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FIRST WORKSHOP
 
USAID/GOVERNMENT OF INDIA
 

COOPERATIVE PROGRAM
 
ON
 

ALTERNATIVE ENERGY RESOURCES DEVELOPMENT - COAL/BIOMASS CONVERSION
 

The First Workshop of this Cooperative Program was held at the Taj Palace
 
Hotel in New Delhi, India on November 7-11, 1983. The intent of the
 
Workshop as to provide a forum for a technical exchange between the U.S.
 
and 	Indian specialists in specific areas of interest in coal/biomass con
version. The meeting also served the objective of acquainting each side
 
with 	the present state-of-the-art and ongoing research and development
 
activities in the areas of concern, as well as to conduct specific project
related discussions in order to develop and/or modify work plans for
 
implementing the selected projects. Finally, at the end of the Workshop
 
and subsequent discussions, site visits were made to assess the facilities
 
and equipment, and also to meet the technical personnel available to carry
 
out the proposed projects.
 

There are four areas selected for collaboration in coal conversion and
 

three in biomass conversion. The four major coal areas are:
 

o 	 Fluidized-bed combustion
 

o 	 Gas 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)
 

0 	 Utilization of producer gas in small
 
(3 to 5 hp) engines
 

o 	 Development and field implementation
 
of small wood-based gasifier engine
 
systems ( 5 to 30 hp)
 

The Workshop sessions included presentations by Indian scientists/engineers
 
and by U.S. team members, followed by panel discussions. At the opening of
 
the Workshop, representatives of the Government of India and its participating
 
units, the USAID office in New Delhi, and U.S. DOE provided introductory re
marks which emphasized the need and importance of the technology development
 
in meeting India's energy needs. During the Workshop sessions, presentations
 
covered the status of the above techrologies in both the U.S. and India.
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OPENING SESSION - MONDAY, NOVEMBER 7, 1983
 

INTRODUCTION - DANIEL BIENSTOCK
 
Good Morning, Gentlemen. My name is Dan Bienstock. I am with the
 
Pittsburgh Energy Technology Center of the U.Z. Department of Energy.
 
It is an honor and a very deep pleasure for me to be associated with
 
this progran and to have the opportunity to be at this initial Workshop
 
of the Alternative Energy Resources and Development program between the
 
governments of India and the U.S. 
 The U.S. effort is under the
 
auspices of the Agency for International Development.
 

The purpose of this Workshop is,first, to allow both sides to become
 
aware of the technology development in their respective fields and,
 
second, at the end of this Workshop to have completed work plans in the
 
four areas of coal conversion--fluidized bed combustion, coal
 
beneficiation, gasification and cleanup, and coal-water mixtures. 
The
 
biomass conversion work plans have already been completed.
 

I would like to introduce representatives of some of the key agencies
 
involved in this program. From U.S.AID, Robert Nachtrieb, Chief of the
 
Office of Project Development at New Delhi. He is a tremendous asset to
 
the program, and I am proud to be in association with him.
 

Mr. Nachtrieb ....
 

ROBERT NACHTRIEB
 

Good Morning, All. I had asked Mr. 
Berry of U.S. AID to put together
 
some figures for me on how important energy is to India and how
 
important alternate energy is as a new source of energy. I got to
 
thinking about it last night and I figured the last thing you people
 
need is for a bureaucrat to tell you things you already know, so I
 
won't. Rather, I will just say that we at AID are proud to have played
 
a part in bringing you all together. I think this probably is not the
 
first time something like this has happened, but it doesn't happen as
 

often as it probably should.
 



ROBERT NACHTRIEB (cont'd)
 

I want to 
thank Dan Bienstock in particular for his part in organizing
 
this, Secretary Swarup of DNES, Dr. Sridhar of BHEL, CSIR, lIT and Jyoti
 

Solar Lab
 

I would like to extend, on the behalf of all 
of us at AID, our best wishes
 
for a useful, productive and interesting Workshop -- and let's get down to
 
the technical business at hand. Thank you very much.
 

MR. BIENSTOCK
 

Thank you, Bob. 
 The next speaker represents the Department of Non-Conventional
 

Energy Sources, who have the overall responsibility on the Indian side.
 
Mr. Swarup will be speaking to us. 
 Mr. Swarup has had a very distinguished
 

career in the Indian government und, at the present time, is Secretary of
 
the Department of Non-Conventional Energy Sources in the Ministry of Energy.
 

Mr. Swarup .....
 

B. N. SWARUP
 

Friends. 
 When the question of my participation in this Workshop came up,
 
I had certain reservations because I thought that my presence among these
 
experts might disclose my. ignorance on the subject. But then I thought,
 
because the subject is so important, I should at least present the wider per
spective in which the further development of the progranil is seen, leaving it
 
to the more distinguished scientists and technologists who are assembled here
 
to see how those overall objectives could be achieved as fast as 
possible.
 

S.o, first of all, I would like to say that 
we are indeed grateful for the
 
effort U.S.AID has spent in arranging this Workshop here. I hope it will 
be
 
possible for the interaction which will take place here to produce some worth
while programs that can be taken up in the near future. Almost on an immediate
 
basis. Now I say this, gentlemen, because it is common knowledge that, in a
 
country like India where about 80% of the population lives in rural areas, the
 
need for decentralized electrical systems is obvious. 
 I am not going to take
 
your time re-emphasizing it. As you are all aware, in our sixth plan, the
 
level 
of public sector investment in agricultural development and rural develop
ment is of the order of 11 thousand crores ($US 11 Billion). Now, if this
 



MR. SWARUP (cont'd)
 
investment is to produce the desired results, the energy inputs which 
are
 
necessary for agricultural production, irrigation and cooking are obvious,

and that is why the Department of Alternate Energy Sources has been very

keen to develop as fast as possible programs that can 
take care of the
 
need for a sustained and cheap energy supply on a decentralized bas'' 
in the
rural areas. 
 With about half a million villages in the country, i 
will not

be very easy to take into consideration all 
the areas of the country, even
 
with the extension 
to the rural 
areas of the program. 
 So any rural energy
 
program will 
have to be predominantly a decentralized energy program,

supplemented in time and where possible with the extension of the rural 
energy
 
programs.
 

We are trying to attack this program on three fronts.
 
o 
 The biogas program is a program for converting animal 
waste to useful
 

energy. 
 It is being organized on a national 
scale very fast, and
 
there is 
a fair amount of interest in the rural development program.
 

o 
 Energy from fuelwood-burning stoves.
 

o Conversion of crop residues. 
 This program has 
not yet been taken up
 
on as 
large a scale as possible, and I would like to 
know if there
 
are technical problems which stand 
in the way of the development of
 
this program, or if the economic calculations do not show much promise,
 
or whether, at some 
stage when we 
take up this program, we will have
 
to think in terms of whether or not it would be accepted by the
 
villagers without too much resistance. 
Our villagers have a tremendous
 
hardy common sense, and I think they have been found to 
be quite re
sponsive toward accepting things which appear to further their interests.
 

While these technological discussions take place, we will 
have to give some

thought to whether the economic parameters are satisfactory, whether the tech

nological parameters are satisfactory, and whether the sociological parameters
 



MR. SWARUP (cont'd)
 

are satisfactory. If the answers to these questions can be evolved
 

during the Workshop, the Department of Non-Conventional Energy Sources
 

will not be found wanting in implementing or undertaking this program.
 

The other aspect of these programs is that there are tremendous amounts of
 

social benefits available. Quite apart from benefiting agricultural pro

duction, a lot of importance is attached to improving the life and health
 

of the rural people. Thus there is a human angle, the angle of improvement
 

in the quality of rural life. This is why I am very anxious to see progress
 

made in the next two or three days. Dan has evolved a very fine program and
 

it will receive the maximum possible support from me and the Department of
 

Non-Conventional Energy Sources. Thank you.
 

MR. BIENSTOCK
 

Thank you, Mr. Swarup. The next organization representative on the program
 

is from the Council of Scientific and Industrial Research. Dr. Sidhu could
 

not make it,as he had another commitment and, in his place, Professor
 

Mazumdar from the Central Fuel Research Institute will speak to us. Prof.
 

Mazumdar is internationally renowned in the field of coal chemistry and coal
 

structure. In 1979 he won the First Coal Scientist Award and earlier, in
 

1969, he won the National Metallurgist Day Award of the Ministry of Steel and
 

Heavy Engineering of the Government of India. I have asked Dr. Mazumdar, with
 

the few minutes that he had to prepare, to give us his views on what he would
 

like to see in this program. Professor Mazumdar .....
 

PROF. MAZUMDAR
 

Coal preparation is a must, and I am glad to see all the subjects which have
 

been identified for collaborative and cooperative work between U.S. and Indian
 

scientists in this forum. Then, again, we need to conserve oil and its use to
 

every extent possible. Coal-water and coal-oil have been identified for the
 

firing of industrial furnaces. For efficient combustion of coal for power,
 

electrical heating and process steam, Fluidized Bed Combustion (FBC) is a very
 

good technology ushered in in The last 10-20 years. It has come to stay in
 

many countries, particularly the U.S., Japan and West Germany, but it has to
 



come in a big way in our country. This technology has to be advanced
 
in a big way here, and I am glad that it is included in the current
 

Workshop.
 

Gas cleanup and separation is important in any process of coal 
combustion
 
and effective utilization of coal, and its 
inclusion and identification for
 
discussion in this Workshop has been 
a very good chart. Thus we will have
 
FBC, gas cleanup and separation, coal-water mixtures and coal 
cleaning.
 

On the biomass subject, Mr. Swarup has already set the tone for what we 
should
 
aim for and arrive at by the end of our discussions.
 

India is a poor country, no denying that fact, although we call it a developing
 
country. We have developed considerably since independence but, because of
 
the population explosion, the power of purchasing, etc. has not changed
 
significantly. People in India 
are poor, and while we usher in the improve
ments in the technologies for coal to oil to
slurries and mixtures, or coa' 


as
domestic coke, does it Mr. Swarup said change the lifestyles of the people
 
in the villages? Village economies and purchasing power have to improve
 
and then, and then only, can the benefits of development in technology reach
 
the millions in the villages. Therefore, biomass conversion is 
an answer,
 
be it undertaken by cooperatives or otherwise, and the interaction with the
 

U.S. scientists could be very helpful.
 

Gentlemen, this is a golden opportunity, not only to derive additional knowledge
 
but to utilize this knowledge in furtherance of our technology in coal 
con

version and biomass conversion.
 

MR. BIENSTOCK
 

Thank you, Professor Mazumdar Prior to coming here in May of this year, 
I had
 
heard of Professor Mazumdar because he has an 
international reputation and when
 
I met him in May at CFRI I was tremendously impressed by his personality and
 
technical background. disagree with him, however, when he says that the U.S.
 



MR. BIENSTOCK (cont'd)
 

will have little to gain. think we hav? a lot to gain, because this is
 

a collaborative project and you have prime laboratories here and we intend
 

to work together closely. For those people who will be visiting the U.S.
 

in the near future, we are making very strong efforts to make sure that they
 

see, hear and learn from the best laboratories we have in their respective
 

technologies.
 

Our next speaker was to be Mr. Puri from BHEL; however, he could not make
 

it and Mr. Sridhar will take his place. Mr. Sridhar joined BHEL at Trich
 

as an Assistant Works Manager in 1964, and was promoted successively to
 

Works Manager, Deputy General Manager, General Manager and then Executive
 

Director in 1980. Since October of this year, Mr. Sridhar is the Technical
 

Director of BHEL. Mr. Sridhar .....
 

MR. SRIDHAR
 

Dan, Mr. Swarup, Dr. Mazumdar and all Distinguished Indian and American
 

Engineers. In the month of May we had a meeting with DNES, CSIR and others.
 

The two technologies of coal conversion and biomass conversion were selected
 

as the highest priorities in the area of technology transfer which the U.S.
 

team could give us. Accordingly, we have with us today Dan Bienstock, who
 

has taken a very keen interest in this technology transfer, and other
 

distinguished engineers from the U.S. who are assembled here to share their
 

experiences in the coal and biomass conversion technologies. We in India
 

have also done considerable work in this area at BHEL, CFRI and other insti

tutions. This is a very good opportunity to exchange our experiences and we
 

Indians will learn from the very vast experience our American friends have
 

developed in this area and will provide us with.
 

I would like to share a few of my thoughts with my Indian colleagues. While
 

our friends from America have developed considerable work, the purposes for
 

which the technologies in America were developed are different from ours.
 

I will confine myself to coal conversion, with which I am more familiar. In
 

the U.S.A. the coal conversion technology has been developed as a replacement
 

for oil, because of the 1973 oil crisis and in the ne-, for decreasing
 

pollution in the environment. These are the two main criteria, if I am correct,
 



MR. SRIDHAR (cont'd)
 

which have led the U.S. engineering and research laboratories going for
 
these technologies. Inour country it is slightly different. 
 As far
 
as power generation is concerned, today 100% of it is coal-fired only.
 
There is no oil-fired power generation equipment which needs to be
 
converted to a coal base. On the other hand, we 
have a number of small
 
industrial furnaces used by manufacturing units using oil. Hence our
 
technology for use of coal 
should be more oriented toward converting these
 
small oil-based energy sources, boilers, furnaces, etc. Similarly, the
 
coal-water slurries -- one of the points mentioned in the agenda for this
 
seminar. In the U.S. coal-water slurries development is seen once again
 
for the conversion of the oil-based sources of energy to coal. 
 In our
 
country, as mentioned earlier, the thermal 
power stations are all coal-based.
 
Coal-oil or water slurries could be more used for transporting the coal from
 
the mining stations in remote places, converting the small oil-based furnaces
 

and boilers to use coal.
 

So I would appeal to my colleagues, whatever the exchange of ideas in this
 
Workshop, bear inmind what will 
be the ultimate use of this technology in
 

India.
 

In the area of FBC, BHEL has done quite a good bit of work, and I am happy
 
to inform you that, last week on the 28th of October, the first sizeable FBC
 
(45 tons/hr or the equivalent of 10 megawatts) was successfully lighted up
 
at Vizak (Hindustan Polymers). I also understand that steam blowing has
 
been completed and, by the middle of November, we hope to put it into full
scale operation. This project should have been on stream in the first week
 
of January 1984 but we 
have been able to do itahead of schedule. From the
 
15th of November, when it goes on full steam, not only will the benefit go
 
to the ultimate user -- a small chemical plant -- but we at BHEL have
 
organized to make a number of studies on that boiler which will 
enable us to
 
work on the next project of scaling-up of FBC to a 20-30 megawatt stage.
 



MR. SRIDHAR (cont'd)
 

In the area of FBC, apart from introducing the FBC for steam generation
 

for chemical process industries, we find that the number of small 
users
 
who have been using oil-based steam generators, or for a drying medium,
 

have been asking us to retrofit the FBC, using coal and a variety of other
 

combustible materials such as 
tar, wood waste, bagasse and paddy husk, all
 
of which are available in plenty. This is another good area 
where tremendous
 

potential is available in this country.
 

So FBC for our requirements in this country is
 

o for smaller-sized steam generator units up to 50-80 tons/hr,
 

o for conversion of oil-based boilers, dryers, etc.
 

In the area of utilities, we have appreciable plans to develop 20-30 megawatt
 
FBC units. Here again the main competitition is from the stoker-fired boilers
 

which are proven equipment, so they would like a very large adjustment of the
 
advantage of the FBC before they change over. This is 
one of the subjects
 

which we would like to discuss in this forum.
 

The FBC can also be built for a variety of other fuels -- tar, woodbase, husk.
 
All these we have tried successfully in our facilities. We have a large
 
amount of rejects coming from our ball mills, which are transported to the
 

power region's from the mines only to be rejected -- a sheer waste of energy.
 
Here again we find that mill rejects can be successfully used in the FBC. A
 
number of power stations, especially in Maharashta where there are 210 megawatts,
 
are asking us to 
see if we can supply FBC using their mill rejects generated
 

within their plants; similarly the washery rejects which are lying as 
waste.
 

Tremendous scope is available both in the utility sector as well 
as industry
 
for converting oil-based boilers and other energy sources 
to FBC. I am sure
 

that in the next four days of deliberations with our American colleagues 
 we
 
can use 
their experience to be able to commercialize more of the FBC, bearing
 

in mind the requirements in India.
 



In the area of coal-water slurry, BHEL wanted to take up a major project
 

but there are some constraints. Most of the utility boilers are coal-fired
 

so the need to convert to coal-oil slurry doesn't arise. There are some
 

industrial boilers for process steam where oil 
is being used which can be
 

converted to coal-water slurries. But the problem is moving the coal from
 
the various mines to the end user by the railways, already facing tremendous
 

bottlenecks in transporting the ever-increasing requirement of coal to
 

various parts of the country. Hence, coal-water slurries may be used as a
 

means to reduce the transport bottlenecks. In India water is a scarce
 

commodity; the water to be used in preparation of these slurries at one
 

particular place ultimately has to be used in another place, and it cannot
 

be used from state to state. Hence, whatever technology we adopt the
 

transport of water should be at a bare minimum. Otherwise it may not be
 

popular since no state would be willing to part with its share of water.
 

This must be borne in mind in whatever technology we develop.
 

In the area of biogas also, BHEL has done considerable work in our R&D
 

complex in Vikasnagar and Hyderabad. We have developed a biomass petrol
 
engine which we intend to sub-license to any Indian manufacturer who would
 

like to take advantage of the tremendous energy potential available in 
our
 
villages and make it. Most of our villages are quite remote from the main
 

transmission lines. Here again it may take considerable time before the
 

entire rural sector is electrified. The transmission is itself faced with
 
a lot of bottlenecks, so the use of biogas energy for meeting the needs of
 

the villages, especially those which are far away from the main transmission
 

lines, is another very important and right subject selected for this forum.
 

I would like to thank Mr. Bienstock for organizing this seminar, where I am
 

sure in the next four days there will be a very useful exchange of information.
 

However, 
I would like to share some of my thoughts with my Indian colleagues
 

here that, whatever we absorb in this four-day workshop, we should bear in
 
mind the context in which the technology is to be used in India, which is
 

slightly different from the purpose for which it was developed in the USA.
 

Once again, thank you very much and all the best for the seminar.
 



MR. BIENSTOCK
 

We are running ahead of schedule, so I would like to make a suggestion
 

that, if there are any questions you would like to address to our
 

speakers this morning, please do. The floor is then open to any questions
 

you might have or your own personal comments. Yes, Dr. Krishnan .....
 

DR. KRISHNAN 

I am from Oak Ridge National Laboratory, and I would like to say a few 

things in light of what Mr. Sridharsaid about fluid bed combustion. First 

of all, I want to say that I am very very fortunate to be involved in this 

U.S.AID program as a specialist in fluid bed combustion. When I came in 

1981 to India on a similar assijnment with the Department of Energy, one 

of the things was to identify an area for future work in fluid bed combustion 

We have had a very excellent working relationship with BHEL in this area and 

in 1981 when I left for the States, I was just hoping the work we did in the 

short period I was here in India would continue -- for two reasons. I found 

BHEL to be one of the international organizations in this technology and 

they had made tremendous progress in the short time they had to develop this 

technology. As Mr. Sridhar was saying, their purpose was slightly different 

from what we were doing in the U.S. I have been fortunate to be involved 

in this technology, thanks to the Department of Energy and the Tennessee 

Valley Authority, but when I came here I found that there really was some

thing that we could learn from BHEL. 

This goes back to what Mr. Mazumdar said about the quality of coal in India.
 

It is something that we probably never will see in the U.S. and the coal is
 

nothing we can compare with the Indian coal. So we had to start from scratch
 

and find out how we could adopt this technology in an Indian context and, in
 

that process, we thought we could learn something from BHEL and that was how
 

we would design boilers. Itwould still be a hypothetical case because I
 

don't think we are going to find coals of that poor quality in the U.S., but
 

it is something our industry would be very willing to find out -- for two
 

reasons.
 



DR. KRISHNAN (cont'd)
 

There is a big market in the developing countries for fluid bed
 
technology, and the U.S. organizations that have been involved in
 
this effort would like to share the market with other countries. So
 
my friends in the U.S. representing various industries were particularly
 
interested in what AID and the Department of Energy were going to do in
 
this area with BHEL. I would just want to reemphasize what Mr. Sridhar
 
said that the context in which we have to look at this 
one particular
 
technology is very important because this is something we could take back
 
and share with our industries there, and maybe with some good old American
 
ingenuity they could come up with better ways to burn this coal.
 

I think we have had some programs through the Department of Energy to
 
look at fluid bed combustion to burn low rank coals,.primarily anthracite,
 
and other things which my friend, John Byam of DOE, will talk about this
 
afternoon. I don't want to take all the information that he wants to say
 
and maybe he will be saying something in that area. But this aspect of
 
the poor quality of coal is something we have to work together on to find
 
)ut how to effectively use the mill rejects and some of the parent coal
 

itself.
 

I came here on October 8. I was thrilled to see that the first BHEL
 
boiler was commissioned in Vizagapatnam and immediately sent a cable to
 
Dan and John saying please, make it a point to see this facility, because
 
I think it is something very creditable for BHEL to have accomplished in
 
a very short time. I really don't know how I am going to contribute to
 
the already available expertise in this area. I personally feel we will
 
benefit quite a bit from this transfer of technology in fluid bed combustion.
 
In the process we would equip them with better instruments. One of the
 
things Mr. Sridhar was addressing was the scaleup, and I think this is an
 
area where the U.S. could make a contribution in terms of R&D and transfer
 

of technology.
 



DR. KRISHNAN (cont'd)
 

Again, I consider it a unique privilege to be involved in this program.
 

When I left in 1981 1 shook hands with Ram there and said "I hope to
 

see you in the future," and here I am, and I am really looking forward
 

to working with AID and Dan and BHEL on this program. Thank you very much.
 

MR. BIENSTOCK
 

Thank you, Dr. Krishnan. For those of you who do not know Dr. Radha
 

Krishnan and how serious we are about this collaboration, we have asked
 

him to give up the soft life he leads in the United States to spend five
 

months in India away from his wife and children, and he was willing to do
 

this because he is so dedicated. He is also one of the leading authorities
 

on fluidized bed combustion.
 

DR. SURENDRA KUMAR
 

I am Dr. Kumar from Jyoti Solar Energy Institute. I wanted to comment upon
 

the fact that I did not visualize the benefit of Biomass technology to the
 

U.S. by this collaborative process. I have in mind that, if we are able to
 

develop a good reliable rugged gasifier which can be used in rural India,
 

then certainly that type of gasifier can be sold to American farmers after
 

it has been developed with the help of U.S. experts here. Mr. Swarup
 

mentioned that our farmers are very choosy. They may appear to be very
 

simple but they have sufficient common sense that, if it is economically
 

useful, technologically useful and sociologically acceptable to them, then
 

they will accept that type of technology. If we are successful, which I am
 

confident we will be, in developing a gasifier useful for a small Indian
 

farmer, that type of machine can certainly be useful in the U.S. where small
 

areas are to be farmed. The U.S.A. is a big and advanced country and the
 

requirement for such gasifiers is very small. No big manufacturer is going
 

to enter into that area where requirements may be very small in number.
 

Certainly then our country can come up and supply the gasifiers back to
 

them that we have developed with their technical know-how. Thank you.
 



PROF. M. K. SARKAR (lIT, DELHI)
 

Gentlemen, I came here mostly to listen, but I find a unique combination
 

of people from energy, coal and biomass which is a rare opportunity to
 

see. I wish the petroleum and solar energy people were here also.
 

Now I would like to make some comments that the organizers will consider
 

Probably they would be more appropriate for future workshops since the
 

programs have been more or less made. As an energy scientist, the following
 

thoughts come to mind.
 

Sometimes when we talk of energy we forget other things. For example,
 

energy can be derived from carbon and non-carbon sources. Carbon sources
 

can be fossilized as coal, oil and gas or it can be renewable. But, at the
 

same time, there is an equally important feedstock situation which has to
 

come from these carbon stocks. Occasionally when we talk of energy we
 

completely forget that aspect. Consequently, I feel that future energy
 

may come from non-carbon sources -- that means from solar energy, nuclear
 

energy and other energy derived ultimately from the sun. While we talk
 

about using fossil fuels and developing technology, or developing technology
 

for renewable resources, we should not think in terms of only burning and
 

producing energy, because future feedstocks also have to come from these
 

renewable resources. So technology must keep this thought in mind. As,
 

for example, the BHEL presentation. I would ask the question "Is it always
 

good to burn coal, or only part of coal?" It was mentioned that it is very
 

difficult to convince old power people to change to fluidized bed systems.
 

But there are very convincing arguments. For example, even the more sophis

ticated boilers continuously keep on complaining that we cannot tolerate
 

ash more than 25%. I would like it to be enforced that any future power
 

plant should take coal which is not less than 50% ash, then the case for FBC
 

becomes automatically apparent.
 



PROF. SARKAR (cont'd)
 

Number two, if we concentrate on the Indian situation we should see the
 

supply on one side and the demand on the other. We will always have a
 

shortage of petroleum over coal irrespective of how much oil we discover.
 

Probably this discrepancy will remain for a long time. The power situation
 

is also equally short. Therefore, any research plan should take into
 

account our power needs, our feedstock needs and how much we can tap from
 

hydroelectricity, how much from nuclear, how much from coal combustion, etc.
 

In that case another thought comes to mind. All carbonaceous fuels starting
 

from coal up to biomass consist of so-called hydrogen rich part and the
 

other part, which is coke or char. In the long-range program, I feel it is
 

advantageous, particularly with an oil shortage, that any conversion processes
 

take this into account. Why not make the balance this way? Take any
 

combustible material. Today we know that fluidized bed technology is coming
 

so consequently we should take it as a long-range mission that we burn only
 

that part which cannot be used for any other purpose. That means that any
 

hydrogen-rich part that can be taken out from any carbonaceous fuel in the
 

form of, say, liquid should have preference in the program.
 

Number three, I liked Mr. Swarup's presentation and also Dr. Mazumdar mentioned
 

that agricultural waste should go for making fuel. I think that is the best
 

short-range view. If our villa)ers' lot is to improve from the things that
 

they burn, we must find some high value products from it. I don't think
 

that, only for burning, the villagers are much interested. They will always
 

collect some materials to burn in their kitchens, and they would not buy your
 

coke, neither will they buy them ifyou briquet them and sell them.
 

So, in the long range, we must see if,first, the same material which today
 

is either gasified or briquetted to make fuel should be burned in more
 

improved burners, etc. Second, can we further add to this program so that
 

along with the fuel value we are getting at the moment,we can increase the
 

value of the product from it and, third, can we then adopt this technology
 

in the long-range future for rural development?
 

Thank you very much.
 

14
 



DR. GROVER (ITT, DELHI)
 
I am glad that Mr. Swarup mentioned two thrust areas -- one the biogas
 
program and the other the wood burning program -- and glad also that he
 
has taken a very active interest and put biomass conversion as a thrust
 
area. 
 I would like to mention that we have already done some work in the
 
area of use of biomass effectively by briquetting after partial charring.
 
