr 

(variation rcportci (4) between 0.3 - 1.0 Nm 3 /Cm 2,hr), the threat 

diameter cf Gcm. has been provided. 

Sufficient volume has been rrovidod for ash colloctiun 

for 8 hrs. operation. 

Various typos and cnnfiQuration for air inlet, gas 

outlet, ash removal :-nd fuel addition are rossitlo and beinn 

used for various -asifier. In the present design it is 

docid-d to edrr such paraneter in a way to mcot tho objcctivcs 

Cutlines earlier. 

Combustio-.n zcno, where t:m-zraturcs noy very from 

TCOO-150 0 C is tosirn:,nd to be made frnm refroctory bricks, 

prooerly shapcd and placed one :hcvo the 7thcr to give shz,

as shown in Fig.6. This aprrnach is referred to having 

castablc refractory blocks for two reasons: (a) Castabic 

rofrrcctory cement is expensivo in India (h) Traditional 

craft is availailc in villaqcs for sharing bricks. 

from side, a centralInstead of having air inlet tuyers 

air inlet from the top of gasifier is incorporated for the 

of tho pipesake of simplicity. However, to protect the tip 

near the combustion zone, a distributor mado cut of 

refractory brick has boon provided.
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Since, the briquette.d fuel0 has highor ash content of the 
err'or f 10% and abrve, compared to wood charcoal having

3-5% it brcomcs osscntiol 
 to have a grate shaker and fixed 

orate arranComent as shown in Fig.6.
 
All tho -arts are 
so arrangod that these can be easily

dismantl- and! rm7's.omblcd hy semi skilled farm labour.
 
Ccs Coolor/Cnndensors.
 

About 10 Nm3 of producer cas is generated per hour and 
it should be cooled tc remove any tar and condensablc varours ,
It is *:osigned to cool the nases From 350 to about 1500C before 
theso onter the filters. For this purposc an air cooled 
condcnser out of E,..i* diCmade 'nd 4.Sm in length pipe is
 
sJit:L o. 
 Alternateiy, z watcr cooled condansor with couivolont
 
surf:cc area made out of standard barrel and tubes is also 
s'Jitzblo. owu:ver, cry aim ccooler is Preferable to water 
crclocc condenser 
L :_uso cf corrosion problems. The tar and 
cmnr'ensatc are removed through a water seal which also acts
 
Es sL.f: ty L'CvicO as shown in 
 Fig (7). 

Gas Filter: 

The cnrled ras from conlor/cr~ndmnsor is likely tc 
contain some moisture, tar and dust particles. Those are 
removed by iessinc the gas thrr-uoh a filter made up of a 
porous bed of rico husk contained in an empty oil barr~l.
 
Tnr husk is rlacod on a qrate and the gas is introduced into 
the drum at tho top and is takon nut at the bottom. This
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arranromcnt is Frefe:rOd bccauso tho top layer nf rico husk 

boc. can be easily icploccd after it is fcund to have 

cbsorbod sufficient quantity of tar, moisture and dust 

particles.
 

The develormnt work would therefore consist f testinc 

the gasifier, bcth uater and air cocled condensers and the 

ras filtcr filled uith various type of agro residues. 

Extensive tests uith en-ine cumr pumpsct shall e carriod 

cut befcrc c suitablc rsign ann combination -,f its various 

c7,mronents is transferrcd to the :ctual site f-r ficl-t trials 
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QUESTIONS & ANSWERS
 

BIOMASS SESSION, SECOND DAY
 

C: 	 0. P. Vimal: Thank you very much, Dr. Baveja. T hope
 

you will agree with me concerning the need for the
 

development of a village-level gasifier for irrigaticn
 

purposes because with irrigation water we can increase
 

the production potential, and the production of surplus
 

residues could in itself serve as a feedstock for the
 

gasifier. The question arises whether we should use
 

this route for making charcoal because, through this
 

route, at least we can overcome the problem of tar
 

formation. This technology itself is subject to four
 

tfsts, one is that of energetics -- energy being
 

put out; secondly, the material balance; thirdly, I
 

would say, economics; and fourth, the efficiency
 

factor. So should we go in the direction of the direct
 

use of the agricultural residues? Do we have the
 

technology to overcome the tar particles problem? Dr.
 

Phatak has given scme glimpses of the technology
 

developed there and we are going to see that
 

technology. The other picture is the route of making
 

charcoal and using it in the gasifier. This technology
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is well-known but, if it can support the criteria that
 

we are going to set from the point of view of material
 

balance, energy balance, economics and efficiency, I
 

think this will solve our major problems. This is open
 

for discussion now.
 

Q: 	 B. K. Mazurrdar: I have a comment and a question. The
 

Chairman has set the tone for what I was gcing to say
 

-- the material balance, the energy balance, and
 

ultimately what is the cost benefit of the production
 

of power for irrigation. There is a lot of
 

agricultural waste, but should we gasify it and produce
 

the char in situ and or take the other route? Instead
 

of our gasifying the residues, why can the
 

micro-organisms not do it? Instead of our doing the
 

gasification of the agricultural residues, why should
 

we not employ the bugs, the micro-organiss, to do it
 

for us? This will give us a rich gas with a methane
 

content of the order of 50-60% and a heat value of COO
 

Btu/cu.ft. and, in the process, you get a compost which
 

is a 	very good nutrient.
 

This 	will have a snowballing effect. Therefore, which
 

route is preferable?
 

A: 	 K. K. Baveja: I will not contest the advantages, as Dr.
 

Vimal pointed out, that in the case of utilization of
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biomass for gasificaticn and irrigaticn purpcses, you 

have a different situation at each place. Any 

technology will have certain advantages and certain 

disadvantages, including this biogasification which has 

some advantages but, in terms of technology, also has 

some disadvantages. We are working on a parallel route 

for the utilization of biomass for a specific purpose. 

When we are talking of this for irrigation purposes, in 

this context we are speaking only of the gasification 

of charred residue. 

Q: B. K. Mazuidar: Isn't that a wasteful methcd since 20% 

of the carbon is utilized for gasification and the rest 

is going to waste? 

A: K. K. Baveja: In terms of energy efficiency during 

charring, we are using only 40 to 50% of energy and the 

remaining 50 to 60% is being lost durirg charring. But 

then we get some other advantages, as I mentioned 

during my presentation. 

Q: 0. P. Vimal: Any other question? 

Q: P. P. Parikh: Which atmcsphere have you used in your 

thermogravimetric test? Do you find any difference in 
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your results? 

A: K. K. Baveja: We have used nitrogen atmosphere and steam. 

The weight loss that you get is different in different 

cases with time or temperature. 

Q: P. P. Parikh: But during pyrolysis, what is the 

situation you are going to face and is the TGA 

representing that? 

A: K. K. Baveja: The TGA is not exactly representing that, 

but from it we do hope to find out some optimum 

conditions for gasification. In the case of pyrolysis 

or gasification, we are going to use partial combustion 

with a limited quantity cf air and charring, in fact, 

occurs in the absence of air. 

Q: Dr. Shah: What is the volatile content of 

your char? What will be the tar content after clearing, 

because you are claiming that the tar is going to be 

much less? Do your measurements show that? What is 

the compressicn strength of your particular mass in the 

reduction zone where it is likely to crumble? 

A: K. K. Baveja: Regarding the volatile matter in the 

charred fuel which we use for gasification purposes, we 
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do not intend to remove the volatile matter completely;
 

in fact, the volatile matter in the char would be about
 

*0 to 20%. This means that the fuel we use during
 

gasification will still ccntain 10 to 20% volatiles.
 

We want to retain this volatile matter to improve
 

thermal efficiency of the system. Regarding tars, we
 

have 	not actually carried out experiments in the
 

gasifier yet; we are experimenting now with the Missouri
 

gasifier we have received from the U.S. and we are going
 

to develop our own gasifier. We feel the tar problem
 

will 	not be there when we use pyrolized briquetted fuel
 

for the gasification. In the downdraft gasifier, these
 

gases are passing through the high temperature zone and
 

during this the tar will crack up. I do not think the
 

tars 	will present a problem.
 

C: 	 0. P. Vimal: The question of tar is very important and
 

I think these measurements have not been done as yet and
 

subsequently should be addressed in next year's Workshop.
 

Measurements of these aspects is one of the important
 

tasks because just to carry out experiments is one
 

thing, but to identify the amount of tars, volatile
 

matter, etc. is what we are looking for. I think with
 

the equipment we have received from the U.S. we should
 

be able to address some of these questions; in fact,
 

they have received the gasifier only recently. Hence
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it is premature at this stage to answer these questions 

and I am sure they will be taken note of during the 

course of the work. 

Q: What is the activaticn energy of the TGA curve? 

: I do not have the actual figure, but can let you know later. 

Q: Could you explain the feasibility of the system from an 

economics standpoint? 

A: As I mentioned, the economics of the system is for 

special applications for remote areas where you are not 

in a position to avail yourself of power and diesel. 

Also, the rising costs of these fuels is an important 

consideration, and we will work cut the economics at a 

later date. 
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DEVELO.MENT OF SMALL SIZE GASIFIER - C.I. ENGINE 

SYSTR4 FOR AGRICULTURAL ENERGY NEEDS 

By
 

Pref. (Dr.) H. B. MathurMechanical Engineccing Department
Indian Institute of Technology, Delhi
Hauz Khas, New Delhi-110016, INDIA. 

1. INTRODUCTION:
 

Internal combustion engine fulfil most of the
 
energy requirements 
 the world ever. They rely almost
 

entitely on 3il 
for their functioning. In this way, most
 
of the energy needs 
 in the trnsport and agricultural
 

sectors 
come from oil. For example, in India, nearly
 
fifty percent of the agricultural 
 energy needs and seventy
five percent of the transport, consisting of rail, road,
 

marine 
 and air, are oil dependent.
 

With the growing 
 number of these engines the oil
 
consumption 
has also been increasing rapidly. The glnbal 
oil consumption increased by sixty percent between 1950 
and 1976 and it continues to grow inspite of oil conservation
 
drives and ofuse more and more efficient engines. In India
 
the oil requirements ere expected to grow from around 35 
million trnnes at present to about 100 million tonnes by
 
2000 A.D. This could take the oil import bill from 
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Rs.6000 crores at present to about Rs.30,000 crores by the 

turn of the century. Taking into account the fact that 

even the present balance of payment problems arise mainly 

due to oil, an increase in the oil import bill could 

completly cripple the nations economy. 

The problem is not just confined to developing 

countries like India but it has global dimensions. The 

world reserves of crude oil are depleting very fast. The 

known recoverable petroleum resources of the world are
 

estimated at about 80 billion tonnes and at the present 

rate of consumption these would hardly last for twenty
 

five years or so. Hence scientists and technologists 

all over the world are looking for fuel oil alternatives. 

One of the viable alternatives to oil is coal. 

Worlds coal reserves are estimated to be large enough to 

last for another 150 to 200 years. Coal however cannot be 

used in internal combustion engines so long as it is in
 

the solid form. Liqueftotico or gasification of coal 

can permit its use in engines easily, Coa4 liquefacttion 

is a complex and capital intesive process which still 

requires a lot of R&D effort to make it a viable commercial 

proposition. A more promising alternative i the gasifica

tion of coal in the form of producer gas. Producer gas 

can be a viable alternate fuel for internal combustion 
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engines and its use can go a long way to meet the energy
 

needs of certain vital sectors of economy and ertain 

important regions of the country. 

Besides, coai, producer gas can be made from 

almost any solid fuel-wood, peat, as well as industrial and 

agricultural wastes such as bagasse, wood shavings and 

rice husk. It is normally generated by blowing a mixture 

of steam and air over briquetted biomass or burning wood 

or red hot charcoal. The main combustible constituents 

of producer gas are carbon monoxide and hydrogen. Their 

proportions depend on the type of fuel used, but are 

normally around 25 per cent and 10 per cent respectivezy. 

The main advantages of producer gas are that it 

can be made from raw materials c available in plenty, 

it can be used as a substitute fuel in internel combustion 

engines with appropriate engine altez-ations and its 

use as fuel does not cause much environmental pollution. 

Hence its efficient utilisation in engines can go a long 

way to meet the growing problems of fuel oil scarcity and 

exh aust pollution. 

Whereas producer gas Cperated spark ignition 

engines have been widely used, little or no work has been 

dune on utilisation of producer gas in small size diesel 

engines. Producer gas fueled small size C.I. engines 
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have a vast potential especially in the agricultural sector 

of developing countries. There are, for example, about 

2.5 million diesel powered irrigation pump sets currently 

in use in India, and if these can be converted to run on 

producer gas a substantial saving of the scarce diesel oil 

can be achieved. 

with this in mind a project has been undertaken 

in the mechanical engineering department of I1T r~lhi On 

"Producer Gas Powered Small Utility Engines". This WES 

sponsored and US aided project is mninly involved with 

studies relating to efficient substitution of producer gas 

in existing small horsepower compression ignition engines, 

and the effect of this substitution cn engine performance, 

exhaust emissions and material compatibility. This paper 

brings out some of the salient features of the work 

completed in "-hisproject so far. 

2. DEVELOPM34T O' SW.ALL CAPACITY GASIFIER UNITS: 

A suitable and reliable small size gasifer is a 

pre-requisite for any R&D work on utilisation of producer 

gas in engines. Little or no work has so far been done
 

in th,, country on the design and development of small 

capacity gasifiers suitable for operating engines of 3 to 

5 horsepower range, and no such unit is commeroially 

available in the country. 
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As a first step it was therefore decided to
 

develop a small gasifier and gas cleaning system of our'
 

own to provide thc required quantity and qua-lity of gas
 

for continuous operation of 3-5 horsepower engine. Any 

fluctuaition in the quantity of the gas could be detrimental 

to the performance of the engine. L.-rge variations may 

even cai se the engine to stop. Tho zr fuel ratio has 

to be mintained close to the stcichi metric ratio, so 

that optimum engine performance is obtained. 

Development of a small size producer gas plant 

required considerable R&D effort to overccme problems 

associated with Variation of fuel composition and 

characteristics, fuel charging and its efficient combustion, 

cleaning and cooling of the gas produced. For this purpose 

a couple of small size gasilifer units of different 

types were designed and fabricated. Studies were carried 

out w1th the help of these units to optimise and 

standardise various plant des.ins and operating parameters 

such as blast re-tention time, fuel lumpsize, bed height, 

mass flow rate, blast saturation temperature etc. 

These studies enabled the development of an 

optimum design for a down-draft gasifier of adequate
 

capacity. A couple of such gasifiers were fabricated 

along with the gas cooling and cleaning units. Iwo sets 
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of experimental test rigs were set up with fully 

instrumented gasifier engine systems for carrying out 

tests relating to the quality and quantity of gas produced 

as also the performance and emission characteristics of 

the engine when operated on this gas, as a duel fuel 

engine. 

Fig. 1 through 3 show the photographs of the 

gasifier gas cooling-cleaning systems designed and 

fabricated as also the engine set up. 

3. UTILISATION IN C.I. ENGINESI 

After an optimally designed producer gas plant 
was installed to provide the required quatity and quality 
of gas, the next step was to carry cut necessary modifica

tions in the engine to enable it to utilise the gaseous 

fuel. C.I. engines can be made to operate on producer gas 

by any one of the following methods. 

(i) Conversion to otto cycle operation by incorporation 

of a spark plug. Such a modificaticn can enable engine 

operation entirely Prcducer gas. However iton involves 

relatively ccmplex and expensive changes on the engine, 

hence it is not attractive and cannot be recommended for
 

existing small horse power compression ignition engines. 

(ii) Duel fuel operation by intake system modification 

permitting induction of gas-air mixture during suction 
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and injection of appropriate diesel charge, nelr the end 

of compression stroke, in the usual manner. There is a 

minimum diesel pilot charge which is esential to initiate 

and sustain combustion with producer gas as the main fuel 

This charge may vary from as low as 10-20 percent to as 

high as 60-70 percent cf its original quantity at rated 

load. Duel fuel operation requires inccrporation of a 

retrQfit in the intake system to achieve induction of 

gas-air mixture of proper quality and in desired quantity. 

3.1 Retrofits for Encine Intake System Modifications 

The arrangement for mixing produder gas and air 

constitutes an important part of the modified engine intake 

system, because complete combustion and low fuel consumption 

can be obtained only with proper mixing of air and gas. 

Various types of arraugements for mixing air and gas were 

designed, faiwricated and tried on the engines, to arrive 

at the most appropriate arrangement. Two of these 

retrofits were finally rhosen for extensive trials. 

Based on these experimental evaluations the 

design of the retrofit was standardised. It crunsists of 

a properly designed venturi system in the air intake and 

valves for regulating the gas flow and the quantity of 

the gas-air mixture entering engine cylinder. The venturi 

system enables engine speed dependent control of the 
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amount of gas i ducted, while the gas valve permits 
engine load dependent ccntrul. Fig. 4 shows a schematic 
diagrwn of the standardised retrofit. 
3.2 Exp riment: Set U and Technique: 

In the experiments, a c:uplc of f..ur stroke single
cylinder ccrMprossion ignition engines (having a rated 
horsepower 5 at 1500 rpm compression ratio 16 and direct 
injection) of the type most commonly used for farm
 
irrigation, 
 as also a research engine (swlrl type czmbustion 
chamber and ccpression ratio 22) hiving arrangement for
 
wide variation of injection timing, 
 were employed. The 
engines were coupIed to electric dynamometers for 
measurement of their power outputs. The test rigs were 
suitably instrumented for accurate measurements of fuel
 
flow rates (both diesel 
 oil and g;s), engine speed, air
 
flow -ate, exhaust 
 gas ccnrpcsition and temperature etc. 
The quality of gas entering the engine intake system was 
continuously menitored using a gas analyser and gas

calorimeter. 
 Fig. 5 is a schemeti± d4agram of the gasifier
engine unit experimental set up designtd fcr perf.rmance 
and exhaust emission evaluation of the Cuel fuel engines. 

The engines were operated ovcr' various sped
iocd ranges and various types of tests wc-re conducted to 
obtain the engine performance data over the entire engine
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range of operation, with both diesel neat and duel fuel 
operation with producer gas as thte main fuel. The test 

techniques were ntandardised and engine performance and
 
emission characteristics 
 were plotted. Some of the typical 

characteristics are shown in Fig. 6 through 14, each
 
representative 
of the various different sets of plots 

drawn from the extensive experimental data collected under 
-different operating conditions of the three engines
 
employed in the trials as also with 
different designs of
 
retrofits used to achieve 
greater dcgree of producer gas
 

substitution.
 

4. DISCUSSION OF RESULTS:
 

Figure 6 and 7 show the 
engine performance
 
charactzristics 
 at the rated speed of 1500 rpm, when
 
operating with diesel neat 
 and with produce..r gas bi-fuelas 

respectively. Similar plots 
were obtained at 1200 and
 
1000 rpm to the
cover speed range of the engine. These 
plots show that with producer gas substitution the nature 
of the performance characteristics remains unaltered. 