Now more than 20 plants of 4 tons/day are working. These plants are not
 
coming up very fast because, in this area, not many incentives have been
 
given. 
 So my request is, if we want to develop this technology further,
 
could the Ministry of Energy come out with incentives which are given to
 
other renewable sources? Thank you.
 

Mr. K.M.V. MALARKKAN (BHEL, TRICHI)
 
Regarding the coal-water slurry, there has been a lot of progress made in
 
the U.S. from coal-oil mixtures to coal-water slurries. People have been
 
able to make stable slurries, but then that iswith very good coals 
-- not
 
more than 10 to 15% ash content. We are trying to have a program with U.S.
 
AID for application with Indian coals having not less than 30% and as 
much
 
as 40-50% ash. Here coal washing would be essential, and coal washing down
 
to very low levels of ash content may be necessary, possibly as low as 5%
 

ash.
 

First of all, developing technology for such high-ash coals should be con
 
sidered, and developing reliable burning systems for such high ash coal-water
 
systems should also be considered. The other part is,when we make such
 
an oil-replacing coal-water slurry, there is always another part with a
 
larger percentage of rejects, and this may have to be burned in
a different
 
technology. What comes to mind is,again, fluidized beds for burning coal
water slurries. 
 Therefore we should consider totally integrated programs
 
in these deliberations.
 

Thank you.
 



DR. G. S. SIDHU, DIRECTOR GENERAL, COUNCIL OF SCIENTIFIC AND INDUSTRIAL
 
RESEARCH:
 

I am indeed very happy to be here. When I received the program I found
 

that I am one of the panelists this afternoon but, due to some breakdown
 

in communications, this notice came a little bit late and I am comiulitted 

for the whole of the afternoon with the Federation of Indian Chamber of 

Commerce and Industries, so I will miss the opportunity of taking part in 

the panel discussion this afternoon. So Dr. Bienstock was kind enough to
 

ask if I could come at this time.
 

All 1 can say is that the development of alternate sources of energy for 

India is very important and the importance is realized from the fact that 

the Government of India has a separate department for this purpose. We in 

the CSIR have several research institutions which are involved in the 

development and conservation of energy. We were, for example, yesterday 

reviewing what CSIR as a whole has done and can do for the utilization of 

solar energy. We intend to have this review of our own work and the part 

it can plan in an internationally integrated development plan for the use 

and the conservation of energy. So this workshop is very opportune in 

that a number of my colleagues are participating and we are sure that we 

will benefit by the deliberations that are taking place in this seminar. 

Inmany cases when one discusses these things the question of cost crops
 

up. Whenever one thinks of an alternative, let us say the utilization of
 

coal, then the question of cost must come in.- On the utilization of solar
 

energy through photovoltaics, the subject is raised that it is so many
 

times more costly than petroleum or power generated by conventional means.
 

Looking at it from a research and development angle, we have come to the
 

conclusion that any cost calculations are premature until a substantially
 

large demonstration unit has been built. And, after all, one of the
 

purposes of research and development is not only to make a thing work but,
 

after making a thing work, look at the cost reductions, and cost reductions
 

always come. To rule out a development program on the basis of paper
 

calculations has proved to be the wrong decision inmany a case.
 



Moving away from the energy area, let us remember the cost of penicillin 
when it was first discovered and the way it was flown and refrigerated
 
and could be given to only a few patients. If one looks at the literature
 
at that time one would come across arguments that yes, these things will only
 
remain a laboratory curiosity. 
 And look at what research and development
 
did -- today it is one of the cheapest antibiotics and it has opened up 
an
 
era of antibiotics, and medicine has completely changed. 
 So today we will
 
look at solar energy and say that, unless the cost factor of photovoltaics
 
is brought to 
10% of what it is, it is not going to be competitive. I think 
that these developments will come if we realize their importance. ihdt would 
be true of any other R&D in the field of energy. We in India have, in most
 
of the regions, plenty of sunshine so we should be making a major effort to 
utilize and harness its energy. We have planty of agricultural wastes so we 
should also find out what are the optimal methods of utilizing these. And in 
that we must be benefited by the advice of people in commerce, economics, 
sociology -- because 
, especially with regard to the by-products of agricultur
 
the bottleneck is not going to be in the development of technology, it will be
 
in the collection and transport of material. 
 The plant material which we will
 
use -- let us 
say a hundred tons a day -- will have to be transported. Then
 
one will have to look at the radius from the point where we put such a plant
 
and the collection point, and the cost of transport of this lightweight materi
 

to a central plant. Therefore it is germane to think of what should be the
 
optimum size which will meet the requirements of a given community and which
 
could be put where the transport of this very light raw material will not be
 

uneconomic in itself.
 

The second thing which occurs to me in this particular field is that, when we
 

take the cost of a raw material which is available today and is not being put
 
to any organized industrial use, the moment you start doing that you have to
 
put a cost which is many times more than when it is freely available. This
 
will be true of rice husks, true of garden stalks, and true of anything you
 
can think of. Therefore we must have a realistic picture during the develop
ment work in order to put some reasonable cost of that raw material which we
 

do not always do in our calculations.
 



Another point I would like to make is that when we consider alternatives
 

actually the word "alternative" itself means you have choice, that you
 

are choosing between two alternates -- that is why we will use the term
 

additional" sources of energy, not alternative sources of energy. 
 You are
 
not ruling out one arid taking the other. If you 
are thinking of development,
 

you do utilize every source of energy available and which can be optimally
 

utilized in a given location. It may cost us say ten times imore to generate 
a megawatt of power through photovoltaics but, if you put this at a location
 

where we may have to take a transmission line a few hundred kilometers, and
 

take into account also the transmission losses and the maintenance of this 
line and the staff that is engaged, maybe then it is more cost effective. So
 
that is why we say, nnt alternative, but additional sources of energy, which
 

will be utilized at a given time to the maximum possible. Another thing -
unfortunately there is 
a tendency to associate some of these technologies with 

a low level of development of technology. But I think the development that 

will be useful is the one that utilizes these additional sources at the 

highest level of technology and innovation and scientific thinking. Only then 
will we find solutions which are worthwhile and which can take us many steps 

forward in this direction. 

So I thank you once again for giving me this opportunity of being here and I
 
wish the delegations all 
success. We look forward to the recommendations of
 

the various groups and seeing how far we can incorporate these in our own
 

R&D programs. Thank you.
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k3STRACT 

This paper presents the status of the development 

and commercialisation carried out in the activities 

related to Fluidised 3ed Combustion Technology (F3C)
 

at Bharat heavy Electricals Limited, (BEEL). A brief 

review of the early work in F3C and a description of 

the FBC test facilities at B-EL is also presented. 

Future qoals, research and development nee-s and the 

current FSC programmes underway are identified. 



1.0 	 IP7 ODUCTIO=N 

Bharat Fea-'y Electricals Ltd (BI-EL) is engaged in 

the development of Fluidised Bed Combustion (FBC) boiler 

for Indian coals since 1975. Fluidised Bed Co-rbustion 

technoloav is presently reconnised as a technology with 

siqnificant potential in India to burn a wide variety 

of fuels such as high ash coals of all ranks and grades, 

coal washery rejects, middlings and municipal and indus

trial wastes and bio-mass.
 

Major Objectives of BPEL's intenr Led research
 

and development are:
 

1. 	 To design a boiler to burn low qrade fuels in an
 

efficient and environmentally acceptable manner.
 

2. 	 To replace oil with 'cheaper energy resources
 

such as coal, paddy husk.
 

3. 	 To desiqn less expensivc and more efficient heat
 

and steam generating systems.
 

It has been estimate-d that as much as 4.5 million 

tonnes of rc-jects from coal washery plants are qunerated 

per year. At th; present rate of coking coal production, 

the civerane cnirgy loss per year in the rejects at 

12,2000 Kcal/Kg is 9 x 10 1cal or equivalent of thcL cnergy 

gencrated from a 500 Mw plant. This :igure is expected 

to rise to 1400 'MWonce all the 14 coal bLenefication plants 

qo into operation. Fluidised Bed Combustion tchnolog,,, 



is considered to be the only vizblk technology to burn 

these high ash content waehtry rejects for power generation. 

While the major thrust in foreign countrics particu

larly USA and J7PAIZ has been to utilise Fluidised Bed 

Combustion technoloay to combust high sulfur content coals 

in an environmentally acceptable manner, the emphasis in 

India has been to utilise Fluidised Bcd Combustion for 

ash, low gradc coals and other fuels.combustino the high 

2.0 	 KISTDRY AID BACKGROUND: 

In order to crry out rcscarch and development in 

FBC, 31EL drew up devclopncnt proqramml in 1975 and faci

litics were created at BEL,Tiruchirepalli. Joint research 

work wz.s also initiate_3 with other N:jtional Laboratories 

and Institute of Technology. Areas where research and 

dcvelopmcnt acti-:iti-s were focused includcd the followinq: 

1. 	 Air distribution system. 

2. 	 Optimization of desion and operating pcaramcters. 

3. 	 Improvcncnt in combustion efficiency and heat transfer. 

4. 	 Erosion, corrosion of in.-bed tubes and material
 
selection. 

5. 	 Ash removal system. 

6. 	 Deve2.opment of start-up system and start-up procedure. 

7. 	 Dust loadinq and p:rticulntc removal system and 
method of load control m-nd i-uritifira- ion of 
special instrum..;ntnticn needs. 



Experimcntal test facilitis wcrc install:d in
 
BFEL n at other 1oc-'tns to obt=in basic dat"- in 
 thj 
above areas for dcsic'n'cnd scal,-up to com-nerciel size 

FBC units. 

3.0 	 DESCRIPTIO.N OF BHEL'S TEST FACILITIES: 

Th- exDmrimental test facilities avcilable at
 
BIEL,Trichy crc 
es. follows: 

1. 	 Prototype Fluidiscd Bcd Combustion Boiler
 
of 10 t/h capancity.
 

2. 	 500 mm x 300 mm Hot model test rig. 

3. 	 Coail feeding system dcvelopmunt tcst riq. 

4. 	 Lighting-up systzm development test 
riq.
 

5. 	 Erosion test riq.
 

6. 	 Facilities at othur locations supplicd by BHEL. 

3.1 	 Tinc prototype unit capable of gencrating 10 t/h of 
saturated stcnm 10at eta pressur was put into operation 

in 1977. Over 500 tri;;is ha.vc been c.rricd out so far. 

Coais fron Sinqareni (30% ash), Chcndcl (40% 	ash) ,Middlinys 

from 	Bhojudhi (50Y ash) 
Rcjects from Joadobn (62% ash)
 

Rejects from Katharn (72% ash) have buan successful1v 

fired in the prototype. Sum-ary of thu perfornapnce with 

differcnt corls is inQiven Annemure-1. List of the 

fucls tsted in this unit is inqivten Anncxur-2. 



Thc operating exporicncc -nd test results fron the. 

prototype F3C bocilr hFvc b-in prese:ntcd in thc 6th 

Intcrne tionZl Confcrencc. on Fluidisod Bud Combustion at 

Atlanta USA. 

3.2 Thce 500 mm x 500 mm test rig is bLinq used for 

prcliminary invcstioations and testing the am:-nnbility 

to combust different fuels in FBC. Partial list of differ

ent fuels is provided in Table-1. This unit has becn used 

extcnsively to study th,- b-d design z-nd operating porarneters. 

3.3 Coal Fcedinq System Dcvuloprment Test Rig 

This rig was put up to study various methods of 

fcdinq co7l into the- combustor. Investiqctions till 

date have bucn limited to in-bed znd si-3c fc.Jing systeims. 

The rio can also b,% used to study thL p,-rformenc: of coeal 

fecding splitters which arc rc-q uircd for larqu scale 

units. 

3.4 Lighting-up system dcve2bpmnnt tust rig: 

Tha light-up te-chniq ue used t BHEL for start-up 

is a simple non oil/aas bcsed technique. The start-up 

is. achievcd by ha-ina a thin laycr of charcoal on the bed 

and sprinkling kerosene soaked charcol. The chal coal 

is then lit with a swab soaked in k,-rosenu. Thu; bed is 

fluffed with fluidisino ,ir by controlling the fluidising 



air until fire spreads uniformely throuoht the bed and 

the bed temperature is brouaht up to the iqnition tempe

rature of the fuel. 

3.5 	 Erosion Test Rig: 

Using the erosion test rig, the erosion characteristics 

of fly ash from different modes of combustion have been 

compared. FCB ash has been ound to be less erosive than 

P.F. ash and significantly less erosive than stoker fired 

ash. 

3.6.1: 	 12 t/h FCB at RRL, Jorhat: 

This hot water unit having heat absorption equivalent 

to 2 	t/h steam at 10 ata, is being used for testing sulfur
 

retention capabilities of the fluidised bed while burning 

high sulphur North Eastern Coals along with local limestone. 

The results obtained usinq Bargolai coal containing 3% S 

and Chirapunj! li"estone are quie encouraging. Further 

tests on this unit are olanned with different coals avail

able in the region. 

3.6.2: 2 t/h FCB at CFRI,Dhanbad:
 

This unit is similar to the, above. It is being used 

for testing the combustion characteristics of different 

coals. So far experiments on Jaykay Naqar and Singareni 

coals have been conauc-u. 



In aadition to the above facilities, spedially set-up 

sophisticated manufacturing, quality control and chemical 

laboratories existing in BHEL arc used for the development
 

work.
 

4.0 Siqnificant Achievements
 

4.1 Air Distribution System: 

In the first generation desian, BhEL adopted a multi

orifice type distributor. Eventhough the fluidisation per

formance was Iood, the long term ruliability after many 

start-ups was not good. This necessitatd extL-nsive 

experimcntation and dcvelopment in this arca. After 

testing several types of air distrihuLorM, RF.T, h;an .V.w 

a nozzle type distribut-r and finalised th! material of cons

truction and optimised the pitch of nozzles, nozzle heights, 

hole size and number of holes in the nozzle. With this 

desiqn it has been possibl to limit thu distributor plate 

metal temperature very close to the inlet Eir temperature, 

thus eliminating problems of overheating, high differential
 

temperature, warping, expansion pro,.ision etc. The World
 

trend is also toWards the nozzle type of distributors. 

Bh-EL hins evolved suitable mechanical desinns to support 

this air distributor (most critical componcnt of the 

fluidiscd bed boiler) in the air box, (for very large 
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size urits) Air pressure drop r quircd across thea 

distributor ol~t for s-:.isfnctory op .r$tion with mc!ny 

Indi-n coals, w:3hcery rcjects 7nd other fuIs clso has 

es t:-,bIi s h. bee--on , 

4.2 Op.:ratinq Paramcters: 

Selection of suitc'ble opcrating parameters is most 

important. Optimum pa-rameters depend on thu primary 

objective of aoinq in for fluidiscd bed combustion. Thus 

wL ca-nnot simply choose- thc pirvmctrs adoptud by others 

whose prima-ry aim is on sulphur rctention. Those parameturs, 

to some extent, dupend on thc fuel also. 

4.2.1: Bcd Temprature: 

The minimum limit of thu tcmpcrture is decidcd by 

stability of combustion ard the maximum limit is deicidcd 

by the initial ash deform.,tion tempcraturc. By uxtetnsive 

experimunts the minimum stblc tcmpcr: ture for thu worst 

fuel (washery rcjccts) havc been dotcrmincd. With this 

as the minimum limit, the cr-pability of bnrning other 

fucls at this li-it I. s bccn established. From th2 test 

data available with differcnt fuels, it h?s bcen cstablished 

that with almost all the fuels the b ,d cc-n be operated in 

the temperaturc ranq of 7000 C to 950 0 C. 



4.22 Fluidisation 'Vtlocity:
 

Experiments have. bc.en ca-rried out over a wide
 

range of velocity (1.8 to 4 m/s) and it has becn esta

blished th!t it is quite satisfactory to operptt in tIh 

ran-e of 2 to 3 m/s. 

4.2.3: Excess Air: 

Many 	 experimcnts have been ca:rricd out with exccss air 

ranging from sub-stochiometric to 100% excCe;ss eir. The 

results confirm that with most of thc fuels 10-15% excuss 

air would bc sufficient to z chi.ve rtasoncbly good cabustion 

cfficiuncy. 

4.2.4: Bed Height: 

Experiments have been carried out with varying bed 

heiqhts and it has been established that shallow beds 

would be sufficient for most of the fuels. 

4.3 	Choice of Bed Material: 

Crushed refractory as initial bed material has been 

found to be satisfactory. Vhen the fuel contains ash above 

25%, even after many hours of operation, the bed stability 

was 
not a problem; ash in the coal more than compensates
 

the loss of crushed refractory by elutriation.
 

4.4 	 Combustion Efficiency: 

Combustion efficiency of over 90% has been achieved 



with most of the fuels. Wqith few coals c. nbustion efficiency 

as hi-h as 97% also has been achieved. Trials to establish 

the parameters to achieve high efficiency with other coals 

are in proqress. The main reason possible for low combustion 

efficiency havc been identified as low free board hcAqht 

and too much of cooling of the gascs in the free board. In 

the designs being offtred presently large frec board is 

being provided. Othe r modifications beinq made include 

provision fcr admitting overfiro air and recycling of the 

fly ash into the bed. Tteh effects of these on improving 

the combustion efficiency will be known soon after the 45 t/h 

FBC Boiler at Hirnustan Polymers, Vizag goes j Ito ul-r~t-iriv,. 

4.5 Feat transfer Coefficient to the in-bed tubus: 

By operatina tho prototype boiler as a hot water unit, 

many trials have bcn conducted. over a wis:" range of 

operat ing paramcters. From the data collected, a correlation 

has been developed for estimating the heat transfer coeffi

cient to the inb.-d-tub;s, 

In the first generation design, these was some appre

hension to adopt natural circulation for thd in-bud tubes, 

because of th%onticipattd hiqh huat transfcr coefficient. 

Separate tost loops were install, d in the prototype boiler 

and th.e metal tumpcraturc of the tubes was studied, with 



varying circulation ratios and fluid v locities. These 

trials have confirmed th fcasibility of adopting natural 

circulation in the in-bed tubes. Similarly the feasibility 

of immcrsing superheater tubes in th bcd and associated 

erosion/corrosion effects have been studied. 

7.6 	 Coal feeding arrangement & sizin- of fuel pa-rticles: 

Airassisted in-bed fecding of coal has been found to 

be satisfactory and trouble-free from the experience gathered 

over 9000 hours of operation of 12 t/h FBC boiler at Trichy 

Distile.rics & Chemicals Ltd (IDCL). Both at TDCL and in 

.tho prototype boiler, it has been possible to operate with 

half the number of coal feed points. Thu number :f coal 

feced 	 nozzles for thL 45 t/h boiler has been provided on this 

besis. Furthor rr-duction in the number of nozzles and opti

mization will b;. pssible once the cxpcriencc at Vizaq,with 

reduced number of feed points is availa'blc. While this 

information, will help in cost reductign, this is not an 

essential inf-rnm:tion for scale-up. 

Similarly usc of minus 6 mm cal particles and rotary 

airlick f(eder with a mixing nozzle for the air'F-ssisted 

coal 	 fceding have been found tobe quite satisfactory and 

trouble-free. 

4.7 	 Ash removal System: 

Ash removal by continuous over-flew to maint. in con3tcin 



bed 	heicht with intcrmittant ash removal from bottom to 

rernove ovcrsizc pDTrticles have bcen f und t.- be sEjisfa

ctory with mnst of th( fucls. H1wcver, in order tct recover 

part 	 of the sensible heat lss in the ash while firinI high 

cash coa.ls and rejrects, an ?uxiliziry fluidised bed for ash 

removal has been develop cd and tested. 

4.8 	 DevelDpmcnt of stcrt-up procedure:
 

Start-up system 
using charco al and kerosene as fuels 

have been developed end perfectcd. M.nre than 1000 start-ups 

have 	been made withDut any difficulty. 

4.9 	 Method -f L-ad Control: 

Lod c.DntrDl by slumpinq pert of the bed has been 

dcmonstrated repcatedly. 

4.10 	 Operation of the Boiler: 

Stoart-up, operntion and identification of abnormal 

c-,nditi-ns during opcretin have been made- with the experi

ence gthred in the 9000 hours of operFti-n of the 12 t/h 

FBC boiler e t TDCL and over 500 start-ups of the prjt 9type 

unit.
 

4.11 	 Dust Laading: 

Dust ladinq-f the flue gases and the particle size 

distribution of dust with different c.-ls have been 

q u;ntified with a small free board. When the free boL.rd 

is made larqer, t:h, dustloading of the flue grs will further 



reduce. This rc3uced dust loadin' information with large 

free board will be available in the next six months. 

4.12 	 Identification of special Instrumentation needs: 

The operatino experience at DCT and proto ype boiler 

reveals that no special instrumentation is necessary for
 

FBC Boiler. The only area of little concern in the early
 

days of development was in the measurement of bed tempe

rature. The in-bed thermocouples were breaking often. The 

cause has been identified as improper sheath material. Thbis 

has been rectified and presently there no problems.
 

5.0 	 CO- ERCI.'L ACTIVITIES IN 3HEL: 

Based on the experience gained so far on the 10 t/hr 

prototype FBC boiler and oth.er test rios describetd earlier, 

and the exoerience available at B1EL,Tricv on boiler design 

BHEL is offering FBC Boilers for thr fo11owinhu pr1ni-aions" 

1. 	 Industrial steam generation. 

2. 	 Utility power generation. 

3. 	 Conversion of oil/stoker fired boiler to IBC. 

BF-EL has devealoped designs of FBC Boiler upto 30 MWe 

(150 t/h steam) The status is as follows: 

5.1 The 12 t/h FBC Boiler at Trichy Distilleories & rhQicclS 

Ltd., Trichy has been in operation, since Oct'81 and has so 

far logged ove.r 9800 hours .. th an overall availability of 

88%.
 



The steam demand by the Customer is 9000 K-q/h for 

most of the time anJ the boiler is deliverinn this q-uantity 

at rated pressure temperature without any difficulty. It 

is also possible to operate at 7500 Kg/h steam flow 

(62.5-, I'.C-A) without resorting to seomental bed operation, 

which is normal practice when the load is reduced below 

70% MCR The boiler iS desianed to burn coal having an ash 

content of 27% and heating value of 5400 Kcal/Xq. Coal 

havina an ash content as hi-h as 35-40% and heating value 

of 4000-4100 Kcal/Kq has been burnt without any difficulty. 

The desiqn parameters for the boiler are given in Table:
 

Bagasse and leco fines have also been firpd ii i-, inion 

with coal for shorter durations. 

The predicted .efficiency of the boiler is 79%(with a 

combustion efficiency of 90%) while operating at 100% MCR 

load. Actual efficiency obtained was 82%(with a combustion 

efficiency of 92%) even while operating with coal inferior 

to the design coal at 75% MCR load. Further details and 

operating experience of this boiler dan be found in 

canesh et .al. 

The start-up method envisaged at the design stage 

has further been simplified and the boilcr has been started 

from cold conditions over 75 times since commissioning, 

and the start-up has been very smooth. 
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5.2 A 45 t/h stcam boiler has been supplied to M/s. 

hindustan Polymcrs, \;isakhapatnam. The boiler has been 

commissioned in 0-tobcr,1983 and is nw underaoinq shakedown. 

Certain i-nproved dcsi-n fuaturcs based on the fued-back from 

the operation of prototype & 12 t/h 17C boiler havc been 

incorporatLd in this boiler.
 

The design parameters are:
 

Temp, rat urc : 363 C
 

Pressure : 18 Kg/cm2
 

Flow : 45000 Kg/h
 

5.3 EHEL is currently workinq on several orde:rs from 

Industrial and Utility industrial customers. A partial 

list of thu orders r,_ceiv.d is prcse-ntd in Table: 

Inaddition, B3:EL has also submitted offers to other 

customers for 4tility boilers as w,1l a1 . 

systcms. 

6.0 R & D ACTIVITIES: 

Thc current Research & Development activities are 

concentrated in the following areas: 

1. Testing of differcnt fuels in the conventional FBC. 

2. Dcsiqn of fire tube FBC boilurs. 

3. Conceputal design of circulating FBC boiler. 
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7.0 	 FUTUjRE GDALS: 

Thc future R & D efforts arc concentratcd in the 

following arcas: 

1. 	 Scalc-up problcms relatud to coal feeding, ash
 
handling systcms, dust collection systums, fly
 

ash recyclc etc.
 

2. 	 Fuel flexibility, combustion characteristic and
 

enhancement of combustion efficiency with low 

grade fuels.
 

3. 	 Free board design and performance. 

4. 	 Bed response to load changes. 

5. 	 Erosion/Corrosion of heat transfer surfaces. 

S. 	 REFERENCES:
 

1. 	 "Test Results of Fluidised Bed Combustion of Coal
 

Washery Rejoct3 in Bharat Heavy Electricals Ltd's 
Prototype Boiler", R.ITirunavu',-.krasu, A.Ganesh, 
G.Viswanvthjn, K.M1.V.Malarkkan. - The 7th International 
Conference on Fluidised Bed Co-&ustion,October 1982
 
Philadelphia, USA. 

2. 	 "Operatinq Experience of First Commercial Co-Generation 
AF3C boiler in India, A.aiiciuj, R.Tl'.-uiJe.vukkarasu, 
C.3hZsk ran, S.Slicrvuuqtm,- The 7th International 
ConfeLt-ice on Fluidisod Bed Co',bustion,October 1982 

Philadelphia, USA. 

3. 	 "Operating experience and test results of the proto
typc Fluidised Bed Combustion 3oiler at BHEL", 
Dr.Y.P.Abbi, R.Thirunavukkarrsu, 3.Srinivas--ragjhavan,
IK.T.U.Malliah, - The 6th internationa'l ULU,,, on 

Fluidiscd Bed Cordoustiun,April 1980, Atlanta,USA. 
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Ann(-,-, ire: 1 

SUMMARY OF PIERFORMANCE WITH DIFFERENT CCALS 

Type of Cci.1 tested Singareni Chandamine Bhojudhi Jamadoba Bargolai 

Middlings Rejects Rejects (N.E.Coal) 

Proximate A'n&lysis: 

Fixed Carbon % 10.30 34.83 24.92 16.78 12.3 48.57 

Volatile mztter % 27.05 24.99 19.22 17.75 14.2 39.50 

Ash % 25.80 35.55 54.61 64.57 72.6 9.23 

Ultimate Analysis: 

C-.rbon % 51.70 43.33 34.89 23.94 19.9 70.00 

Hlydrorien % 3.21 2.87 2.56 1.77 1.58 5.00 

SIulfu- C.49 0.19 0.56 0.59 0.19 2.26 

Nitrogen % 0.87 1.00 1.05 0.31 0.66 1.12 

Oxyge n % 8.76 8.88 5.12 7.92 5.63 9.69 

YiinhPrJ7eating Value,Kcal/Kg 4392 4340 314C .215C 1900 7188 

Particle size mm 0.6 0-8 0-6 C-6 0-6 0-6 

Perform-.nce; 

Overall Efficiency% 76.8 73.21 Not available 70.72 70.58 ** 

Excess Air(On fuel% 11.2 12 -do- 17.83 28.82 44.28 
fed bcj is) 

Exit g&-s temp 0 C 257 280 -do- 200 198 320 

CO2 % 15.00 14.4 -do- 14.6 13.00 12.00 

02 % 5.70 4.5 -do- 4.9 6.5 6.8 

SO2 % * * * * 50 pp 
(0.07 g/m 3at STP) 

* Undetectable. ** Purpose of the test was to demonstrate the feasibility of combustion. 



Annexure: 2 

LIST OF FUELS(OT-1ER T-;! C3AL) WHOSE 

FEASIBILITY OF CaMBUSTION BAS BEEN 

DEMONSTRATED IN FLUIDISED BED CCIBUSTION 

AT BHELTRICFY: 

1) Bagasse. 

2) Rice Husk. 

3) Spent Liquor. 

4) Bark. 

5) Wood Chips. 

6) Paper Sludge. 

7) Oil. 

8) Spent Bagasse. 

9) Leco Fines. 

-o00oo
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ACTIVITY PROFILE OF BHEL 

POWER SECTOR TRANSPORT SECTOR INDUSTRY SECTOR 

PRODUCTS PRODUCTS PRODUCTS 

TURBOSETS & AUXILIARIES DIESEL ELECTRIC GENERATORS BOILERS 

STEAM GENERATOR & AUXILIARIES TRACTION MACHINES VALVES 

HYDROSETS & AUXILIARIES SYSTEMS./SEiiVICES T G SETS 

NLLE,%R POWER EQUIPMENT URSAN TRANSPORT SYSTEM COMPRESSORS 

MOTI S UNDERGROUND u(AILWA( MOTURS 

SWITCH GEARS ELECTRIC TROLLEY BUSES CONTROL GEAHS 

TRANSFORMERS TRACTION SYSTEM FOR RAILWAYS OILRIGS etc. 

PUAPS 

HEAT EXCHANGERS 
SYSTEMS / SERVICES 

SEAMLESS STEEL TUBES 

PORCELAIN / CERAMICS etc. 
SYSTEMS 

SYSTEMIS / SERVICES PROCESS CONTROL-
I NST RUMENTAT IuN 

POWER SYSTEM, TURNKEY POWLi STATIONS 

ERECTION & COMMISSIONING CONSULTANCY ERECTION & CdMMISSIONING 



BHEL MANUFACTURING UNITS
 

HEAVY ELECTRICALS HEAVY POWER EQPT PLANT CONTROL EQPT DIV. AND 
PLANT AT BHOPAL AT HYDERABAD ELECTRO PORCELAIN DIV 

SI AT BANGALORE 

TRANSFORMER PLANT HEAVY ELECTRICAL EQPT 
 HIGH PRES5URE BOILER PLANT

AT JANS1 AND 
 WELDING RESEARCH INSTITUTE 

- CENIRAL FOUNDRY FORGE SEAMLESS STEEL TUBE PLANT
 
PLANT BOILER AUXILIARIES PROJECT
 
AT HARDWAR AT TIRUCHIRAPALL]
 

AND
 

TOTAL NUMBER OF EMPLOYEES = 70,000
 

TURNOVER FOR YEAR 1982-83 = RS. 1170 CRORES ( 8 117 MILLION ) 



IBHEL, TIRUCHIRAPALLI 

Mr.M.K. SIDHAd 

EXECUTIVE DIRECTOR 

F 

Gi GM GM GM GM GM GM 

HPBP _SG SSTP PA&F MHD VALVES SPECIALIST 

ENERGY SY31EMS GROUP 

(Dr.A •.GJPALAKRISHNAN) 

SPECIALIST / ESG 

(Mr. KM.V.MALAriKAN) 

BUEL, TIiiUCHIaAPALLI 

MAN POLWER 

FLUIDISED LED DLILER GROUP 

- COHMErf-IAL DESIGN & PROFOSAL 

- LjjEdATIJNS & SITE SU,FJRT 

- CJNTROLS 8%INSTRUMENTATION 

- REASEAflZH, DEVELOPMENT & .[W CONCEPTS 

DOCTjIRATES, POST GRADUATES 

& GRADUATE ENGINEERS 

DIPLOMA ENGINEERS 

SUPORTTEC STFF-

SUPPORT TECH STAFF 

TOTAL STRENGTH 

-

-

-

400 

463 

323 

14,000 

18 ENGINEEiS 

10 DIPLOMA ENGINEERS & 

30 TECHNICAL SUPPORT STAFF 



BHEL'S FLUIDISED BED BOILER DEVELOPMENT
 

* INITIATEJ IN 1975 

* PROTOTYPE UNIT (22000 lb/hr) LIGHTED UP IN 1977 

* RELIABILITY RUN (EXCEEDING 100 hrs) CONDUCTED IN 1979 

FIRST COMMERCIAL FCJ (26400 lb/hr) COMMISSIONED IN 1961
 

* SCALED UP COMMERCIAL FCE (99000 lb/hr) PUT IN TO SERVICE IN 1983 

* FOUR-ORDERS ON HAND FOR CONVERSION TO FCB (UP TO 44000 lb/hr) 

* PROTOTYPE FLUIDISED ;3ED SHELL BOILER (16500 lb/hr) ERECTED IN 1983
 

* FB3C TECHNOLOGY TRANS,-ER TO SMALL BOILER MANUFACTURERS
 

* ,)EVELUPMENTAL WORK ON CIRCULATING FLUIDISED liEu COMJUSTOR IN FROGRESS
 



OTHER FUELS TESTEJ IN DHEL - FDC -FACILITIES
 

1 LIGNITE 

2 

3 

WA JHERY REJECTS 

JOWL MILL REJECTS 

4 iAGASSE 

5 

6 

SPENT JAGASSE FkiJM 
CHEMICAL FACTORY 

RICE - HUSK 

FLRFUROAL 

7 1AdK 

8 PAPER SLUDGE 

9. WJJJ CHIPS 

10 SA, JUST 

11 FU,?NACE GIL 

12 SPENT WASH FRCM DISTlLLIARIES 

13 

14 

SPENT LIQUER FROM VISCOSE 
MANUFACTURING FACTORY 

NEYVELI LECO FINE., 

RAYON 

5040 


3600 


6480 


'8038.8 


3600 


5040 


3780 


4500 


10800 


11647.8 


18615.6 


4841 


0712.8 

12420 


B-tu/Ib 


" 


" 


" 


"
 

"
 

" 


(2800 Kcals/kg) 

(2000 " 

(3600 ) 

(4466 " - DRIED 

(2000 

(2800 

(2100 

(2500 

(6000 

(6471 

(10342 

" 

" 

" 

) 

) 

) 

) 

) 

) 

-

-

JdIEJ 

JRIED 

(6900 ) 



BHELS FBC BOILER COMMFICIALISATION 

* INDUSTRIAL 

* UTILITY 

* CONVEERSION 



FBC BOILER ORDERS RECEIVED 

TRICHY DISTILLIARIES & CHEMICALS 26400 lb/hr (12000 kg/hr) OPERATIONAL SINCE OCT 1981 

HINDUSTAN POLYMERS LTD 99000 lb/hr (45000 kg/hr) COMMISSIONED OCT 1983 

SREF VINDHYA PAPER MILLS 33000 lb/hr (15000 kG/hr) CONVERSION OF MARINE 
OIL FIRED BOILER TO FBCB 

DALHIA CEMENTS 27.8x106 Btu/hr (7xlO6 kcal/hr) HOT GAS GENERATOR 

SHIMBHOLI SUGARS LTD 44o0o lb/hr (20000 kg/hr) CONVERSION FROM DUMP GRATE 
FIRED BOILER TO BAGASSE FIRED FBCB 

PAI4ANI FERTILIZERS 31.4xi0 6 Btu/hr (7.92xio6 kcal/hr) RICE HUSK FIRED 
HOT GAS GENERATOR 



SOME APPLICATIONS OF TECHNOLOGY
 

IN FLUIDIZED BED AREAS
 

OTHER THAN STEAM GENERATION
 

1.1. SEll
1-1. 


NOTE: THIS PAPER AVAILABLE FROM THE AUTHOR
 

46
 



OVERVIEW OF U.S. DOE FBC PROGRAM
 

J. W. BYAM
 

47
 



FLUIDIZED BED COMBUSTION
 
WHERE TO NOW
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WHEN CONSIDERING NEW AND/OR
 
REPLACEMENT ENERGY SOURCES-WHY FBC
 

VERSUS OIL 

e 	 USES INDIGENOUS COAL SUPPLY 
o 	 FUEL PRICE STABILITY 
o 	 LOW PRICED FUEL 

VERSUS CONVENTIONAL COAL COMBUSTION 

a 	 NOT FUEL QUALITY SENSITIVE 
o 	 ABILITY TO MEET. VARYING SOx 

RESTRICTIONS WITHOUT CHEMICAL SCRUBBERS 

* LOW NOx
 
a SIMPLE OPERATION
 

* 	 MAX CONFIGURATION FLEXIBILITY 
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FBC AS AN ALTERNATE ENERGY SOURCE
 

FBC VS CONVENTIONAL COMBUSTION
 

" ECONOMICS
 
" RISK
 
* EMISSIONS 
* MECHANICAL COMPLEXITY 

ADVANTAGES 

* FUEL FLEXIBILITY 
o REDUCED EMISSIONS 
* COST OF POWER 
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FBC PROGRAM OBJECTIVES 

- EXPANDED DATA BASE 

- IMPROVED PERFORMANCE 

- CHARACTERIZATION OF ADVANCED CONCEPTS 
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DOE FUNDED COMMERCIAL UNITS 

ATMOSPHERIC FLUIDIZED BED
 

GEORGETOWN UNIVERSITY
 
* 100,000 POUNDS/HOUR STEAM 
* BITUMINOUS COAL
 
* 
 OVER 4,000 HOURS OF OPERATION 

GREAT LAKES NAVAL STATION 
• 50,000 POUNDS/HOUR STEAM 
• BITUMINOUS COAL 
* INSTART-UP PHASE 

SHAMOKIN AREA INDUSTRIAL CORP 
* 20,000 POUNDS/HOUR STEAM 
* ANTHRACITE CULM FUEL 
* START-UP JULY 1981 
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ADVANTAGES OF PFB AS COMPARED TO AFB 

o HIGHER PROJECTED PLANT EFFICIENCY 
uL 

@ LESSER NOX EMISSIONS 

o GREATER SULFUR CAPTURE 



PRESSURIZED FLUID!ZED-BED COMBUSTION
 

PROGRAM STRATEGY
 

TO PROMOTE COMMERCIAL ACCEPTANCE 
Develop technology in the commercial sector 

TO OFFSET'RISK 
DOE funding of staged development up to pilot plant
DOE cofunding with commercial sector of demonstration units 

TO MAXIMIZE POTENTIAL BENEFITS 
Develop systems for several applications in parallel throuqh pilot plant staqe 



* 	 PFB ISSUES 

- TECHNOLOGY BASE (GOVERNMENT) 

- SYSTEMS INTEGRATION (INDUSTRY) 

- ADVANCED CONCEPTS (GOVERNMENT) 

- ENVIRONMENTAL PERFORMANCE (GOVERNMENT/INDUSTRY) 

- MARKETS AND ECONOMICS (GOVERNMENT/INDUSTRY) 



PRESSURIZED FLUIDIZED-BED COMBUSTION 

* CURTISS-WRIGHT 13 MWe PILOT PLANT 

* lEA GRIMETHORPE COMBUSTION TEST FACILITY 

# TECHNOLOGY BASE 

U- Curtiss-Wright Small Gas Turbine/PDU 

- National Coal Board (NCB)/Leatherhead Test Unit 

- General Electric 

- Hot Gas Cleanup 

Argonne National Laboratory (ANL) 
Laboratory Scale Test Unit 



* ADVANCED FBC OBJECTIVES 

- DECREASE NOX EMISSIONS TO 0.1 LB/MM BTU OR LOWER 
- DECREASE SOX EMISSIONS TO MEET STANDARDS WITH MORE

EFFICIENT SORBENT USE (Ca/S< 1.5) 
INCREASED VOLUMETRIC- HEAT RELEASE ABOVE 0.5 MILLION BTU/HR FT3 

- SIMPLIFY FUEL FEEDING TO HANDLE AS-RECEIVED COAL WITH 
MINIMUM PREPARATION 

- INCREASE BOILER THERMAL EFFICIENCY TO 90+ PERCENT
 
- DECREASE CAPITAL AND 
 OPERATING COSTS OVER CONVENTIONAL AFB 
- IMPROVED TURNDOWN TO APPROACH 8:1 RATIO
 
- EXTEND FUEL FLEXIBILITY RANGE
 

* STUDY DELIVERABLES 

- SUPPORT DATA FOR CONCEPT 
" BACKGROUND
 

" PROCESS DESCRIPTION 
" POTENTIAL BENCH-SCALE PROGRAM 

* APPLICATIONS ASSESSMENT
 
- DEFINE PROGRAM THROUGH TESTING AT LARGER 
 SCALE
 

TO DERIVE CONFILUNCE IN SCALE UP DATA
 
- RECOMMENDATIONS 
 ON A GOVERNMENT MULTI PURPOSE PDU 



BED DYNAMICS
 

* PROPOSED ADVANTAGES 

- HIGHER VOLUMETRIC HEAT RELEASE 
-CONTROLLED FUEL/SOLIDS RESIDENCE 

- COARSE FUEL SIZE - LOWER FUEL COST 
- COMBUST AGGLOMERATING FUELS 

-HIGH SORBENT UTILIZATION & NOx REDUCTION 
- NO CYCLONE RECYCLE 

- LOW CAPITAL COSTS 
- WIDE FUEL QUALITY ACCEPTABILITY 

• TECHNICAL CONCERNS 

- HEAT TRANSFER, REMOVAL 
- BOP EFFECTS OF HIGH FREQUENCY VIBRATION 
- FEED SYSTEM BACKPRESSURE 

- NOX REDUCTIONS 



BED DYNAMICS
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CIRCULATING BED
 

* 	 PROPOSED ADVANTAGES 

- EXTENSION OF MULTI-SOI.IOS FBC 

- HIGH VOLUMETRIC HEAT RELEASE 

- STAGED COMBUSTION - LOW NOX 

- FUEL FLEXIBILITY 

- SINGLE POINT FUEL FEED 

* TECHNICAL CONCERNS 

- EROSION 

- SOLIDS BACKMIXING AT HIGH VELOCITY 

- LARGE REACTOR SIZE 

- NO IN-BED TUBES 

- CAPITAL COST 

- CYCLONE SIZE 



CIRCULATING BEDS 
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STAGED COMBUSTION
 

* 	 PROPOSED ADVANTAGES 

- OPTIMIZED COMBUSTION/DESULFURIZATION 

- SOX, NOX REDUCTION 

- IMPROVED SORBENT UTILIZATION 

- GRAVITY FUEL FEED
 
- POTENTIAL HIGH 
 IN-BED HEAT TRANSFER 

- LOW CYCLONE LOADING 

* TECHNICAL CONCERNS 

- COMPLEX FLUID DYNAMICS 

- SYSTEMS CONTROL 

- CAPITAL COST 

- FUEL SIZE; SMALL SIZE HIGH COST 



STAGED COMBUSTION
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PANEL DISCUSSION - P.M., NOVEMBER 7, 1983 - FLUIDIZED BED COMBUSTION
 

Q: 	 Dr. Sen has given a presentation on the generation of hot gas through
 
fluidized bed combustion. In his presentation he has said that there
 
are tubes in the bed through which air is passed and heated up. 
 I
 
wonder if the requirement is, ultimately, the hot gas and not particularly
 
the hot air. Why not do the combustion under excessive air conditions
 
and further dilute the gas to the required temperature after the purifica
tion of the gas to the required amount?
 

A. 	Thank you very much, Mr. Chandon, for raising a very important point -
that we could burn the gas and dilute the flue gas with inert air. But,
 
in that case, the drying air would be contaminated not only with dust
 
and carbon particles but also water vapor, which will retard the rate of
 
drying. So, ifyou use 
hot air, you get a clean medium for drying and
 
the efficiency of the drying will be better. 
But, where the presence of
 
ash and dust particles is not harmful, 
we can use the flue gas with
 
dilution with air. In fact, in our combustor system we have two heat
 
exchangers, one convective heat exchanger and one 
immersed tube heat
 
exchanger. We are getting clean air, but tle flue gases 
are leaving at
 
350'C and there is still a lot of it so, if a little dust is permissible,
 
we can use this flue gas at that dilution for preliminary drying, and
 
final 
drying can be carried out with hot air generated in the heat
 

exchanger.
 

A. 	I would like to add some information on these hot gas generators. In the
 
two hot gas generators that BHEL has contracted, we have simply increased
 
the quantum of fluidizing air, combustion air, and we are able to really
 
get the air to the right temperature. In another system, over and above
 
this increase in fluidizing air we have also added cooling air over the
 
beds so this is all found to be adequate. Of course, as Dr. Sen has
 
pointed out, the moisture content in this hot gas is more. Inmany in
dustrial applications this is satisfactory, but in other applications
 
requiring a very low moisture content it may not be.
 

NOTE: Q = Question, A = Answer, C = Comment.
 



C: 	 I particularly raised this question because, if most of the require

ments are for the hot gas, and not normally for very pure air -- and
 

especially when you are doing air-to-air heat transfer -- the metal
 

temperatures are high and you have to go for premium materials and, to
 

the extent possible, we must avoid using premium materials.
 

Q: 	 I have a question for John. In his presentation he described the
 

circulating fluidized bed as well as pressurized fluidized bed
 

development work going on in the U.S. My question, has a comparative
 

study been made, a sort of assessment, and if a choice is available
 

of these two, which would he recommend? To be very specific, both
 

the circulating and pressurized aim at the reducing of feed points

L 

or, in terms of megawatts/M, we end up with a smaller area for the
 

same megawatt. So I am asking, has a comparative assessment been made
 

and what is your recommendation?
 

A: 	 If Iunderstand it right, your question is has there been an assessment
 

of the square footage with the circulating vs. pressurized fluid beds.
 

In circulating, it is generally felt that you need only one feedpoint.
 

There is no square footage restriction at all, primarily because there
 

are no heat transfer tubes within the primary bed. Consequently there
 

is plenty of residence time for your coal to mix before you hit the
 

tubes and therefore there is no worry about the size of the reducing zone.
 

With regard to pressurized fluidized beds, we have run three feedpoints
 

at Grimethorpe. Originally there were nine feedpoints which we cut to
 

three and there was no erosion noted in the bottom of the tube bundles,
 

so they feel that at that pressure, operating at 10 atmospheres, you
 

still have a small enough reducing zone so that you are below the
 

bottom of the bundle. The bundle is 600 mm off the distributor plate
 

so it is a fairly small area. During the next test series on U.S. coals,
 

due to begin in January, we intend to put a zirconium probe into the area
 

just above the distributor plate to measure the exact boundary layer of
 

the reducing zone, with the minimum number of feedpoints. I forget how
 

many square feet we have in Grimethorpe but, basically, three will do it
 

and it is possible we may be able to go below that. One of the things
 



they are looking at, however, is the effect on combustion efficiency
 

when you get down to that few number of feedpoints.
 

Q. 	This is not a question -- I seek some information regarding pressure
 

combustors. I understand that, six or seven years back, BHEL had a program
 

of 10 atmospheres fluidized bed for combined cycle power generation.
 

Today I know that BHEL has a program for MHD as well as a pressure
 

gasifier, which is also going for combined cycle power generation.
 

The two alternatives are special combustion combining gas turbine and
 

conventional steam and special gasification then combustion of the gas.
 

Then, with or without MHD, meaning, if the temperature is very high you
 

can 	go MHD, then gas turbine, then conventional. Has anyone made an
 

assessment of the future probabilities of these, particularly combined
 

cycle through the gasification route and combustion cycle route? Is
 

there any information?
 

A. 	The National Coal Board is in the process of doing a study right now
 

where they are looking at 250 MW modules and they are assessing the
 

PFB air cycle, PFB steam cycle, AFB air cycle, AFB steam cycle, a
 

pulverized coal cycle and combined cycle gasification. Of these,
 

the highest performance they are getting is from the Steam Cycle PFB
 

so, if they can overcome the higher particulate loading, it is felt that
 

the PFB cycle will give better results than the combined cycle, from
 

both an economic and a performance standpoint.
 

A. 	I would just like to add, because his particular reference was to
 

BHEL's work, we in BHEL are putting up a combined cycle demonstration plant
 

of 6MW capacity for electric generation. Initially we are basing it on
 

pressurized fixed bed coal gasification, but we have the facility to later on
 

ad& pressurized fluidized bed combustion also, which we are working on
 

separately, and putting up a small testery. Now, where most of the scientists
 

all over the world are bogged down in the pressurized fluid bed system is
 

the cleaning up of the hot gas under high temperature and high pressure
 

conditions. When we have the presentations tomorrow on this subject we will
 

know more about it. Here again we are trying to interact with the U.S.
 



scientists to see how we can best make use 
of the expertise and
 
facilities available in the two countries. 
 As John has pointed out,
 
thermodynamics studies show that the combined cycle power generation
 
through pressurized fluidized bed combustion is definitely more
 
economical, ana will 
ultimately give rise to higher efficiency. But
 
gas cleaning is the major factor bogging 
us down in the present state
 
of knowledge. Naturally, for immediate application, the focus is on
 
gasification where the state-of-the-art is definitely better as
 
compared with that of cleaning of the high-temperature high-pressure
 

gases.
 

C. 	 Just a small point to add to that with regard to the NCB in the U.K.
 
They do have certain site-specific applications. As you know, the
 
present economic turndown in Europe has led 
to a vast reduction in
 
steelmaking. Consequently, where oxygen-blown steelmaking facilities
 
have been installed, there is frequently an excess of pure oxygen
 
available. 
There is in existence at the moment one 30 MW electrical
 
oxygen-blown slagging gasifier installation, the gas being burned in
 
an 
Olympus gas turbine producing approximately 30 MW, wvith a waste heat
 
boiler on the back end and a steam cycle. If you look at this cycle
 
in the context of the capital required in the oxygen-making process -
in other words, if it is not pre-existent and you debit the cycle with
 
the cost of the oxygen plant -- it just does not come up with an
 
economic equation. That is just a point of interest.
 

Q. 	 One of the speakers mentioned a combustion temperature for the small
 
testery -- the one meter square testery -- which was pushed up to a
 
temperature of about 950 0C.The reason given was that the coals were not
 
very reactive. I obviously do not know sufficient about Indian coals,
 
since the coals I have crossed in India have always been particularly
 
reactive. 
 Could any member of the panel please explain the geographical
 
variations throughout the Indian sub-continent and the variation in
 
reactivity, geographically -- just in general terms?
 



A. 	In India, the coals that we have are mostly bituminous with some 
sub-bituminous coals -- coals of the Bengal and Bihar region.
75% to 80"2 o, the coal being raised comes 
from this area. Petro
graphically, these are as good as 
the coals of America and Europe.
 
Previously, before our Institute came into being, it was thought
 

the 	Indian coals were dull coals, petrographically speaking. Later
 
coal studies by microscopy indicated a petrographic composition -
particularly of the Bengal coals, the low-rank, high moisture, highly
 
volatile, non-coking coals -- with a carbon content mostly between
 
79 and 84. 
 These are very good power coals. The moisture content
 
ranges from 7-8-10% to 4 or 5%. Volatility on a pure coal basis is
 
around 40%, plus/minus 5%. Except for the high ash content of 15-20%,
 
these coals are in my opinion as good as the British bright coals.
 
The 	correlations we have developed in laboratories based on the
our 


coals of Bengal apply to British coals with equal precision. If the
 
petrographic composition had not been the 
same as the British bright
 
coals, the correlation would not have applied with the same precision,
 

with actual petrographic studies in 55-57 laboratories. In Jharia,
 
Bihar, coal 
from the Jharia coal fields have a carbon content, on a
 
pure coal basis, ranging between 85 to 91-92. As you know, the coking
 
coals have a narrow spectrum of carbon content between say 87.5 to 90.5.
 
All these coals we have in the Jharia coal field are as good as the
 
Durham coals, British bright coals or Pennsylvania coking coals, except
 
for the high ash content. But, petrographically again, it is very
 
often found that 75-80% of the coal is vitrinite. These can compare very
 
well with American coking coals or British coking coals, or any good coking
 
coals in the world. We have another big coal field in Janot, Kalanpuria,
 
Bihar. These are all high-moisture, highly volatile, non-coking coals,
 
but petrographically highly anomalous. 
There are a lot of inertinites -
about 30-40%. In terms of fusinites or semi-fusinites, the content may be
 
anything from 10 to 20%. 
 These coals are rather peculiar. By and large,
 
you don't have such coals either in England or in America. Then we have
 
lignite; some patches in South Arkot with about 2000 or 3000 million tons.
 
This is very good lignite -- as good as North Dakota lignite. The ash
 
content is 5-6-7% and it is I think a very standard lignite, not a Colorado
 



or Saskatchewan lignite. In Assam we have a peculiar coal with
 

low 	moisture, high volatility, high sulphur, and high coking qualities; 
except for the high sulphur this would be a very good blending component
 

for coke-making but the sulphur stands in the way.
 

Rounding up, I might say that our total reserves as indicated so far
 

amount to 112 thousand million tons, of which 75% is of the non-caking
 

variety. About 25% is caking to coking coal. Wherever you have a wide
 

spectrum of coal as you have in the U.S.A. or in England you will see
 
that 75% is non-caking coal. That is true of American coals, true of
 

English coals and, I suppose, true of Indian coals. That is roughly
 

the picture.
 

Dr. Radha Krishnan was mentioning about the fluid bed combustion of high
 

sulphur coals releasing the sulphur in the bed itself to avoid atmospheric
 

pollution or utilize it without any corrosion or erosion, but we have a
 

substantial deposit of high sulphur, low moisture, high volatility caking
 

coal in Assam; however, the production is not picking up. Hardly one

sixth of a million tons. Because it is a mountainous region, mining is
 

difficult and transportation is difficult. In this Northeastern region
 

the industries are lagging behind for various reasons. But we have to
 

mine more Assam coal and then possibly this fluid bed technique will be
 

very very helpful.
 

U. 	Thank you, Mr. Majumdar, for coming to the rescue of the panel by
 
answering this question. Now, Dr. Krishnan was mentioning a high combustion
 

temperature in fluidized bed, 950-1000'C. I have been very close with
 

Dr. Krishnan in the initial design of this test facility. The reason for
 

going to higher temperature is as follows. We find that a lot of our
 

coals have a very high ash melting point and, from our studies of fluid
ized bed combustion we have found that temperature is the best governing
 

factor for the combustion efficiency. It is very temperature sensitive.
 