There is, however, rcduction in the thermal efficiency 
of the engine. This is due to (i) lower energy density 
of the producer gas air mixture and (ii) increased pumping 
losses due to total pressure drop in the gasifier and 
gas cleaning and cooling systems and pipings. 
The
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stoichiometric gas-air mixture has an energy density of 

2.5 MJ/m 3 compared to 3.3 MJ/m 3 for itsel-air mixtures. 

Thus producer gas substitution lowers the heat value of 

the fuel-air mixture by about 20 percent. 

In the operation of the engine with diesel neat 

there are some mechanical losses which are generally 

caused by friction of the bearings pistons and various 

other moving mechanical scmponents. With the incorporation 

of the gasifier and gas cooling-claning system on the 

engine suction side, the engine has to provide all the 

suction that is necessary to overcome the t'tal pressure 

drop in this system. Thus producer gas substitution 

through engine suction results in additional pumping losses 

which are considerable. This causes loss of engine output 

and efficiency. 

Fig. 8 shows a typica variable speed test plot. 

In this test the limitations of the retrofit I restricted 

the maximum energy substitution by producer gas to around 

65 percent. The loss is power due to duel fuel operation 

of the engine is Also brought out by the graph. Inorder 

to achieve greater degree of producercg-s energy substitu

tion another improved retrofit was designed and fabricated 

and employed in the test runs. 
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with the improved design of the retrofit a 

maximum of 8.5 m3/hr of producer gas induction rate could 

be achieved. Fig. 9 is a typical plot obtained from the 

older of the two 5 hp comercial engines uscd. This older 

qngine was run with maximum gas flow rates restrictei to 

3.4, 5.1, 6.q and 8.5 m3/hr. The saving in 3iesel oil 

consumption 4t various outputs is brought cut by figure 10. 

Fig% 1i through 13 bring out the influence ,f 

injection tining on the perfo:rmance of duel fuel engine. 

These graphs are based on the experimenta-l 2ata obtained 

from the research engine which had an arrangement for wide 

variation of injection timing. They show that with an 

advance in the injection timing the perf<,rmance of the 

engine improves considerably. However advancing it beyond 

a limit results in misfiriDg, knocking and loss of power. 

For the high compression ratio, indirect injection engine 

usedthis figure was found to be 430 btdc. Within thiis 

range advancing the timing improved engine output, reduced 

diesel oil consumption and permitted greater dogrec of 

producer gas energy substitution. 

Fig. 14 is a representative graph showing 

varia.ion of exhaust caerbonmonoxide concentration at 

various load with diesel neat and with producer gas 

1500, 1200,
substitution. Such plots were obtained at 
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1000 rpm and with four 	different maximum producer gas
induction rates. These graphs show an identical trend of 
increased 	exhaust CO pollution with duel 	 fuel operaticn. 
However this increase, which is mainly due to incomplete 
crmbustion of CO present in producer gas, is marked at 
light loads. It is nominal during engine operation at 
ar:-und rated load. If the engine is 	 started and operated 
at light load on diesel neat and producer gas substitution 
is effected to meet higher loads, this pr:blem zf increased 
CO in engine exhaust can be minimised. 

5. 	 CONCLUSIONS:
 

From the phase of the 
p :: 'ect work completed so 
far and reported in this paper the f7&l1;wing broad conclusion. 

can be drawn. 

(1) 	 SmaIl size gasifier along with the gas cooling
and cleaning system design used in this work is a viable 
unit which is capable of provriding a ccnsistant quality 
and desired quantity of prodo'M- gas to operate a 3 to 5 
horsepower diesel engines widely used to operate irrigation 
pump sets and portable generating sets. 
(2) An intake system retrofit consisting of a 
venturi and gas valvies standardised in this work can be 
used for ccnversion frcon disel to duel fuel Operation of 
the engine with producer gas as the main fuel. Both speed 
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dependent control of the gas are achievable with 
this system and its use can permit upto 90 percent producer 

gas substitution. 

(3) Although it is possible to restrict the quantity 
of diesel oil injection to 12-20 percent of its full load 

and lOad 

value such an arrangement results in a drastic reduction of 
engine output and therial efficiency. A more appropriate 
arrangemr. it is to run the engine on diesel oil neat upto 
20-25 of rated load and to switch over to mixed fuel system 
at higher loads. The amount of diesel oil should not be 
reduced below 30-40 percent of its full load valuc, if 
drastic reductions in power tut put and efficiency are to 

be avoided. 

(4) Advancing the injection timing restores part of 
the pcwer loss caused due to producer gas substitution. 
Optimum injection timing has to be experimentally determined 
for a given type of engine. lhile advancing the injection 
timing improves both engine out put and efficiency as also 
the extent of producer gas substitution, excessive advancing 
can result in engine knock and hence loss of power. 

(5) It is easier to convert a direct injection engine 
to duel fuel operation. 
 Indirect injecticn engines which
 
usually have higher compression ratios are not as easily 
susceptible to such a conversion and give more troubles 

with producer gas substitution. 
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(6) Prnducer gas substitution in existing diesel
 
engines increases 
 exhaust carbonmonoxide pollution. This 
is more pronounced at pa-t load engine operation and the 
increase is not much at higher loads.
 

(7) Small size gasifier-C.I, engine systems are 
feasible, have a vast potential in the agriculture energy
 
sector, and they can go a '.ong way to provide decentralised 
power for farm irrigation, portable power for rural 
electrification, and operation of farm equipment and 
mrnchinery. However their use needs appropriate precautions 
and safety measures particulerly against carbonmono -ide 
pollution as CO is the major combustible constituent of 

the fuel.
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QUESTIONS & ANSWERS 

BIOMASS SESSION, SECOND DAY 

C: 0. P. Vimal: Thank you, Dr. Mathur. T think you will 

agree with me that in the biomass conversion programs 

the engine is going to play a very major role and hence 

mechanical engineers will play a prominent role in 

accelerating and promoting this program. Dr. Mathur 

has presented some studies on the engine performance 

and emission characteristics but these studies have 

been carried out with charcoal. Cur main objective is 

to study the use of different kinds of biomass and 

agricultural products of different physical and 

chemical characteristics and see how the engine behaves 

under these conditions and how the emission 

characteristics are affected. This is a vital area and 

we have to go a long way to establish these paraneters. 

Q: What governed the location of the cyclone after the cooler? 

A: F. B. Mathur: If we have a cyclone in whJch we have a 
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filter element, it is better that it is not exposed to
 

the hot gases coming fxcm the gasifier, but only after
 

they have been cooled. We have ensured that the gases
 

entering the engine are at no stage higher than 50
 

deg.C.
 

Q: 	 What was the type of cooler used?
 

A: 	 H. B. Mathur: We have used a wet cooler. I have
 

sprinkled water through the system and in the process
 

monitored the temperature and seen that this
 

temperature does not exceed 50 degrees when it enters
 

the engine, otherwise the volumetric efficiency is
 

adversely affected. We could as well have put a
 

cleaner on the cther side. You will agree that
 

large-scale gasifier units are commercially available
 

but, 	when you come to the small size, the problems of
 

cleaning and cooling are very much magnified because
 

you have a limitation on the size of the cleaner you
 

can 	use. Therefore, we have used a cyclone cleaner and
 

put it from the point of view of durability beyond the
 

cooler.
 

Q: 	 What has been the total pressure drop across the whole
 

system?
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A: 	 H. B. Mathur: The pumping losses for the engine
 

increase tremendously when you have the suction end of
 

the engine used to pump the air-fuel mixture thzough
 

the gasifier cooler and cleaner. The dual fuel engine
 

tends to approach the auto cycle. Since I am injecting
 

the homogeneous mixture when injection commences, I
 

must achieve the efficiency obtained by the auto cycle;
 

however, it does not because the overall efficiency
 

consists of the thermal, mechanical and volumetric
 

efficiency. The thermal efficiency should improve but
 

the mechanical efficiency falls rapidly because of the
 

pumping losses, and these losses -- while we have not
 

measured the pressure drop -- we have found that the
 

negative loop increases, by measurements made on an
 

oscilloscope. Your gasifier design has a tremendous
 

effect on the loss of power achieved. Quite often when
 

you have a gasifier the pressure drop is so much that
 

the suction cannot give you the gas and perhaps ycu
 

have to go in for a hlower.
 

Q: 	 What has been your final conclusion -- which engine is
 

better, DI or IDI?
 

A: 	 H. B. Mathur: It is DI -- there are no twc opinions
 

about it. The IDI engine has a higher compression
 

ratio and it is very difficult to have sustained
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performance. Modifications are irore complicated.
 

There are irore cold starting problems, but the DI is
 

cheaper. It is easier and most of the engines we are
 

using for farm irrigation in the 5 HP range are DI
 

engines. Maybe Dr. Parikh can correct me if i im
 

wrong.
 

C: 	 Half of them used are CI engines. I am tempted to
 

believe, however, the other way around because high
 

level of turbulence will definitely help in combusting.
 

A: 	 H. B. Mathur: However, the problem is the high 

compression ratio and the cold starting problem. The 

engine starts knocking. 

The combustibles are CO and H . F should be 
2
 

very low since hydrogen has a low octane rating as
 

opposed to 105 of CC it is hardly 60. My earlier work
 

was mainly on SI engines and this work we are
 

conducting on a CI engine. We find that one cf the
 

most important things we have to look into when
 

designing a gasifier is that the hydrogen content to be
 

used 	for an SI engine should be Low and for a CI engine
 

should be high. if you have a high hydrogen content,
 

you have a faster flame velocity but you have a mixture
 

of air and gas taken in and if you have a larger
 

proportion of hydrogen then there is a chance of
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knocking. With the indirect injection system and the 

experience of the Ricardo engine we had more problems 

than with the direct ignition engine. 

C: My particular reference is to agricultural engines 

only, that is, the Lester and Peter engines. Their 

compression ratios are quite similar --17.5 and 16. 

Q: Have you investigated why the engine performance comes 

down as you increase the producer gas ccntent? 

A: F. B. Mathur: This is because, one, the gas-air 

mixture is a low density mixture. For example, I get 

3.3 megajoules per cubic meter with diesel-air mixture 

as compared to 2.5 with producer gas-air mixture. 

When I increase the producer gas content, I am 

inherently making it low quality because of the low 

energy density. The second reason is that there is a 

mechanical loss because the engine has to do the work 

of sucticn also. These two things are responsible for 

the loss of power. 

Q: Why diO you c:hange from the SI engine to the combustion 

engine? 

A: H. B. Mathur: I agree with you -- in case of the SI 
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you don't need any retrofits and you can change to
 

producer gas cperaticn readily. We shifted
 

because we were told we have 2.5 million diesel pump
 

sets in the countzy. We are not using the small size
 

SI engines in commercial applications and therefore
 

whatever we do will not be of imediate relevance for
 

such purposes.
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1.0 Introduction
 

As the ,,orld's primary energy sources are getting depleted,
 

one is concerned about substitute/alternative fuels. At the
 

current rate of consumption, world's oil and gas reserves
 

are expected to last for not more than 35 to 50 years
 

whereas coal is expected to last for more than 250 
years 1
 

future fuels either liquid or gases
So ale can expect the 


tc oe derived from coal. There are various processes availa

ble for converting coal to either gaseous (Substitute
 

Natural Gas - SNG) or liquid fuels. But all these schemes
 

require high technology and involve billions of rupces
 

whereas small scale qasifiers in the kilowatt range involve
 

relatively low teocnnology and extremely cheap to make in
 

the order of thousants of rupees.
 

For an agriculture-based country li'e India, development
 

of reliable small scale gasifier systems to run diesel
 

engine pumpsets wilL halp farmers to irrigate their land
 

low cost. reduce
at a considerabl 3esides in will hoel 


diesel fuel consumption as approximately 3.6 million diesel
 

engine pumpsots .r eing u- in india at present* So the 

current project under Indo/USAID program.e, te develop 

reliable wood bas:d gasifior systems to fuel C.1. engines
 

is oxpuct. to w .nd.ia to o!.vi3.2 Qr dw.pundcnce on 
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initiated at JSEI only in the
imported oil. The project was 


last week of March, 1984 after getting DNES approval. So
 

as rightly mentioned in
 the work schedule has to be r:evised 

work on .iod gasification-cocrt. However,the semiannual 


somo of the developmental
 
was started much. e-arlier at JSEI. So 


and experimental ,,or; donce during that period are also 

i:-,cluded in the report. 

2.0 Overall obj.ctYo, 

Tc develop reolibzle wood-based gasifier 
and gas cleanup
 

5 to 30 hp, and
fuel C.I. engines at
system suitable to 


for demonstratring their application
conduct Field triAls 


in the rural arois.
 

3.0 Current status of thc. orojet 

broadly divided into three phcses, viz. The project has U'ozn 


: Fabric 3tien and Testing of Field Trial Unit
 Phase I 


and ?ersonnel Tra.ninaII : Fie -mlecntationPhase 

Trainin. and Documertation.
Phase III : Continued Testing, 

tasks under Phase I have been 
moderate nu.i:bcr -f project 


and .h.,.,, are discjsed in the report.
completed 

of ield Trial Unitand Testing3.1 	 Fabrication, Assc:bly 


run an _ngine pumpsot of
syste tcA w:od-based casifir 

has boen de:signed, fabric:ted and subjected
5 hp capacity 


for ereo than 300 hours.
to rigorous tstina 

unit and 
The system comprises of 	a gasifier, a gas cleanup 

I shows the schematic arrangementan eniine pumpset. Fig. 
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of the system. Thc technica1 spccific-ticr of the complete 

system ar - iven in Table 1. 

The qasifier is of dovndra ft tyopp.ith a cyl'indric a! fuel 

hopper of 500 mm diameter and 600 mm height with a holding 

capacity of about 25 kg of wood. The combustion and redu

ction zones are conical in construction (See Fig.2). The 

hearth diameter is 50 mm and the temperature of the
 

13000C. The air
combustion zone ranges from about 1100 to 


enters the combustion zone by means of six nozzles of
 

10 mm diameter. Preheating of air is accomplished by
 

at thc top of the gasifier as shown
having the air inlet 


In .7ig. 2. Gencrally 11,I.S. is used as the material of
 

combuand rduction zones
construction !xceet for th 

and the air nozzles w-here stainio.ss stocl (SS 310) is used. 

An ash Pit is provided below the rcduction zone. The bottom 

part of tre c:asi __ _ _: sula- cass-wool minimise. " it,,-h_ to 

the heat loss fro,. the asifi.r. Th. .',ced is loaded using 

The gashe trreofthe fd door orcv'id ot tc~ cas:4:r 

c~eanuj= unit c-- -s ,:,tr scru.,!or r*a dry .lter 

. . . ,ator scr bin , sic-s, cvinaas show.'n in r 

sus enc.!d : :: I. s end c-,ndc.nsabl:c. vpours, 0,00s the ias
 
as the bed
to: evtd:-z ".~ c.i2. :ok "s jscd 

n •, -. : he o-rv % ' ,b 


met r-.3 : eno ::;o v,'cr_ror SCub:-.7 is suoo-: - vth
 

pum et "aste co :ol is seC, f r 1;...t, :as 

cc n.tc 

the sp,..: -icticns shown n b I. i 7.S ,1I500 

A .I. cnginu -f 5"h capeci-y to a centrifugal 

pump %.ith 


with th. si:
i . . 
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TA".E . : SYSTEA, SPECIFICATIONS
 

3ASIF!ZR (3.7 k' 

a) Type 
b) Hearth diameter, m:n 

c) :,,aterial - Construction 

d) Number of air nozzles 

e) Flow rate, 3/hr".m


f) Hopper Capacity, kg 


g) Combustion zone 'empera
ture °C 


h) Outlet gas temperature °C 


WAT~R SCRUBBR
 

a) Type 


b) at-erial of Construction 

c) Bed ater-il 
d) Cutlet gas rempe:ature 0C 

DRY FXLT?
 

a) Type 

b) ;atera -f C.ns rucon 

c) Filter i: <..;. 

a) kae 

b) T-,pe 


c ) 1"'a t:e p ,',o7. ," 

d) RPMi 


e) Diesel osnsu,.p iori on 
full load, I/hr 


PUMP 

a) a ke 
b) Type 

c) Discharge lb 

d) T". 
e) ota.L head, .1 
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3.2 Selection of Field Testing/Demonstration Sites
 

The following criteria are adopted in selecting a Field
 

Testing/Demonstration Site :
 

- Availability of fuel (diesel and wood)
 

- Price of wocd
 

- Storage space
 

- Activities of the user agency
 

- Potential for effective utilisation
 

- Availability of skilled mechanic
 

- Feed back of performance data
 

- Demonstration value
 

- Proximity to the Institute.
 

A few sites .',ere visited and on the basis of th* above
 

criteria, a site has been salectod and a 5 hp gasifier pump

set is to be installed by the znd of February 1985.
 

3.3 Startup, Operating, 3;fety and Shut down Procedures
 

3.3.1 	Tho following croc-dure ,ias developed for starting and
 

operating the -;asi-ier :
 

- Fill the casifier upto 50 mn above the air nozzles with 

charcoal. 

- Fill the remaining space with wood (size 50mm x 10mm x 15mm). 

- Secure the system air-tight. 

- ignite the c;-arcoal w&ith a torch. 

- Use hand blower fcr air circulation for 10 to 15 mts. 

- Start the engine pumpset on full diesel. 

- Blesd off water to the scrubber. 
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- Slowly admit air-gas mixture into the engine for partial 

reolacement of diesel by adjusting the governor manually 

taking care to maintain specified rpm and smooth running 

of -he engine without knocking. 

3.3.2 The fllowing safety procedure is devoloped 

- During stortup period, ensure thiat the 	gas is dispersed
 

at 	 a highcr level. 

-
Use 	CO monitor in the immodiato vicinity of the gasifier
 

system.
 

-	 nsure -hat tho gasifier is leakproof.
 

- Is.lato cho casifier before shut down.
 

3.3.3 During shut d','wn the following steps should be dopted 

- Cuz off ho air supply to the gasifier,
 

- Zcse th. gas valve.
 

- St_c the c.ninc.
 

3.4 	Su.-z .. , and D vork
 

RLsc:c .:nd dcvelopment ,, 
is being carri& out in thc folico

winc -r.-..s 'ivith an aih, ,;0 >iprove tho e.:c:.nc' 

syst-:." anc t- reduce its cost 

- Op :.2iz- ti_ n Cfc L:,c<r si.-ns c c ibust_+4n zzn:, rc.Iucti.or 

zne, >earth .ni I :cion and number - ir nozzles. 

- r :-A,,. f construction for combus t n 7nd r d,.;cti n 

z0n s and nozzle.s. 

- Imrn.-vc.-;nt in gas fi~teretin system. 

-. Inc',si-n of security/chceck fil- in .. , -ystem. 
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With the inzonzi:n -f )pzimising design parameters as
 

mm hearth diameter
mentioned above, another gasifier with 55 

4 nozzles ofhas been fabrict:od. An air inlet pipe,with 

11 mm. diametor,is located centraliy in the casifiar with
 

so that The position
the provision for vertical movement 


of the air nazzlzs can be optirnised. (See Fig. 4). Loc:ting
 

the air inlet pips centrally in the gasifier also facilitates
 

easy maintenance.
 

As mild steel undergoes higjh temparoture ccrrwsion, stain

less steel (33 310) is used for combustion and reduction
 

cones and nozzles.
 

at
Shaking arrmngement is provided the bcttsm of the gasi

fier to remove choking at the throat. This is a simple hand 

operated :rr:ngement as shown in Fig. 4. 

.as been made simple
Besides, the fabrication of the gasifier 


by avoiding orcheating of air and making it in two parts.
 

is also facilitates easy maintenance.
This 


a cycl~ne is

included in the system. Furthur, cske which was used as bed
 

In order to improve the filtring "fficiency, 


material in the water scrubber of the earlier systom, is
 

as thaoy possess self-cleaning
replaced by smooth ocbblos 


a bed neight of 3O mm, the pressure drop is
property. For 


about 5 mm of water.
 

The gas after tcing scrubbed with water is made to pass
 

through 'perforated caps' provided on a plate at the top of
 

311
 



the scrubb)er. This facilitatcs further rcn.ova! of particu

latis.
 

Coii was tri-ci 'ns teed of cetton w~st in the dr, filter but 

was frund t,., be n c thot W'wvjr, materials like.ffoctivu. r, 


jutz, corn c-bs zc at:r t:- be triad.
 

A 'Ecurity -ilzcr', which is nothing but a fine filter 

Cl.s. ng Jf densc,..N pack cd cotton waste, is included in 

the syz:cm iust !f Drr mixing the 7as vith air to Dnsure 

tha: the gas entering thc encinc is wc I filtred. Fio. 5 

givos the schematic dia3rr. of the -odified Cyst 2n. 

A simple T-connection was -C,und to be effective for air

gas -ixin-. Hence, the venturi type mixturz used in the
 

earlier sst.Jm is rplaced by a 7-c:nct 4 -n. This besides, 

rcducina the prossure drop, helps to r-.duco the cost 2f th 

sy s tern. 

Purf-.rmance tests ore bein conducted e-.n thc MOdified system. 

3.5 ieclnical P-rc--.nncl Tru-inin in the U.S. 

.Mr. ,.. Pndya uriderwent technical training from July 9, 

1984 t August 3, L184 at tn- University of ,iss , i et 

Rolia and Univcersity of Calif7rnio :t 'vis, USA. trai

ninc report on his visit was prepared and cois subJitted 

zo the DK S and US D. 

Under Phas,: f t. progr arn for trainin the coor-tor 

o sser c t is dc ided to c-nduct a seek'S 

trainina progra,,:me T the institute Dcfor- installation of 
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QUESTIONS & ANSWERS 

BIOMASS SESSION, SECOND DAY 

C: 0. P. Vimal: Thank you very much, Dr. Durgaprasad. 

are open for discussion now. 

We 

Q: How do you regulate the gas flow rate with variaticns 

in engine speed and load? 

A: M. B. Durgaprasad: We are running at a constant speed 

and we do not have the facility to measure the load. 
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INTRODUCTION: 

Several years ago, a joint effort between the Government of
 

India and the United States Agency for International Development,
 

was undertaken to develop biomass energy research projects for
 

India. The principle objective of these joint projects were to
 

develop a small gasifier system fueled with biomass residues to
 

pump water for field irrigation. These initial projects were
 

selected as part of a large program to develop an intergrated
 

program to provide alternative energy sources for the rural,
 

village and urban commercial sectors of India.
 

The projects at IIT Delhi were designed to examine the use
 

of charred agricultural residues in an appropriate gasifier along
 

with the development of a retrofitted engine to be specifically
 

used for the charred biomass pumping system. The project at Jyoti
 

Solar Energy Institute (1)is to continue their work developing a
 

pumping system using raw biomass,primarily wood blocks. When
 

performance data are available from these projects a comparison
 

between the developed technologies can be made which will be by
 

GOI and USAID in planning for the extensive use of energy from
 

small-scale biomass gasification plants.
 

As this approach developed the need for an operational
 

gasifier system became apparent. Preliminary testing of this
 

system will be presented in this paper.
 

The system selected was built by the Missouri Gasifier Corp.
 

of California, Missouri. Three of the S sized units were purchased
 

and two shipped to india and the other tested at the GROW facility
 

of the University of Missouri-Rolla, Rolla, Missouri.
 

DESIGN AND OPERATION OF THE S-SERIES GAS-F:ER SYSTEM
 

The S-Series Gasifier shown in Yigures 1 and 2 is designed
 

to fuel an engine providing stationary shaft power or iri:e
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electric generators. It will run continously, not requiring
 

The fuel can be added by hand
shut down for the addition of wood. 


or by utilizing an auger. Any fuel having a size distribution,
 

sawbulk density ?nd flow characteristics similiar to medium size 


as long as it has a low ash content(less than 2 to 3%)dust :an be used 

and the moisture content is less
but preferably 1 percent or less) 


This type of gasifier has very low maintenance
than 30 percent. 

that can wear
since there are no moving parts and only two parts 


out. The system was designed to use one oil bath filter and one
 

The oil bath filter requires recycled peanut oil but
dry filter. 


can use most any high temperature oil, except motor oil. The dry
 

filter uses cotton wood shavings. The gasifier produces the gas
 

through a series of pyrolysis steps, using the oil bath filter.
 

The air,to sustain partial combustion in the gasifier reactor,
 

is induced by the engine intake manifold vacuum. The ambient air
 

is drawn into the air intake pipe which its connected to the air
 

box. The air circulates in this plenum chamber to provide flow
 

The air and fuel mixture react
into the air nozzles, Figure 3A. 


as they pass through the fira box area and flow to the choke 3late,
 

gas, tar, and char. The gas passes through
converting the wood to 


hopper and air intake pipe
the grate circulates around the fuel 


and then enters at the top of the dust chamber. The gas exits
 

at the top of the dust chamber then bubbles up through the oil
 

and through the dry filter. Finally, -he gas passes through the
 

mist separator and out the gas outlet.
 

used to further clean and
An additional scrubber system was 


-,n Figure 4, is a compartmentcool the gas. The wet scrubber, shcwn 


alized box containing a spray column, packed bed filter, water
 

The gas initially fbows
reservoir, and a plastic foam demister. 


cool the gas and
into a chamber which contains a spray nozzle to 

As the gas leaves t. e chambersettle the larger entrained particles. 


a top layer of
it flows through the packed bed filter make up of 


1/2 inch clay spheres. With the gas passing up through the spheres
 

the top of the bed, scrubbina
and gravel, cooled water is sprayed on 


-4
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the dispersed gas of the condensed tar and remaining fine char
 

After the gas is clean, it flows from the packed bed
 particles. 


filter through the gas passage, above water level, 
and into the
 

demister.
 

a thick layer of foam approximatelyThe demister is simple 

fuel is used to moisten 
two inch thick. A small amount of diesel 

the foam pad to improve the filtering action. 

The scrubber solution is a water-soap mixture to 
aid in
 

The soap component is
absorbing the tar into the solution. 


the reservoir before
 one cup of the tri-sodium phosphate added to 


filling with water. An antifoaming agent is required and Mr.
 

a small quantity of diesel be used.
Reissler suggests that 


The diesel appears to diminish during use and both 
the GROW
 

staff and Professor Goss's staff find that diesel 
needs to be
 

added periodically.
 

the unit to provide circulation
A small pump is mounted on 

remote areas
 

of the scrubber solution. The pump is electric but in 


it could be driven by the engine. The pump provides a flow the
 

scrubber solution through the cooling coil where 
the solution is
 

the two spray nozzles in the scrubber
 
cooled and passes on to 


is filtered using a plastic
The water entering the pump
chambers. 

re-ect the sensible heat
The cooling is required to
strainer. 


from the hot producer gas transferred to the water. The water
 

the reservoir cleaned
 is drained periodically and the bottom of 


to remove settled tar and char.
 

to a simple mixing chamber priorThe cooled clean gas is piped 


to entering the carburetor of the engine.
 

OPERATION RESULTS 

Several
 
The system has been operated for about 	1000 hours. 


the system, operating

students have performed special projects on 


the gasifier with sawdust, shavings, lump Charcoal, and zranular
 

-7
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charcoal. The system is started by driving the SI engine with
 

the electric motor. The engine intake manifold vacuum induces
 

the gasifier combustion air. The ignition port is opened and a
 

small piece of paper inserted and ignited with a match. Normally,
 

engine quality producer gas will be produced within 15 minuets
 

from start-up. The engine air gas mixture is adjusted at the
 

Once stable operation
carburetor inlet to start engine operation. 


is achieved the electrical output is monitcred and the weight
 

of gasifier fuel recorded. A sample operating chart is shown
 

in Figure 5. As the run progresses, a gas sample or samples
 

are taken and analyzed by the Carle Chromatograph. Tar samples
 

taken by drawing the gas through a water bath and monitoring
are 


the tar absorbed. Typically, this procedure has indicated a
 

clean gas but is not sensitive enough to determine the condensed
 

tars. After several hours of steady state operation the run
 

is terminated and the data collected and recorded.
 

The scrubber system pressure was monitored period _caliy
 

varying from I" water column to a high of 80 inches. The high
 

value represented a scrubber with no flcw passing the system.
 

A simple delta P measurement permits determining the need for
 

cleaning the scrubber. The circulating pump on the scrubber
 

has been a source of difficulty. The original pumps were not
 

designed for continuous duty and after several hours, the impeller
 

would swell overloading the pump motor. A new pump is being
 

selected but additional work needs to be directed to this area.
 

The only real operating problems were associated with the
 

pumps and the build-up of tar and char in the scrubber system.
 

pump would be hel.ful
A scrubber modification including a small 


in terms of long term operation and clean-up. Periodically,
 

during operation, diesel should be added to the demister foam
 

and the scrubber water. The hot gas flowing through scrubber
 

has a tendency to.,absorb the diesel.
 

Several attempts at operating with wood chips were tried.
 

erratic but the last attempt was more consistant
The initial run was 
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July 12, 1984
 

GAS IFIER 
TIME ELECTRICAL AIR FLOW 

CURRENTS (amns) SCFH 

1:30 	 -- Start engine & liqnt sawdust 

1:35 8.5 	 120 

1:50 7.5 	 100 

1:55 8.5 	 140
 

2:00 8.5 	 140 

2:05 9.0. 	 140 

10.0 	 100 -- Add 14.1$ (at marked level)2:10 

2:15 7.0 80 -- Add 	 8# 

2:20 8.0 	 90 

2:25 7.5 	 130 

2:30 9.0 	 110 

2:35 9.5 90 -- Add 	6.5# 

2:40 5.0 	 80 

2:45 9.5 	 80 

2:50 8.5 	 90 

2:53 7.5 80 -- Gas 	 sample taken 

2:55 8.5 	 1.0 

80 -- Add 12.5#3:00 	 8.5 


3:05 9.0 	 120 

3:10 8.5 	 110
 

3: 15 8.0 	 100 

3:20 8.0 	 120 

3:25 8.5 	 120 

3: 30 8.0 	 120 

3:35 8.0 	 120
 

3:45 8.5 	 120 

3:50 7.5 	 120 

3:55 8.0 	 120 

4:00 

4:05 8.5 	 140 

4:10 	 8.5 130 -- Add 3.3# (at marked level) 

Shut down 

Average 9.26 	 110.3 

Figure 5. Sarnle Operat..nq Car 
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and it is apparent that with careful testing a successful run
 

could be made. Operating with chips and with chunk charcoal
 

requires a cover over the top of the gasifier. Several of the
 

runs were made measuring the air flow with and without a cover.
 

The indications were that a considerable amount of air is passing
 

through the bed instead of the tuyeres.
 

RESULTS
 

the runs are listed in Tables
The results for several of 


The first four runs were made with a 2 kw single
1,2, and 3. 


phase motor being driven by a 12 hor.epcwer engine. Later the
 

electric motor was exchanged for a 3kw, 3 phase, 208 volt motor.
 

This change .s apparent in examining the data. The tests include
 

sawdust, wood chips, and charcoal operation. Runs 5 through 8,
 

were made with a partially blocked scrubber reducing the engine
 

to 3.04 kw. The gas heating
output. Motor output varied from 1.37 


value varied from 63 Btu/scf up to 180 Btu'scf. The dry sawdust
 

produced the highest value and the chunk charcoal the lowest
 

The charcoal
but the efficiencies were higher for the charcoal. 


(3/8") pieces and the fines produced
was broken into dime size 


In the
during the crushing were included as part of the fuel. 


cover placed
cases where coarse material was used, a gasket and 


the fuel opening improved performance. During run 11, the
 on 


air flow difference between covering the top and Leaving it
 

The air flow through the tuyeres was reduced
opened was observed. 

the Later
by two when the cover was removed. The cover used in 


was a simple rubber sheet approxi-mately 1/8 inch thick.
 runs 


air tight gasket will aid and improve the operation
A cover with an 


with these fuels. An inserted thermcccuple monitored the gas

run 11, a stable gaslfication
ification temperatures. During 


was measured and maintained.
temperature of approximately 1S000F 


the wood chips during
Monitoring the gasification temperature in 


run 13, indicated an erratic low temperature which caused hearf.
 

At the end of run, the engine was totally coated
tar loading. 


with tar and had to be disassembled and cleaned, including
 

changing the lubricant.
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Fuel Air Energy Carbont tarbon Gas 
Run Rate PatU input Rdte kn gas Rate 
No. lb/hr SCFII Btu/hr lb/hr lb/lb mole lb mole/hr 

1 7.4 55400 3.4 3.15 .86 


2 6.7 70350 4.43 2.64 0.84 


3 4.4 46200 2.91 1.84 0.79 


4 4.9 51450 3.24 1.74 0.83 

5 3.23 37662 2.58 2.32 


6 3.13 36496 2.50 2.25 


3.28 38245 2.62 2.35 


8 3.18 37079 2.54 2.28 

L.J 

co 9 4.43 144 51654 3.54 3.18 


10 5.29 160 61681 4.22 3.8 


11 16.09 180 123088 8.43 7.6 


12 16.65 110.3 127372 8.72 7.85 


13 WOODCHIP EIIRATIC 

14 11.1 68820 4.7 4.23 

TABLE 1: RESULTS OF SEVERAL RUNS 

lillV Output Current 
of gas Average 
Btu/hr amps 

39520 9.8 

41010 9.0 

33750 8.8 

37390 9.3 

3.9 

3.8 

4.0 

3.9 

5.08 

5.47 

8.44 

8.26 

6.5 



Engine Gasifier 

%Efficiency %Efficiency 


18.7 71.3 


16.5 58.3 


19.6 73.1 


18.7 72.7 


Table 2: Results of 

System {DIN 
Efficiency Btu/SCF 

13.3 


9 


14.3 


13.6 


12.7 136.5 


12.8 128.1 

12.9 125.6 


12.9 115.2 


12.09 


10.81 


.8.26 


8.0 

11.5 


Several Runs (Continued) 

ruel/Power 
lb/Kw hr 

3.43 


3.38 

2.26 

2.82 

2.3 

2.28 


2.27 

2.27 

2.42 

2.71 

5.28 


5.6 


Note
 

10% Moisture Sawdust 

harcoa(Granular)
 

Char-coa(Granular) 

Charccal (Granular) 

Charcoal (Granular) 

Charcoal (Granular) 

Charcoal (Granular) 

charcoal (Granular) 

Charcoal (Ip dime) 

Ch'arcoal (LuAx dirre) 

10% MoistuLre Sawdust 

Wood Sawdust 

Woodchips( Engine 
erratic at times)
 

RUN Energy output 
NO. Kw 

1 2.16 


2 1.98 

3 1.94 


4 2.05 

5 1.4 

6 1.37 

7 1.44 

8 1.40 

9 1.83 

10 1.95 


11 3.04 


12 2.98 


13
 

14 2.33 


Btu/hr 

7370 


6760 


6620 


7000 


4778.2 

4675.8 

4914.7 


4778.2 

6238 

6671 


10388 


10159 

7951 




Frdction by Volume of Dry, Ambient Temperature Gas 

Run IIIIV C Fraction 
No. 112 CO 2 C 2 114 C 2 112 C 2 116 02 H2 C1I 4 Co C3 + Btu/SCF moles C/ 

nles Gas 

1 .1649 .1296 .0046 0 .0008 .0007 .5769 .0377 .0847 0 128 .2628 

2 .1836 . 1021 -0013 0 .0004 .0007 .5994 .0498 .0616 0 136 .2202 

3 .1201 .0624 .0001 0 0 .0064 .7209 .0732 .0168 0 119 .1528 

4 .1051 .05b7 .0000 0 0 .0009 .7491 .0727 .0135 0 112 .1449 

5 .0551 .0461 0 0 0 .0006 .7801 .1164 .0016 0 136.5 .164 

6 .1143 .0432 0 0 0 .0008 .7481 .0879 .0057 0 128.1 .137 

7 .1036 .0358 0 0 0 .0008 .7652 .0882 .0057 0 125.6 .129 

8 .1062 .0379 0 0 0 .0007 .7714 .0777 .0061 0 115.2 .122 

9 .0297 .0615 0 0 0 .0009 .8043 .0308 .0165 0 63.3 .114 

10 .0781 .0476 0 0 0 .0008 .8166 .0396 .0175 0 71.2 .1047 

11 .1600 .0944 0 0 .0130 0 .5040 .0524 .1103 .0067 100.7 .3032 

12 .2380 .0687 0 0 .0120 0 .4570 .0851 .043 .0051 180.1 .235 

13 

14 .1670 .1297 0 .0008 .4260 .0154 .1870 .0020 142.3 .338 

TABLE 3. GAS ANALYSIS OF SEVERAL RUNS 



The efficiency of the gasifier engine system varied from
 

8 to 14%. The higher efficiencies were produced from the charcoal
 

operation. The gas content is shown in Table 3. Additional
 

work needs to be done based on a carefully prepared experimental
 

plan, providing for single parameter varlations which permit
 

accurate conclusions to be drawn from the variations in the
 

gas constituents. The charcoal and wood analysis are given
 

in Table 4.
 

SUMMARY
 

The 	system performs well and simple modification will further
 

improve the gasifier performance. An improved scrubber pump 

will aid in system overall performance and a maintenance schedule 

will be easy to set-.up and monitor. 

RECOMMENDATIONS 

1) Design a new top for the gasifier. 

2) Design a dry clean-up system to be used with the charcoal 

fuels. 

3) :nvestigate smal'. changes in choke plate diameter as related 

to chunk fuels. 
4) Prepare an operating matrix, using an experimental olan 

which permits varying a minimum : parameters between runs. 
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1) 	"Development of Small Scale Gasifiers for Irregation Purpose 
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SAWDUST ANALYSIS ( DRY BASIS
 

C = 0.5102 

H = 0.0487 

0 = 0.3995 

Ash 0.0396 

Heating Value = 8319 Btu/lb
 

CHARCOAL ANALYSIS
 

0.6616. 