When the initial deformation temperature of our coal ash is close to
 

1200-1250C we thought we must try to go to the highest possible tempera

ture in fluidized bed combustion itself so that we will be able to get
 
to a higher level efficiency. Krish, would you like to add something more
 

to this?
 



C. With regard to temperature, from the standpoint of U.S. coals the
 

limitation is definitely the sulphur. There is no question but that,
 
if you go to higher temperatures, you lose out on sulphur retention.
 
We plan to test high-sulphur coals in this testery, so that explains
 

why we have to :eep the temperatures low. When you swing to the other
 
side and look at the higher temperatures, there is enough evidence to
 
say that you have better combustion efficiency as you increase the 
temperature. I should say that I am not a coal 
scientist but a
 
chemical engineer but, as a designer or engineer, when you look at
 
getting higher combustion efficiency, it is definitely worth it ifyou
 
can raise the temperature and get a few extra points in efficiency. This
 
also implies that the combustion mechanism is definitely an aspect to
 
consider in 
terms of how you select your operating temperature. If there
 
is a lot of attrition in the bed ard you generate a lot of fine particles,
 
say less than 150 microns, you are in a regime which we call the chemical
 
kinetic regime, where undoubtedly an increase in temperature is going to
 
improve your burning rate. 
 We just finished some very basic fundamental
 
work at Oak Ridge, and we have found that there are distinct particle
 
sizes where higher temperatures would enhance combustion efficiency. Now,
 
people have speculated that in fluidized bed the particles are large so
 
it is the diffusion regime, so you don't really have to worry about
 
chemical kinetics. When you do an experimental investigation, as we are
 
proposing here, we want to keep a whole range of temperatures and sort
 

of get a plot, an Arnenius type of plot, and basically prove why we get
 
higher combustion efficiencies as we go to higher temperatures. With
 
the Indian coal you really don't have any reason not to go to higher
 
temperatures and tnat is why we have decided that we would look at higher
 
temperatures. In the U.S. we would like to but are not able to 
because
 

of our sulphur constraint.
 

I hope that answers your question. Thank you.
 

Q. My question is partly answered because I was more concerned about the
 
fusion temperature of the ash. But BHEL has worked also on 
biomass
 

where trie fusion temperature is really very low. In one of their presenta
tions they mentioned rice husks with 20% ash and 
a lot of alkalis. I would
 



like to know from their experience about the slagging of the ash
 

in the FBC they use especially for biomass.
 
I 

A. 	We necessarily have to use lower temperatures with biomass. There
 

is every chance of getting this kind of fusion and we have been
 

tending to keep it on the lower side, not the high side, of the range
 

of 800-950 for both biomass and rice husks.
 

Q. 	I am not an expert and I don't have any knowledge on fluid bed
 

combustion but I wanted to make sure on one point from Dr. Radha
 

Krishnan, Dr. Abbi and John Byam. For higher temperatures, will
 

there be a concern of tube erosion because, with different metallurgies,
 

there are certain temperature regimes? If we are talking about 200-300'C
 

more than normal metallurgical concerns can handle, would you have any
 

enhanced erosion problems because of high temperatures?
 

A. 	It is not a matter of your combustion temperature -- it is a matter of
 

your tube metal temperature. So, if you increase the combustion tempera

ture, all you have to do will be to increase your water flow and your
 

steaming rate, and that would keep your metal temperatures down. We
 

found at Grimethorpe that they have the best example in the valves.
 

When you take a valve to 7500C or higher and try to operate it, even a
 

stainless steel valve, over many cycles you will find that very quickly
 

it will seize up and you'll lose it. They also had an instance where
 

the tertiary cyclones were operating in an environmient of 830'C and
 

they had been designed for 7500. They were 1/8" stainless steel and
 

they experienced a 500 millibar pressure differential and collapsed.
 

So it is true that, if you are up at that range above 750'C, you are
 

going to have u metal strength problem but, within the boiler proper, it
 

is not a problem because of the low metal temperatures.
 

A. 	There is another point here. As John mentioned, you have the flexibility
 

of increasing the water flow and getting the water temperature to the point
 

where you will not have any tube failures. This is primarily due to
 

thermal fatigue and cycling. Erosion, in my opinion and as I understand it,
 



--

is not truly related to temperature and, when you go to uncooled
 

wall supports in a bigger unit, there you have a problem because
 

you have the wall supports which are not cooled and if you get high
 

enough in temperature then they may fail because of thermal stresses.
 

The other aspect is the cycling. Ifyou cycle from low to high
 

temperatures, there is only so much it can take. So the concern 
is
 
more on the uncooled wall supports than the tubes. We have been, at
 

least in the TVA design evaluation, more concerned about this uncooled
 

wall support and what the bed temperature would do to that than the
 

case of the tubes themselves because, as John said, we have sume control
 

so far as limiting the wall temperatures.
 

A. 	We have recognized this problem of uncooled supports having to face
 

higher erosion or even mechanical damage, so we tend to completely avoid
 

such uncooled supports and believe in water cooling and nothing else 


water-cooled tubes and supports.
 

Q. 	I have a question regarding the environmental aspect of fluidized bed
 

combustion. We are told that the NOx reduction takes place in the
 

fluidized bed combustion. I would like to know, number one, how much is
 

the reduction in NOx? Is it substantial or is it nominal? Number two,
 

normally I understand that NOx formation is primarily a high temperature
 

combustion phenomenon. Now, if you are using high temperatures with
 

fluidized bed combustion, then perhaps NOx formation might increase.
 

Number three, out of NOx we have NO2 and NO. They have different roles
 

to play in photochemical formation and, when we are instrumenting it
 
for NOx measurement, I wonder if you are taking care to measure each of
 

these separately?
 

A. 	The NOx emissions normally refining in the fluidized bed are about half 

the limits. I know the numbers are 300 to 400 ppm in atmospheric and 

200 to 300 in pressurized. Don't ask me what the limit is in ppm. The 

limit is .6 pounds of NOx allowable emissions, and normally we run around 

.3. On the second question, you are right -- it is directly temperature

dependent and that is why the NOx is lower -- it is purely because in a
 

fluidized bed you are running at a combustion temperature of 1550F rather
 



than the 2200-2900'F you Qet in a pulverized coal 
boiler. There are
 
some catalysts being looked at which enhance the NOx reduction, but
 
it is preliminary work in those areas. 
 One thing has been found to
 
help and that is to use secondary air feed to the boiler, which enhances
 

the reaction and produces more NO2 than NOx.
 

C. 	At that high temperature I don't think NO will 
exist. It will go to
 
higher oxides of nitrogen so 
there is no question of detecting NO at
 

combustion temperature.
 

Q. 	As a general 
rule of thumb the people in the fluidized combustion area
 
feel that only the nitrogen which is present in the coal 
itself as
 
inherent nitrogen will give rise to the NOx emission in the FBC. 
 Even
 
excess air does not have much effect in the formation of NOx in the
 
fluidized bed sysem. 
Is that the general understanding?
 

A. 
Yes, that is true. The source of NOx is the fuel-bound nitrogen and not the
 

nitrogen in the air.
 

A. 	This is a very interesting question and what we have to go by is the
 
development in Japan. Their target is zero ppm NOx, and they are going
 
to fluidized bed combustion. But I want to 
point out that the design of
 
the fluidized bed in Japan is unique. 
As John mentioned, on this business
 
of secondary air they are 
looking at staged combustion. Primarily, you
 
operate the bottom portion of the bed as 
a gasifier. Now, there is a
 
problem with the tubes but the CO acts 
as a catalyst in doing something
 

to this NOx. Professor Beer at M.J.T. and Kurasawa and Kuni 
at the
 
University of Tokyo have done fundamental work on NOx reduction. 
We at
 
Oak Ridge have formulated a simulation computer model and one of the
 
problems we have is getting the kinetics. If I recall correctly, when we
 
did 	this the last time we had eight competing reactions, nine different
 
rate constants and different values reported by different people. 
That
 
just says that no one 
is quite clear as towhat it is. But there is some
thing The NOx you get is very much dependent on how you operate the bed
 
and, in 
some cases, you may want to look at completely new concepts like
 

the two-stage combustion where you operate the bed as a gasifier with sub
stoichiometric air at the bottom, and then go up and fire the additional
 



secondary air above the bed to get your combustion efficiency up. It's
 

a very gray area but I think the directions are well-defined and, as
 

John was saying, we know what the bad actors are and what we have to look
 

for. In terms of coming up with actual numbers and data, we would have
 

to do more experimenting. Here again what you would find as an isolated
 

tubular reactor type of experiment in the laboratory will not necessarily
 

be extrapolated to a fluid bed combuster, where the hydrodynamics are
 

different from when you have a fixed static bed. There you have tn worry
 

about diffusion coefficients, mass transfer coefficients, and this would
 

depend on what you would propose as the rate equation for NOx reductions.
 

I think if you will follow up the Japanese work and keep up with them --


I find it hard to keep up with them -- but ifyou can you will get some

thing on NOx.
 

Q. 	Do you have any provision for overbed feeding in the test facility?
 

A. 	When we designed this initially, we looked at underbed system because there
 

is enough information and state-of-the-art available. The only reason you
 

would want to go to an overbed system is if you have the high particle sizes
 

like those mentioned -- 1-1/4" top size. Then we have the option of having
 

a site injection for overbed feeding, and John Byam pointed out that that
 

is something we definitely have to have -- the flexibility of overbed feeding.
 

We have not identified it as a last bed system -- the underbed is the only
 

thing we would use -- but we had to get enough information And data from the
 

underbed feed system to see if it is a viable system. For example, if you
 

go to overbed feed system with the coals I have seen in Trichi with so many
 

fines, you may want to double-screen your coal and then it may not be an
 

economical way to go if you have no control of the fines. On the B&W data,
 

the last one I saw in August, they were just getting points on the graph.
 

I think they had three and were trying to get a couple more. They Feel the
 

underbed system definitely has better combustion efficiency.
 

I would be cautious in extrapolating this data, and here is the problem. If
 

you have a lot of fines and you don't want to go into double-screening of
 

coal, you may want to do a lot of experiments on the underbed feed system
 

itself rather than just do overbed feed system as a parameter. We have not
 

closed the lid on this and would certainly consider it if the situation
 

would warrant such a feed system for the test facility.
 



Q. 	 I would like to ask Dr. Krishnan one simple question -- sort of an 
inquiry rather than a question. In what way does a circulating bed 

differ from a spouted bed? In a spouted bed we have also a lot 

circulation and definite geometry. of the bed and the diameter of the
 
pipe. We have a central core and a lot of mixing takes place in that
 

bed also, so how are these two beds different?
 

A. 	I think we have a simple answer to that, and I hope I am saying the
 
right thing. A circulating bed is primarily a transport reactor. The
 
velocities are very high. You never see a spouted bed used primarily for
 

drying wheat, grains and that sort of application. You have a draft
 

tube in the middle and then you use high velocity and the solids fal'i
 
down. But, in the circulating bed, the solids don't fall down; they
 

travel as pockets and go up. In engineering terms, what it amounts to
 

is that you may be looking at bed voidages in thie circulating bed as a
 

highest point, .883, and in a spouted bed you may ilave very much less than
 

that. I think in a typical bubbling bed the bed voidage is roughly 0.45
 
and a spouted bed will not be anything more than that. It is very de

ceptive to think that voidages are higher in a spouted bed. So there
 
is a definite regime, a fluidization regime, where you go from a static
 

bed to an expanded bed and to a bubbling bed and then, after that, you
 
have a transport reactor. So basically what you are doing is pneumatic
 

conveying of solids. As a second point, in a circulating bed you are
 

talking about particles 75 to 100 microns and, in a spouted bed, if you
 

look at drying of large particles like wheat and rice, you know your
 
particles are in a different regime so your terminal velocities are much
 

much higher for the spouted bed, So there is a distinct difference between
 

a spouted bed and this relates to voidage and the velocities. You have to
 
go up to high enough velocities because, remember, you have one feedpoint
 

so, in order to get high through-puts, you have to churn those solids at
 

very high velocity. I think they run about 30 to 35 in some of the
 

circulating beds they have used in Germany, Lurgi and in Finland.
 



Q. I have a question for Dr. John Byam. 
 He was explaining about a
 
number of advanced fluidized bed combustion systems, particularly
 
circulating fluid bed. I want to 
know whether this is applicable
 
for very high ash coals, whether erosion problems will inhibit
 
such a technology in being considered for Indian coals 
-- high ash,
 
high abrasive coals. 
 Also, I would like him to highlight on the
 
advanced fluidized conbustion technology which holds the most sense
 
as compared with the others.
 

A. 
 I think some of the advanced concepts will be more applicable to
 
the high ash coals similar to the Indian coals than the others. I
 
don't think the circulating concepts with very high velocities would
 
fit. 
 I think that perhaps the spouted bed concept might be applicable,
 
as well as the Kellog approach. We are currently in the process of
 
doing a final evaluation of the initial 
studies of all the different
 
approaches, and I don't believe we 
have focused in to say that one is
 
better than the other as yet. 
The intent is to develop a data base
 
on those which we feel have the most promise for the largest market
 
penetration, as well as 
those that have the highest potential to
 
achieve the objectives I laid out in the presentation -- also to go
 
forward with two or even three of the approaches to get enough bench
 
scale data 
to allow industry to make its final determination.
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Genorc-.J characteristics of Indion conls or: rovicuo.OthLrwisosuitzblo, high ash cintcnt in Indian cals woulb pose problems.emineralisotion would bo necessory in ordor to makecuol-wntur slurry fuel tu the

: r-asonablo extont comparoblo with 
rusiduol oil.
 

The princi4los invlvcd in imparting oppropri:!to fluiditystability to .ndhighly concontroted coal-watur mixturo by manopulatingcnd controlling pf-!rticlo size distribution ond incorporation ofsurfactants :ru broodly discussed. Mojor stops of tho slurrypreparation process crc also schematically sro'n. 

Indian status of work on 6ool-watcr
CFRI and BHEL mixture is prcsuntud.have alrcady initiotoc work n slurry prp.- rationcombustion andstudios, rosi.ectivcly. The preliminary results olro"dyachicvod, are encouraging.
 

Brief plun ed 
 work with tentative time schedule is 
proposed.
 



OF O3AL-UAIALFOR [JEVELCp'f'ENTCONSIDERATIO.!S 
FUELA ALTERLATIVEMI XTURE AS 

ChakI-bArtyT.K. 	 Bhowmik and M. 

Rcsoarch Institutc, Post,- FRI
FuelCentral 

DnanbadPin- 328 103, 


1.0 INTRODUCTION 

Ono of the main disadvantages 
of coal, apart from 

that it is solid in form 
which poscs 

igh. ash content, is 
use. ConcontrJtodits industrialdifficulties 	inconsiderable 

like abehave more 

coal-watcr mixture if suitably prupared 


liquid and con bo a lou-cost 
potential substitute for 

residual
 

and investment.of altor'ationwith minimumfuel oil znd 	gas 

not now, interest in co .!
the concept is
AlIthough 

has rccc:t!/difforent combinations 
liquid mixtur technology in 

like U.S.A., Swcodan, Canada, :;r: 
coountriosboon rcsurfacod and 


progress 
 towar-S itz
romarkabloalready made

Wust Germany 	 have 

Co mmorialisation. 

art. locatoddoposits
In India, the principal coal 

in 

rLumbor of utility
A considerableContrl regions.and 

in rest of the country are oil 
industrial furnaces 

eastern 

boilcrs and 
a few power staticns roasons,

Duo to cortain historical
fired. 


(Assam) haveChandrapur 
viz., Dhuvanran, Trombay, Baraufni and 

and thD roquirements 
as thc principal fuel

fuel oilboon based on 
of oil (1). 	 In 

one miLlion tonnos
order of about are of the 

ofL cil bythc replacing
petroleum products,consdcrvoorder to 

few centuriosfor 2zvoilablobe sufficientlycoal which would 
includingvarious committosbybeen recommendedto coma, has 

in 
Concontrutod coal-wutor 

mixture which 

Fuel Plicy Committees 

be stored, transported

like fuol oil canbehavesome respects 
It wodld hence be a coal fbasod
 

pumped, :ntmizod and 
birnt. 


and gas under
replace fuel 	oil 

low-cost alternative fuel to 

is also convenientlyslurryCc2lwuctercuniTions.approprinto 
Toxaco pressure gasification systems. 

fuel in modifiedused as 



In hydroulic transport of cc:.], drying -F th., finos at tho roco

iving onus pusas L: fLrmiuzl~uvl>e~n Oir::ct uso of concontrztod, 

coal--itar mixturc fhr cj=rn-ctLn, if cotoblishcd, uotild mmko 

pipolina tronsp.,rction zf c.)o which is p.--rs~d to bo instc-lloi 

in tho country, ccartrniclnl1y maro ;zttrattivz. 

In thc contc~t uf this background, CFRI initiatod n 

projoct to dovolop n- pumpubic concontratc, coc:1 wntor rnixturo f-*: 

diroct comnbustion, Dinsidorations mzcdo in this dovcl:pmflt wThich 

is in prcugrdss, hc-s boon discussed in this prosontation . 



2.0 DESIRED PROPERTIES OF COAL-WATER MIXTURE
 

Since wrtor uoild C,,usc lozs :f heat and other problomol 

the primary objoctivo is to develop 0 cc=l-uotor mixture having 

minimum quantity of water. In jthor wlrds,the content of 

as high as possible in
combustibles in the mixture should be 


order to -chiuvc high hcat value and stabh flame. Tho 

mixture shou. d nevortheloss bu sufficiently fluid for pumpingp 

The fluidity hwover, decreasestrqnsporation and ntomization. 

sharply with the decrcos in watcr content. A pulvoriscd coal 

size below 75 micron) - wtur mixture containing 30%(particlc 

watcr would appear very tick under lcw sho:r condition and have 

very low fluidity unless spociolly prepared and chemically 

treated. A balance betwoen fluidity and wator content is to be 

finally achieved dtponoing jn the a2turo of coal, particle size 

distribution, surfact.-nts inc rperat.d ctc. 

Although for concentratod slurry fluidity i.e. viscosity is 

also have ruasonab1amore important, the cocl-watur mixture should 

stability i.e., resistance to scttling. Thc static and dynamic 

arc likely to cosure smooth storing and transportation.stabilities 

The main aim being rcplacoment -f oil, the mixture should 

resemble this fuel to the possible extent. As the mineral matter 

content in fuel il is pra-ctical.ly nil, this cannot be signi

coal is drasti lly domineralisod toficanbly achieved unless 

asbring down the mineral matter content in the slurry as low 


Apart from reducing
tedhnologically 2nd economically possible. 


the hooting volue of tho mixture, minoral matter would cause
 

to hoot transfer
hnil]n tiho oleeosition, crcsicn, resistance 


which do not usually exist in oil
and othor associ.atdd p.robloms 

or gas fired systems.
 

Mrcrun size uniform particle size of roal though desire.ble 

affect the fluidity offor'uniform combustion, would adversely 

between contradictingconcentrated mixture. Hero again a bolanoc 


factors has tj be achieved.
 

http:pra-ctical.ly


It is obvious that coal shcul nave higher contcnt in vloatilo 

matter to focilitate ignition ant t: navu L:ngcr flame. 

Tha dosim tlo properties cf c.Dnocntrotod cotal-wtuz slurry 

for use as fuel may bc sumnoriscd .s fullcws 

a) Lou u.itcr content
 

b) Sufficient fluidity
 

c) Rosonable stability
 

d) Low ash content
 

o) coal having high V.M.
 

The optimum valuas of those proportios can bust be ostobili

shod by actual uxporimental invostigntion with the particualr coal 

and sct-up. 

One typical specification coal-water slurry as proparod and 

used by combustion Enginocring/Advancod Fuels Technology is pro

sontcd bclou (2). 

Coal - Later slurry pro;ortios(CE/!AFT CWS Specifications) 

100 % minus 100 Mash ( 150 microns)Particle size 

Visco-sity 	 loss tLhan 2000 Contipaiso. at 100Soc 1 

and 250C (Hazke iothod ) Now.tonian or 

Psuuu Plastic Bohaviour. 

AFT Coal - Water Slurry ,,nalysis 

Total moisture, 31.0 

Solids content % 69.0 

' RECEIVED' 'MOISTURE FREE' 

Proximate analysis % 

MPisturo 	 31.0 

39.3Vciatilo matter 27.0 

Fixed Carbon 40.1 58.1 

Ash 1.8 	 2.6 



'AS RECEIVED' '*'1OISTURE FREEr 

Ultimate An i sI' 

Moisture 31.0 
Hydrogon 3.0 5.5 
Cgrbon 56.1 81.3 
Sulphur 0.6 0.9 
Nitrogen 1.1 1.6 
Oxygen (diff.) 5.6 8.1 
Ash 1.8 2.6 

Gross Heating value 

BTG/lb 10,170 14,740 
K cal/ 5,650 8,190 

In short, one tyically dosiros a liquid with 65-70 weigt 
per cent of sdiids viscosity of the order of 103 contipoiso 
resistance to sedimentation and shear degradation (3). 



3.0 RELEVAfNT C-AFACTERISTICS OF -,1C," ,L 

Tho prodjminart part f Indian cools are non-cakjno 
having rolatively high moostura, voltilo mattcr, and ash. 

Propcrtic of typic:-,i nn-caking coals arc as follows : 

[Ijisturo 4 - 0 

Volatile matter : 25 - 34% 

Ash : 15- 4/ 

Fixed Carbon : /. 

Ash fusion range 1100 - 13000 C 
in mild r:eucing 
atrrosphcrc
 

Calorific value gamorally varies from3"600 too00, K cal/Ks. 

The properties arc found to vary largely from mine to mine 

and even from seam to seam. It is thoreforo difficult to h-v

consistont supply of 
uniform quality of coal far a reasonablc
 

period of time. The high VM. and non-caking nature of Indian
 

coals would be beneficial far combustion.
 

It is aprnront that high ash cuntent in coal would peso
 

probloms in crushing and grinding it td fine prticle size 
as
 

required for the pruparation of conl-uztr mixtur3. 
 Unfirtu

natcly, wasrability ch-racteristics of Indian coals are also 

generally very po.r, as the minertil ma-tter is intimately mixoJ 

with the c.L mtrix. The usraLility indices of Indian coals 

are betueen 15 and 40 whercas f r 6ritish, Gorman and Amrican 
coals it r:ngos etucon 45 -. nd 76 indicating th,2t they are 

comparntively much easier- to wash (4). It was hardly pLssiblo 

to reduce the ash contcnt of Indian coal ev 50/r of the original 

yalue by cznvortJLnl L'.shing tcchniqu.s - without substantial 

docreaso in rccovcry. 

In this contoxt, it is Lcrth mntiL-ning that oil agglomeration 

and chomicol cominer:lis:tion t-chniqucs developed by our inst

itute coulJ play vital r:.1c. it has Loon observed that by the 
Chemical method involving :olK21i treatment of coal under specific 

ondition, demincr-lisation , th extent of c.or 90% has boen 

achieved with 100, rav-vory (9). A 3- tcnne por ooy pilot 



plant f~r t ;srjcoss is t : Luc ccmmis;: na son. In vicw ~ 
P:!rticul'.r n--turz, o~f Inzji::n Cc c,.1o u~l r~~vusr:CLr~u Ct 

.cofl-dor-tins t-u intc -rcjtc -mcm-c.-:l 'cmincr-lisction tochniquo 
with p-rcp~r-ti.-n :f c ,a-wj,.tcz MiXt~ro. 

The clc:.nirr of finu coc:ls by hcc,:vy mociun cycl-na tahich 
wou ld bo Jc 2. ith in m -.thor pr o nt ci jn cf this wrksh o-.is prot):.-y ''.pssi'jiity FDr u-ffoctivo- dominrlis2tion 
Of difficult czzl. 

Ir'Czjrpzr:tjon if -'4m-r~rol-Js-.tiun stop wu)ld zlsc bo hclpful 
in producing c-.ol :J ccnsisn quo~lity which wouli LG requirod 
for thoj rr.p.iration --f stnrcL c ,al-wntcr mixturo fuol. 



4.0 	 PRINCTPLF.35 f! PREC-SS STLPS !N'VOLVED 1N 
PFIE P, r, T1,; N, 

4. PRINCIPLES 

The roquiremont ,inC role of flu'dity and stability of 

concentratcd czl-uat-r slurry on its uso has alroady bon 

discussed, TIiso oertios nr largcly be manipulated by tha 
usz.. of different pvrolc-oiza cistribotizns of the powdored 

cool and by the soloction --f surfectonrs of specific charact

eristics ond co;;contr:ition. 

Thu flui..ity is a function of rholo.gical properties
 

of concontrated slurry. To achieve the dosired prupertics, it 

is necessary, in -'Jition t_1 incorporc.tion of surfactants, to 

have a very carcfuljy seloctad distrubution of p3rticlo sizes, 

its optimisation tmnd control, The theory of rheology of a 

suspension is very coLmplex and dopondent on mony factcr. of 

the system. A-port from size 3nd distribution of particle sizes 

and particles cocontrctisn, po,rticLo shapo and surface cnergcs 

alsu influence rhoolonical ..roportiUs. 

The minimum viscosity, hnco inzimum fludity is 

closely reloted to sizing of pzrticlos for maximum packing 

doi.sity of powdor beds, thL lattcr being inversely proportional 

to slurry viscosity. it moons thct miximum bed density will 

result in minimum slurry viscosity for a specified particle 

concentration (5). in simplified terms, another way cf 

viewing this limit is to consider the flew of coal-water slurry 

as moticn of larger particles ever onO another :s being 

"lub~ricotd" by the motion of the s,$olr particles in trio in

torgsticos (3). A typical particle size distribution (6) 

is : per cent less than 200 mesh (75 microns ) : 63 - 78, 

and m:-ss moan diameter : 44 - 60 microns depending on typo 

of coal and system parameters. 

The viscosity 	of concentrated coal-watur slurry alsc 

on shear rote ( i.e. rate of agitation: ). Its viscosity

is well above 10,000 contipoisc at low sho2r rates of 0.3 sac 

end below, and it is lower then 2000 cp at shear rates above 

-	 ros-st settling 

dopendq 	 -1 

I OL sec indicatino tht .jo surry will 



4.1 

whon at rest and will pump readily (7). It the shear rate is 
in(trcasod furthur, there is little varintion in viscosity
 
boh7ving more or less liko Nowtonian fluid (2).
 

The rola uf sufcctantC -n the fluidity and stability 
is important. It is believed that they iswor the surface tension 
of the watcr, kcp the coal particlus from flocculating, promote 
suspension and provide gcod flow properties (7). Surfactants 

used are generally inic and nnicnic, and concontraticn roquirod
 

is usually less than 
1.0 %. They arc absobed at solio surface 
and hindor cclso pirticle ap. roach, ionic surfactants do so 

prirna~ily Ly o .6;PU.L-iuuV -4 *r~nUL..U fat 
by storic hindgranco. The ncnionic surfactants are usually 
compounds of macromoleculos wich ore anchirud at the dl.id
 
s-urfcs thr--.n. 
 _nly ohn while tho chain 
is free to movc around. 's 2/the particles tend to rumain 
apart and this is manifested as repulsion and stability (6).
 

Under that condion a balance aorrcng a1t;,Factive, repulsivo 
hydrodynamic and grovitaticnal forces is probaoly establishod.
 

O'hor 2d-itIves
Vkn nr~-Fo-m aogonts and watcrr
 

soluble resins 
 _gWm,) to increase viscosity con also be used
 
if zpquirod (7). I It may L. mentioned that Coals respond to
chomical additives in a vareioty of w.s. It has bon observed in 

S, coal-o,'.t systems that some additives which
 
PROCESS STEPS stabilize particualr sLurry worsen stability
 

if sucond coal is substituted (1i)

The process for the prepar,.ti-n 3f concontrated coal

water mixture is simple and straight forward.
 

It is botter to boneficiato c.,31, as discussed earlier,
 

if the ash content is high. 
Whether coal is benoficiatod or not
 
it is to be crushed to have dusirod size consist. One way of
 

obtaining Ldsired particle sizo 
range is by wet grinding a
 

part of the feed to c partiarular sizo range c-nd mixing the
 

dilute slurry thus produced with the remaining part of food
 

of different size range 
produoed b)' dr>, grinding. Dowataring

would be required if only wet grinding is adopted. The
 

process stops arc. schematically shown below :



Crushed Cca. 

tl 

Wet Grinding 

"t 

-J Watcr 

Tailings Bonoficiation 
Coll 

Water . 

Surfactants 

Dowatoring 

N! N" 

Mixing 

.. | 

Tc St2rago 

.,Co.a 

Wator 

l-wnto r 

mixture 

of 

The procoss stops 

benoficiotion used. 

would however dopond on tho method 



5.0 INDI ,j STATUS 

5.1 PRE Pi RA TI N 

Having roalized its relevance to the country, CFR!
 
has Initiated a Frtjoct 
 for the dcvolopment of^cntratod putrpnblo 
coalwator mixture for direct nombastien as a substitute for fuel 
oil. Non caking coal fromnSamlo scom in Raniganj field was use* 
for oxploratory investigations. The proximate analysis uf tho 
coal sample used : Moisture - 4.2 %, Ash  11.2 /"'3P V.M.-33*0/4 

F.C. - 51.56. 

The omal without any bonoficiation crushed to below
 
200 mesh (75 micr..ns ) a was used in the study. 

A number of surfactants wore triod.Eatcr soluble
 
polycarboxylic ocids 
prepored for othcr purpose by the axidatioc 
of coarl with HNO 3 (10) was found to be offo=tivj for roducin-.
 
viscosity. Other 
largo moloculor c npounds hoving functionol
 
groups were :'lso successfully OMelcyod for this 
purpcsu.
 
It was possible to p ruparo sulficiontly fluid coal-water 
 slurry 
containing 60/ ceol on dry b:sE0 * Settling of corl up to 3 dr ys 
was nut approci-blo, under lboratory scale experimental conditi:n. 

The rholagica- properties could not be systematically 

studied as yet. Shcar thinning properties of the slurry was
 
however observed. 
 Facilities for largo scale preparation and
 
charactorisation of slurry arc being installed. 
 It has boon
 
proposed to utilize the facilities existing at Contral Glass and
 

Ceramic Research Institute (cOCRI) Calcutta, for the charactor

ization cf* the slurry. 

Regional Research Laboratory, Bhubonswar; another CSIR 
unit, has boon working onmidilute coal-water pipeline slurries.
 
This is hcwcver d.2istinguishcj 
from highly concentrated, stable
 
fuel slurries. 
A few other lmstitutos arc also conducting studios
 
on 
hydraulic transport of solid in la:boratory scala primarily
 

with c.adomic objoctives .
 



5.2 	 COMBUSTIOIN 

It has boon rcporl od that SHEL, Tiruchi, is ongagod 
in. doveloping a combustion systOm suitblo for ho2vily-loadcd 
coal water slurry., Dcta!o cast ortfit analysis for using 
difforent coal-liquij mixtures in Indian context has also bcc 
mado by them. It is hpoc that participants from BHEL 	 would 
pvosont 	 moru information on toir -,rt uf work at this warksKp 

CGCRI has also exprossod intorost in cJnducting test 
on ignition and combustion of coal-wator slurry fuel at their 
existing oil-firoz) furnacos after appropriato modification. It 
would also undortako Jcsign of suitablo furnaco and burnCr in
cluding abrasion 	 rosistant rofractry lining foz which the
 
instituto has roportodly sufficiont oxportise. 
 Preliminary
 
work has 
 already 	 cojn initiated in this 	direction. 

6.0 	 WORK PLA N
 

Tentative plan of 
work for 	 tho proparation of coal
wator slurry fuel is Proposod.cmbjstian part :f tho work Js
 
not includod in 
 this report. Programmo for communiion anzi
 
boneficiation 
 zf coal 	is clo not considorod hero. 

Majur octivitis involvud in tho proparation part of
 
the work, cnd cstinnto of time roquired for 
their compltion arc 

as follows :-

Activitios Time, Pbnths 

1. Effoct 	 .;f pzrticlo size dis- 18 

tributions
 

2. Role 	of typo of coal 18 

3. Suarch for loss oxponsivo 12
 

surfactants 
 and their 	optimisaction 

4. Rhoological studios 8 

5. Stability and studios on 8
 

c hR charactj'risttics
 

6. Coal-Wter slurry mixing kinctics 18
 
and irixar scczl-up studios
 



7. Studios in octjal pumpbiity 10
 

and pressure drops in oxpefi

mental lojp 

B. Studios jn crosion 12 

SoMe af thuso -_,tivities at loest in part could be conducted 
Zuhultnoousl ,__period of throo yonrs is estimated to be
 
the total time requirmont for the completion 
 if the project.
 
It is merely tentativo; The maju activbitiot eIul. 
'b ,furthor
 
broken-up to 
 sub actLvitios and represented in the form of 
Bar or PERT Chart aftcr discussion modification and finalisation 

of the plan at thu end of this urrkshop 

The time prjposod Lauld be effective aftor the 
procurcment and instollaticn of instrument and ouipmont and 
having obtained aduquate fund including forcign exchangoe ond 
appropriate manpower. It i- nuedloss t:) m-nt n that the 
support uf all concerned seccions ind urgrnisations and prompt 
-voilability of infrastructrcl f-cilitics uoulj be essentiml 
to mcintain timQ schedule -is in any worK plan of industrial 

importance.
 

7.,0 CNCLUSION 

i) Coal-Wotor mixture is n low-cost liquid fuel which 
can be used under appropriatu condition as a poten
tial substitute for oil and gas with minimum 
modification and invostment, and hence it is a fuel 
of immodiatc relevance to the country. 

ii) In ordor to make 
it to a rcasobablo extent comparable 
with petroleurm based oil, the slurry fuel should
 

contain minimum quai&tity of watur and mineral mattor, 
and have sufficient fluidity and stability. 

iii) Typical Indicn coals would be suitable for the 

proparation cf slurry fuel in view :f their non
caking chnractrjstics and rclat voly high V.M. 

content. But high osh in Indin coals would pose 



problems and bonoficiotion would bo nocosary for 
prepnrction of slurry fu.di ncnr -oquivalant to oil. 

tho 

iv) Sufficiunt fluidity 2nd sQoLility of concontratod slu

rry can bo achievod by rnZpul2ting the particlo sizo 

distniibution of c cl nrd incorporating sLfactant. c f 
appropriato typo and concontration. 

V) Charcctorisbics of cool-water slurry fuol would also 

largoly dopend 2n tho noturo of cool usod which woulC 
mako it nocossary to ostablish tho optimum process p2

ramotors for oach pcrticualr coal. 

vi) CFRI has initiato work on the developmont of coal

water slurry fuol; prolimin,:ry oxperiments havo -l

roady showod some oncouroging zusults. 

jii) BHEL and CGCRI hcve t3kon 

ding design ospocts. 

up combustiun studios inclu

viii) Major activitics involvod in tho slurry prcparotion 

port of the wcrk nrc identified and tantativo time 

schodule proposod. Tnis will be discussod, modifiod 

and finalisod in separato session of this workshop. 
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HISTORY AND DEVELOPMENT OF COAL-LIQJID MIXTURES* 

In this discussion I would like to present, briefly, historythe anddevelopment of coal-liquid focusingmixtuures initially on coal-oil-mixtures 
and then coal-water-mixtures. 

Coal-liquid mixtures have emerged as viable alternative fuels to displace fuel oil and/or gas in both the utility and industrial sectors.Although fuel oil wsts are presently low with oil supplies abundant, the concern for depending -n a fuel with an uncertain future both in priceavailability, especially for importing 
and 

countries, makes CLMthe technology 
very attractive. 

COL-OIL-MIrURE DEVELOPMNT 

The interest in the use of COM rose and fell as the supply of oileither was threatened or became readily available over the years. In 1974,one year after the oil crisis of 1973 the General Motors Corporationinitiated a COM project funded by a consortium of 26 companies. Similarly,
after the oil embargo the Japanese government decided reduce depento itsdence on petroleum. A government-subsidized COM program was initiated1976 with the Electric Power Development Company becoming the lead organiza-

!.n 

tion. 

In May 1978, the U.S. Department of Energy sponsored the First International Symposium on Coal-Oil Mixture Combustion. The purpose of thissymposium was to bring together the international community of users, manufacturers, and researchers interested in and active in COM. In five years,
the annual COM symposium had been expanded to include coal-water mixtures,coal-alcohol mixtures, and other forms of slurry fuels. The fifthsymposium, in April of this year, attracted more than 700 attendees from 
major industrial and developing nations.
 

COM replaces only a portion of the energy provided by oil. A 50 wt% ofcoal in COM replaces about 4 0-percent of the energy of the oil; the remaining 60-percent of the energy is still supplied by oil. In 1977, the pricedifferential in the U.S. between COM and oil was only $0.36/106 Btu, whichhad to cover the COM processing cost, the additional transportation cost,the incremental boiler operating and maintenance costs, capital charges for
conversion, and a profitable return on investment. The price differentialin the States today is 3 1/2 times this figure. As the price of oil isexpected to increase at a faster than that thisrate of coal, differential 
should increase correspondingly. 

• The expanded written version by D. Bienstock and O.K. Foo is available by
writing to the author.
 



UTILITY BOILER DEMONSTRATIONS 

Figure 1 summarizes experience with COM combustion in utility boilers. 
An observation revealed by this table is that, despite the more favorable 
economics of coal-water mixture, there are still several important projects
aimed at converting utility boilers to COM. In Japan, the Electric Power 
Development Co. plans to convert an oil-designed 350 MWe boiler to COM 
during the 1984 to 1985 time period, -nd Tokyo Electric Power plans to con
vert at Yokosuka two 265 MWe units to COM ir 1984. Whether these full scale 
COM projects will continue to multiply will depend on COM technology 
development in the next few years. Potential trends in COM fuel development 
may make it a more competitive fuel for utility boiler application. These 
are the possibilities for higher coal loading, 60-70% coal (on a H2 0-free 
basis) and the balance oil, and the use of coal cleaning to reduce the ash 
content substantially. 

In 1980, the Florida Power and Light Company converted a 400-MWe oil
designed boiler to COM firing. Long-term, continuous boiler operation with 
virtually no derating was achieved with 42-percent of coal in the COM. The 
significance of this project was that it was the first COM conversion of an 
oil-designed utility boiler, which is the largest segment of the potential 
COM market in the United States. 

The first permanent COM conversion of a utility boiler is now in its 
second year of operation. Florida Power Corporation converted the 120-MWe 
Bartow Unit No. I to COM, under a five-year COM supply agreement with COMCO. 
The burning of COM in this unit has been highly successful. 

INDUSTRIAL BOILER EXPERIEUCE 

COM was burned successfully in industrial boilers as shown in Figure 2. 
Boiler efficiencies achieved with COM firing in industrial boilers approach
that obtained in residual oil firing. Given the current economic conditions 
and the prices of coal and oil, COM conversion appears attractive only to a 
limited number of industrial boiler users.
 

COM PREPARATION PLANTS 

Major COM preparation plants in the world are listed in Figure 3; the 
preparation techniques include dry-grinding and mixing, wet-grinding, 
ultrafine coal grinding, beneficiated coal, and coal-oil dispersion. 

Dry-Grinding and Mixing 

The dry-grinding mixing preparation process involvesand COM grinding
the coal and then mixing of pulverized coal in heated oil, usually with 
additives. This approach is sufficiently simple so that Florida Power and 
Light Company was able to design, build, and start to operate a 10,000 
barrels per day COM preparation plant in six months. Coaliquids, Inc.,
produces a COM by mixing pulverized coal, oil, and water into a slurry,
which then passes through an ultrasonic dispersion system. 



Wet-Grinding 

Wet-grinding combines the grinding and mixing steps into one operationso that handling and storing of pulverized coal is not required. Wetgrinding of coal is regarded as safer than dry-grinding. A wet-grindingprocess developea by the Electric Power Development Co. in a pilot plantinvolves coal and oil pulverized and mixed simultaneously in a ball mill.It has been successfully scaled to a 10-ton/hr plant at the Takehara PowerStation and a 20 ton/hr plant at Sumitomo Metal Industries, Ltd.
 

Ultrafine Coal Grinding
 

Ultrafine 
 coal with an average coal particle size of 10-30 microns wacused to make COM by General Comminution Inc. in Canada and COMCO and ERGONin the United States. Advantages of ultrafine coal are stability withoutthe use of additives, improved combustion efficiency, and less ash deposi
tion in the boiler. These advantages help to offset the higher cost of 
ultrafine coal grinding. 

Beneficiated Coal
 

In the preparation of beneficiated COM, additional steps are requiredfor the removal of ash and pyritic sulfur. The use of beneficiated
will add a premium to the price of COM, but will 

coal 
reduce downstream costswhen the cleaned COM is burned in a boiler originally designed for oil

firing. 

Coal-Oil DisDersion
 

The British Petroleum Company (BP) developed a coal-oil 
 dispersionprocess. A 10 0,000-ton/year plant at West Thurrock had been planned for
 
late 1981 but is now postponed.
 

TrILITY BOILER PERFORMANCE WdITH COAL-OIL MIXTURES 

Boiler Efficiency 

At the Sanford Station of Florida, Power and Light, boiler efficiencies
obtained with COM were 0.7 to 1.5 percent lower than those obtained with100-percent oil. The slightly lower efficiencies were attributed to the
higher excess-air requirements to burn COM. 

Ash Deposition and Slg ing 

Florida, Power and Light found that ash deposition on the furnace wallsbecame significant after 30 wt% concentration of coal in the COM wasreached. To overcome the accumulation of ash, towall blowers were added 
the furnace walls. 

Derating
 

Derating 
 of boilers with coal-firing capability is very small as indicated by the Florida Power experience at Bartow Station. The maximum load

carrying capacity of this unit was essentially unchanged. The rating before 



conversion was 115-MWe which has been attained repeatedly after COM conver 
sion and even exceeded at times.
 

The only COM experience with an oil-designed boiler was obtained by
Florida Power and Light in its Sanford Station. As the percentage of coal 
was increased to 50-percent, handling of COM became more difficult. It was 
sometimes necessary to derate the unit from 400 MWe to 
 355 MWe to keep

temperatures within the desired limit, due to inadequate fan capacity for 
combustion air. However, no derating was required with a 42-percent coal in 
the COM. 

There is no COM experience with a compact-type oil-designed utility

boiler. 
 Engineering analyses indicate that substantial derating could 
result. In the final analysis, testing may be required to resolve questions 
of derating with regard to specific boilers. 

FUTURE COX DEVELOPMENT 

Three major areas are identified for future COM developments; benefi
ciated COM, a compact oil-designed boiler demonstration test, and a highly 
loaded COM. 

A low-ash, low-sulfur COM is still an attractive fuel for utility and 
industrial users. Oil-agglomeration (Australia, Canada, and Japan) and 
froth frotation (Sweden and U.S.) have been incorporated into the COM pre
paration process. However, there is a need for long-term operation of 
larger facilities. 

Compact oil-designed boilers are a large share in the potential COM 
market. COM conversion of this type of boiler has been considered 
impractical because of high conversion costs and boiler derating. Burning
beneficiated COM in a compact, oil-designed boiler may be a solution to 
these problem:. However, test burns are required to prove this concept. 

In the past, coal loading in COM usually had been limited to 50-percent 
by weight because COM viscosity increases rapidly beyond that concentration.
 
Recently, there have been indications that a highly loaded COM may be 
possible. Currently, Gulf and Western produces a 60-percent coal in COM for 
small boiler testing. A low-sulfur, low-ash, highly loaded COM could become 
an economical alternative fuel for the future. 

COAL- i1ATER-MIXTURE DEVELOPMET 

The drive to obtain a highly loaded CWM with acceptable visoosity and 
stability became the focal point in recent CWM research and development 
activities. 

In 1977, Atlantic Research Corporation developed a two-stage grinding
technique which employed dry-grinding and wet-grinding ball mills to produce 
coarse and fine coal particles, respectively. The optimum particle-size
distribution was achieved by blending appropriate proportions of coarse and 
fine coal particles. Additives were used during grinding and mixing to 
lower the viscosity, promote stability, control slurry acidity, and to 
prevent bio-degradation. CWM containing 70-percent pulverized bituminous 



coals were burned for the first time in the United States in 1979 at theAtlantic Research test furnace. Carbon burnouts in the mid-90 percent rangewere achieved. The successful CWM test burn by Atlantic Research marked the
beginning of an intensive CWM program in the United States. 

In Sweden, the Carbogel concept started under government funding atScaniainventor in 1974. Carbogel is a coal-water dispersion containing
70-percent by weight of upgraded coal (less than 4-percent ash) and 30percent water and is stabilized with organic additives to create a lowiscosity, storable fuel. Carbogel AB was formed to develop and market
ruel. A unique feature of the Carbogel process is the inclusion of 

this
anodified froth flotation process to the and sulfur.reduce ash The Carbogelprocess is applicable to a wide range of coals of various ranks. There are more large-scale CWM projects in Sweden than in any other country on theEuropean continent. Swedish companies have signed license agreements with

major corporations in Canada and the StatesUnited and are actively
marketing CWM worldwide. 

CWM developments have experienced a very rapid growth in the last two 
years and the projected growth rate is greater.even Pilot CWM preparationplants in Canada, Japan, Italy, Sweden, and the United States, can be scaled
for commercial production. CWM combustion tests in both utility and
industrial boilers have been conducted and long-term tests are scheduled for 
the near future.
 

CIM COBUSTION TESTS 

Recent combustion trials in Japan, Spain, Sweden, United Kingdom, andthe United States are summarized in Figure 4. One hundred of Co-Al,tons
prepared by SlurryTech, was transported to Japan and burned in an 80 million
Btu/hr test furnace. This was the first large-scale CN co.:bustion test in
Japan and demonstrated that CWM can be burned a large furnacein without 
supplemental oil or gas firing. 

CN combustion demonstrations in utility boilers are shown in Figure 5.

In 1982, the Italian Electricity Generating Board (ENEL) conducted a CWM
test burn in a 125-MWe boiler originally designed for lignite and fuel oilat the S. Barbara Station. Snamprogetti, an engineering firm produced CWNwith 68-72 percent by weight of coal. Good results on flame ignition,
stability, and atomization were achieved.
 

In 1982, Energy, Mines and Resources Canada, the New Brunswick ElectricPower Commission, and Cape Breton Development Corporation entered into a
collaborative agreement to demonstrate preparation CWM itsthe of and utili
zation in utility boilers. The major objectives of the joint project 
are to
build a pilot plant to produce 6000 tons of CNN for burner evaluations to be
undertaken at two coal-designed utility boilers Chathamat Station. Testsin the front-wall-fired 12.5 MW unit were to start in June and in the 22 MWunit in Septembar of 1983. Both units were originally designed to burn coal 
and then converted to burn No. 6 oil.
 

In the United States, the Electric Power Research Institute plans to sponsor a demonstration one-year burn at an as-yet-unspecified utility. 



Thirty utility boilers are currently being considered for the project and a 

decision on the test site will be made in 
next year.
 

Industrial 	Boilers 

The major CNN market in Sweden is the industrial and district-heating
boiler sector which is mostly less than 20 years old and burns imported oil.
Several large-scale demonstrations in industrial and district-heating
boilers, shown in Figure 6, were conducted to assess CWM conversion 
potential. 

DuPont Co., EPRI and other organizations sponsored a 30-day trial burn
of CWM in 65,000 pounds of steam-per-hour boiler in August 1983 in Memphis,
TN. About 2,500 tons of CWM were supplied mainly by Atlantic Research
Corporation, with the remainder coming from Slurrytech, Inc. This repre
sents the first, large-scale, long-term CWM test in the United States.
Occidental 	Research Corporation has planned to convert a larger boiler at 
a
 
rated capacity of 130,000 pounds of steam per hour to CWM firing 	in 1984.
Data from 	 CWM industrial boiler trst firings have shown that CWM can be 

oil-designed with facilityburned in 	 boilers modest boiler and modifica
tions. However, long-term operation on CWM is needed to demonstrate its
reliability and to obtain operating and maintenance costs. 

Industrial 	Applications
 

Utilization of CWM in industrial applications is shown in Figure 7. 

CWN PREPARATIOH PLAINTS 

The CWM preparation process is more sophisticated than COM preparation 
so as to achieve high coal loading with minimum viscosity. Major CWM pre
paration plants, Figure 8, are listed in two groups according to whether the
coal benefication process is an integral part of the CWM preparation 
process. 

Beneficiated Coal in CiM 

Coal beneficiation is relatively more important CWM than to COM.to It
is conceivable that an ultra-clean CNN could be burned in an oil-designed
boiler without installing expensive particulate removal and flue gas desul
furization systems. The potential also exists that ultra-clean CWM could
improve boiler performance by reducing erosion and ash slagging/fouling. 

Most physical coal cleaning processes utilize water as the medium by
which pyrites and ash particles are separated. The coal particles are then
dewatered or thermally dried. The cost of dewatering increases dramatically 
as the particle size decreases. Therefore, fine coal cleaning is sometimes 
too costly although the ash separation potential is high. However, for CWM
applications, it may be economically advantageous to beneficiate fine coal
particles because expensive dewatering can be avoided. Variations of
multi-stage froth flotation have been incorporated into Carbogel, G&W, EPDC,
and Fluidcarbon AB processes. Other coal cleaning processes, including
chemical deashing, have been considered for future production of ultra-clean 
CWM. 



Carbogel has operated a 7- to 10-tons/hr plant since 1980 with a wide 
range of coals. Two wet-grinding mills are used to obtain the desired coal 
size distribution. 
 The ground coals are beneficiated in a multistage frothflotation system. The beneficiated coals have less than 4-percent ash, with 
up to 95-percent of the inorganic sulfur removed. Chemical additives areused to enhance yield and selectivity in the separation process. Three
tenths weight percent of organic additives are added to the dewatered coal 
concentrates to obtain a stable CWM containing 70 weight percent coal.Carbogel AB has signed license agreements with Cape Breton Development
Corporation (CBDC) in Canada and Foster Wheeler Corporation in the United 
States. The CBDC has built a 7-ton/hr CWM pilot plant at Sydney, Nova
Scotia, and will produce a sell CWM with exclusive rights to Eastern Canada. 

Unbeneficiated Coal in CUM 

Snamprogetti in Italy, Atlantic Research Corporation, Slurrytech, Inc.,Occidental Research Corporation, Standard Havens Research Corporation, and 
the Pittsburgh Energy Technology Center in the United States have CWMpreparation plants which currently do not include a coal-benefication 
process.
 

STATUS OF CfM TECHNOLOGY
 

The review of the current status of CWM technology focuses on the major
areas: preparation, combustion, and boiler performance. 

C*I Preparation
 

Ball mills were selected for early CWM tests because of the abundanceof data on wet grinding of coals and minerals, their reliability, and
economics. Atlantic Research Corporation (ARC) and Carbogel favored a two
stage grinding technique to produce a bimodal distribution of coal
narticles. Recently, both ARC and Slurrytech have demonstrated that for a
number of coals, satisfactory CWM 
 can be produced by a one-step grinding
technique in a ball mill. This improvement will simplify the CWM process
and reduce production costs. Dispersants, to reduce viscosity, and
stabilizers are added at various points of the CWM preparation process. An
effective dispersant will produce CWM with a high-solids loading and minimum 
viscosity. 

Currently, there is limited experience on CWM pumps. Progressive
cavity pumps which were also used in COM applications are now being used
with CWM. PETC reported that the rotary gear pump, which was effective for
slurry recirculation or transfer service with COM, experienced total flow
blockage when operated on CWM. The pump cavities tended to foul with coal
particles. Compressed air-driven diaphragm pumps have been installed toreplace the rotary gear pumps. Wear rates of a pump used for CWM are
expected to be higher than those of COM pumps operating under the same
conditions, (1) CWM has a high 
 solids loading and therefore is more

abrasive, and (2) the fuel oil in COM provides lubrication during pumping
and, thus, reduces the impact of solid particles on the surfaces of a pump. 

The U.S. DOE is presently funding a project to evaluate equipment andinstrumentation in utilizing CWM. Various types of pumps will be installed 



in a test loop. Test data will be correlated to the physical properties, 
such as density and viscosity, of each slurry tested.. Records on the
 
operation and maintenance of the pumps will be collected to evaluate pump
performance. Erosion/corrosion coupons or wear plugs will be installed to 
evaluate the wear rate and to predict the useful service life of various
materials and components. Canada, Japan, Spain, and Sweden all have plans
to evaluate slurry pump performance during their CWM demonstration tests. 

CWM Combustion 

Burner development has been identified as one of the major areas for 
investigation. Bench scale and full-scale test programs are now being con
ducted to evaluate burner performance. COM burner experience is helpful,
but not totally useful for CWM development because of large differences in 
fuel composition and combustion characteristics. 

Since 1981, PETC has burned CWM with 63 wt% coal loading in a 700-Hp
watertube boiler. The COEN burner used with the 700-Hp watertube boiler was 
modified for CWM firing. Nozzle holes were enlarged to double the area to 
reduce fuel velocity and pressure drop. Air register modifications were 
made as well. With 500OF preheated combustion air, stable CWM combustion 
was achieved without the use of supplemental fuel.
 

With the proper combination of burner and atomizer design, CWM can be 
successfully burned with carbon conversion efficiencies in the range of 96 
to 99+ percent.
 

Boiler Performance 

The testing of CWM industrial boilers is at an early stage while it is 
only at a planning stage for utility boiler testing. In the next two years 
more boiler data will be available. 