Volatile 0.2136 

= 0.0874 

C = 

Ash 


Moisture 
 = 0.0374 

Heating Value = 11,660 

TABLE 4. SAWDUST AND CHARCOAL ANALYSIS
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QUESTIONS & ANSWERS 

BIOMASS SECTION, SECOND DAY 

C: 0. P. Vimal: Thank you very much, Dr. Flanigan. 

are open for discussion. 

We 

Q: R. C. Maheshwari: What is the carbon monoxide 

concentration -- it appears to be low. 

A: V. Flanigan: These are the results from the gas 

chro'atograph and i am surprisee in some cases how low 

the carbon monoxide is. T would assume we are shifting 

it, but the question is, where the water come front 

because we do not of course add any water. 

Q: This is a problem with agricultural residues; the 

temperatures are going to he low, less than 1000 deg.C. 

And therefore the CC does not get reduced to CO. 
2 

This way you probably tend to get more CO than CO, 
2 

and could this maybe cause a decrease in CC content? 
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A: V. Flanigan: That is a point. In one of the runs when
 

the Indian fellows were there we did measure the
 

gasificaticn temperature, and you are right -- the
 

temperature was 1800 deg.F.
 

Dr. Vimal made the point about rice hulls but we do not
 

use rice hulls in this system. We have another fluid
 

bed system that is quite successful using rice hulls.
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PANEL DISCUSSION
 

COAL 	AND BIOMASS - SECOND DAY
 

C. 	 D. Bienstock: This will be a panel discussicn by
 

representatives of the leading organizations invclved
 

in the biomass and coal conversion programs. It is
 

rather open-ended, this panel discussion, and we would
 

like to invite inquiries from the audience. But,
 

before we do so, I would like to introduce the members
 

of the panel. At my inaediate left, Mr. Vaidyeswaran
 

from RRL, Hyderabad; Professor Mazumdar from CFRI,
 

Dhanbad; Mr. Faruqi from DIES, Joint Secretary; Mr.
 

Sridhar from Ccrporate Office of BHEL; Diana Swain from
 

the USAID Mission; and Bob Ichord from AID Washington.
 

So if there are any questions that have been bothering
 

you, any problems that you have, now that you have
 

these people here they are forced to answer your questions.
 

So let's get started here.
 

Any problems, any thoughts about the future, the
 

direction we are going, any advice you want to give us?
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Well, maybe we will start the ball rolling by asking the
 

panelists. Bob, can you give us a few words as to how
 

you see this program as going?
 

C: 	 R. Ichord: I would just like to emphasize a couple of
 

things. One is that the energy has consistently, since
 

I have been in Washington, been an important activity
 

under the Science and Technology Sub-Commission between
 

India and the United States. Some of the discussions
 

in areas of mutual interest identified through those
 

meetings have been very important in guiding AID in its
 

efforts to support technology cooperation; in fact,
 

several years ago the areas of biomass conversion,
 

production, conservation, coal conversion were also
 

topics thatwere identified at that level and
 

subsequently we were able to move towards developing
 

cooperative activities. I just want to point out that
 

there is another meeting scheduled in April of this
 

year of the Science & Technology Sub-Commission and
 

again it is an opportunity to try to as scientists
 

indicate some of the areas that are important where
 

U.S. 	and Indian collaboration can be strengthened over
 

the coming years. I think we are certainly looking
 

forward to participating in that meeting and trying to
 

see where we go in these areas of coal and biomass as
 

well 	as others. I think the meeting has been very
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useful in bringing me up to date in terms of the
 

progress that has been made, and certainly significant
 

progress has been made in the various activities under
 

the project. I would say that my comment would be that
 

there is a need I think to move beyond the purely
 

technical design work and think about strategies for
 

the implementation and putting into practice down the
 

road of some of the technologies, or at least
 

evaluating their commercial application. I think it is
 

important to have that broader context and look at the
 

policy framework and resources that are available to
 

support programs, the likely markets for some of the
 

technologies and the economics of the systems as they
 

may develop through commercialization activities.
 

Particularly important, I think, on the biomass side
 

because there, as was pointed out by Virgil Flanigan,
 

Dr. Vimal and others, what I call the bio-resource
 

system is a very complex system and one that is under a
 

great deal cf pressure in India and other ccuntries.
 

Some of the technologies we are dealing with are ones
 

that have been used in the past and are not really new
 

technologies. in the Philippines where we are invclved
 

in a program of gasification, for example, over 200
 

gasifiers have been put out in irrigation cooperatives
 

and what has happened is that, while the technical
 

problems have in general been minimal, relating
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primarily to cooling and cleaning systems, the problems
 

were that the price of petroleum products and LPG
 

created a demand in the industrial facilities for
 

charcoal. This sort of fourfold increase in the price
 

of charcoal as a result of this industrial demand had
 

an impact with regard to the farmers' perception of the
 

desirability of the gasifiers, in terms of the
 

feedstock they were having to buy in the market to fuel
 

the gasifiers. So a large number of the gasifiers are
 

not in operation. Even though you have a system that
 

is generally technically pretty good, and an
 

organizational structure -- the irrigational
 

cooperatives --that provide a vehicle for the
 

management of the system and an organization that has
 

been involved in helping to finance the system. I
 

think it is very important to understand the whole
 

bio-resource system in which we are thinking of using
 

gasifiers, so that we do not make that kind of mistake
 

with regard to the practical applications of the
 

technology and in the process create a bad name for the
 

technology. The other thing that is also important is
 

that in looking at the issue of bio-energy and rural
 

energy systems increasingly important is the
 

integration of agriculture, forestry, energy areas and
 

I think we had a good interaction here but there are
 

other groups that have an important input to make in
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terms of the issues we are dealing with. A final word
 

-- I want to take this opportunity on behalf of AID
 

Washington to express my appreciation for the
 

hospitality provided here and I lock forward to next
 

year's session where we will. have further progress I am
 

sure 	on these projects.
 

C: 	 Mr. Bienstock: Could you identify yourself, please?
 

Q: 	 S. K. Jain I have a few issues in mind which
 

are very typical of Rajasthan. They may not be for all
 

of India. We have talked about biomass conversions.
 

We don't have biomass -- we don't have the conditions
 

for creating biomass so easily as in other parts of
 

India. If a plant is made to grow, there are people
 

who would cut it without authorization for burning, or
 

there will be cattle or sheep or gcats which will eat
 

it. We have very specific problems. There is
 

something which has been in my mind which I would like
 

to bring out here. One issue is for meeting the
 

concentrated urban needs. We have a lot of friends here
 

from BHEL and other big organizations. They are trying
 

to meet those requirements. But 80% of India's
 

population is rural. While we have rural
 

electrification, how effective it is I thirk most of us
 

understand. The less we talk about it the better. We
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have to find alternatives to meet their needs. Plus,
 

another perhaps 10% of the urban population is also
 

poor, living in what we may call shantytowns around the
 

larger towns. Their needs are also not met and there
 

is a big gap here which we have to meet. For
 

Rajasthan, I have been thinking as an engineer about
 

the possibilities of using low-grade coal. Lignite is
 

available in Rajasthan in plenty quantities. The
 

government is not at the present moment thinking of
 

doing any development of those small lignite deposits
 

to meet the immediate needs of the poor people. There
 

is no fuelwood. They are using what we call "gobar,"
 

the excreta from the animals. There are a lot of
 

animals. But that is depleting the source for
 

fertilizer to be used successfully somewhere else.
 

True, there is a possibility of gobar gas but can we
 

find ways and means? The experts on coal here did not
 

discuss the use of lignite on a small scale. We can put
 

up a 300 MW plant for burning lignite, but I am
 

thinking of -- can the poor man dig out the lignite and
 

burn it? Well, it becomes amorphous if it is kept for
 

two weeks so can we find out hcw we can convert it into
 

small briquettes or coat it with something locally
 

available like poor-quality bentonite as a binder
 

material. I am not sure if the possibility exists --- I
 

am talking of things that are too small. and it is
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possibly not ccnsidered important enough.
 

The next issue is where we have some vegetation
 

growing. There are parts of Rajasthan where that is
 

possible. We can use another issue which we could
 

possibly take up here -- biogas which I think is also
 

biomass. Possibly that is a very vast subject and that
 

is why we have overlcoked it. But the agricultural
 

waste could be used along with the human and animal
 

excreta to generate biogas. There is a good potential
 

for that. The problems we have been discussing about
 

running an engine -- I am an automotive engineer myself
 

-- to run an internal combustion engine on producer gas 

creates too many hazards but, with biogas, the hazards
 

are very much less. I am not sure -- Kirloskar's has
 

been advertising a great deal about their engines which
 

are run on biogas being as efficient if not more se as
 

running them on diesel oil. What institutions have been
 

doing research work on that? Details are not available
 

because commercial houses are not interested in giving
 

full details. The second alternative which comes to
 

mind is that I know, as an engineer, it is very difficult to
 

have a turbine running at good efficiency to feed a
 

village requirement. Can we have 15, 20, 25 KW
 

turbines which may be run on closed circuit? You see
 

we have a lot of difficulties about the gas having tar
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and other inclusions but is it feasible to work out
 

something. Our friend here was discussing about two
 

and a half million engines being available. Well, they
 

are there and we can't do anything about them now. But
 

at least for the future, for the day after tomorrow,
 

can we think of turbine setups -- for example HAL in
 

Lucknow I am told has developed one -- they claim
 

they 	have developed a small turbine which is reasonably
 

efficient. Can that type of setup be used for getting
 

shaft horsepower which could be used for pumping
 

water because, if we have water and we have the excreta
 

from 	the animals, there is no reason why we cannot grow
 

biomass in Rajasthan. But how do we get started? If I
 

plant a tree today,either the cattle will eat it or the
 

people will come in the night and chop it up and burn
 

it.
 

C: 	 D. Bienstock: Mr. Jain, you ask several questions
 

there. I will try to rem-.nber some. You are concerned
 

about the hazard of using producer gas with IC engines.
 

Could you help us on that, Dr. Flanigan?
 

A: 	 V. Flanigan: I think Dr. Grover's data showed that
 

carbon monoxide from the engine at full load is
 

basically the same as carbon monoxide with a regular
 

diesel-fired engine.
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C: 	 D. Bienstock. You asked about the utilization of local
 

lignite. Professor Mazumdar, would you care to respond
 

to that?
 

A: 	 B. K. Mazurdar: Mr. Jain has hit the bullseye vis a
 

vis the requirements of the poor people. 70% of the
 

people of India are really poor and live in villages;
 

more so in the arid regions of Rajasthan and Gujarat
 

where the total energy need is a serious problem. There
 

is very little vegetation, but here you have referred
 

to lignite. I am not talking about high-technology;
 

instead, appropriate technology has to be developed for
 

the poorer people who mostly live in villages and can
 

burn applicable cheap and environmentally acceptable
 

fuel. The lignite you mention can he briquetted and
 

burned with some bentonite material of 2 to 3% which
 

can be suitably bound into agglomerates. A lot of wcrk
 

has been done in our Institute on that but that is
 

smokey fuel during combustion. Meanwhile, we have
 

discovered an agent, an additive, which can be
 

incorporated into the briquette mix and the briquette
 

can be burned without any smoke, and this can be
 

adopted immediately on a small-scale, and such
 

briquettes can be supplied to the villages to be
 

used to cook food. Then again, as I said in the
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morning, make the coal behave or devise a suitable 

appliance that has been achieved in principle. In our 

Institute we have designed smokeless chulas wherein raw 

coal, including lignite, can be briquetted with 

additives and burned. However, the poor people may not 

be able to buy these chulas and ordinary chulas need to 

be modified to accept fuels with additives. 

C: D. Bienstock: In extension of Professor Mazumdar's 

remarks, I am familiar with a program in South Korea 

where they have a low-grade coal even poorer than that 

of India and the government briquettes it for household 

use. So your comment about briquetting this lignite 

coal is very much in order. Are there any other comments? 

Q: Are there any turbines which operate on biogas in the 

lower range of 15 KW and the like? 

A: M. K. Sridhar: In that range of 15 KW to 20 KW I do not 

think there can be an efficient turbine -- you can 

only use a bicgas engine. The lowest range of turbines 

-- hot air or gas -which give a good efficiency will 

have to be in the range of 250 KW. 

C: S. P. Faruqi: Mr. Jain's question is what is the 
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efficiency of the smaller biogas engine which has been
 

developed by BHEL?
 

A: 	 M. K. Sridhar: BHEI has not developed any biogas engine; in
 

fact, we discussed yesterday whether the U.S. side
 

wculd help us in developing a highly efficient
 

biogas engine which can run on the lcw-grade fuel.
 

C: 	 H. B. Mathur: I would like to comment on two things raised by
 

Mr. Jain. One, it appears that he is under the
 

impression that there is some sort of a competition
 

between biogas &s a fuel and producer gas as a fuel.
 

For a country as vast as India, you can't have one
 

unique alternate fuel for the whole country. in
 

certain regions -- for example, Mahararastra or
 

Tamilnadu -- you have a surplus of alcohol perhaps
 

available. You can have engines operating on alcohol.
 

In places like the eastern part of India you have a
 

surplus of coal available and you have therefore
 

producer gas as a viable unit or benzoil as a viable
 

unit or coal-based methanol as a viable unit. We have
 

three lakh remote villages some of them having a
 

population less than 1000 perscns. They are so remote
 

that even if you have petroleum products or coal you
 

can't send them there, and when ycu talk of rural
 

development we have to supply energy there. Therefore
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the only alternate there is biogas. Animal waste and
 

human waste. And therefore all of these have to run in
 

parallel. When we talk of decentralized power we have
 

to look at all of these alternatives. The second
 

observation 1 would like to make is whether it is a
 

biogas engine or a producer gas engine, so long as it
 

is a spark ignition engine with minimal modifications 

you can have 100% operation of the engine on either cf 

the two fuels. They are both gaseous fuels -- the only 

difference is in one case it is methane which is the 

combustible constituent and in the other case it is CO 

and H . Therefore the caloric values are 
2
 

different, stoichiometric ratios are different, and
 

therefore you have to make some adjustments. But
 

essentially the methodology is the same. When ycu come
 

to a compresssion ignition engine, none of them can
 

operate as CI engine entirely. BHEL Hyderabad has
 

developed a CI engine to have 100% operation on biogas.
 

This is also possible with producer gas, but then ycu
 

have to put a spark plug there. You are literally
 

converting it into a CI engine and we have conceded
 

that this is not economically viable if the horsepower
 

is less than 50. We are talking of decentralized
 

power, rural applications with horsepowers of 20-30-40,
 

and therefore this is ruled out. We have to develop
 

all of these alternate fuels, we have to develop
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engines for all of them, and there is no competition
 

between them. A lot of work has been done on the
 

utilization of biogas in CI engines because, as I have
 

said, we have 2.5 million disel pump sets and 12% of
 

our diesel which is going to the agricultural sector
 

car, be saved because we have stationary engines. It is
 

difficult to save this with with a heavy bus or a
 

locomotive. Therefore you can diTert this diesel which
 

is going to the agricultural sector for stationary
 

engines into the trar.sport sector and convert these
 

engines. There are twc options -- either you change
 

all these engines and put in spark ignition engines,
 

which can be very easily converted, or you have a
 

retrofit to convert these diesel engines to operate
 

either on producer gas or biogas.
 

C: 	 S. K. Sridhar: I would like to elaborate on what
 

BHEL has in mind. As you rightly touched upon,
 

depending upcP the different fuels available in
 

different parts of the country, if you want to burn the
 

fuel directly in an engine you ought to have a
 

different type of engine so the market requirement for
 

the different types of engines how good it will be has
 

to be seen. Our idea is to develop a sort of
 

standardized engines, where the fuel
 

you simply burn it in a combustion chamber. Whether it
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is biomass or biogas where available or things
 

like wood, bark, husk, even solar energy which is
 

available in our country -- take anything and burn it and
 

generate heat. Heat the air or any other medium.
 

Freon, air -- any medium -- and then run an engine. A
 

series of standard engines can be developed which can
 

be converted into any of the combustion systems
 

which will generate hot air and the combustion system
 

can be through any of these fuel sources.
 

Apart from the fuel sources, we have solar energy which
 

is available in plenty, and we can use solar energy to
 

heat air and then pass the hot air through the
 

combustion system. On waste heat recovery -- if you
 

want to go into the industrial application, we have so
 

much waste heat in all our industries that can be used
 

to heat the air. So our idea in BHEL is to see whether
 

we can develop one or a series of engines which can
 

make use of the low-grade heat which is obtained frcm
 

any of the different fuel sources.
 

C:. 	 R. Ichord: The issue of Sterling engines was
 

mentioned and we do have a company in the U.S. --


Sunpower -- which has been working on small Sterling
 

engines and we have prototype units that are going in
 

in Bangladesh and the Philippines and I will be glad to
 

make available some of the information. There is a
 

348
 



demonstration at a rice mill in Bangladesh.
 

C: 	 S. R. Faruqi: Let us go back to the question
 

of lignite as explained by Mr. Mazumdar. The question
 

occurs to me, as to the cost factor involved, whether
 

the cost will be easy for the householder to bear
 

because, as you know, most of the fuel we are using in
 

our households in the rural areas at present is
 

non-ccmmercial. What woull be the cost of recovering
 

the lignite and then breaking it into pieces and
 

binding it into briquettes and marketing it? Has
 

Professor Mazumdar anything to say about this?
 

A: 	 B. K. Mazumdar: Well, the idea has just developed but
 

I can give you a rough estimate of the cost. Assuming
 

the mining cost of lignite at the pit is around 100
 

rupees to 150 rupees per ton, then to mix it with
 

additives and briquette it I think the cost of
 

production of such smokeless lignite briquette may not
 

be more than 350 or 400 rupees per ton. I know our
 

villagers are very poor and most of them may not be
 

able to buy this. In cities domestic coke is being
 

sold at 800 to 900 rupees a ton. They can afford it
 

but, even at half this price, poor people are unable to
 

buy it. The economic level has to be improved upon and
 

that can only come through agrictltural revolution.
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A: 	 R. Ichord: I think some of this discussion goes back
 

to what I was saying about the necessity for
 

understanding the dynamics of the bio-resource system
 

and the pull that urban demands for wood and biomass is
 

having to, in terms of both the price and the strategy
 

for trying to deal with the substitution or
 

augmentation of supply. It may be that part of the
 

briquetting strategy or strategy to grow wood to meet
 

that urban demand will reduce some of the pressures on
 

the rural supply and may be a way of dealing with the
 

problem of the purchasing power of the villages.
 

Q: 	 D. Bienstock: Dr. Vaidyeswaran, do you have some comments?
 