Boiler Efficiency
 

In the 700-Hp boiler at PETC with a 60% CWM, at full load the boiler
 
efficiency was 75-percent 
 with a carbon conversion efficiency of 96-percent.
The boiler efficiency with CWM was approximately seven percentage points
lower than that with oil firing. This lower boiler efficiency appears to be 
due to differences in heat losses caused by water and hydrogen in the fuels, 
heat losses due to the lower carbon conversion, and differences in
 
combustion-air temperature. The combustion-air temperature for oil was 
approximately 80 0F compared to about 500OF for the CWM. 

CWM burner and atomization are still in the developmental stage.
Boiler efficiency and carbon conversion efficiency will improve when the CWM 
burner is optimized. 

Derating
 

Full load on CWM was reached at PETC's 700-Hp oil-designed, industrial 
boiler after burner and air-register modifications. Derating could occur 
when CWM is fired in an oil-designed utility boiler. The amount of boiler 
derating depends on boiler design and fuel characteristics. Estimates on 



boiler derating and capital costs of boiler modifications have been reportedby Burns & Roe 
and other engineering companies. Nevertheless, derating is
still a site-specific problem which requires antual boiler testing. 

FUTURE CWM DEVELOPMENT 

At this time, CWM technology has not achieved commercial status and more R&D is needed. Some important areas to be considered are as follows:
 

1. 	 Advanced physical coal cleaning and chemical coal cleaning
processes should be evaluated to determine feasibility and cost 
for CWM applications. 

2. 	 More R&D for major equipment is desirable. CWM burners and pumpshave been developed by private companies. However, more informa
tion 	is needed on durability and performance.
 

3. 	 Long-term CWM combustion tests in oil-designed utility and 
industrial boilers are needed to determine boiler derating and
reliability. Short-term are insufficienttest data to convince 
users to accept CWM. The selected boiler should be representative
of a major CWM conversion market segment. 

4. 	 More R&D activities are needed in the environmental control area.
The trade-offs of using low-ash and low-sulfur CWM versus emis
sions control equipment should be evaluated. 

5. 	 Handling and transportation of CWM, particularly long distance 
transportation between 
the 	fuel preparation site and the user,
 
should be evaluated. 

EN SUMMATION: 

COM technology has become a mature technology in the last decade while
"WM technology is approaching commercialization rapidly. CWM has a competitive edge on cost over COM. CLM must compete with other coal utilization

and 	 coal conversion technologies such as coal liquefaction, medium-Btuasification, and coal fordirect firing, combustor retrofit and new com-
Dustor markets. 
 CWM also has a potentially lower cost than liquefaction
rasification due to the lower capital operating 	

and 
and costs. Most of all, CWMhas the advantage of earlier availability. Finally, CWM, as a liquid fuel,

is easier to transport, store, and handle than 	 solid coal, and may be the
preferred way to get coal to the user, 
particularly in industrial plants.
 

Commercial acceptance of CWM technology hinges on the magnitude of theprice differential between the of and ofcost oil cost coal, and theprojected long term availability of oil. Market acceptance will alsorequire proven operating reliability. Additional research and development
opportunities exist furtherfor expanding CWM market penetration into new areas such as transportation and heat engines. The importance of coal benefication in CWM to an expanding market is paramount. A low-ash and low
sulfur CWM needs to be developed to create a greater demand for CWM fuel. 



Figure 1.
 
COM UTILITY BOILER DEMONSTRATIONS
 

Country Power Station 

Canada Chatham Station 

China Yang Shupu Station 

Anshan Iron and 
Steel Company 

Japan Takehara Unit 1 
Takehara Unit 2 

Yokosuka (2 units) 

Spain Almeria Plant 

Sweden Uppsala, Kraftvarma, 
Cogeneration Plant 

(315 MW thermal for heat) 

United Kingdom Padiham Power Station 

United States Crystal River Station 
Salem Harbor Station 

Sanford Station 
P.L. Bartow Unit 1 

MWe 

10 

20 

20 

250 
350 
265 

30 

200 

120 

383 
80 

400 
120 

Test Period 

1977- 1980
 

1981 - 1983
 

1981 - 1983
 

1981 - 1982
 
planned
 
planned
 

1981 - 1982 

1980 

1981 

1977 - 1978 
1979- 1981 
1980- 1981 

1982 - current 
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Country 


Canada 


United Kingdom 


United States 


Figure 2.
 
COM INDUSTRIAL BOILER EXPERIENCE
 

Project 


Ontario Research 

Foundation
 

British Petroleum, Inc. 


Shell Research, Ltd. 


PETClDOE 


Coaliquids, Inc.. 

General Motors 


Occidental Petroleum 

Ohio Univ. at Athens 


Adelphi Energy Center 


Capacity 

1.2 MWt 

Various boilers in U.K. 

and other countries
 

60,000 pph 


100 hp 

700 hp 


65,000 lb/hr 

120,000 lb/hr 

135,00 lb/hr 


150 hp 

350 hp 


Test Period 

1980- 1981
 

1979- 1981
 

1976- 1977
 

1976 - 1981 
1977- 1981
 

1980
 
1977
 
1981
 

Ongoing Since 1981
 
1978 - 1981
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Figure 3.
 
COM PREPARATION PLANTS
 

Process 


Dry-Grinding and Mixing 


Wet-Grinding 


Ultrafine Coal Grinding 


Beneficlated Coal 


Coal-Oil Dispersion 


Countty 

China 

France 
Spain 

U.S. 

Japan 

U.K. 
U.S. 

Canada 
U.S. 

Canada 

Japan 


Sweden 

U.S. 

U.K. 

Project 


Yang Shupu Power Plant 

Anshan Iron and Steel Co. 


Blanzy Station 

Almeria Power Station 


New England Power Service 

PETC 


Florida Power and Light Co. 

COM Energy, Inc. 

Coaliquids, Inc. 

Allied Oil Co. 


EPDC - Takehara Unit i 

Sumitomo Metal Industries 


Shell International Pet. 

Interlake, Inc. 

Allied Oil Co. 

General Comminution, Inc. 
COMCO 
ERGON 

Scotia Llqulcoal, Ltd. 

EPDC - Takehara Unit 2 

Uppsala Kraftvarme AB 


Gulf & Western Ind. 


British Petroleum 


Capacity Additive 

10 TPH No 
12 TPH Yes/No 

8 TPH Yes 
N.A. No 

6,440 bpd Yes 
100 bpd No 

10,000 bpd Yes 
3,000 bpd Yes 
1,200 bpd No 
1,500 bpd Yes 

10 TPH Yes 
20 TPH Yes 

N.A. No 
1,540 bpd Yes 
1,500 bpd Yes 

3 TPH No 
3,500 bpd No 
5,000 bpd No 

6 TPH No 
10 TPH N.A. 
3 TPH No 

1.5 TPH No 

100,000 TPY No 
(planned) 



Figu e4. 
RECENT CWM COMBUSTON TRIALS 

Country Organization Test Furnace Test Period 

Japan Babcock Hitachi K.K. 

Electric Power 
Development Co., Ltd. 

80 x 106 Btulhr 
test furnace 

1.3-MWt Btu/hr 
Cylindrical test furance 

1982 

1982 

Spain UNESA 4-MW test furnace 1983 - 1985 

Sweden AB Carbogel Various prototype burners 
with capacities up to 

3.5-MW have been tested 

From 1979 

United States Atlantic Research 

Slurrytech, Inc. 

Gulf & Western 
Industries, Inc. 

1.3 x 108 Btu/hr furnace at 
ARC, and 4.0 x 108 Btulhr 
test furnace at Babcock & 
Wilcox Alliance Research 

Center 

4.0 x 106 Btu/hr test 
furnace at B&W Alliance 

Research Center 
80 x 10" Btu/hr test 

furnace at Combustion 
Engineering, Inc. 

70 x 108 Btu/hr test 
furnace at Forney Eng. Co. 

From 1979 

1980 

1982 

United Kingdom NEI International 5 x 106 Btu/hr 1982 - 1983 
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Figure 5.
 
CWM UTILITY BOILER DEMONSTRATIONS
 

Country Power Station MWe Test Period 

Canada Chatham Station 12 1983 
22 1983 

100-150 1984 

Italy S. Barbara Station 125 1982 

United States To Be Determined 1984- 1985 

BSI/3938
 



Figure 6. 

CWM INDUSTRIAL BOILER DEMONSTRATIONS
 

Design TestCountry Organization Size Fuel Period 

Sweden NYCOL AB In Several Industrial Boilers From 1980 
Svenska Fluidcarbon 5 MW oil 1981 
Thermal Engineering 50,000 lb/hr oil 1983 
Research Foundation 

United States PETC 100 hp oil From 1981 
700 hp oil 

DuPont Co. 65,000 lb/hr oil 1983 
Occidental Research 130,000 Ib/hr oil 1984 

Corp. 

BS1139 4 1 



Figure 7. 
CWM INDUSTRIAL APPLICATIONS 

Country Project Application Test Period 

Canada 

Italy 

EM R/B&W 

Centro Sperimentale 

Metallurgico 

Fluidized-Bed Combustor 

Blast Furnace Fuel 

Injection 

1983 

Planned 

Sweden Carbogel AB Gasifier N.A. 

United Kingdom National Coal Board, 
Coal Utilization 

Research Laboratory 

Pressurized Fluidized Bed 1982 

United States Standard Havens 
Research Corporation 

Rotary Rock Dryer 1983 

BSII3939
 



Figure 8. 

CWM PREPARATION PLANTS
 

Process Country 

Beneficlatlon Included Canada 

Japan 

Sweden 

United States 

3eneflclation Currently Italy 
Not Included 

United States 

Company 


New Brunswick Electric Power 

Commission, Cape Breton 


Development Corp., Licensee
 
of Carbogel (Sweden)
 

Electric Power Development Corp. 


AB Carbogel 

NYCOL AB 

NYCOL AB 


Svenska Fluldcarbon AB 

Svenska Fluldcarbon AB 


Gulf &Western Industries 


Snamprogettl 


Atlantic Research Corp. 

Slurrytech, Inc. 


Occidental Research Corp. 


Standard Havens Research Corp. 


Pittsburgh Energy Technology Center 


Capacity
(TPH) Status 

7 Start up In 
In June 1983 

1.5 

7-10 
3 

100 

Start up In 
mid 1983 

Operational 
Operational
Start up in 
late 1983 

5 
44 

1.5 

Operational 
Start up In 
late 1984 

Operational 

N.A. Operational 

4 
5 
15 

Operational 
Operational
Start up In 
late 1983 

N.A. 

0.5 

Start up In 
late 1983 

Operational 
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THE STATUS OF COAL CLEANING IN INDIA
 

A. K. CHAKRAVARTI 



The status of coal cleaning in India
 

A.K. Chakrvawrti
 

India with 112 billion tonnes of coal resources-proved,
 
inferred and indicated- representing 0.0 j of the total world 
coal resources is the sixth largest coai producer in the world
 
with a prodiction of 124.32 million 
torines in 1921-82. The
 
drift nature of tne coal seer-s of the major 
 Indian coal basins
 
has resulted in the 
fine dissininaticn of mineral matter
 
throughout the 
 coal substance. Thus beneficiation of Indian 
coals present many formidable problems. This intergr--,wn dirt
 
necessitates crushing to 
 sn-ij size for release of the dirt result
ing in excessive protuction of fines which pose problems of
 
handling, beneficiaticn, deoatering, 
 water clarification,
 
dryin,, heavy medium regeneration etc. Low 
 i, erontial in
 
specific gravity betwean 
 coal and extraneous matters lea" to
 
large percentage of neur gravity materials 
 (NGi) as much as 70
 
to 80 percent in 
 some cases. This causes considerable migration
 
of ' sinks'in 'floats' ano 'flodts' in sinks'. Besides,
 
there are several other problems assULiatcd with Incian coal
 
washing which wideare(i) fluctua3ti_,n of ash content of coal 
seams (ii) small procucticn of majoiity of the mines needirng
 
cunstructiun of 
central wasreries and (iii) progressive 
detarioration of tequ-3 iity srjd _asi-ability cnaracteristics 

1 12of the feed ta washeries. On account of these factors, uashio 
plant in india ar3 sophisticated and thus 30 to 40 percent 
costlier than those in other countries.
 

Pioneering washability studies which were 
done orIndian coals in the early forties hdd concludco tnat the 
Indian coals were ~ot amenable to techno-scnnomjn bcfi, 
r n. 
Subsequent washaobill.y studies conducted under the aegis of 
the Fuel Rosearcn Ccmmictee and at Central Fue j ese, rh 7nScitr
* Deputy Director, Central Fuel Research Institute, P.L.
Dist-Ohanbad, Eihar.
 

contd.....
 



astablishod fo-sibility of boncficiating Indian coal seams, 

though in goncral, the washability charactcristics of Indiorn c-!ls 

wore found to vzry fron difficult to very difficult. The jazho'ility 

i.idicos'of I,-dian cuols arc cenorod with tro c;als of difforrit 

of the -crld in Table 1. Tho low value of washcoilitycountries 


indices of Indian cools indicate difficult cleaning char-ctcristics.
 

Sincc 19SO thc Contral Fuel Research Instituto has bcon 

engaged in RCO activitieocovering various aspccts of coal pr ;parotion 

namely evaluation of thc washiaility charcteristics of Indian cools, 

do vulopmunt of siitable techniques for their effective boneficiction, 

up,.rading and douterirng of fine cool, pruporties of hcevy medium 

suspansiins ond auplication of H.M. cyclones for the proparation of 

Indian coals- CFRI has ;!sQ boon elaying a major role in the planning 

of all the public sector wzshu'ies which were sot up during the lost 

3 decades. Ouring the period 1951-183 seventeen washorios ucrs st 

up with aggragate throughput capacity of about 29 million bonnes por 

annum (Table 2.). 

The coking coal r-survos in India are concentrated in theo 

Jharia coalfield. Th" uppor scams arc having compcratively bettor 

quality and washing charactcristics as compared to the lower s"rms. 

The yield of clczn coal from lower scam coals is poer with high yioldi 

of middlings w,:on washed in lump sizes (Table 3) when crushed to 

smaller sizes, the yield of cleon cool increases with docreaso in the 

yield of middlings(Tabl 4 . The middlings rdloase considerable 

percentago of cl-an coal on crusning to very finu size like minus 0.1 

mm(Table 5)4. For fine and ultrafino co l bonoficiation, processes 

like olooflotation, oil agglomoration and chemical deminoralisation 
5,6,7

have boen" developed at the ientral Fuel Research Institute 

Oloflotation and oil agglomeration processes permits easy duwatoring 

of cleaned pobduct in addition tj efficient bonficiation. Chemical 

de,minoralisation gives high order of refincment with practicily 

no loss of carbon in the discord. Typical result of beneficiatian 

achieved by the processes are given in Table 6. 

contd...... 



Static heavy modium ccal cleaning processes aro effective 

for coiparativuly cc~rser size coal having totton size ariun, 

6 mm. Beiou the size, tne sep-raticn occcmos progrossivoly 

ineffective due t: larao settling time taken by tho particlos 

in the vizcous ht-n,,'y medium. Gravity processes other than static 

heJavy mbdi ore l:-3 not offective for cleaning such small size 

particles partic-ilarly thosa havirm inferior cleaning characteris

tics. Heavy medium cy:lone washLrs usiog centrifugal force 

instead of gravity hu'ld muc, promrise to bencficiation smaller 

size c'I coal with high capactty & cficioncy . 

Heavy medim, cyclones uJ-s invented in the mid forties 

at the D.S.M. and those came into :omo:-cial existence in -frly 

fifties. At the Central Fuel Rosorch Institute, Ohanbad srudies 

on the applicability of heavy medi- cyclone was carried out For 

a decade starting from early fiftibeS. The studies h:vo established 

the suitability of heavy medium cycloeras for boneficiating Indian 

coals, So far heavy mcFdium cyclones havc been installed in 13 

commercial coal uasherios in india out of seventeens hcving tctcl 

throughput capacity about 3500 tonnos per hour. Heavy medium 

cyclones are in very common use to-duy. Thore is a trend towerds 

increasino both the tol size of foed as uil Qs to feed the cyclones 

with zero size particles. 

With the progressive depletion of easy and medium wishablo 

coals in India it has now become imporative t: utiliso the inferior 

grade difficult washnole coking coals for metallurgical use. Study 

on the liberation characteristics of tnese difficult washable 

coking coals h .s revealed that they are to be crushed to 10 !mnm 

or even 6 mm prior to washing. The + 0.1 NGM in these crusned coals 

gcnerally remain in the range 50-60% at the desired separation 

point. HMi cyclone is the only washer which can deal with such a 

difficult washzLlo and smaller size coal. 

CO Io. . .* 



The only lim itaticns in convonti-nal heavy medium 

cyclones w-srors is its iaoility to accopt particles f-nor 

than 0.5 mm which trend to contaminate the separating medium. 

Gonerally the fines below 0.5 mm are screened off from the fc: c 

to the cyclonc ond are treated by froth flotation technique. 

iuantity of fines below 0.5 mm in coais crushed to 10/6 mm 

remain in the range of 20 to 40/s. It has boon found that 

most of the fines consist of intergrown particlos of vitriritos 

and inertinitos which di not respond properly tc flotatisn tr;.:z 

and as a conso-luence considerable amount of coal particles 

got lost along with flotation tailings. 

Of late, lot of R&D studies have been made in 

western countries particularly in USA and Notherlands, ru.... 

apmlicability of F f cyclone extending to a bottcm size iimit 

of 0..1 mm or aven upto zero. A numoor of such HM cyclr:as 

have recently boon installed at ronnsylvznia, Pittsbuzg, 

Virginia, Wzst Kontuc;'y in USA and are successfully coing 

operated uith a feed size down to 0.1 mm. If such s9_ systor.s 

be incorporated for treatment of difficult cleaning smailor 

size crusheoc food, much of the existing problems of Indian 

coking co.ls will be overcome. A collabdrative study in this 

area betwcan !ndia and the USA may be 6seful. 
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Table 1 

_ c 	ist.Cs if coals fromCom-arrisnc 

difforurt cr:ntrics 2 j l
 

Overall Washability Rcmarks on
Details of sa;plcs Si:e Cf coal 

ash3 inocx characteritics 

i. 	 India 
Jharia Co-lfild 
SCam i-XVIiI 76 mm-0 20-30 15-10 Difficult to vary 

diff icuit. 

2. East Sokaro Cu-2lfiold 
24-27 Diffic-Itkargali soar, 76 mm-0 18-25 

3. Laland 

3. 	 f[tnvors fitain collicry 
Park gatcs,Silkotones 203-51 mm 11-14.5 65-76 Very easy 

& Hoigh moor scams
 

61 casy
4. 	mskarr colliery 203-25 mm 26.0 Vory 

5. 	Worshop colliory 203-51 mm 3a.3 65 Vory :c:y 

C. U. j.A. 
6. 	to.6 Coal bod, St.Chair 

Easycountry, Illionois 38-.15 mm 17.4 40 

7. 	 UpPor Frcoport bed 
11.0 61 Vkry OzsyCbcbraco Mine 38-0 

Westmoreland country
 

8. 	Rose hill mine,M1skingum 
14.0 	 Easy
country,Chis 38-.15 	 57 

9. Nu. 12 mine, leykingum
 
65 Very easy
country,Chio 30-0.15 21.0 


D . G- rra ny 
10. 	Doura scam 00-0.3 13.5 57 Very casy 

11. 	Horamaun 30-0.3 21.5 6S -do-

E. 	Australia
 
12. 	 Victjria Tunnel seam RO[(excluding
 

-0.5mm fins)19. 8 43 Easy
 

13. 	 Young wall a-d scam
 
stackton RGM(ox-0.5mrm) 23.2 45 -do

F.South mfrica
 

14. 	 Loi'c.an collicry Nuts 15.6 36 Medium 

15. 'homix colliery Nuts 12,1 21 Difficult 

http:Loi'c.an


Tabij 2 
Details of coo-l u .s i:st..d betucon 151-1983 

Naiac of uzz.cry Year of 
 mina Feed 	 Principal washinc

commissioni-rg capacity sizo systemrs

An i.tonnos/ (rm)
 
ycar 

A Priro Lc~ 	 ,'Ico.C --I secto r
 

I. Jam ba 1952/1973* 
 1.44 	 76 Chance cono,H;,1 cyclne
 
and froth flotation.
 

2. Lidna 
 0.40
1955 	 13 'Acco Foldapur jig

3. 	 Jur~a~zur i60 1.50 76 	 Orowboy~ath &Fuldapurj'i4. Dugda i 1961 
 2.40 76 	 Baum jig & Tromp bati-.5. Bhojidih 1952/63* 2.00 76 	 Lcebor bath,Baum jigs"
HM cyclcon.

6. Pathordih 
 2.00
1964 	 76 Eadm jig, Barvoys ,zth
 

HI] cyclonre.
 
7. Ourga..ur(CPL) 1957 
 1.35 
 13 	 HM cyclone
 
8. Dugda 1I 1968 
 2.40 13 HM cyclons& Hydrocyclc.
 
9. Chasnala 
 1968 	 76 Leoobr both. & H.] cy:ljrn
2.00 

10.Sudadih 
 1931 1.50 35 HM cyclone a froth fict

11.Monidih ion.
1933 1.50 35 HM cyclone & hydrccycl.n.
12.Barora 1 1932 0.50 75 Baum jig,HMi cyclone & fr: 

flotat i,n. 
B.Mediur, c-king coal sector 
13. 	 West Wkarc 1-951/73* 0.57 76 	 Chance cone, HM cyclo:a 

froth flotatin.14. 	 K(argali 1958/55* 2.72
1 	 76 Wemco Drm,Baum jig & H;i.cyclone.
 

15. 	Katahra 
 1969 
 3.00 76 	 Drewboybath,HM cyclo.: 
16. 	 Sawang 0.75 

froth flotation.1979 20; 	HM cyclono-Hydrocyclonc
17. 	Eidi 
 2.84
1970 	 76 Disabath &Baum jig
 

C. Nor cokin cal scctcr 
18. 	 Nowarazat.d 1959/60 0.50 75 Humooldt bath & Baum ji. 

* Data if completion of expansion/modification. 



Tablo 3 

Rco-vory ef .;_-s6ad 2vj- ts fron lcwor sg:?m ro:-!lc of 

Jhari' C., i l!26i. -1 

Raw coal cr'-shcd to 75 mm 

Scam Ovorall Ch a n Middlings Rojocts 
as5 coaL ( 1.50 SG)(1.5-1. COSG) ( .00 SG) 

wt% ashy wt% Ash% Wtf ,sh% 

1. V/.'/VJL 27-30 26-36 16-10 52-66 33-35 8-13 50-56 

2. VIII 22-33 30-40 16-1S 40-57 32-36 10-15 55-60 

3. IX 25-30 35-55 16-10 42-55 32-36 5-15 56-60 

4. X 25-32 35-60 16 -10 30-50 33-36 7-12 52-62 

Table 4 
Recovory of clans fr;:n, -. typical lower soam coaI(IX-X1 
of ari. cz-ficld, h-beiha by pr-crcssivo crushig/'arinding 

of tho cool. 

Size of crushing % Rocjvc-j :f cloans at difforont 
or gririLinq ash lovjzls 

Minus 13 mm 32.0 38.0 

3 mm 34.5 42.0 

0.5 mm 43.0 50.0 

0.21 mm 56.0 62.0 

0.15 mm 57,0 63.0 

0.10 mm 5990 64.0 

0.076 mm 60.0 66.0 

" 0.044 mm 64.4 70.0 



I o 0 'c.5
 
Thecretical 
 recvcry of 2:c:r; o.:z frI'j, 	 midalingcLon t] 	 i r _ -)si,t s ~ s 

Sof' o.Sic of crur i/ ,iacovcry of clc;-2n coni 
grin Jirg9 

Ls j 

~o 	mc, l u 
 6 .
2. 	 75-6m.7 17.5to belowmid:;Ihngs crushed6 m,-, 16.5 17.5 
2. 	 75-0.5 mm mihdlings crushed 

to bulow 0.5 mn 36.6 
 17.5
 
3. 	 75-0.5 mm midclings ground

to bclou 0. 1 mm 52.7 
 17.5
 
4. 	 75-0.5 mm middlings groundto below 0.044 mm 61.0 17.5 
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CURRENT COAL PREPARATION PRACTICES IN THE UNITED STATES
 

Today in the United States coal provides approximately 22 percent of our
 
total energy needs, up about 5 percent from 1975. Certainly, increasing
 
price and supply uncertainties associated with oil and natural 
gas have
 
provided the impetus for this increased dependence upon coal. However,
 
if our use of coal is to grow, we must make it a more acceptable fuel
 
and in the United States the resistance to coal usage is based upon its
 
physical nature and organic makeup. 
 Being a solid fuel, it is harder to
 
transport, store, and utilize than either liquid or 
gaseous fuels.
 
Further, the organic impurities in coal provide a serious drawback
 
because of environmental concerns.
 

How do we make the most immediate impact on the desirability of coal as
 
an energy resource? 
 I suggest we wash more coal. There is no quicker,
 
less expensive way, to significantly reduce ash and sulfur content 
from
 
coal than to wash it. This is true in the United States, and I am sure
 
there are many parallels to be drawn with the coal industry in India.
 
In the United States about 50 percent of all coal washed is processed in
 
jigs; however, the utilization of dense-medium processes, in particular
 
cyclones, is growing at 
a very rapid pace owing to the fact that dense
medium processes provide the sharpest separations attainable, especially
 
for fine-size coal. 
 Further, thev provide the flexibilftv recuired to
 
keep abreast with changing market quality demands. The cleaning of fine
 
coal by froth flotation is also increasing substantially. Although only
 
a small percentage of the clean coal 
is produced by dry separation
 
processes, there is renewed interest in upgrading of the lower rank
 
coals by dry techniques, particularly in the arrid regions of the
 
western United States.
 

Our typical coal preparation plant is operated approximately 13 hours a
 
day, 5 days a week, 220 days a year; however, new plants going on-line
 
are being designed for a minimum of two and the capability of three
 
shift per day operation. Plants of one or two thousand ton per hour
 
capacity 
are being developed with parallel circuits. An interesting
 
example is the Paradise plant recently built by the Tennessee Valley
 
Authority (TVA) which has four absolutely independent 500 ton per hour
 
circuits. 
 Thus, one circuit can be down for maintenance and the other
 
three can be processing coal at full capacity.
 

An interesting trend is the small modular coal preparation plant of from
 
50 to 200 ton per hour capacity. Such facilities can be built and
 
brought on-line in a very short time frame.
 

An interesting example of a new flowsheet configuration designed spe
cifically to reduce pyritic sulfur content is provided by the Homer City
 
Coal Preparation Plant. 
The Homer City facility provides an ultraclean
 
low sulfur content product to feed a 650 megawatt generator that is
 
subject to strict SO2 emission standards. This facility also provides
 



an intermediate sulfur content middling product to feed two older 600
 
megawatt generators. The Homer City plant has a capacity of 1,200 tons
 
per hour of 1 1/4 inch by 0 raw coal that has an average sulfur content
 
of 2.7 percent. Product yield is approximately 87 percent by weight and
 
about 94 percent of the available Btu's are recovered. The two 600 ton
 
per hour parallel circuits provide maximum flexibility allowing the
 
plant operator to change -he specific gravity of separation quickly and,
 
hence, control the quality of the final products.
 

Coal preparation provides a means for providing custom feedstocks of
 
desired quality to mee: end use specifications. The attached appendices
 
are an overview of this technology.
 



1982 FOSSIL FUEL
 
CONSUMPTION BY MARKETS IN QUADS*
 

Energy Use 

Residential/
Fuel Electricity Industrial Commercial Transportation 

Coal 12.7 2.7 0.2 
Oil 1.8 7.6 3.0 18.0
 

Gas 3.3 6.9 7.5 0.7
 

*1 quad = 1015 Btu r\-, 50,000,000 short tons of coal 



BENEFITS OF COAL PREPARATION
 

* Sulfur and Ash Contents are Reduced 

* Carbon is Concentrated 

" Trace Element Concentrations are Lowered 

* A Product of Uniform Quality is Produced 



ASH AND SULFUR RELEASE POTENTIAL
 
OF U.S. COALS (AVERAGE)
 

Top 
Size, Btu Reduction, Percent 

Inches Recovery, Pyritic Total 
(mm) Percent Ash Sulfur Sulfur 

11/2 80 53 56 31 
(38) 

70 64 69 38 
(10) 



3.0 I 

Pittsburgh bed coal 
Lower Freeport bed coal 

Float 
1.60 sp. gr.

I. 

S2.0 

LFloat 1.60 sp. gr. 

1.0 Float 
_ 1.30 sp. gr. 

Float 
1.30 sp. gr. 

0 I I I 

1-1/2 3/8 14 48 200 

TOP SIZE TO WHICH FEED WAS CRUSHED, 
inches and mesh 



Percent Possible Reduction Using Coal
 
Preparation
 

Iron 


Mercury 


Nickel 


Cadmium 


Chromium 


Manganese 


Lead 


Copper 


35%
 

34%
 

15%
 

36%
 

21%
 

64%
 

49%
 

25%
 



ANALYSIS NECESSARY TO
 
CHARACTERIZE A GIVEN COAL
 

* 	 Size Analysis of Raw Coal 

* 	 Float-Sink Analysis of Coal Crushed to Various Top Sizes 

* 	 Chemical Analysis of the Various Size Fractions and Float-Sink 
Increments 

* 	 Petrographic Analysis of Macerals in the Coal 

3SI/4388
 



Float - 1.27 
1.27 -1.30 
1.30 -1.40 
1.40 -1.50__ 
1.50 -1.60 
1.60 - 1.80 
Sink -1.80 

WASHABILITY ANALYSIS 

Total sample crushed
 
to 9 mesh top size
 

Riffle into two samples
I 

Crushed to 35 mesh top size 
I 

Riffle into two samples 

Float-sink test 

Float-sink test Crushed to 200 mesh top size 
_ _ _ _ _ _ 

Float-sink test 



BENEFITS OF USING A CLEANED COAL 

Increased heat content of cleaned coal (greater 
0 Btu content per unit weight) 

(less weight to ship
Transportation savings

for same Btu content)
 

Pulverizing cost less (less coal needs to be
 
0 crushed)
 

Unit capacities are increased (at a given feed
 
0 rate Btu's to boiler increased) 

Boiler and related maintenance savings (clean

0 coal is less corrosive)
 

Ash disposal cost reduced (clean coal leaves
 
0 less ash)
 



COST SAVINGS FIRING A
 
CLEAN COAL IN A UTILITY BOILER
 

$/Ton Coal 
Reduction in Ash Disposal Costs 0.25 
Reduction in Coal Transport Costs 0.58 
Reduction in Maintenance Costs 1.73 
Reduction in Capacity 3.23 
Increase in Plant Availability 1.32 

Total Cost Impact 7.11 

BS114386
 



Mechanical Cleaning of Coal by Type of Equipment,
 
Percentage of Clean Coal Produced 21
 

Year 

Washer Type 

1938 1948 1958 1968 1978 

Jigs 47.2 53.4 52.2 46.7 46.6 

Dense-medium processes 7.6 12.6 23.9 29.2 33.2 

Concentrating tables 1.7 2.7 8.2 13.9 10.5 

Flotation - - 2.6 4.5 

Pneumatic methods 17.6 9.9 8.6 4.9 1.9 

Classifiers 7.7 11.1 4.0 1.4 2.7 

Launders 18.2 10.3 3.1 1.3 0.6 

Y From USBM and DOE Data 



MECHANICAL CLEANING OF BITUMINOUS COAL
 
AND LIGNITE - 1978
 

COAL PRODUCED 
TYPE OF EQUIPMENT (THOUSAND SHORT TONS) 

WET METHODS:
 
J IG S ................................................... 10 4,8 1 1
 
CONCENTRATING TABLES ........ 23,549
 
C LASSIFIERS .................................. 6,153
 
LAUN D ERS ....................................... 1,358
 

DENSE MEDIUM PROCESSES: 
M AG NETITE ..................................... 65,823 
S A N D ................................................. 7 ,7 6 5 
CALCIUM CHLORIDE .................... 924 

FLOTATIO N ................................................ 10,068
 

PNEUMATIC METHODS ........................... 4,330
 

GRAND TOTAL ........................... 224,780
 



DENSE-MEDIUM CYCLONES
 

* Generally Clean '/4-Inch x 28-Mesh Size Fraction 

* Can Process up to 100 TPH 

ADVANTAGES: 

Will Produce the Sharpest Intermediate-Size Coal Separations 

Can Separate at any Specific Gravity from 1.3 to 1.9 

Can Produce Good Separations Down to 100 Mesh 

Can Maintain Tight Control of Separating Specific Gravity 

Have no Moving Parts 

DISADVANTAGES: 

Are Relatively Expensive
 

Involve Complex Circuitry
 

BS114389 



DENSE-MEDIUM CYCLONING OF FINE COAL
 
AT LOW SPECIFIC GRAVITIES
 

1. 	 Cyclones cleaning 9 by 100 mesh coal at 1.30 S.G. are still able to 
make sharp separations (Ep - 0.029). 

2. 	 Classifying the feed allows the finer sizes to be cleaned almost as 
efficiently as the coarse sizes. 

3. 	 Inlet pressures in the range of 5-12 psi (as a function of increased 
flow rate) do not significantly influence performance. 

4. 	 Within the range tested, overall performance deteriorates as the 
M/C ratio is decreased. 

5. 	 For the 9m x 100m feed, performance deteriorates with decreasing 
particle size, as anticipated. 

6. 	 Even at such an extended range of application, the dense-medium 
cyclone shows consistently good performance when compared to 
other cyclone performance studies. 

BSI/4366 



COMPARISON OF DENSE-MEDIUM CYCLONE 
PERFORMANCE BY SIZE FRACTION FROM VARIOUS SOURCES 

Data Source Killmeyer O'Brien Deurbrouck Geer Deurbrouck Taylor Sokaski 

Cyclone Diameter 8" 10" 8" 6" 20" & 24" 24" & 28" 10" 

Composite S.G. 1.30 1.65 1.35 1.58 1.50 1.64 1.48 

Size Range Treated 9m x loom 28m x loom 6m x 200m 1/4"x 28m 1/2" x 28m 11/2" x 0 1/2" x 0 

+-9 .035 .027 .024* .038 
'9m x 14m .016 .024 .034 .037 .048* .057 
14m x 28m .022 .024 .039 .052 .064* .060 
28m x loom .065 .055 .040 .154 .108 
-loom .103 .205 

Composite .029 .055 .030 .036 .029 .044 .047 

Actual 11/4" x 28m Composite was 0.031; values for size fractions were extrapolated by R&S formula. 



COAL
RAW COAL 
2nd STAGE FLOTATION CELLSHIGH SULFUR 1 t STAGE FLOTATION CELLS HIGH SULFUR 

HIGHW ASHHIGH ASHCH AO L 

HIGISUFURSUCEANCOA 

FLOTATION 
 FLOTATION
CELLS ,CELLS
 

REJECTSR 
H IG H S U L F U R 

COALHIGH SULFUR 
LOW ASH 

HIGHTASH 
"" 

FCLEAN 

' 

COAL
LOW SULFUR 

LOW ASH 

3 REJECTS
 
~HIGH SULFUR 

CONDITION'ING -
TANK I 

~PUMP
 

COAL-PYRITE FLOTATION PROCESS 



PROJECTION OF REVERSE FLOTATION PERFORMANCE AT BARNES & TUCKER
 

DEMONSTRATION UNIT BASED ON LABORATORY TESTS
 

WEIGHT, PERCENT ASH, PERCENT SULFUR, PERCENT
 

CONVENTIONAL PYRITE CONVENTIONAL PYRITE CONVENTIONAL PYRITE
 
FLOTATION FLOTATION FLOTATION FLOTATION FLOTATION FLOTATION
 

FROTH CONCENTRATE 80 80 
 17 17 2.6 1.5
 

TAILINGS 20 20 32 
 32 5.6 10.0
 

FEED 100 100 20 
 20 3.2 3.2
 



Input No.3 
%washmags out) 

Input No. 2 
(wash out 
non-mags) Input No.l 
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(u Ncarousel 

t 
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/ 

SIron case of 

~~Matrix in" 

S Solenoid 

r 

coils 

Output 

compa

No. ;3 

rtment Output No. 
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CAROUSEL HIGH-GRADIENT 
MAGNETIC SEPARATOR 



DRY HGMS
 

ADVANTAGES: 

* 	 Eliminates need to dewater fine-size clean coal product 

* 	 Eliminates need for refuse slurry disposal 

* 	 Reduces plant requirements for water 

* 	 Ideal for use as on-site pre-utilization benefication 
process where slurry disposal is prohibitive 

DISADVANTAGES: 

• 	 Requires feed coal moisture content of less than 4 or 5 
percent (i.e. feed coal must be dried) 

* 	 Requires removal of the ultrafine particles prior to 
separation 

BSI/4358 
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DATA SEPARATION 
SOURCE METHOD SIZE FRACTION SYMBOL 13
 

ORNL SPECIFIC GRAVITY -30 .100 *u 3
 
SALA HGMS -24 1l00
 

/ 
190 

r0 
/ 7 a_ 

z 

COAL- WESTERN KENTUCKY SEAM NO. 9 5 3.o""5 Cn< 

3 

I I I II 
50 60 70 80 90 100 

BTU RECOVERY, (%) 

Comparison of ash removal by dry high-gradient
 

magnetic and specific-gravity processes.
 

BSI-4354 



SUMMARY OF THE PERFORMANCE DATA OF
 
NIR TABLE CLEANERS ON COMPOSITE FEEDS
 

Plant 
Feed Size, Inches and Mesh 

Ash, percent: 
Feed ........................... 

Clean coal ...................... 

Refuse ......................... 

Pyritic sulfur, percent: 

Feed ........................... 
Clean coal ...................... 
Refuse ......................... 

Btu recovery ................ 

Weight recovery (yield) .......... 


Theoretical weight recovery ..... 
Weight recovery efficiency ...... do.. 

Specific gravity of separation ........ 

Probable error ..................... 


Imperfection ...................... 

Error area ......................... 


percent 

do.. 

do.. 

A B-1 B-2 C 
2 by 200 2 by 200 2 by 200 1 by 100 

26.0 14.4 16.2 15.8 
18.7 9.1 9.1 9.0 
67.6 47.2 40.7 29.9 

3.69 4.79 5.49 
2.50 2.64 2.64 *** 

10.48 18.14 15.26 

95.6 93.7 87.2 67.4 
85.1 86.1 77.4 67.4 

88.1 90.2 85.6 88.3 
96.7 95.5 90.4 76.3 

2.67 1.99 1.78 1.56 
.. *.*...* . .334 .296 .312 

...... *.* . .337 .381 .555 
311 264 251 272 

BS114368 



WILLOWBROOK AIRTABLE -

HEAVY-MEDIUM PREPARATION PLANT
 

Raw Coal 
4 Inch x 0 

1 Inchx 

Screen , To Heavy-Medium 
Cyclone 

4 Inch x 1 Inch 

2 Stage 
Roll Crusher 

14 InchxO 

Clean Coal - Airtables Reject}-

Middlings 

CleanCoal ' IHeavy.Med'um 
Clean Coal Cyclone j Reject 
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PANEL DISCUSSION - November 8, 1983
 

Q. 	is there any information available as to the expected impact of
 
changing an oil-fired boiler to coal-water mixtures, so far as the
 
environment is concerned, particularly with regard to emission of
 
particulate matter and oxides of nitrogen?
 

A. 	That has been very well-defined in the literature and there are
 
quite a few papers on the subject of emissions from coal-oil and
 
coal-water mixtures. Particulates are no problem. In our station
 
we use a bag house; very effective dgainst particulates. The
 
utility may prefer to use an electrostatic precipitator.
 

Q. 	What about NOX?
 

A. 	The NOx in coal-water tends to be lower by 100 ppm than in the
 
parent coal 
itself, because of the lower temperature in the boiler.
 
With respect to SOx, there is 100% conversion of sulfur to SO
x .
 

Q. 	Are people using limestone for combating SOx in the effluent or in
 
the combustion stage?
 

Al. 	Limestone and preferably lime can be used as a slurry for SO
x
 
removal. 
 However, there are more effective sorbents SOx than
 
limestone. Limestone can be added directly when you are 
using
 
fluidized bed combustors. When you talk of replacement of oil-fired
 
burners by coal-water slurries, the slurry has to be sulfur-free and
 
ash-free to make it approach oil firing.
 

A2. We have tested alkali carbonates and bicarbonates in the effluent
 
from a coal-oil and coal-water mixture . The particulates then can
 
be trapped in 
a bag house. That's quite effective.
 



Q. 	Is there any scavenging of the flue gas necessary if the coal is not
 
desulfurized to meet the regulations for oxides for sulfur emission?
 

A. 	It has been shown that it is beneficial and economical 
to do part of
 
the sulfur removal during the coal preparation, rather than removing
 

SOx from the flue gas. An economic analysis has to be made here so
 
as to known how much you should try to remove in coal preparation
 

and how much you should try to remove in the effluent gas cleanup.
 

Q. 	I would like to know whether the physical and chemical properties of
 
the coal have been taken into consideration or have had any
 
influence in the preparation of coal-water slurry. For instance,
 
the low rank coals, bituminous coal, are humic in nature. The humic
 

content itself may lead to the stable production of the slurry,
 
without any stabilizers or additives. Secondly, some coals are
 

hydrophillic and some are hydrophobic in nature. The higher rank
 

are hydrophobic, the low rank hydrophillic. In situ, maybe the
 
generation of humic acid from the lower ranks would help develop a
 
better stability and lower viscosity. Have these factors been
 

studied?
 

A. 	The type of coal has an influence on the viscosity as well as
 
stability. Stability and viscosity are a function of the surface.
 

The 	property of the surface is important. If the coal is humus in
 
nature, or functional groups are exposed at the surface, it will
 

definitely help dispersion and stability. But by and large
 
stability is a function of particle size, if the particle size is
so 


low, definitely any type of coal can be dispersed without any
 

additive. But the fact remains that, whatever additive
 



is added, 
it must be optimized and be established on the basis of
 
the coal 
used. We have made no visual study but the surface and
 
type of coal have property qualities; however, we cannot quantify
 
this fact as yet. 
In fact, one of the slides presented by
 
Dr. Bienstock was concerning an American experience where the particle 
size was extremely fine and additives were not needed to stabilize 
the slurry.
 

A2. Particle size is also a very very important factor but, apart from that,
 
if we can liberate the humic acid, or 
if we combine two coals -- one 
principal coal (90-95%) and the other which is humic in nature -

which liberates humic acid in situ, perhaps a better slurry can be made.
 
Maybe Dr. Bienstock can suggest the basic part of this work we could
 
study in CFRI, while the technological part, on the combustion side, is
 
done by BHEL. 
 That work plan has to be sorted out at the end of this
 
Workshop.
 

A3. This subject is wide open and there has not been very much success with
 

it.
 

Q. Is there any information on the direct firing of coal-oil mixture or
 
coal-water mixture in a gas turbine, and is there any work being done
 
in the U.S.?
 

A. There is some work being done at METC in the 
use of coal slurries and you
 
might want to check with Ghate when he returns.
 

Q. We have been studying the quality of coal 
in coal-water preparations but
 
haven't done any study on the quality of water. 
 Looking at the additives,
 
I think the effectiveness of the additive or 
type of additive may also
 
depend on the water quality in addition to coal. The second question is
 
on the process flowsheet that was given by you. 
 At one stage after the
 
wet grinding you are trying to filter out the water. 
 What is the particle
 
size and what is the concentration before and after filtration? 
 Have you
 
faced any difficulty in filtration or 
have you had to adopt a technique
 
which is not normal --
that is, give some special treatment to give better
 
filterability of the material?
 



A. 	There are three ways of dispersing coal or, for that matter, any
 

solid substance in liquid. One is ionic, which creates a layer
 

of electrostatic charges. It is called electrostatic repulsion,
 

a cause of dispersion. Another is non-ionic, caused by steric hindrance,
 

and another is solvation. So if you choose to disperse by ionic sub

stances which are partly adsorbed on the surface of the coal, and keep
 

another part of the molecule charged and repel that charged particle,
 

in that case the type of water has a role. But normally it is done
 

by steric hindrance, particularly with water-soluble coal substance -

high molecular coal substance -- or polyoxyethelyne substances, which
 

are adsorbed on the surface and have a long chain all around the coal
 

and cause great hindrance in settling. In that case the role of water
 

may not be significant, but certainly the role of water does have a
 

significance ifyou choose to disperse by ionic principles. We have
 

not studied it in detail although we have initiated it, and hence cannot
 

give you an exact answer.
 

With regard to the second question, we have given one of the schemes
 

but there are any number of schemes, depending on the particle size you
 

choose. It may not be wet grinding alone; it may be dry grinding and
 

wet grinding mixed together. Dry grinding will give you larger particles,
 

wet 	grinding will give you finer particles. Mixed together, you need not
 

dewater it at all. Normally, if you select wet grinding, you get a very
 

dilute slurry. Then you have to dewater it and have to adjust the water
 

later on.
 

Q. 	Do you see a potential for using an oil and coal-water mixture together?
 

A. 	The potential is that if you replace oil by some portion of coal-water
 

slurry it can be cost effective because there is a high difference in
 

the cost of oil and the cost of coal-water slurry.
 

Q. 	This question is with regard to the apparatus used for viscosity measure

ments. The apparatus used may not be able to give the yield stress at
 

all and, under Indian conditions, there are frequent power shutdowns. So
 



when 	the slurry is standing in a tank or pipeline and the stress is
 
very 	high -- almost a prerequisite for good stability -- then you 
require very high power to 
start the pumping. The yield stress is
 
an 
important factor so you could use a better viscometer to provide
 

a better picture.
 

Al 	 I have illustrated only a very simple type of measurement and Dr.
 
Bienstock can offer 
some suggestions on the type of instrumentation 

to mieasure the viscosity of coal-water slurry -- instrumentation 

which is available in the U.S. 

A2. 
 A whole series of instruments are available to measure viscosity, for
 

different shear rates from very low to very high.
 

A3. 	 There are two which are very well 
known. One is the Weisenberg Rheo
meter, which can give you from .1 cp to 10(10-12) cp, which was used in
 
the polymer industry. The next practical one is Haake, where you can
 

vary the viscosity from 0.1 104
to cp and this can give you very accurate
 
results with time-dependent behavior as well.
 

Q. 	 I have been working with a design and construction organization where we
 
are looking at the transportation of coal over 
long distances. So far
 
we have been working on the conventional transport such as is available
 
in the States. Recently there are two organizations, one in Germany and
 
one 
in Italy, and both have advertised that they are able to transport
 
the CWM they are preparing over long distances. We did some preliminary
 

calculations based on the reported properties and found that the power
 
requirement of transportation is about 3 times that required in the
 
States where there is a slightly coarser particle size distribution.
 

I know the transportation you have is by barges and tank cars, 
but do
 
you have transportation through pipelines for long distances?
 



A. 	There are two systems -- one is the pipeline slurry, another is slurry
 

fuel. Slurry fuel is definitely not suitable for long-range transporta

tion through a pipeline since the viscosity is more, and hence the
 

energy consumption is more. So slurry fuel is generally transported
 

through tank cars or barrels. Another is in situ preparation. Why
 

should you transport water along with coal? In situ preparation and
 

combustion requires only transportation from pump to the atomizer.
 

Moreover, you can preheat it and lower the viscosity at the site.
 

Q. 	Coal-water mixture is approaching commercialization and the benefits
 

obtained by replacing oil firing with coal-water mixtures are well
 

understood. In the Indian context, is there a potential in that there
 

are a lot of stoker-fired boilers? I would like Dan to comment on the
 

possibility of converting stoker-fired to coal-water mixtures. Is it
 

beneficial.
 

A. 	I have no information on that.
 

Q. 	What are your views on it?
 

Al. 	Under the circumstances in which we are considering this possibility,
 

the stoker-fired boilers designed earlier were designed for wood-coals
 

and not more than 25-30% ash. But presently we are faced with a situa

tion where the coal availability is so poor and the coal available is
 

poor. The output available has to be drastically limited and there is
 

a 30-40% reduction in output on the stoker-fired boiler. A number of
 

customers are approaching us as to how to retain this lost output -

whether coal-water slurry can be a solution for this.
 

A2. 	I have no experience -- I can only speculate.
 

Q. 	As far as Indian coals are concerned, coal beneficiation is a must. One
 

step we will have to go through before we think of coal-water mixtures.
 

This beneficiation is going to add additional cost. When Mr. Chakraborty
 



suggested 11% ash coal, that is the dream of a user in India. Is
 

there any work being done in the world on the making and burning
 

of high-ash coal-water slurries considering the cost economics and
 

_.pital costs involved for the beneficiation process itself? With
 

the present beneficiation process which we know and are exploiting
 

commercially we are not able to get beneficiated coals of even
 

16-17% ash. What is your suggestion and what work should be carried
 

out in this direction?
 

Al. 	I know of none. It is very difficult. I would hope that would be
 

a part of our going program here to look at the potential for doing
 

this. The washability seems to indicate that there will be such a
 

small recovery that it can be very difficult. Some of the work done
 

by Sarkar, I think, with some oil flotation recovery has a very small
 

portion of low-ash coal. In the U.S. we are able to produce a 2% ash
 

coal readily, by dense medium cycloning by crushing down to perhaps
 

28 mesh or something of that nature, then removing that incrementd!
 

fraction. Again it will not be a major portion, and what you will
 

wind up doing is producing a low ash clean coal perhaps or a coal-water
 

slurry, and a middling product which you may use in some conventional
 

way.
 

A2. In CFRI, a chemical demineralization technique has been developed and
 

a pilot plant is coming up. This has been directed by Mazumdar and
 

I would appreciate it if he would speak a few words.
 

43. 	For the second part of the question, we have a technique -- chemical
 

leaching -- by which we can demineralize any coal of any ash content,
 

down to any ash level, even almost ashless. Technologically it is
 

possible but you still have to answer whether or not it will be
 

economically viable. The principle is that coal and alkalis react
 

together at atmospheric pressure at temperatures of the order of 110

120'C, followed by washing with water and leaching with dilute sulfuric
 

acid. The alkali penetrates into the physical matrix of the coal,
 

:onverts the mineral 
matter into a soluble matter. In this treatment,
 



even the caking properties of the coal are unaffected. On the
 
other hand, removal of 30-60% of mineral matter from high ash coal
 
or from high ash middlings improves the caking index and the cokability
 
of the coal. The cost of alkali in India is prohibitive. We are able
 
to regenerate and 
recover 80-85% of the alkali used, depending on the
 
type of coal. Secondly, we 
have also been able to retrieve byproducts
 
of the mineral matter due to the use of caustic soda and acid. The by
products are sodium sulfate, aluminum sulfate and silica gel. We are
 
undertaking a feasibility study to see if 
we can find a market for the
 
byproducts which are substantial per ton of coal depending on the
 
ash content. Then the cost of the coal having 1-2%, below 5% ash would not
 
be prohibitive. Summing up, yes, we can reduce the ash content to any
 
desired level for Indian coals or any coals of the world, depending
 

upon its end use.
 

A4. 	In answer to the second part of the question, I believe from the pre
sentation that coal-water mixture has two kinds of applications. One
 
is the replacement of oil-fired boilers partly by coal-oil mixtures
 
and 	then completely by coal-water mixtures. In case of CWM, it is
 
preferable that there is no ash. However, by putting in 
some soot
 
filters and bag filters they have been able to overcome the problems
 
associated with low ash CWM. The other application is the feeding
 
of CWM in the fluidized bed boilers and gasifiers. The advantage is
 
that it is easy to pump, but the disadvantage is that fluidized bed
 
boilers and gasifiers may be able to take up coarse coal, 
and hence
 
the grinding cost comes into the picture.
 

Q. 	When talking about chemical leaching, it was told that we can go down
 
to any level of the ash content but that in itself is to me not an
 
answer because, to my knowledge, when you burn this coal in a boiler
 
it looks like you are going to end up with high corrosion rates with
 
the alkali and acid leaching. Do you have any comments on this?
 

A. 	The apprehension is legitimate but can be discounted. 
 It all depends
 
on how you do the washing. You can make the coal almost free from
 
residual chemicals, i.e., alkali. 
 Because you are treating finally
 
with acid, you may be left with a little sodium sulfate but we have
 



seen that this level of sodium sulfate can be brought down to
 
5-6 ppm, which is the amount of alkali you have in the coal itself.
 
In mineral matter, 1-2% could be alkalis, so a lower amount of alkali
 
is present after treatment than what you had in the coal itself in
 

the form of mineral matter.
 



INDIAN EXPERIENCE IN GASIFYING AGRICULTURAL RESIDUES
 

P. D. GROVER
 



GASIFICATION OF AGRICULTR:,L RESIDUES 

-VILLAGE LEVEL 3;.SIFIERS

K.K.Baveja and P.D.Grover
 
Chemical Engineering Depa-tment
 
Indian Institute cf TechnA!lgy
 

Now Delhi-110016,INDIA
 

Presented at:
 

U.S. (Agency for international Development) 

and
 

The Government of India's 

FIRST WORKSHOP on 

Alternative Energy Resources and Development
 

Coal Conversion and Biomass Conversion
 

Taj Palace Hotel 

New Delhi,INDIA
 

November 7-11,1983
 



GASIFICATION OF AGRICJLTJRAL RESIDUES 

-VILLAGE LEVEL GASIFIER--

K.K.Baveja ani-,..surover 
Chemical Engineering Department 

Indian Institute of Technology 
New Delhi-110016, INDIA. 

: bott 80% of population in India lives in 5,00,000 

villages. By the year 2060 the population is expected to 

reach one billion and it seems likely that most of the
 

people will continue to inhabit the rural sector. To sustain
 

such a vast population and developing rural and agricultural
 

economy, a considerable increase in energy production will
 

be essential. 