C: 	 R. Vaidyeswaran: I do not know the moisture content of
 

the Rajasthan lignite, but I think this figure of 350
 

rupees which my friend Mr. Mazumdar mentioned is going
 

to be much higher than that. As you know,
 

the lignite can be briquetted without a binder after
 

drying it so this is a two-stage process. In
 

developed countries lignite briquettes are made
 

available mainly for space heating but when you use it
 

for domestic purposes in order to avoid environmental
 

pollution we have to process it further. I think
 

only a large plant, depending upon the sources
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available, should be considered of, and that should be
 

supplied. Of course, I am equally aware that the rural
 

population will not be able to buy it. The government
 

will 	have to come in in a big way to sort of subsidize
 

and then sell it. Also, the forest is being denuded so
 

fast that this is a problem
 

we have to face.
 

C: 	 B. K. Mazumdar: May I just add to this. As to the
 

briquetting of Alanna Rajaputana lignite I thought of
 

only Rajaputana or Gujarat, but if we take all India
 

fuel there is another solution I have not referred to.
 

No high technology -- no briquetting even - when
 

necessary. I refer here to weathered coal Let me
 

define weathered coal. All the seams of coal
 

underground are horizontal. Some are entwined.
 

Sometimes a seam has cropped out at a particular place,
 

the outcrop part of the seam being exposed to the
 

inclement weather for millenia has suffered a
 

particular chemical change. We know the chemistry of
 

weathering of coal. The entire carbon structure of
 

coal has been preserved intact in our cpinion over
 

milenia but there has been some oxitative
 

dehydrogenation bringing about a profound change in the
 

carbon structure and thus all that coal has been
 

converted into a smokeless fuel. It is a naturally
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occurring smokeless fuel and can be a domestic fuel. Of
 

late we have studied the combustion characteristics of
 

this weathered coal vis a vis the possibility of its
 

use as a domestic coal. The thermal efficiency among
 

all solid fuels is the highest -- 35 to 40% -

even in ordinary domestic chula, compared to 18 to 25%
 

for manufactured soft coke which is has just been
 

referred to by Dr. Vaidyeswaran. Therefore, this
 

weathered coal used as domestic coke in our villages at
 

a cost will be the cheapest because it is
 

available at the surface and as much as twenty tons can
 

be mined in a day. We have found if you charge 2 kg of
 

this material in your marketable chula it will give you
 

a five course lunch or dinner for five people in the
 

family. You calculate the monthly cost of the fuel for
 

cooking and it may not be more than 7 or 8 rupees per
 

month -- not even a dollar. This is the common man's fuel.
 

Q: 	 D. Bienstock: May I ask a question of both DNES and 

AIr --what do you see as the preferred direction of a 

biomass coal conversion program? Where do you see it 

heading to -- where would you like to see it heading 

to? 

A: 	 S. R. Faruqi: The preferred direction seems to
 

be biomass conversion for production of producer gas
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and also for generating and going into power
 

production. DNES has proposed a very ambitious program
 

for both directions. The idea is to utilize wasteland
 

or land that has degenerated and not appropriate for
 

agriculture but which can sustain certain kinds of
 

plants and those plants also have the additional merits
 

of higher calorific value when burned. The proposal is
 

to use as much as possible of that huge reservoir of
 

wasteland we havi ond plant trees which would survive
 

there in accordance with the chemistry of the soil and
 

also the climate in each part of the country. We are
 

hoping that, in the fourth year of plantation, we will
 

be able to harvest sufficient quantities of wcod from
 

each plantation to go into the gasifier or which can be
 

burned and then lead to power generation. Of course,
 

there is also the ultimate objective of providing
 

employment for the villagers. How far this can be done
 

is a big question because of the various problers
 

involved right from the beginning -- the problem of
 

getting the land, developing it, developing the
 

saplings, looking after them, and so on. Ultimately
 

the answer to this country's needs would largely lie in
 

that direction of growing more and more biomass for the
 

purpose of conversion, ultimately burning it or using
 

it for gasification or both, and also ultimately even
 

providing for wood to be used as ordinary direct
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fueling in the domestic stoves. The technologies here
 

are not of such an order and degree as may be beyond
 

the immediate reach of the Indian imager. We do not
 

need any foreign know-how, we don't need anything like
 

a very detailed design for all these things. We know
 

what can be done and what has been done. The problem
 

itself is so vast and the proposal is correspondingly
 

vast, and whether this vast proposal can be put into
 

practice in the next few years remairs to be seen. DNES
 

certainly has a very earnest, sincere and committed
 

program for the growing of biomass on large tracts cf
 

land, and using the biomass in all possible ways -

gasification, incineration for power -roducticn, and
 

also 	the charcoal and direct burning.
 

C: 	 P. Ichord: I'll take a little broader perspective with
 

regard to our program than I have so far. I think our
 

overall AID program is very much oriented toward trying
 

to, of course, improve agricultural productivity and
 

incomes in rural areas. There are several areas where
 

we are involved, one of those being the area of social
 

forestry which is really serving many needs, of which
 

fuel wood is only one. It is part of a larger interest
 

in resource management in helping provide a livelihood
 

particularly for the poor and landless and is certainly
 

an areas where the government is providing substantial
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support through various ministries and programs. We
 

have, for your informaticn, two large programs
 

currently underway --one in Madhya Pradesh and the
 

other in Maharastara -- working on both common lands
 

that are not agricultural and also working with private
 

farmers to provide seedlings and other services sc that
 

in a sense they can produce fodder and other products.
 

I think this is also important from the standpoint from
 

the land sustainability in productivity -- a subject ,e
 

have touched on here with regard to the use of residues
 

but I think that ultimately it is an issue that is
 

extremely important and relates very much to the energy
 

sector with regard to fertilizer, the kinds of
 

tradeoffs you ultimately have to face with regard to
 

the use of residues for energy as opposed to
 

maintaining the stability and productivity of the soil
 

which is critical to maintaining and expanding the
 

agricultural productivity so vital to the growing
 

population. Cne dimension is to try to look at the
 

role and increase biom.ass production, try to relieve
 

some of the pressure on that resource system. Let us
 

assume we are going to be successful, and there are
 

strong reasons to believe we can be successful, ir
 

terms of the growing of trees under these social
 

forestry and energy plantation programs. The issue
 

then becomes, how can we develop efficient ways cf
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converting that wood resource so as to increase the
 

productivity and the income value-added potential of
 

rural areas, either at more centralized processing
 

facilities like mills, etc. or in smaller scale
 

productive activities like irrigation or on-farm
 

activities. i think that is where a lot of our
 

discussions over the last two days have focused but it
 

seems to me that one of the priorities is how to get a
 

better match and integration between the activities
 

that are occurring on the production side and the
 

planning with regard to the technologies and market
 

systems to more effectively utilize that wcod, because
 

India as well as other countries in Asia is spending
 

large amounts of money on these producticn programs.
 

The figure that sticks in my mind is $500 million or
 

the equivalent will be spent on social forestry
 

programs in the next Plan, maybe even more, and it is
 

important that this wood be used efficiently and
 

effectively in terms of cooking and other major
 

applications. That is where the conversion prograrr and
 

our ability to develop sound and socially acceptable
 

and economically acceptable solutions takes on a tremendous
 

importance in light of these major initiatives that are
 

being pursued. From my experience in seeirg the region
 

as a whole, I think there is room for optimism with
 

regard to both the potential for power generaticon as
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well as for small-scale gasification and activities
 

that can be produced as we get the biomass material.
 

To some extent, even the conversion device -- if
 

properly introduced -- can serve as a stimulus and a
 

market for this production and provide an even greater
 

incentive for the farmer or the village community to
 

pursue these programs. It is important to he sensitive
 

to the impacts of these programs on the poor and
 

landless to ensure that the programs are not having a
 

deleterious impact rather than a positive one.
 

C: A. K. Chakravarti: The domestic sector is the largest
 

user of energy in India. The consumption figure is
 

over 200 million tons of coal equivalent per year. I
 

have worked on domestic fuel preparation starting from
 

the raw material -- wood, forest waste, agricultural
 

wastes, lignite, subbituminous coal as well as
 

anthracite and semi-anthracite. With regard to wooO,
 

forest waste and agricultural waste, in the norral method
 

of burning a lot of fumes escape leading to pollution
 

and the overall thermal efficiency is hardly 14-15%.
 

In a modified chula device, with secondary air
 

admission, there is intermixing of air and
 

burning matter and the efficiency can be definitely
 

increased. It is direct burning of the woody matter
 

but now, if we de-smoke it by devolatilization, we get
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30 to 35% of the yield of charcoal. Referring to Dr.
 

Jain's question, lignite gives much higher percentage
 

of char by devolatilization, cver 50, because it
 

has less volatile matter and less moisture on an
 

air-tight basis, and beautiful char and
 

rejected char can be produced by fluiCized carbonization
 

at low temperature, giving the volatile matter in the
 

char as high as 20 but at the same time smokeless,
 

completely free from tar. Out of this particular char,
 

agglomerative fuel may be made by pelletization -- also this
 

briquetting is not necessary -- mechanical or human method
 

agglomerates can be produced which will have excellent bindinc
 

properties in common chulas with high combustion
 

efficiency. So this is another aspect. We have done some
 

experiments with raw lignite for making cheap fuel
 

which will burn with little emission of smoke. We took
 

the lignite from Kutch. This lignite was crushed and
 

mixed with a heavy percentage of mud or local hentorite
 

and hand pellets were made. These were burned in a
 

little specialized chula with the entry of secondary
 

air and, by burning in small increments, almost
 

smokeless combusticn was achieved. We have
 

demonstrated this in a seminar in Bombay. The lignite
 

is very reactive and, if it is burned as is in the
 

chula, then voluminous volatiles and tars come out and
 

pollute the atmosphere. But if we adulterate it with a
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high percentage of mud and make the hand pellets and,
 

after drying, charge in small increments these can be
 

burned almost smokelessly and the heat level is quite
 

high.
 

END OF PANEL DISCUSSION
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APPENDIX A
 

PRESENTATIONS MADE AT THE BIOMASS MORNING SESSION
 

FEBRUARY 5, 1985
 

1. 	 A Comparative Study of FEC of Low-Crade Fuels
 
Dr. A. K. Drona, Sr. Research Officer, Department
 
of Agricultural Engineerina, G. B. Pant University
 
Agriculture and Technology, Pantnagar
 

2. 	 Preliminary Experience with a Fixed-Bed Gasifier
 
Dr. A. K. Rajvanshi, Director, Nimbkar Agricultural
 
Research Institute, Pheltan
 

3. 	 Biomass Gasification System
 
Dr. R. C. Maheshwari, Indian Council of Agricultural
 
Research, New Delhi
 

4. 	 Biomass Research Thrust and Programmes
 
Dr. S. B. Hukkero, Head, Agro-Energy Centre, Indian
 
Agricultural Research Institute, New Delhi
 

5. 	 Biomass Gasification
 
Dr. K. S. Shah, Assistant Director, Gujarat Energy Development
 
Agency, Vadodara
 

6. 	 Impact of Biomass Availability cn Selection of Energy
 
Systems
 

Prof. P. P. Shukla, Indian Institute of Management,
 
Ahmedabad
 

7. 	 Gasifier - A Means of Cooking at Nc Cost
 
Dr. C. S. Shah, Head, Mechanical Engineering Department,
 
B. V. Mahavidyalaya, Vallabh Vidhanagar
 

8. 	 Wood Gasifiers
 
Prof. H. S. Mukunda, Indian Institute of Science,
 
Bangalore
 

9. 	 Biomass as an Alternative of Energy for I.C. Engines
 
Dr. (Mrs.) P.P. Parikh, IIT, Bombay
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GUJA1RAT ENERGY DEVELOPVMENT AGENCY 

"-.N. CHPrIBERS, 3RD FLOOR 

i.C. 	DUTT ROAD 

VADCDARA - 390 005 

BIOMASS _ASIFICATIO:: ACTIVITILS OF GLDA 

1.0 INTRODUCTION 

The most convenient way of storing; Solar energy is that of
 

biomass production. Even thougxh its photo synthetic
 

conversion efficiency is of the order of 0.5 to 1 per cent
 

biomass con be stored ver-i convenienti.y almost indefinitely.
 

Further, production of biomass on semiarid and saline waste
 

land nu.t only pre-vents salinity ingress anc. soil erosion,
 

but also prevents further desertification. It also helps
 

in easing the fue2-wood crisis. "" is therefore
 

undertakint. several research and popularisation progresa in
 

the area of energy plantation, use of Zorest waste, agro
 

waste anid wood cnizs &s weil as ,oo for use ir omestic 

cornb.stion devices, --	 also undertakenasifiers etc. GL. A has 
the National Improved WIood 3urning Cook Stove 1emonstration 

Programme of DMES in 3ujarat on a 2ar-e scale. 

2.0 U.EDA'S ACTIVI.IES 

GEDA is the nodal Agency ot the Government o, Gujarat and 

the Department of non-Conventional Energy Sources for the
 

State of Gujarat for activities in the areas of new anL
 

renewable sources of energ;y anc eneroy conservation. It
 

works in very close association with State level
 

or-ganisations like Gujarat Electricity Soara, Gua;at
 

Water Supply &. Sewerazoe 3oard, Rural Techilolo7Ty Institute, 

Gujarat State Rural Develo-.ment Corpooration, Guarat State 
Forest oeveloment Cntroration, Gujarat Government ='orest 

Zepartment and several academic and research Institutions 

an,:- volunt-.r, or, aniazions at National an .tern.a -onal 
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. .3.. 

This area, eventhough irrelevant to the topic under
 

discussion, needs mention to in.-icate the range of
 

to ad- that
app)ication oj Gasifiers. I would also lil.e 

large megawatt size g _sifier base,- power generating 

stations will be su-.iported by energy plantations of the 

n,.,er of Village workersorder of l0CO ha thro tun 

Coo-ertive Societies consistinoj of 11 mem-.ler families 

each and :aving about 100 iia !anu alloted to each 

I shows the modus operandi
coo-.erative society. A[Yoen&1x -. 

for such a combination o' large scale cooperati\c energy
 

plantation anL. multi-me-gawatt gasifier basc:1 power stationi.. 

3.0 RL.3L#..-. : 5L. O., E:.' Pi.OJOJX 3 

Charcoal baseL. gasifiers Co not r.roduce much tar or soot 

as well as theirand the develooment of s,.clh gasifiers 

been cuite wel!cleaning and fitcring unitt have alrea,.y 

are necesscry fordeveloped. R - efforts, however, 

other fucls, i wood chips,pretreatsnent anc: handling of 

!iX: cotton stalk, groundnut shells,fcrcst was.te, agro wastcs 

hv3k etc. In sotre :asecaster seed shells, -a .'y husk, coir 

partial charring, briufttir , Delletizing with or w~t ouZ 

is needed. .-,r this purpose, 2EL. hasbinder materidl etc. 


,"ndertakens,.verl! experimental demonstration an]
 

po.ilarisation projects of various capacities. 

O.IFILR PU'P
3.1 IUl 2Q2i(A'iiCI: OF 3.1/5 K A SITS 

-oar of jyoti 

to the For!-. Foundation 
LEE. has sponsored the ,-;oject .roosa! 

Energ y Institute, Vallabh Vidyana-ar 

through the :e:artnient oi -zon Conventional Energy Sources 

: $.$ 30,000/ane. De.artment of Scienc r Ichno.'ogy for 
-.or settin t:) 25 Jesificr engir.c -nd oumnsets for 

irrigation to coliect opertirg on:. mainten:nce data over 

a peroc. of Ibtout 2 years. hc project has been sanctioned± a.d 

is under imnlementation. 
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• .4 . 

3.2 10 KW GA2IFILR AS RLVSL OSIOSI. SYSTEM 

GELA has prooseu to DhS a jasifier based reversc. osmosis 

system for drinking water scheme for the "no source' village 

of Limbad in the sCmiaLid district of Surendranagar. The 

water supply is very brabkish with total ciisolved solids of 

sum er. a 10 K,1asifier will. use the more than 300C ppm in 


forest of 4 ha ani -roeucL coolfuel-wood lrom the villagc 

clean gas to orerote a duef-ruel engine for running a high 

The pump supply pressurerressure. water pump. water will 

for passing brackish -iater throu.]h the R.O. mcmbraneto 

obtain potibJ.e water. 

3.3 G3T.IFIEiR EASE. IRIGA:IO' SY3"L-

Several vi!!ages in Surendranagar district have nonperennial 

rivers and rivulets pa-5sinc, near thc. vi.!aCjcs, if pits of 

3 m dce_ are ma(. in the zeverbea, sub-soiJabou't 2 to 

;ate-r is availa').e ;i' very lcw/ rt-chargc. T. vi ilagers make 

zna ust oni: or more d'iesel pupa-sets tourr,_-. st ch pits 

rurr" the water and transport i- ver more than 1 km for 

can very wc2* be takenirrigation pi'vroscs. This activity 

vilEcrs
i, on cooperative basis. The main fuel of such 

cook stovesis fire-wood or ac-iculturdl waste. If improved 

are pooula_-i:ed wit.; such vil-agLrs, more than 6C to 80 

ncrcent Df tle domestic use of futlwooQ or agro-waste will 

U.SrC after pretrcatment inbE.come saved. Such waste can be 


'ja:,ifjera.
 

DNES, has 3anctioncd to jE.,A two I0 K.1 gasifier powered 

Engine pumpst.ts for community irrigation in thc villages 

of Dudhai an-nd-- iCavan in the surendranagar district,.he 

village FaichEyat is agrreab.c to supp:ly the vi2Jae 

oroducts. A mul ti-ucpose "i!.J arc cooperativeforest 

society -,i.'. handle the oOeration an,. maintenance, oi the 

Iasifier base. engin. pump irrigation system. 

/
5 _
 

http:district,.he
http:pumpst.ts


34 BAIF. 1R.LC.T FOR 2AI !I.RRT.Gea:'iot 3YSTL i.. 

2AIT: has bc.cn (cQjflrr ,.ork at Lrlilikanchari near )unc. for last 

sc-veral They >avc t: ,tenc~cc t>ic:ir activitic-s to 

AI4tjErat also. Thc-y arc takir.; u_, E.nf--cJy )lantations, 

_growa'tcs an, .or _st ':asttes utilis.,ticm Enc. gasifie-r base-

-ngin. --urnnsets for irrigaticn vil2 a-c (-rinking 1.atzr 

su-3ply. For t' distric ts oZ Vedlsaf', - ancs :r- Sure nJr1=n agar, 

BAIl' bas formecd Iari lcs3 )abouLr COO)Erat'VCs to a0z Ut, 

'J7ov(crn,, (nt 7 and on lEase= t0c an :v'ick growving s-,accics of 

trc(_s for su -piy of eomcstic cookin.. fuv!ca ndt -asiritr zutl1 

for runrnino nir_. :m sc..ts. .2kha:s sanction,_,_ to 2I 

susch 3ystms in: 7 'lascovc.in- 5(- ha oz a i rc 2 a:-_ 

ro. rnnir aboi~t 25 k,,S-'ir cpnirc.on;- SI ts :,:(rit:.atn
 

an,_ . drinking ;aetcr su-nlv at a totaJ co t ot F-.26 lakhs
 

for a p~.ri.od- Of 5 y~ar: .
 

hi-h. c-)llabor-ation '3- T-zctor Ltd. u.c inof Tr L.: , cr 

25to 55 :ip tractrrs of vrhff-cJEac as .'..as cra~qi ya 

is v)r cpar .:-; a c -~oroooal for -tvI 3mcnt of 3K-SO x' 

opcratiun of: trL.:!zor3, rk an. :ssfor 3-_.bmission. to

.. '2.Fo~ijnco2.labo.-tio-n ;cr ;-as: :Lr manufacturcr is 

Lnvisag,-.. 

GEA hnas~uooc in its ?ith FiLvc. Y _;:r Plr -utting u 
20CO ciiLsof sma2* sizo inlQ_, r rcmronstraticn 

subsidisc: mark.eting at th .. sitcs 3f '.iccJL3. cngi:IC !.oU:-.o 51_:r 
are
 

of farmcr.3/usin, the~m lfor irc~in
 

:hc. gasificrs _nct~.odc~o forc.z'a=rc O 

acjc,-iE- Z vailabl. -..:ith t*-c i-ar . --zs as I-uci arn.. arc. c~~a 

to r -- :3, iz c ic..raoD. La5~n -0 consurnpt_10 icons 
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3.7 JPO..K!. GASIFILi L:'GIL.5 *LiLkATI.- SLTS 

GL-:? has sanctiond. from it3 own funds 2 systcms, one 
workinc on forest refuc.-, for captive. opcration at .'agiai 
Timber Station of the Forest Departmc-nt of -overnment of 
Gujarat anC another working on forest ",Fstcs for parallel
operation with thc. grid net--work at Surendr-baug "in Bhavnagar 
,I strict. 2oth th. systeLms arL of 1iu Ki clctrica! output. 
Order for tht atsystem- Surcndrabaug has alrcariy been 
pla.ecd with an indigeneo1,s manufacturer ant, that for ;1aghai is 
in the process of bting approval ;t ":LS. 

3.8 1000 Ha - M, ".: -PL -U P...C WZNRY 

A system for uti2.isation of wastc: lane in tht cistricts of 
Kutch is bcing proposec1 to DNES dcscribe,as in rpenuix -. 
The project involves a total expencitur,, of R.s.252.25 !akhs 
over a perioc: of 5 ycars. 
This Proj cc- bowil2 foru-nner for sm-.].ler ovcrpro_ ects the 
whole- o- Ir ii- ane wi!l ', ncrate, in zC p.'Cr, also 
.m: ovn.cnz in the r-ral areas an' wil" im-o wnviorrmnt. 

3.9 GASIFIER L:I"L TS3 2. J ...i"- - Ck ...... . _.jCE :m ,LS (Ihc s) "
 

In the vi2.laCjs wherc cattli br c. in, an: a;ricul....
 
activities ar,- und.ertakcn 
 by- most of th. :.-opu,2azion, a 
comunity, biogas ant bt.comes the n,_c> for :t. .lr-t-
Rural Lnerzv Cent:-c:(IRECs) se-. -

sources. 
 in Case the, activity of the ma"critv p'opu .onj 
cattle brCeCuing, therL is no use of sr.," as fcrzil.iser. 
Where agricilt-.-r is th(. major o.cupati::, t-r,: i. .ot m':n
 
dung awailebility to su. -ort i biocgs Ia Snc. uch 
a gasificr besed cngine system icalyis suitc, as znie 
nucleus Lor IiRCs. 
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Agricultura. or forest !ates can b( prctrcate/ as w 3..- as 

wood chips can bL uscL, as fueJ. for *asifi~rs whicn, can 

operate .:argc cnoinc generator sets :or ccctric-.1 power
 

generation or Lfngine puma sets for satisfying th,. urinking 

water supply an& iirigation rLe irement Df remote: village. 

SEDA hzis tLz:n up a numbers of vi!3a, s for proposing 

gasifier basec L'.-C.3. '' 3uch exam,s arc villages of 

Khandia in Vaaodara distr-ic and Tia)r in SLr-ndranagar District 

and s-vcra! more such villaP.s arc dcinj -rorosc1_, to 1AES. 

In Tikar, &ro wastLs which main %yconsist o.- cotton stalk 

anc which crc being uscd in _omst~c c,ok-.stcvs -t 

efficik ncies of !LSS th, n 5 coi,, '),.. convkre. into 

briquettCs by usinq manc-aEy oe.-roted Or:u tin machines 

'y. tht vi1' agcrs. Th-,. g-.'.ncrate e=m 1.oymnit nu ori(.uet-s 

can be burnt in improvLe- cook stoves at cfficincis of more 

than 15;. so that tht cotton stC.2ks szvc.d cot,1L bc ,s in 

gasificrs to rin cncine-cen.rator an-. nkint --- um1 szts. ThLs 
"'ithout _privin,3 tnt vi!LaLrS c thcir conmstic fUrl, 

e2Ectricity can be g'ncr*t,..-n. thc fi!scan :r irrigate 
• sin thi samn cotton stalk. 

4.0 OTHLiR BIOVA3S A2CTIVITIZ 

O'her anl above using asifiurs, , has also untertaken 

other prejects involv..% 1.se of 7ifLuencs fr-om ir.istria 

alcoho) plants to gcncrate mcbhant for use in th. boi_,Lrs 

anc. hence to rL ucL Conventional f', consumption by ' 

popt larisction o< imp covcc cook stoves by construc tng 1000 

stoves in 1 34-85 =_n,-: about 400 in i%35-86, th , oilot clant 

proj ect for -sZ o nunci: -.21 so"iu :',.--s's as : _nu fill for 

procucin- meth.ane for.e'.;< ..Jcn~rztizr., ful. scai_. runcipa! 

soliC wastL l-,..: .t for th city of h 
?Opularisir. -i( nbiI l.n. io, cjs ,,,.ant 

,for different o;rosesetc. ,-r::A s ''.o pro.os to .. ',L 

two roj cctj for briquctti:- ro .r.nutslr.e, anJ ctton 

zta_. anc. t..r.bv co rci.yis -. 
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ANNEXURE I
 

NOTE ON COOPERATIVE 1000 ha- - I mw 

ENERGY PLANTATION CUM POWER GENERATION PROJECT
 

semiarid soil in
 

most of the regions of the district of Kutch of Gujarat. A
 

There are vast tracts of saline or 


part of the district is wvered by the Southern and of the 

Tnar desert. Some part of Kutch is waterlogged for some
 

months in a year. The crestline of the distric as well as
 

the coastline on the South are populated. The majcr
 

profession of the poptlation is cattle breeding, rope making
 

cabinet making, boat building, tie-dye work etc. Many of
 

traditional cccupations are being given up by the attisans
 

due to lack of raw material or market. These buildings need
 

to be given alternate employment.
 

In view of overgrazing as well as Southward progress
 

of the Thar desert. Severe soil erosion is experienced.
 

Attempts are being made by the Government to plant euphorbia
 

and elephant grass to limit the progress of the desert,
 

resulting in limited success.
 

It is felt that afforestation with quick growing
 

spaces will lead not only to the control of soil erosion but
 

also provide cattle feed, wood for construction . tivity,
 

It would also provide raw-material
fire-wood and fuel wood. 


for artisan families, traditionally occupied earlier
 

in cabinet mpking rope making and boat building, Thus energy
 

plantation would support the migratory cattle breeding
 

population, artisans and otho~r unemploysdn'tlandless farmers
 

in the region.
 

.2./
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The member families will provide all the labour 

required for plantation activities and their accounts will be 

credited with the wages at the minimum wages declared by the 

State from time to time or higher as case may be. The member 

families will be provided fire-wood and wood refuse for their
 

domestic requirements free of charge :rcm the plantation. 

They would also be provided with improved chullahs burning 

firewood an'/or forest refuse under :ational Improved 

Chullahs Demonstration Programme. If :hey are maintaining 

cattle indivisually or on co-operativ- basis, cattle feed
 

fron the plantation will be supplied tD them on payment. 

The forest refuse and fuel ;:ct required in the necessary mix, 

will be sold to the 1 mw gasifier power generation plant at 

Naliya on payment of Ps. 300/- pc-r air dried tonne, delivered 

at the plant site. The transportation of the produce to the
 

power generating plant will also be handled 1by the 

be soldco-ooerative s Excess plantation tr-':zcts will 

commercially and the prcceeds will be credited to the 

co-operative society. The cc-operative societies can also 

take-up handicraft and other activities for its members.
 

Under this scheme 100 families of an average f.ve 

per family are expected not only to be gainfullymembers 

are likely to 

employed but alsc to be provided liveyhocd in some other 

professions, cattle breeding, artisanship etc. Such families 

have income of more than Rs. 1000/- per month 

In addition to this, seasonal employment for
per family. 


several other people is also likely to be generated by the
 

plantation activities.
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1 mw Gasifier Power Generation Plant at Naliya
 

A 1 mw gasifiar requires fuel-wood/forest refuse of the
 

order of about 9000 tonnes p.a. which can be obtained from
 

unirrigated planttion of about 820 ha. Thus the 1000 ha
 

plartation, after supplying the L ,quirements of the power
 

generation plant would have enoucr. surplus fuelwood, forest
 

vefuse cattlefeed etc. f- internci consumption of the
 

members cf the co-opurative socieies .2nd for commercial
 

disposal.
 

The gasifier based power ge..rarn system would have 

three to five units tctalling t: L mw to provide 

flexibility of operazion.. maintenance and stand-bye 

availability. The internal ccmbustion pine/mover
 

could be working cn engine ;r turhine pree depending 

upon the taking economic feasibility. Cc-generation 

would be incorporated in the systri to increase its plant 

efficiency. 

During the duration of the prs jec-, the power plant would 

be jointly operated and m ntsre by GEB and GEDA.
 

On successful completi:n of the project, the plant will
 

be handled over t, Gujarat Electricity Board.
 

If the technc economic feasibility of the 1000 ha 

co-operative energy plantation is considered separately,
 

and the fuewuJod/frest refuse sun.lied by it to the 

power generating plant is sold at Ps. 25/- per tonne. 

At site the cost 3f power generati3n comes to PS.1. 132 per 

KWH, which is quite satisfactory. 



.5.
 

The Gujarat Electricity Boazd is willing to purchase 

electricity produced frcn the ronewable energy sources at 

not mcre than Ps. 1.25 per K!WH, so that the power generating 

plant has good economic feasibility.
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ABST RACT
 

This paper assesses the impact of biomass
 

alloavailability on the selection of energy systems, 

cation of energy to various energy needs and energy 

a village. Proposals regarding developmentcosts for 

of biomass resources and subsidizing biomass based
 

energy systems are considered. The analysis is bused
 

selection, energy allocationson optimal energy systems 

and costs for four villages under existing conditions 

and under various proposals using an optimizatiot, model.
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1 INTRODUCTION 

The present authors in reference 17 presented the 

Mixed Integer Linear Programming (MILP) approach for optimal 

selection of energy systems and allocation of energy to several 

end-uses at a particular location. While applying this optimi

sation model for integrated rural energy systems to several 

villages, the importance of biomass availability and its 

energy conversion technologies was found to be one of the most 

critical parameters. In this paper we analyse the import3nce 

of biomass availaoility and conversion in planning to meet 

rural energy needs in India especially in view of the serious 

supply-demand constraints of conventional sources of energy in 

India. The role that biomass energy could play in relation to 

India's growing rural energy needs is often optimitically projec

ted. In this optimistic projection, the three important 

determining factors are the availability of suitable biomass, 

the efficiency of energy conversion technology and its cost.
 

An attempt has been made in this paper to examine critically
 

the role of these three factors in order to realistically assess
 

the ultimate potentialities of biomass as e,..rgy sources in 

rural India. 

The problem considered in reference 1-17 is to select energy 

systems and allocate energy from these to meet various types of
 

energy needs of a village during different time periods in a year
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so as to minimize total annual costs, i.e. the sum of annual 

fixed cost which includes depreciation, interest and mainte

nance cost and annual running cost of the system. The opti

mization model is used to select energy systems and make 

energy allocations to different energy needs gf a village.
 

The analysis is illustrated in this paper by considering app

lications to four selected villages.
 

2 Energy Related Data
 

The energy related data required by the optimization
 

model is given below for the four villages under consideration.
 

2.1 Village Energy Needs 

For the four villages considered, the energy needs are
 

classified by four end uses:
 

1) Cooking
 

2) Hot Water
 

3) Irrigation
 

4) Electricity
 

The annual energy requirements for these end-uses for each 

village is as in Table 1 belows
 

378
 



Table - 1 

Annual Energy Requirement (in KWH) for
 
four villages
 

Village
 

End use 1 2 3 4 

Type 

2,10,000 4,35,000 7,05,000 14,11,200
Cooking 

(76.53) (74.49) (73.55) (74.83)
 

34,000 75,840 1,22,400 2,45,400
Hot Water 

(12.39) (12.98) (12.77) (13.03)
 

Irrigation 8,700 7,500 42,000 66,500
 
(3.19) (1.28) ( 4.38) (3.53) 

21,675 65,670 89,100 1,60,200
Electricity 

(7.89) (11.25) ( 9.30) ( 8.51) 

Total 2,74,375 5,84,010 9,58,500 18,83,300 

(100.00) (100.00) (00.00) (100.00)
 

Note; Figures in brackets represents percentage of total 
energy requirement for a village. 
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2.2 Raw Materials Availability
 

The village energy needs are satisfied with fuels such
 

as wood, gobar, diesel, kerosene, coal etc. The local biomass
 

energy resources - wood and gobar have restricted availability 

as given in Table 2 belowt

Table-2 

Annual Raw Materials Availability 
(in KWH) at Four Villages* 

Village 

Raw123 
Material -

Gobar 1,87,000 2,81,000 4,37,000 3,13,000 

dood 14,00,000 5,62,000 6,05,000 29,07,000
 

The figures in this table represent the poten
tial energy availability from a raw material.
 
The actual energy availability at the demand 
level is then computed by considering effici
encies of energy systems used.
 

3 EnerQy Systems Considered 

Energy systems are classified in two major categories 

primary and secondary. Primary systems are the ones which 

generate the energy whereas the secondary energy systems are 
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sometimes used to supply energy produced by a primary energy 

system to a given end-use. Of the various energy system 

available some were eliminated from consideration for the 

present application on the basis of their high costs (e.g. 

photovolatic systems) which will in any case make their 

selection impossible. The description of the energy systemscL
 

sizes considered in the present application and end-uses
 

supplied by them are as follows:
 

3.1 Primary EnerQv Systems. Sizes and End-use 

Primary 
Size of thePrimary 

End-uses that 
can be supplied 

Sysem 
Description 

energy 
system 

by the energy 
system 

1 Biogas Plant 5 cu. m. 
25 cu. m. 1,2,3,4 
60 cu. m. 
85 cu. m. 

2 Solar Cooker 1 

3 Solar Hot Water Panel 250 litres 2 

4 Wood Burner -- 1,2 

5 Kerosene Stove -- 1,2 

6 Wind Mill 3 KW, 10 KW 3 

7 Diesel Pump Set 5 KW, 10 KW 3 

8 Diesel Generator Set 5 KW, 10 KW 4 

9 Centralized Electricity -- 3,4 

10 Gasifier 5 KW, 10 KW, 
25 KW 

11 Gasifier Generator Set 5 KW, 10 KW, 4 
25 KW 
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3.2 Secondary Energy System and Sizes
 

Secondary
enry

Secondary energy 
systemenergy
 system size
system descriptiondescription 

1 Biogas Burner 

5 KW2 Dual-fuel engine 
and pump-set 

3 Dual-fuel Engine 5 KW, 10 KW, 25 KW 

and generator set 

5 KW4 Motor and Pumpset 

* used for cooking using biogas 

** used for irrigation using biogas and diesel 

*** used for electricity generation using biogas and diesel 

used for irrigation using centralised electricity.**** 

4 Formulation and Computations 

The MILP formulation in present application includes
 

twentyseven integer variables relating to twentyseven 
energy
 

and fortytwo real variables
 systems (including different sizes) 


relating to distribution of energy from different 
energy systemz.
 

to different end-uses in three different time periods during
 

Besides, the problem formulation includes fortyfive
an year. 


The problem for each village is solved using the
 constraints. 
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MILP computer package -2_7 on VAX 11/730 computer. The average 

time for a computer run was one minute and thirty seconds.
 

5 Analysing Optimal Results 

The optimal system selection, energy allocation and 

costs under existing data (called Normal data hereafter) for 

the four villages is as follows: 

5.1 Energy System Selection (Normal Data)
 

Energy systems selected in the optimal solution 

which minimises the annual costs for each village are as 

in Table 3 below: 
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Table - 3 

Energy Systems selected for four villages (Normal Data) 

Sr. 
No. 

Energy 
Systems Village 

1 

Number of 

Village 
2 

Systems 

Village 
3 

Village 
4 

PRIMARY SYSTEM 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Biogas Plant 25M 3 

Biogas Plant 85M3 

Solar Cooker 

Solar Hot Water Panels 

Wood Burner 

Kerosene stove 

Diesel Pumpset 5 W 

Diesel Pumpset 10 KW 

Diesel Genset 5 KW 

Diesel Genset 10 KW 

Centralized Electricity 5 KW 

-

1 

102 

7 

102 

-

-

1 

-

1 

1 

-

2 

309 

17 

309 

309 

-

1 

1 

-

4 

2 

2 

419 

28 

419 

419 

1 

4 

-

-

6 

-

2 

754 

56 

754 

754 

-

7 

-

1 

10 

SECONDARY SYSTEM 

1 Biogas - Burner 102 309 419 754 
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5.2 	 Annual Energy Allocations for four village (Normal Data) 

The allocation of energy for the optimal solution for four 

villages are as in Table 4 below:-

Table -4 

Allocation of Energy for Four village (Normal Data) 

Annual 	 Energy Consumption (KWH)
Enduse 	 Energy____________________ 

Systems V[g 1 2 3 4 

Cooking Biogas 89,340 1,53,411 2,26,710 1,68,520 

Solar Cooker 70,000 1,45,000 2,35,000 4,70,400 

35,124 1,81,690UVn. Wood Chulah 50,657 37,812 

Kerosene Stove -- 1,01,461 2,05,474 5,90,610 

Hot Water 	 Solar Hot Water 35,000 83,400 1,36,800 2,73,800 
Panels 

Wood Burner 1,600 --

-- 20CKerosene Stove --	 530 

7,500 42,000 66,60C
Irrigation 	Diesel Pumpset 8,700 


Diesel Genset 6,690 5,700 -- 10,20CElec-
tricity Centralised 15,000 60,000 89,100 1,50,00< 

Electricity
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5.3 Costs for four village (Normal Data) 

The costs due to the optimal solution for four villages 

are as in Table 5 below: 

Table - 5
 

Costs due to Optimal Solution for four villagesC9-0 
(Normal Data) 

12 3 4
Costs ____ 

1 Fixed (Capital) 440540 1199860 1844315 3087980 

Cost 

2 Total Annual 153175 424259 706934 1426368 

Cos' 

3 Annual Variable 43040 124297 245855 654373 
Cost 

4 Cost/KWH of 0.558 0.726 0.737 0.757 
energy 

The Table 6 gives the unit variable cost of supplying energy for
 

each end-use in each village.
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Table - 6 

Unit Variable Costs (Rs./KdH) For Each End-use for 
Four Villages (Normal Data) 

Villaye 
En-12 3 4 

Use 

1 Cooking 0.084 0.208 0.243 0.367 

2 Hot Water 0.015 0.005 0.000 0.001 

3 Irrigation 1.220 1.220 1.220 1.220 

4 Electricity 0.650 0.370 0.260 0.341 

6 Analysis of Results and Observations 

In tihe optional solution for four villages under 

exis,:ing conditions (Normal Data), it was also found that tne 

local Biomass resources, i.e. gobar and wood, were completely 

used up (i.e. the constraint relating to these resources had 

no slack at optimality), except for village 1. In village 1,
 

wood constraint had slack due to the fact that in this village
 

energy plantations are being raised and hence wood is availa

ble in plenty. The scarcity of these local biomass resources
 

leads to the use of costly fuels like kerosene and diesel, 

as can be seen from Table 4. The use of kerosene as can be 

seen from Table 5 results in substantial increase in unit 
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variable cost of energy for villages 2,3 and 4 in comparision
 

with village 1 where kerosene is not used. For the same
 

reason unit variable cost of cooking energy for village 1 is
 

villages.substantially lower than that for the other three 

The results with normal data thus indicate that: 

(1) 	Local availability of biomass resources like gobar
 

and wood can result in; substantial reduction in
 

energy costs to a villager
 

(2) 	 While both gobar and wood can provide energy for 

irrigation as well as electricity through dual-fuel 

engines, their current restricted availability 

limits their use only to meet a fraction of cooking 

energy needs; 

energy for a part of cocking needs (through(3) 	 Use of solar 

solar cookers) and for hot water needs (through solar
 

hot water panels) is found to be economical due to
 

as low fixed (capital)
their zefo variable costs as well 


costs.
 

that an increase inFrom these observations, it is obvious 


result in substanthe availability of biomass resources can 


Hence the developmental
tial savings in the cost ot energy. 


efforts such as energy plantations, improving gobar collection
 

and 	promoting the use of alternate biomass for biogas plants 
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such 	as agricultural waste, water hyacinth etc. deserve
 

consideration. Besides, the governmental assistance through 

subsidies on systems utilizing local biomass resources can 

also help in promoting such energy systems. To study the 

impact of various developmental efforts and governmental 

schemes on selection of energy systems, allocation of energy 

and costs, the MILP madetis used under various assumptions 

regarding the availability of biomass and costs for the four 

villages under consideration. 

The proposals considered for the purpose of these analysis 

are:

(1) 	 RELAXING WOOD AVAILABILITY CONSTRAINT 

This proposal is considered to study and assess the 

impact of fuel plantations. 

(2) 	 RELAXING WOOD AVAILABLITY CONSTRAINT AND SUBSIDISING 

GASIFIER BY FIFTY PERC~iT 

This 	proposal is considered to study and assess the
 

impact of partially subsidising the gasifier specifically
 

whether the partial subsidy can help promote the
 

economical use of gasifiers or not.
 

(3) 	RELAXING GOBAR AVAILABILITY CONSTRAINT
 

This proposal is considered to study and assess the
 

impact of developmental efforts for alternate biomass
 

resources for biogas plants. 
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The results obtained under these proposals and impact of 

these proposals are discussed next.
 

7 Impact of Relaxing Wood Availability Constraint 

The comparision of results obtained under this
 

proposal with the results under normal data assumption
 

suggest the following changes in energy system selection, 

allocation of energy and costs. 

7.1 Changes Observed in Energy Systems
 

and Energy Allocations 

Comparison of optimal results under the above two
 

types of data assumptions yields the following:
 

1) For village 1, there is no change in energy systems
 

selection, allocation and costs when wood constraint is
 

relaxed since this village has large amount of wood
 

available even in normal conditions which was evident
 

from the fact that for this village there was considera

ble slack in wood constraint at optimality in results
 

with normal data. 

2) For other three villages, use of kerosene for cooking
 

and hot water demands is being replaced by wood when wood 

constraint is relaxed. 

390 



16
 

3) For irrigation and electricity demands even when wood 

constraint i;':laxed there is no change in system
 

selection and energy allocations. The gasifier based
 

systems are not selected, even if woodkmade ks freely
 

available.
 

7.2 	Cost Savings
 

Comparison of costs under the assumption of relax

ing wood availpbility constraint with costs under normal data
 

shows following cost savings as given in Table 7 below;-


Table - 7
 

Annual Cost Savings For each Village when Wood
 
Constraint is Relaxed 

Village Village Village Village
 
1 2 3 4 

Annual Cost,
 
savings (Rs.) 0 52,226 57,434 2,57,565
 

8 	 "impactof Relaxing Wood Availability Constraint and 
Subsidising 3asifiers by Fifty Percent 

As compared with the results when the wood constraint 

is relaxed in section 7, in addition when the gasifier is 

subsidised by fifty percent, significant changes are observed 

in the 	selection of energy systems and allocation of energy
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for irrigation and electricity needs for some villages. 

8.1 	 Changes Observed in Energy Systems 
and Energy Allocation 

1 and 2 in energy system1) No change is obsecved in village 

selection and energy allocation for irrigation demand as
 

for these two villages sfae atirrigation demand is very low 

gasifier pumpsets are not cost effesuch low energy demands 

ctive due to their higher capital (fixed) costs even when 

subsidy is given to gasifier, in comparison with fixed cost
 

of diesel pumpsets. 

2) in village 3 and 4, where the irrigation demand is 
sub

stantially high compared to villages 1 and 2,in the optimal
 

solution gasifier pumpsets are selected replacing diesel pump

sets selected under earlier data assumption. Thus, it is
 

optimal to meet most of the irrigation demand by gasifier 

pumpsets when gasifiers are subsidized by fifty percent. 

3) In all the four villages, entire electricity demand is 

being met by gasifier gensets, replacing centralized electri

diesel gensets used under earlier datacity, as well as 


assumptions.
 

4) Thus, fifty percent subsidy on gasifier can effectively
 

help selection of gasifier based systems if wood is 
freely
 

available.
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9 Impact of Relaxing Gobar Availability Constraint 

When raw material availability for the biogas plants 

is unconstrained, substantial changes are observed in selection 

of energy systems, allocation of energy and costs as compared 

to normal data. 

9.1 Changes Observed in Energy System Selection 
and Energy Allocation
 

The following changes are observed in comparison with normal 

data:

1) Cooking demand is met mostly through biogas, while solar
 

cooker and wood burner are also used to some extent. Use of
 

kerosene is completely eliminated.
 

2) For most of the hot watez demand,. solar hot water panels 

are replaced by biogas. 

3) For irrigation and electricity demands, all other systems
 

are
are eliminated and only biogas based dual-fuel engines 


used, coupled with pumps for irrigation and generator sets
 

for electricity.
 

Thus, if biomass which can be used in biogas plants is free!y 

available, it is optimal to supply most of the village energy 

needs through biogas based systems. 

9.2 Cost Savings 

The comparison of costs under the assumption of free
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availability of gobar with costs under normal data shows the
 

as given in Table-8 below:following cost savings, 


Table - 8
 

Annual Cost Savings for Each Village when Gobar
 

constraint is relaxed
 

3 4
1 2
Village 


Annual Cost 31,202 1,44,695 2,51,455 5,81,953
Savings Us.) 

i0 Conclusions
 

The results of this study suggests that decentralised
 

energy systems making use of locally available renewable 
source
 

a sub
energy have a considerable potential in fulfilling
o 


However,

stantial amount of energy needs at village level. 


with the present availability of local biomass resources,
 

decentralized systems can only meet a small fraction 
of energy
 

needs and therefore large quantities of expensive 
and scarce
 

A clear conclu
fuels such as kerosene and diesel are needed. 


sion from this study is that the availability of biomass
 

resources at village level through fuel plantations 
or deve

agri:ultu.

loping alternative lsources for biogas plants 

such as 
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waste, water hyacinth, etc., can result in a significant
 

saving of money to a village which is otherwise spent on
 

expensive and nationally s:arce fuels. SubsidJsing the
 

energy systems utilising local biomass resources, such as
 

gasifiers, can promote the economical use of such systems,
 

thereby saving on scarce national resources such as diesel
 

and centralized electricity. The development of biomass 

resources thus have tremendous economical potential and it 

deserves imnediate attention from agencies planning for 

rural energy needs. Together with the developmental efforts 

for biomass resources, technological aspects such as improve

energy demands and operational aspectsgrowing rural 

ments in energy systems and development of alternate energy 

systems, and managerial functions like periodic planning for 

of 

energy systems management are also other important areas 

deserving attention for effectively developing and using
 

for meeting the rural energyintegrated rural energy systems 

needs. 
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WOOD GAIFIERO
 

This report deals with the results of the investigations
 
on the development of 
a 3KW gasifier for running diesel 
as
 
well as petrol engines. 
 The effort concentrates 
on running
 
both diesel and petrol engines because of the nature of
 

their use.
 
I. About 5 million diesel engines contemplates our working


in our country. 
It would be possible to provide a gasi
fier to replace about 85/. of the diesel used in these
 
applications.
 

2. For all new developments "here 
the engine has not been
 
installed yet, it will be beneficial to run a petrol/

kerosene engine because the cost of engines are 
about
 
same and 
one can replace the entire petrol by the gas

though at an expense of 3Q/.
or so 
of the power.
 
With these twin objectives in mind, development effort
 

of about 3 Years has resulted in several novel concepts and
features which are different from those of the existing

systems elsewhere for this level or higher power. 
 It has
also been found that many of the geometric parameters has
recommended or extraculated simply from the work in .3'RI needs
 
significant changes.
 

The design constraints 
on 
the present gasifier are:
 
i. The gasifier must permit examination of its 
internal
 

elements or dis-assembling of its components with relative
 
ease.
 

2. Its production method must be such as 
not to permit leakarre
 
into it through handling by a men of average competence
 
or slight carelessness.
 

3. To conserve any waste energy through drying of wood chips
 
or other possible uses.
 

4. This design must be 
as simple as is possible.

5. The cost of fabrication in production must be as 
low as
 

possible.
 

. o2 . 

398 



2 

The author has bestowed one's attention to the first
 

4 items and the last item is being attended to presently.
 

It is also hoped that the first 4 items will partially look
 

after the last consideration. During the developments there
 

were 4 versions of the reactor each one attempting to improve
 

upon the previous or eliminate the suspected defects. In
 

its features, the following are the difference between the
 

current reactor and the previous one's. [ Table Attached].
 

As is evident from the table, the current design has
 

several novel features compared to the previous one's. The
 

current status is that it is ready for field tests and in
 

about 2 months time it will be subjected to about 6 months
 

of field tests at UNGRA, a village adopted by the Institute.
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Others* Present Remarks 

I. Throat diameter 55mm and 
above 

3 0mm The gas quality was very consis
tent throughout the run at a flow 
rate of 3,5 Its/sec. The same 
flow rate with a larger diameter 
throat 35mm, generated fluctuating 
gas quality. Good quality gascontained (as measured) CO = 20/.,CO2 = 1;/-, 0 2 = 0,6- (H, was not 

4 

2. Area of antinlet 
nozzles 

Area of throat 

3. Hearth load 

A 

Ah 

0,14-0,22 

0,4 to 0,9 

0.25 

1,7 

measured). 

Initially the prototype No.3 was 
operating with an AM/Ah of 0,09. 
On changing the Am/Ah to the higher 
value, the pressure drop decreased, 
flow rate was steady and gas qua
lity consistent. 

The recommended hearth load i.e. 

the rate of gas flow in Nm3/hr tothe smallest passage area (throat) 
incm , for similar types of reac
tors is between 0,4 to 0,9. The
higher value as expected caused 
dusting when the throat diameter 
was reduced to raise the hearth 
load to 1,7. However the dust is
handled by the cooler-regenerator 
system. On the other hand the 
advantage is that the gas contains 
negligible amounts of tar. 

S.2. 
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3. Condensate 
collector 

Provided Provided The condensate collector is essential 
for the smooth operation of the gasi
fier. If the collector is not used,
then the start up of the reactor is 
very difficult and also the gas qua
lity is poor because of higher water 
vapour content. 

4. Grate Most use 
shaking grate 

Provision to 
clear grate and 
reduction zone 
while in opera-
tion 

If the pressure drop across the reac
tor increases gas quality decreases, 
one of the causes could be the presense 
of some muck (e.g. partially charred 
wood, fused ash, etc.) in the reduc
tion zone which prevents efficient 
reduction taking place. Hence a provi
sion is necessary to clear the grate
and reduction zone to improve the gas
quality. 

5. Feeding and 
Sealing 
system 

Feeding through 
a top hinged 
cover and sea-

Feeding through 
a top cover with 
a water seal 

The water seal prevents leakage and 
also facilitates easy arid quick load
ing of fresh charge of wood. 

ling with a 
gasket 

6. Cooler -
Cleaner 
system 

Cyclone, 
scrubber 

Heat exchanger 
and water/oil 
filter 

The cleaning and maintenance of cooler 
cleaner system is very simple. It has 
a low pressure drop, no packing in 
cooler so clogging does not occur, 
absolutely leakproof and performs all
the functions of a scrubber. In addi
tion a large surface area is provided 
on the heat exchanger to partially 
recover heat by drying wood chips on 
its sides. 

. .3 . 
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7. Installation Vibrations found 
 Vibrations found 
 Vibrations force semi-charred
 
necessary unnecessary 	 particles of wood to drop through


the throat into the reduction zone.
 
Until these pieces are consumed

the gas quality is poor. Hence
 
it was found that vibrations were
 
unnecessary for this gasifier. 

* References 

1. The Swedish Experience 1939-1945, SERI. 
g 2. Development of Small Gasifiers for Irrigation puroose in India, JSERI. 
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5. State of Art of Small Scale Gasifier, Kaupp and GOS6.
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CNMI PROGRAL ON C0M COOUSTON 
AND FLUIDIZED BED GASIFICATION OF 

COAL 

Dr. A.B. Datta
 
Power Engineering laberatory
 
Central Mechanical Engineering
 

Research Institute
 
Durgapur-71 3209.
 

The recent oil crisis has led to a revaluation of coal
 

as a fuel and research is being pushed forward in cornection
 
rith various methods for coal utilisation. Direct use of coal
 

generally entails several problems. Hence without major modi
fication of the equipments running on oil or gas, use of coal
 

oil mixture (0CM) and gas from coal may provide an alternative
 
source of energy. In this perspective CKRI, Durgapur has taken
 

up two major projects: (i) Combustion of 3G7 and (ii) Fluiiized
 

Bed Gasification of Coal. These projects came up to match
 
Ladia's need fzr wider utilisation of coal.
 

O0AL 0 1 IXTURE:
 

Coal oil mixture provides an imnediate partial transi

tion from oil to coal without major modifications of the 
existLng furnaces. Many countries specially U.S.A. and Japan 
have already launched extensive R&D progrrammes for using COld 
in the existing oil fired funaces, and the results are encoura
ging. In -nlia Central Fuel Research Institute, Dhalbad has 
developed a process for producing stable coal-oil mixture. 
CM.MPI, Durgapur has ben 'zivestigating its combustion charac
teristics so that -. cesaary data can be generated f-or design 
information of COM bu'rning equipment. Steel Authority of India
 

is associated with this project for commercial applicat.cns in
 
their furnaces. It has been identified that first commerciali
sation of C0M in furnaces will be -made in Rourkella Steel Plant
 

boiler.
 

At the first stage the feasibility of COL burning has
 

been studied in a foundryfurnace (Fig.1). The furnace was
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originally run on medium viscouis furnace oil. The necessary 

minor modifications and special arrangements were incorporated 

to ensure satisfactory combustion. C0M containing 20% and 30%
 

coal has been successfully burnt in this furnace. However, this
 

only generated first hand knowledge on 0M combustion. An
 

experimental furnace was necessary for detailed combustion
 

investigation. The experimental furnace (Fig.2) with fuel
 

ha:.idling system, air handling system, instrumentation and
 

accessories have been designed on the basis of experience from
 

feasibility studies. The furnace is about 13 ft. long and
 

2.5 ft. in diameter, capable of burning 25-30 kg. of COM per 

hour. The unit have facilit:Les for studing the combustion 

efficiency, flame characteristics, particulate emissions etc. 

The effect of coal concentration on atomization and combustion 

will also be investigated. C0M containing 20, 30, 40, 50 percent 

coal has been burnt in this furnace. Typical analysis of the 

coal are given in Table-1. Detailed investigation on COM com

bustion parameters are in progress. Recently a 120 hours run 

with 50:50 COM for erosion of burner (without firing) has been 

conducted. It has been observed that minor erosion (0.25%) took 

place. Detailed erosion study is in progress. 

FLUIDIZED BED GASIFICATION OF COAL:
 

Fluidized bed gasification of coal has the potential
 

for providing a clean gaseous fuel for gas fired furnaces. The
 

fluidized bed type gasifier allows intimate mixing of solid
 

and gas and provides a relatively long residence time compared
 

to other gasification processes. The objective of the programme
 

is to study the effect of the operating parameters on the per

formance of gasifier in order to generate engineering design
 

of the system. The effect of specific parameters namely, bed
 

temperature, coal grade, fluidizing velocity as also mode of
 

steam injection wo-uld be investigated.
 

A bench scale unit capable of handling 15-20 kg. of 

coal/hr. has been designed. A schematic sketch of the gasifier 

unit is shown iU- Fig.3. The gasifying medium is steam and air. 
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The gasifier, 200mm x 200mm in cross section and 2000mm high 

is made of 3mm thick mild-steel plate. A refractory lining 

25mm thick is provided on the inside wall. Steam supply line 

from an existing boiler has been layed. Provisions have been 

kept to inject steam into the gasifier from below and above 

the distributor. Over bed feeding of coal through a rotary 

feeder has been arranged. 

Commissionig of the gasifier was made in November 1984.
 

initially undesirable clinker formation was occuring in the 
bed. This difficulty was overcome by adaption of suitable air
 

and steam distribution system. Typical analysis of coal used
 

in this study are given in Table-2. The gas sampling and its 
analysis is in progress. The gas analysed so far is poor in 

quality. Its cause has been partly identified. Investigation 

for improvement of gas quality is in progress. It is hoped 

that the initial troubles will be overcome soon. 

Table-i: TYPICAL COAL ANALYSIS FOR COM
 

Coal - IB River Valley.
 

Proximate Analysis:
 

Moisture - 10.4
 

Ash - 16.0
 

V.Mo  29.6
 

P.C. - 44.0
 

Heating value - 5600 kcal/kg.
 

Table-2: TYPICAL COAL ANALYSIS FCR GASIFICATION 

Coal - Khodiyar Colliery.
 

Size - 0-3 mm.
 

Proximate Analysis:
 

Moisture - 1.9 

Ash - 37.3 

V*M. - 23.6 

F.C. - 37.2
 

Heating value - 4780 kcal/kg. 
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PURPOSE OF PRESENTATION 

TO HIGHLIGHT THE AVAILABILITY OF AGRO-RESIDUE 

IN PUNJAB 

TO DESCRIBE THE POSSIBILITIES OF rus USE AS 

THOUGHT OF BY PUNJAB AGRO INDUSTRIES 

TO SEEK JOINT VENTURES/ COMMERCIAL ARRANGEMENTS 

FOR INDUSTRIAL PROMOTION IN PUNJAB 

TO SEEK SUPPORr FOR THE DEVELOPMENTAL 

EFFORT. 
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AGRO-RESIDUE/ BIO-MASS AVAILABILITY IN PUNJAB
 

TOTAL AREA FOR LAND UTILIZATION 5033000 HECT. 

NEWAREA SOWN 4210000 HECT 

AREA SOWN MORE THAN ONCE 2719000 HECT 

TOTAL CROPPED AREA 6929000 HECT 

IMPORTANT AGRO RESIDUES 

TOTAL SURPLUS PADDY STRAW 	 5 M TONS ANNUAL 

2 M TONSPADDY HUSK 

I M TONSCOTTON STALKS 

3 MILLION TONS.BAGASSE 
(AT PRESENT BURNT 

INEFFICIENTLY). 

AREA UNDER FORESTS 	 224000 HECTS 

RESIDUE IN THE COUNTRY.THUS HIGHEST PER CAPITA AGRO 

413
 



4.
 

POSSIBILITIES E)(PLORED 

DOWN DRAUGHT GASIFIERS FOR SHAFT POWER 

FLUIDIZED BED BOILERS FOR BAGASSE BASED 

CO GENERATION FOR SUGAR MILLS 

HIGH TEMP GASIFICATION SUCH AS PUROX 

PROCESS FOR POWER/METHANOL 

UPDRAUGHT GASIFIERS FOR HUSK FIRED BOILERS 

POWER GENERATION FROM PADDY HUSK. 
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DOWN DRAUGHT GASIFIER MANUFACTURER BY 

PUNJAB AGRO-INDUSTRIES CORPORATION 

DESIGNED BY DR. PATHAK 

PRICED AT RS. 10,000/- (900 US$) 

RATING 20-30 KVA 

THROAT DIAMETERS 50 MM, 62.5 MM. 75 MM 

HEAT VALUE OFGAS 5.2 TO 5.75 Mj/M 3 

COLD GAS EFFICIENCY 

FOR WOOD 73.2% TO 90% 

FOR CROP RESIDUE 70.8%TO 77.2% 

GA3 COMPOSITION 

H2 12 TO 15.4% 

CO 22 - 30% 

CH 4 1.15 - 1.9% 

N2 7.2 TO 52.6% 

CO 2 6.9 TO 13. 1% 

THROAT TEMP 1000 TO 13000C
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FLUIDISED BED BOILER BASED COGENERATION 

PROTECT TAKEN FOR SUGAR MILL OF 2000 TPD 

CRUSHING CAPACITY 

TOTAL COST OF PROJECT 12 CRORES 

TOTAL POWER GEN = 10 MW 

SURPLUS POWER AVAILABLE = 5 NW 
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PUROX PROCESS FOR GASIFICATION OF PADDY STRAW 

THIS USES JET OF PURE OXYGEN IN UPDRAUGHT 

COMBUSTION ZONEGASIFIER TO RAISE TEMP IN 

TO 1500 - 16000C 

MOLTEN ASH FLOWS OUT AS SLAG 

PRODUCER GAS ANALYSIS BY VOLUN15 

CO 45% 

H2 30% 

CH 4 0.2 TO 5% 

COll 20 TO 25% 

ECONOMIC APPRAISAL 

CALORIFIC VALUE OF (15% MOISTURE) STRAW 

= 3145 K. CAL/KG. 

ENERGY EFFICIENCY OF GASIFIER = 75 TO 77.5% 

ENERGY EFFICIENCY OF METHANOL REFORMATION = 54:0 

OVERALL ENERGY RECOVERY 42% 

CONTD.. 
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ENERGY CONTENT OF METHANOL = 4765 K CAL/KG.
 

HENCE 1 KG STRAW WOULD GIVE =0.27 KG OF METHANOL
 

PROIECT COST = Rs. 38 CRORES
 

OPERATING COST/ YR = Rs. 12.1 CRORES
 

REVENUE = Rs. 16.22 CRORES
 

NET SURPLUS = Rs. 4.1 CRORES
 

RETURN ON EQUITY - .33.25%
 

FOR POWER GENERATION
 

PROJECT COST = Rs. 11 CRORES 

OPERATING COST = Rs. 3.51 CRORES 

NET POWER TO BE DELIVERED = 28620 MWH/YR. 

418
 



APPENDIX B
 

ATTENDEES AND INVITED GUESTS
 

Y. P. Abbi 
Deputy General Manager 

fharat Ieavy Electricals Ltd. 

18-20 Kasturba Gandhi Marg 

few Delhi 110001,
 
India
 

Paul Arikkat 

Mechanical Engineering Department 

Indian Institute of Technology 

Bombay 400076,
 
India
 

} .V Arora 
Deputy Director 
ilationa] Productivity Council 
Lod1i Road 
New Delhi, 
India 

P. N. Arumugham 

General Manager 

Dharat Heavy Electricals Ltd. 

18-20 Kasturbi Gandhi Marg 

Hew Delhi 110001,
 
India 

K. K. Baveja 

Asst. Prof., Dept. of Chemical Engineering 

Indian Institute of Technology 

flauz Khas
 
New Delhi 1100016,
 
India 


M. Bhatter 


T. K. Bhowmik
 

Central Fuel Research Institutq
 

P.O. FRI 
Dhanbad 828108, 
India 

Daniel Bienstock
 
U.S. Department of Energy
 
Pittsburgh Energy Technology Cer
 
PO. Box 10940
 
Pittsburgh, PA 15236
 

S. K. Bose
 
Director
 
Coal India, Ltd.
 
10 9etaji SuDhas Road
 
Calcutta I,
 
India
 

C. F. Cavale
 
Manager, Engineering C. is...n
 
Shaw Wallace & Co., Lt'
 
Caicuta 1, 
India 

f. Chakraborty
 
Central Fuel Research
 
P.O. FRI
 
Dhanhad 828108,
 
India
 

A. K. Chakravarti
 
Central Fuel Research
 
P.O. FRI
 
Dhanbad 828108,
 
India
 

419
 



S. Chandrasekaran 

Bharat Heavy Electricals Ltd. 

Tiruchirapalli 620014 

Tamil Nadu, 

India 


Dipak B.R. Chaudhuri
 
Editor, URJA 

P.O. Box 3008 

G-82, Sujan Singh Park 

New Delhi 110003, 

India 


S. K. Chopra 


Owen Cylke
 
U.S. Agency for International Development 


West Building 

American Embassy 

New Delhi 110021, 

India
 

Harish Dak 

Research Engineer, Thapar 

Corporate Research & Development Center 


Patiala 147001, 

India
 

L. M. Das 

Mechanical Engineering Department 


Indian Institute of Technology 

New Delhi, 

India
 

S. Dasappa 

Dept. of Agro-Space Engineering 

Indian Institute of Science 

New Delhi, 

India 


Maheshwar Dayal
 
Secretary, DNES
 
Block No. 14, C.G.O. Complex
 
Lodi Road
 
New Delhi,
 
India
 

A. K. Drona
 
Department of Mechanical Engineerinc
 
College of Agricultural Engrg. & Tec
 

Pant Nagar - 263 145,
 
India
 

M. B. Durgaprasad
 
Jyoti Solar Energy Institute
 
P.O. Box 20
 
Vallabh Vidyanagar 388120,
 
India
 

G. D. Dwarkani
 
Shaw Wallace & Co., Ltd.
 
Calcutta i,
 
India
 

H. P. Fngineer
 

79/80 Satkar
 
Nehru Place
 
New Delhi 19,
 
India
 

R. N. Engineer
 
79/80 Satkar
 
Nehru Place
 
New Delhi 19,
 
India
 

S. R. Faruqi
 
Joint Secretary, DNES
 
Block No. 14, C.G.O. Comp
 
Lodi Road
 
New Delhi 110003,
 
India
 

/
 



V. J. Flanigan 

GROW 

University of Missouri 

221 Engineering Research Laboratory 

Rolla, MO 65401
 

N. K. Gandhi 


S. Gaur
 
Indian Institute of Technology 

Hauz Khas 

New Delhi 110016, 

India 


Madhav Ghate
 
U.S. Department of Energy
 
Morgantown Energy Technology Center 

P.O. Box 880 

Morgantown, WV 26505 


S. K. Chosh
 
Engineers India, Ltd. 


K. L. Goel
 
DNES
 
Block No. 14, C.G.O. Complex
 
Lodi Road 

New Delhi, 

India 


A. Gopalakrishnan
 
General Manager, Corporate R&D
 
Bharat Heavy Electricals Ltd.
 
Vikasnagar
 
Hyderabad 500 593,
 
India
 

John R. Goss
 
University of California, Davis
 
Dept. of Agricultural Engineering
 
Davis, CA 95616
 

A. K. Gupta
 
DNES
 
Block No. 14, C.G.O. Complex
 
Lodi Road
 
New Delhi,
 
India
 

J. Gururaja
 
Director, DNES
 
Block No. 14, C.G.O. Complex
 
Loei Road
 
New Delhi,
 
India
 

S. B. Hukkeri
 
Head, Agro-Energy Research :entre
 
Indian Agricultural Resear i Inst :
 
New Delhi,
 
India
 

Robert F. Ichord Jr.
 
Bureau for Asia
 
U.S. Agency for Internaticr De.e
 
Room 331], 2201 C Street
 
Washington, DC 20523
 

P.V.R. Iyer
 
Indian Institute of Technc
 
Hauz Khas
 
New Delhi,
 
India
 



Mohan Kapila
 
Kapson's International
B. Jagganna 

3, Lakmmi Insurance Building
 
Asaf Ali Road
 
New Delhi 110002,
 
India
 

S. K. Jain
 
101/2 Hospital Road K. C. Khandelwal
 
Jaipur 302001
 
Rajasthan,
 
India
 

* Jainarein B. C. Khanduja
 

A. K. Khater
S. Jayaraman 

Solar Sciences Consultancy Pvt. Ltd.
Pural Energy Laboratory 


CPRI 
 29 Saldhana Enclave
 
New Delhi,
eangalore, 

India
:ndia 


m. H. Jechanandani Richard Killmeyer
 
U.S. Department of Energy
Vice Pre.isident 


'ntE:
Palarpur Industries Pittsburgh Energy Technology 

P.O. Box 10940
124 Janpath 


New DelhL 110003, Pittsburgh, PA 15236
 
india
 

P. J. Krishna
1. J. Joshi 


Radha P. Krishnan
S. Kandpal 

Oak Ridge National Laborator
DNES 


Block No. 14, C.G.O. Complex P.O. Box Y
 
Lodi Road Building 9108, Mail Stopl
 

New Delhi 110003, Oak Ridge, TN 37830
 
India
 



V. M. Krishnasastri 


Head, Mechanical Engineering Dept. 


Indian Institute of Technology 

Madras 600036,

India
 

Amol Kulkarni 

Viking Energy Corporation 

121 North Highland Avenue 

Pittsburgh, PA 15206 


M.Central 

Ccrporate Research GDevelopment 

Bharat Heavy Electricals Ltd. 

Vikasnagar 

Hyderabad 500593, 

IdiaIndia
 

Naresh Kumar 

Eicher Fesearch & Development Division
 

Faridabad
 
Haryana,
 
India
 

1).Kuraraswamy 


R. C. Maheshwari 

C.I.A.E. 

Bhoaal 

Iadhya Pradesh, 

India 


K.M.V. Malarkkan
 
Bharat Heavy Electricals Ltd. 

Tiruchirapalli 620 014 

Tamilnadu,
India 


V. N. Manohar
Tata Consultancy Engineers
 

Bombay,
 
India
 

H. B. Mathur
 
Mechanical Engineering Department
 
Indian Institute of Technology
 

Hauz Khas
 
New Delhi 110016,
 
India
 

B. K. Mazumdar
 

Fuel Resea
 
P.O. FRI
 

Dhanbad
 
Bihar, Pin 828108,
 
India
 

S. K. Mazumdar
 

J. R. Meena
 

DNFS 
Block No. 14, C.G.O. Comple
 
Lodi Road
 
New Delhi 110003,
 
India
 

M. S. Mianwal 
Manager, Renewable Energy 
Punjab Agro-Ilndustries Cor- i 
S.C.O. 307-08, Sector 35-5 

Chandigarh,
 
India 

P. Misra
 
Deputy Director
 
National Productivity CoL 
:odi Road
 

New Delhi 3,
 
India
 



Ved Mitra 


K. Moulik 

Indian Institute of Management 


Ahmedabad 380015, 

India 


H. S. Mukunda
 
Indian Institute of Science
BangaoreB. 

Bangalore, 


Amitabh Pandey 


A. C. Pandya
A.C.aya irecNew
I-oncrary Director 


Jyoti Solar Energy Institute 

P.O. Box 20
 
aal'ahh Vidyanagar 388120, 


India
 

j. Pandya
 
Tata Energy Research Institute
 

90 Jor Bagh 

New Delhi 110003,
 

India
 

J. A. Pandya
 
GuJrat Energy Development Agency 


B. C. Chambers 

R. C. Dutt Road 

Vadodara 390005, Gujrat, 

India 


P. P. Parikh
 
Indian Inst*.tute cf Technology
 
Bombay 400076,
 
India
 

L. A. Patel
 
Manager, R&D
 

Gujarat Agro-Industries Corporation Ltd.
 
Khet Udyhog Bhawan, Navrangpura
 
Ahmedabad 380014,
 
India
 

S. Pathak
 
Professor of Eminence
 

Punjab Agricultural University
 
Ludhiana,
 
India
 

K. L. Puri
 
Chairman and Managing Director
 
BEEL
 
18-20 Kasturba Gandhi Marg
 
ni Delhi 110001,
 
India
 

.
 

J. RaJeshwara
 

Anil K. RaJvanshi
 
Director, Energy Division
 
Nimbkar Agricultural Research i 
 -te
 
Phaltan 410523
 
Dist. Satara,
 
India
 



K. S. Ramachandaran
 

Kapson's International
 
3, Laksiai Insurance Building
 
Asaf Ali Road
 
New Delhi 110002,
 
India 


N. N. Ramakrishnan 

Group Head, Coal R&D
 
BHEL
 
Vikasnagar
 
Hyderabad 500593, 

India 


R. S. Rangan 

Director, Project Ping. & Engrg. 

BHEL
 
Vikasnagar
 
Hyderabad 500593, 

India
 

T. R. Rao
 

J. ReddyNew 


Dept. of Agro-Space Engineering
Science
 
Indian Institute 

of 


Bangalore 560012,
 
India 


Vikran Reddy 

State Council for Science 


P. N. Sahagal 


Head, Dept. of Chemical Engineering 


Indian Institute of Technology 


Hauz Khas 

New Delhi,
 

India
 

S. P. Sakarwal
 

Jagdish K. Saluja
 

Viking Energy Corporation
 
121 North Highland Avenue
 
Pittsburgh, Pa 15206
 

S. Saluja 
Under Sec'y, DNES 
Block No. 14, C.G.O. Complex 
Lodi Road 
New Delhi 110003,
 
India
 

S. S. Sambi
 

M. M. Sarkar
 
Department of Chemical Enginee:inc
 
Indian Institute of Technology
 
Hauz Khas
Delhi,

India
 

M. M. Sen
 

Central Fuel Research Institute
 
P.O. FRI
 
Dhanbad 828108,
 
India
 

K. S. Shah
 
GuJrat Energy Development Agency
B. N. Chambers
 
R. C. Dutt Road
 
Vadodara 390005, GuJrat,
 
India
 



S. Shah 

Head, Mechanical Engineering Dept. 

Vallabh Vidyapeeth 

Vidyanagar 

Gujarat, 

India 


P.V.L.N. Sharma 

Energy Systems Group 

Bharat Heavy Electricals Ltd. 

Tiruchirapalli 620014 


India 


R. 0. Sharma 

Junior Analyst, DKES 

Block No. 34, C.G.O. Complex
 
Lodi Road 

New Delhi 110003,
 
India
 

P. R. Shukla 

Indian Institute of Management 

Ahmedabad,
InO a 

G. S. Sidhu 

G. S. Sidhu Associates
 
3-3, F-4
 
Kakatiya Nagar
 
Hyderabad 500 007, 
India
 

J. P. Singh 

Damodar Ropeways & Const. Co. (P) Ltd. 


I/A Vansittart Row 

Calcutta 700001, 

India
 

N. P. Singh
 
S.S.O.-I, DNES
 
Block No. 14, C.G.O. Complex
 

Lodi Road
 
New Delhi,
 
India
 

Narendra Sinqh
 
Director, DNLS
 
Block No. 14,'C.G.O. Complex
 
Lodi Road
 
New Delhi,
 

India
 

p. p. Singh
 
Bharat Heavy Eiectricals Ltd.
 

India
 

M. F. Sridhar
 
Services
Director, Technical 


BHEL CorporatL-office
 
18-20 Kasturba Gandhi Marg
 

New Delhi 110001,
India
 

V. K. Srivastaa
 

S. Sundararajan 
Energy Systems Group
 
Bharat Heavy Electricals Ltd.
 
Tiruchirappali 620014
 

Tamil Nadu,
 
India
 

S. K. Sundararam
 
Biomass Energy (P) Ltd.
 

Madras
 
Tamil Nadu,
 
India
 



Diana L. Swain Robert T. Vincent 
U.S. Agency for International Development Atmospheric FBC Division 
West Building Tennessee Valley Authority 
American Embassy 1020 Chestnut Street 
New Delhi 110021, Chattanooga, TN 37401 
India 

Abu Talib 
Energy, Resolurce & Env. Systems Div. 
The MITRE Corporation/METREK Division 
1820 Dolly Madison Boulevard 
McLean, VA 22102 

Damodar Thanvi 
Rajas Than Vikas Sammallan 
M.I. Road, opposite A.I.R. 
Jaipur 30200] 
Rajasthan, 
India 

R. Vaidyeswaran 
Deputy Director 
Regional Research Laboratory 
Hyd.rabad 500 309 
India 

R. Vasudevan 
GM/Specialist, Energy Systems Group 
BHEL 
Tiruchirapalli 620014 
Tamilnadu, 
India 

0. P. Vimal 
DNES 
Block No. 14, C.G.O. Complex 
Lodi Road 
New Delhi 110003, 
India 

/
 