To meet this growing energy demand, one of the major 

approaches is to utilise the agricultural residues efficiently, 

Over 200 million tonnes of these residues are being produced 

annually. Gasification of agrowastes has great potentials
 

provided an appropriate gasifier capable of operating under
 

village environments is developed. The gasifier is then used
 

to power an engine-pump set for irrigation. The objective of
 

this development is to have a decentralised system for
 

irrigation for which the farmer has not to depend upon the 

availability of Diesel fuel and grid power, and the only fuel 

available to him, that is, agrowaste, is utilised. Most of 



the agro-wastes can not be used directlv- for gasification in
 

small scale gasifiers. These have tc be mondified in acccr'dnce 

with the reqairements of feed stock fir sutch gasifiers. For 

gasification, most of the experience in this cjunvz-, is based 

on gasification either of coal or of charcoal made from wood.
 

Experience in gasification of wood is also very recent and 

liMited and has yet to be utilised in the -field. 

Agro-waste fuels are entirely different in physical and 

chemical characteristics compared to traditional fuels for 

gasification such as charcoal and coal.
 

The comparison of chemical constituents of agro-wastes, 

charcoal and coal is given in the Table-I and Table-II. 

TABLE-I: Comparison of constituents of selected fuels
 

Moisture Volatiles Fixed Ash __I 

Carbon K.Cal/Kq 
Biomass 
(Sawdust) 

10 68-78 gr-£4 1 4500 

Charcoal 10-15 5-10 77-85 3 6050 

Coal 2-3 27-35 40-47 20-40 5000 

Paru Fuel 3-8 40-60 25-35 10 5600 



TABLE-I:: Constituents of Wood and Coal.
 

Biomass Coal
 

C(%) 51.5 76.9
 

H(%) 6.9 5.1
 

0 (%) 40.8 6.9
 

N (%) 0 1.5
 

S(%) 0 2.4
 

Ash(%) 1.0 7.2
 

HHV.BTU/lb 7,125 13,000
 

K.cal/Kg. 4,000 7,000
 

VARIATION: K.Cal/'. 3000 -4,500 4000- 7900
 

Compared to coal and charcoal, agwo-wastts contain much 

higher percentage of oxygen. Theref:_c3 firect gasification of 

agro-wastes tends to give more of oxygenated products. As an 

example, the percentage of CO2 is 3-4 times more than what is 

obtained by gasification of charcoal. However, higher content 

of volatiles in the biomass tend to give more of hydrocarbons 

such as methane resulting in higher heating value of gases. 

Typical heating values cf producer gas from biomass and charcoal 

alongwith composition are given in table-III. 



producerTPBLE-Il1: Composition Pf Gas. 

Product From wood Fr= charcoal 

3.09.5-9.7
CO2 


CX HY 0.0-0.3 0.1
 

02 0.6-1.4 1.3
 

CO 20.5-22.2 2e.7
 

12.3-15.0 3.8
H2 


CH4 2.4-3.4 0.2
 

50.0-53.8 63.0
N2 

980 Y.cal/m3
 

HHV 1330 K.cal/m3 


Although direct _!asificaion of bicmcss h.as many advantages, 

yet it is an established fact that this gives gas combined with 

ash and tar particle:s. F :r gc ( KW), Oaslargo its 30 wet 

cleaning can be incorporated buz for sr'! units it becomes 

highly complicated and uneconomical. 

Charcoal, though most suitable for gasification i-S an 

expensive material, costing around, Rs. 2.25/Kg. in Delhi and 

also is energy inefficient. The use of charcoal made from wood 

put pressure on already sca.rce forests. Therefore,will also 

deterred materials like partially cartcniz:i "-iom.ss ri3etted 

fuel such as "PARU FUEL"IC.) is the most suit.l- materil for 

a village level gasifier. A tyical anal-sis of Par.: F-Isi 

included in Table-I. 
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TABLE-IV
SUITABLE TECHNOLOGIES FOR GASIFICATION OF ARICULTUWaL RESIDUES 

Process Pxoduct/Typical HHVKcal/m 3 Advantages Drawbacks 
1. Steam Pyrulysis (600 0 C) Pyro-gas/3,860 

Catalytic-non catalytic 

Fluidiz,,d-rotary gcsifier 

a)Medlum BTU gas 

b) by-product recovery 

c) Captive power 

a)Capital intensive 

b) For large scale 

c)Thermal efficiency 
2. Direct :ir gasification 

with or without 

Producer gas/1330 
generation 

a)Thermnal efficiency a) 
=40% 
Elaborate gas 

densification 
=75% cleaning 

packed bod gasificr 
b)Suitabl,- for large 
sized feed 

3. Air gasification of 
 Producer gas/1330
charrec briquettes a)Simple in design/ a)Preparation ofoperation 
 feed 

b)Less gas cleaning 
 b) Lower thermal
problems efficiency 

c)Suitable for most 55-60% 
biomass 

d)Suitable for small 
gasifier
 



suitable foraddition, about 50 Kg./hr-. Cf amorphous silica, 

making pozzuoiana ce2ment,-- .._, z_--btz:L-:_.=. n- v.!urible b,,

product. An inegra-ced syzs:m bZasedc. ,asification of rice 

husk is s:o.. in Fig. 2. 

D TRECT,_ T01: 

The direct asificarin, for otive -zowar, of wood ch ips 

co-tonand certa- n acro-wastes such t.s co=, cobs and chopped 

sticks is being carried out mostly in d~:w.drft gasifiers. 

Although such un-ts ':are ...... . . _ v .-- L-, .. . arc 

z f sm Z fA.:rers.expensive and not so fu.r within the rea 


Apart from definite size of f4ed rcca-,: f-r -here . - .rs,
 

havz:extensive c/'=ning systems, both dry- =nf :et, t :

which are responsible -for its 'i gh cost3. Un! zs .. -aho 

nozfurther developeddn' its cast reduz- , thiL may find 

utility with small farmer accustomd to using 3-5 H.P. irrica

tion pum.
 

-.nd s:;n-! size agro-w:-stes suchFur-har, some other light 

as rice straw and coir was-t car. nc. b,2 ud unless th.:s- are 

densified. Diroct densificat'n :or plietisition for smral! 

n ot ... th*sE".in:.C ,n ive. Theg.as...fir is .co :.. = ---

and directexperience in o- -hose .rs:.-on r..zCn.s 


i -LD arrive any positive
-o Ztwood/biomass -ii--S: 


- of biomnss could be
conclusion.: 

http:th*sE".in


considered for large and medium sle units having more then 

30 KW outout. 

For h-nC :;ZrMr of ,a3-5 -h7 village level 
gaer,- Dg a s Ji _ am low cost, two major factors must be 

incoporte-d. -1-a as..er should be simpl in design and
 
operation and secondly the gas cleaning system should be
 
either 
 or made very simple. Past -a-erience with 
gas__ict ....n of charcoal, 
a clean fuel, jus-ify this possibili-

However charcoalty. made from wod being ex.ensive in deve
loping co-ntr-ies 
 '-nd 1because o loncCverall thermal
 
efficiency 30-35%, 
 can not be usad as fuel. This imolias
 
that a similar fuel should be made available from agricultural 
residues. 
 Therefore the overall deveiopmcnz of this gasifier
 
has two .,,,ajCr c.mnens. 
 Ths--,e aro (a) preparation of
 
suitahe fuel 
and (b) the use -of this fuel in the gsifier. 

hPA..: o s:Eio--


A-.s .n.... o-n previously, 
z-e characteristics and operation 
os Iualiyl s___=_ put !i.iations on the of fuel. 

Gasif-r simierr to Rcgers Ha_- micro -- sifier (2) has 
been operated successfullY no,.o-chrcol 
--t 1..T. Delhi. 
Now it remains to be opCrazed on perially charred bricuetted 



fuel. The extent of charring is cnB parameter that needs 

extensive studies. It is a well known fact that the 

temperature, rate of heat transfer and zzsidenc time of 

biomass in the charring unit d3termi'ne the yield an quality 

of char obtained. Typical data for charring cf Douglas fir 

needles (3) is given in Table-V. 

TABLE-V: Carbonisation of Douglas Fir nteedles.
 

Temp. Weight Distribution of heat Calorific value 
°C LCss of combustion of char,o___(K. cal/Kg. fuel) (K.cal/Kq.)

in volatile In char
 

100 - 13 5120 5120
 

150 - 2L 5107 5107
 

200 4.5 60 5073 5310
 

250 13.5 297 4836 5590
 

300 24.6 644 4489 5950
 

350 40.0 1268 3865 6440
 

400 50.0 1992 3141 6280
 

450 56.3 2500 2633 6030
 

500 63.5 2730 2403 6580
 



Compared to direct briauetting of biomass, the briquetting 

of charred biomass with suitable binders docs not involve the 

use of high pressure machines. Once the physical structure 

of the fibr-es in biomess is thermally diegraded at about 2000 C,
 

its resistance to briouetting is elimina-ted. This technology 

of nartial charring and briauettina at f'a-ai', comm-nu.ni-y and 

the m chanised leve-s have been devaloped at I.I.T. Delh4.(4), 

widely known as "PARU" fuel technlclgy. About fifteen 

mechanised olan-s of capacity 4 tonnes/dav of "PARU" fuel have 

been installed and many more are being installed in the country. 

At village level, tho charring of biom.ass can be carried 

out in 200 litr drums. These can be opoerated asily by(Fig.3) 

any semi skilled perso in such a unit, the charge is added 

continuously and air inlet holes --re also cnrtinuously blocked. 

In this manner the -ir flow is controlled and also brought in 

immediate contact with fresh charce. About 25-30 Kg. of char 

can be obtained from m.terials such as str-_:, cotton sticks, 

coconut shells and such like materials, Due to lower bed 

porosity, fine materials such as rice husk, sawdustcoffee
 

husk etc. can not be charred in this system. 

For charring of rice husk and similar mterials, a number of 

of internal segmental trays h3ve to be incorporated, with a 

grate furnace at the bottom of the drum. This unit, shown in 

Fig. 4, though comparatively more complicated has the main 



advantage that ash residues of fue. burnt on tha -gr-.te do not 

get mixed with the char. 

Fig.5 shows another moel of d:4 cI- rrrn syst..m, simpler 

in design and operation, and gives unif-r,-v choirrea material. 

Because of central chim.ey effect the ar Is ra xn downward 

through the charge. After igniting the charge, the feed is 

added continuously. Whili the tp layar of charge is lnder 

combustion to providae heat for pyrlysis, the bottom layers are 

being carbonized. Once the charge is prly o:arbonised, the 

-top portion of the chimney is removed -nd the drum, iz covered 

for the carbonisation to be completed. Collaction of tar sho.n 

at the bottom of Fig.5 is advantageous as this tar after 

washing with hot water can be applied on the outside su face of 

the retort to orotoct it from corrosion. However no corrosion 

is experienced in the internal suf?.ccs of these units due to 

the formation of trr coatings. All these units h:ve beon 

ooerated at I.I.T. Delhi. 

BRIQUETTING OF CHAR: 

The char obtained is tho_u.,hly "..-dx13-1 .ith wet binders 

such as lime, clay, inedible starches or molasses. The mixture 

can be either bricue-ted with hand or in a hand ooerated 

extrusion machine similar to the green fodder cutting machine 

being used in the vilaes. Briquettina by hand can be 



carried out in a lz-:ir r manner as moulding of clay bricks, 

cutting of these wet bricks into small pieces, and drying the
 

same in the sun.
 

MACHANI SED ' PARU' FUEL :?LIldTS: 

As mentioned arler, 15 plants,each having capacity of 

4 tonnes/day,have already been installed in the country and 

many mere are bcing installe. 7t present these plants are 

producing fuel for domestic cooking bu * these fuels can be 

modified in their physical and chemical characteristics and
 

made suitable for gasification. Once widely available, the
 

fuel can be purchased in the market. The flow sheet of these
 

plants is given is Fig,3.
 

Advantages of 3ricrettod Fuels for Gasification:
 

The major advantage .f charred bricu tted fu-l is its 

inherent property ,f being a clean fuel. Gasification of such 

fuel will tend to give clean gases, relatively free of tar, 

such that wet scrubbing of gases can be avcided. Being 

synthetic in nature, 'its heating value can also be enhanced 

by using cheap organic binders. Inorganic binders and inerts 

should have to be salected carefully such that the ash layer 

formed is either very porous or can bo easily removed to make 

the carbonaceous materials available for azsification. Further, 

these adizivis should not lew-er the fusion/sintering point 

of ash to avoid formaticn of clinkers. in general, alkalies 



lower the fusion te:.perature of silica, zhe main chemical 

cnstituent of ash, while alumina and iron oxides tend to
 

improve thc characteristics of clinker fo=vnntion. Other
 

advantages of thn.se fuels are:
 

1. 	 Lower ignitio n temperantures c-.npo.red t= c-ke or charc.al 

2. 	 Pellets can be made in any siz, 7nd s. ape, thereby the 

bulk density and their flowability in gasifier can be 

i-m roved. 

3. 	 Unlike agricultural residues, this fuel can be stored for 

longer periods.
Fi-.7 gives the imrzcance 2f *.-_r fuel fir energy and food 

production.
Gasification of Charred sriauetted Fuel: 

A gas producer reacts quite sensitively to the fuel para

meters such as ;ash conten-. and its composition, moisture content, 

reactivity of carbon and its vlatile contents. These parameters 

are proposed to be studied in a down draft batch type gasifier. 

Further the fuel characteristics and the design and operating 

parameters of the gasifier must match -y givc troublefrea. 

operation with I.C.Engines. 

At I.I.T, Delhi, prelimninary tests have been carred out 

with a modified Harvard icro-asificr (2). The gasifier was 
with 

operated/compressed air and commercial grade charcoal as fuel. 

The details of the gasifier are sho',m in fig.8 and the general 

layout in fig.9. Typical perfornnce data are given in table-VI. 

http:charc.al


PERFORMANCE 

2ABLE-VI 

RESULTS OF A MINI-GASIFIER 

FUEL USED:- CHARCOAL 

HI.H.V. 

CARBON 

H YDI 0GEN 

1ISTURE 

6380 K.Cal/Kg 

(11,470 BTU/lb) 

7 1. 5%. 
5.01% 

3.7% 

RESULTS 

PERIOD OF GENERATION
GAS FLOWW}TE 

GAS COMPOSITION 

.SH 
VOLATILES 

3.6% 
34.6/ 

CO2 

0 2 

QUANTITYH2 

2Kg. FOR INITIAL HEATING 

CO 

H2 

N2 

3Kg. FOR GASIFICJATION 1.H.V. 

GASIFICATION RATE 

OVERALL THi.EFFICIENCY 

50 Mts. 

15500 Lit/hr. 
9.12 CuFt/Min 

9.9% 
0.5% 

21.4%
 

10.9%
0 9
 

57.3% 

979K Cal/m 3
 

3.6 Kg/hr
 

66.2%
 



The results show that a peak outzut of 60,190 BTU/hour (17.6Kw) 

could bc obtained for a shor- duration of about 1 hour at 

thermal efficienc: of -,y 66.03. Y-urth.r this performance 

was obtained with compressed air, so the pressure drop which 

is an impor-tant parameter whcn air is sucked in by engine, 

was not considered. 

One of the major problems with minigasifier is its low 

heat capacity. This leads to fluct.u ations in temperature 

and the quality of output gases. To improve thermal 

efficiency, heat losses though the wall shall have to be
 

imisod by having refractory lining in the oxidation reduc

tion zones. However t n:ethickness of it ....g should be minimum,. 

other-wise initial heat !-sses during start up shall be 

substantial. 

A farmer .ll reed an irria~ion pump to run on a single 

fuel charge, which based on overall thermal efficiency of 20% 

and 5 Kw output would need 43 Kg. of fuel with calorific value 

of 4000 Kca!/Kg. This will require increased size of the 

fuel storage in the gasifier. So it is desirable that quick 

opening and charging doors should be provided for periodic 

charging of fuel so that the overall size and hence the cost 

can be reduced. These are some of the parameters that have to 

be studied during the development of this village level
 

gasifier.
 



Another imoortant para-meter to study is the performance 

of the gas cleaning system. As mentioned earlier, the wet 

scrubbing of gases is complicated for such small gasifier. 

The proposed system shall have to use a dry method for 

cleaning of the gases. A 100-200 litres vessel filled with 

dry agro-wastes such as rice husk should act as a good 

filter. Cruz (5) in the Philippines has used dry coconut
 

husk as filter for charcoal gasifier with good results. In
 

addition to cleaning th- gases, the above vessel also acts
 

as a surge tank to dampen the fluctuations in gas production.
 

The filter meditnhas to be replaced periodically.
 

CONCLUSION:
 

In this paper, .Q have described the importance and 

urgency of developing a small scale, rimple village level
 

gasifier for irrigati.n. It has been estimated that some 

30 million house holds have available but unexploited water
 

sources in the Indian subcontinent (Mete Systems 1980) (6).
 

To eliminate the problems associated with gas cleaning, 

it is most desirable to use detarred fuels made from acro

wastes. Technologies at Village family, community and 

mechanised ccmmercial levels to make bricuetted fuel "PARU" 

have already been devclc pe_. Ho-owever to make this fuel 

suitable for gasificazin, the B-.tent of charring and other 

fuel characteristics need t: De studied. 



The 'Harvard tMicrogasifier' appears to be a good general 

configuration, although further development is required to 

optimise its design. 

A conversion process for boomnSs tu mechian.ca! power 

will reduce burden on the consumtion o- oet oleum products. 

Use of biomass for rumnpina water will :ensure timelv ir-igation 

of crops thus augumenting food pr-ducticn Pn' nssocinted 

agro-wastes which can be recycled. 

http:mechian.ca
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1. INTRODUCTION: 

small horsepower combustion engines are heing 

widely employed for driving irrigation pump sets, portable 

generating sets, pesticide spray sets etc. etc. Their 

numbers are repidly growing and it is hard to see a 

replacement for them in foreseenable future. These
 

engines operate on petroleum based fuels such as gasoline 

and diesel oil, which are getti:ng more and more scarce.
 

Therefore, the need to find alternate fuels for these
 

engines is increasingly being realised the world over. 

Biosolar fuels such as Alcohols and Biogas, 

Biomass fuel such as Producer gas are the possible 

alternate renewable fuels which have attributes of 

perennial renewal. The suitability of these fuels for 

part or complete replacement of petrolenz based fuels,
 

in combustion engines, has been under investigation in 

the dcpartmcnt of mechanical engineering for last 10-12 

years. 



In the institute project entitled Project 'U' 
"Utilization of Alternatc Fucls for National Energy 

Nomads". initiatcd and being coordinated by the author, 
extensive work has alrcady beon completed on cfficient 

utilization of alcohals and biogas as 
fucis in
 

combustion engines 
 of various types and ratings.
 

Demonstrntion units of andbiogas alcohol opt:rated
 
engine driven 
pump sets, generating sets have been
 
developed. Alcohol have also becen 
 tried in vehicular 
engines with very encouraging results. 
Apart from this
 

experimental work computerised design details of
 

'Alcohol Engines' and 'Bioga_ Engines', have been
 

prepared for future use.
 

Overthc years, during these investigations,
 

necessary infrastructure 
 of laboratory facilities and 
technical expertise has been developed for R & D work
 
on engines and fuels. 
 These facilities at I.I.T. Delhi
 

are considered to br- amongst the best available in the 

country.
 

Apart from the onwork alcohols and biogas 
some R & D work has also been carried out on production
 
and utilization of producer gas in small size utility
 

enginps. While la.rge size producer gas plants are 

commercially available little or no work had so far 
been done in the country on the design and development
 



of small capacity plants for operating combustion 
engines of 1 to 5 horsc pcrwex rangc. 

Development of smelI size produccr gas plants
requires considrablc R & D effort to over come the 
problems assOciated with the varriations of fuel 
composition and characteristics, charging, of fuel and 
its efficient combustion, cleaning and cooling of the
 
gas produced, etc. etc.
 

Efficient utilization of produccr gas in

existing petrol ot diesel engines also Poses certain 
problems because of the difference in thc hc?.t of 
combustion, stoichiometry, combustion characteristics 
and composition of producer gas and the petroleum based 
liquid fuels for which these engines are designed. 

These and such other rc:lated problems nced
to be solved by a 
 conccred R & D effol before the small 
size producer gas Powerrd rngines can acquire commercial 
vi.ability. They are currently under investigation in
 
the mechanical 
 engineering department and centre of
 
encrgy 
studies at I.I.T. Delhi. 

2. 
 SCOPE OF TiRFSELRCH PRGRVIME: 

The proposo.1 rrsearch progror-Tne rims at the 
efficient utilization of producer gas in existing small 
size utility engines and development of 'Producer gas

Engines' specially designed to burn producer gas as a 
complete fuel.
 



It is pronosel to achieve these aims an
objectives through a srt of short torm an-! long term 
R & D projects designed to achieve certain inrecliate 

anti certain long term goals. 

The existing small utility combustion engines 
are bt-ing modified to operate as bifue! engines with 
minimal possible rmount of conventional fuel supplied 
for initiating -inl sustaining combustion of prodlucer 

gas the main fuel. The lesign modifications in thu 
intake firing, and"i cooling systems of the e-ngines, 
necessary for maximuzn amount of prolucer gas substitution 
is being experimentally determined, and stanlardised. 

The performancc charactcrisitcs of these
 
modifie,] existing engines is being evaluated through a 
series of performance, governing, an:. fuel consumption 

tests un'ter different condiltions of operation. The 
engine operating parameters are being optimised for 
best results and the performance charactcrisitcs so 
obtain are being compred with those of thu unmodified 
engine operatinq on the conventional petro':num fuels. 

This phase of the project is planned to achieve 
efficient utilization of Droducer gas in existing 

combustion engines with no major engine modifications 
and to get a comprehensive idlea about the relative 

performance of such enaineA



The material compatibility of the engine
 

components are proposed to b(-, examined by subjecting 
 the 

modified engines to a series of en-urance tests and 

examining the components thereafter for wear, corrosion, 

errosion, gun-formation etc. Comparison of results 

with those obtainei from similar tests on engines
 

operating on the conventional fuels would give an idea 

about the material compatibility with producer-gas fuel. 

This phase of the project is planned, to obtain guide
 

lines for selection of suitable materials for greater 

reli,.bility an, .4.urability of the producer gas powered 

engine. 

With the growing awareness of environmental 

pollThtion from engine exhaust, it is necessary to 

investigate the emission characteristics of producer

gas powerer! engines. This study mainly involves 

exhaust gas analysis under various engine operating 

con,'itions to identify the various exhaust pollutants 

and their concentrations. It is proposeft to compare 

these results with those obtainer! from similar tests 

carried out on the convetionally fuelerl engines so as 

to get a relative idea about the pollution potential 

of producer gas powered engines. This phase of the 

project wouli ini.icatc the :direction in which exhaust 

emission control measures, if any, would be required 

for producer gas fueled engine. 



Some basic combustion stuiLies, on proqucer-gas 

are being carried out to collect the requisite information 

rogar-ling infl:3mability limits, flm-c velocity, ignition 

lelay, stoichiometry, aliabitic flme I-empertures etc. 

This basic combustion data woul-I bc usefrul in the -lesign 

and development of the producer-gas engine which wouldl 

be specially -Iusigne2 with the required fueling, firing, 

and cooling arrangements to achieve efficient utilization 

of prodlucer gas as a total fuel. This part of the 

project has a long term implication in enabling the 

prod]ucer gas fired cngine-pump or engine generating 

sets become conmnercially vi-able units in timc to come. 

In the above outlined research progr,-mrne the 

R & D effort is mainly concentrated on the engine zispect 

of the gasifier (pro-lucer gas unit) engine set. The 

-Ievelopment work on the gasifier is being carried out
 

by another group at IIT Delhi. However, to rc.-Iucc the 

inter.epen:lence of these two groups we are making our 

own producer gas units. This part of the work is also 

requiring a certain amount of levelopmental effort. 

Small size gasifier designes are being evolve-! ind 

fabricated so as to have the necessairy source of gas 

ava:ilable for uninterrupted, R & D work on the producer 

gas fueled1 engine.
 

In short this R & D effort is directed 

towarIs finding answer to the following: 



1. 	 How best an existing S.I./C.I. engine can utilise
 

gs.
prcflucer 

2. 	 Wh-t moIifications need be carried out to mke
 

existing combustion engines operate an producer gas.
 

3. 	 WbIt should. be the best metho). of ind ucting,
 

regulating the gase)us fuel in the engine,
 

4. 	 Wh:,t shoul-1 be the optimurn ignition arringcment, 

%na timing for best results. 

5. 	 How the power out, fuel consumption int-! smoothness 

cf operating -re effecte. by switching over to 

prolucer gas fuel in the existing engines. 

6. 	 What shoulr! be the minimun quantity cf conventional 

fuels use.! for bifuel operation of the existing engines.. 

7. 	 How "oes the prorducer gas fuel effect the exhaust 

emissions from the en-ine. What are the major 

pollutants and their concentrations. 

8. 	 How is the engine c:,mpnent matc.rial ccmpatibility 

with this fuel. 

9. 	 Whet is the extent of wear, errosinn, corrosion 

if any and what ch-inges in materials --re required. 

10. 	 What shoul. be the -"esign paruneters of a producer 

gas engine for total operation on this fuel. 

11. 	 How the fuel combustion characteristics, 

stoichometry and composition differing as they 

-'.o with the cnnventional fuels, have to be accounted 

for in the rc,]esign of fueling, firing ard combustion 

system for best results. 



3. SMA'LL SIZE GAS PRODUCER UNITS: 

A couple of small size coal based gasifier 
units of both updraft and downdraft type h!ve been
 
designed, fabricated 
 an4 operated to gain experience and 
overcome various problems associate: with each type of 

unit.
 

Fig. 1 shows a schematic diagram of the produce2
 
gas plant. 
The plant consists of 
a gasifier, a scrubber
 

and a receiver.
 

The engine suction draws a blast of air and stea 
through the fuel in the gasifier bed. 
At the base of the 
gasifier -_re provide, the fire grate an arrangement for
 
the removal ,)'ash and an inlet for steam and air. 
A
 
blower is proviled for starting the gasifier and during
 
the starting period 
 the products of ccmbustion are blown 
to waste through the starting nork. Fig. 2 illustrates
 
Uifferent type of gasifiers an' various 
zones .neach of
 

:hem.
 

In order to protect the engine from tar, dust
 
and ammonia, the gas from 
 the gasifier is passe,! through 
* scrubber containing soft *oke through which percolates
 
a steam of water. This cleans the gas as 
tar and dust
 
are 
absorbed by the soft coke, while ammonia dissolves
 
in the stream of water. The scrubber is a tall cylinder
 
in which water is intr-,Iuced from the top through 
a shower.
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The shower is used to provide a uniform flcw of water 

through the soft coke. At the base of scrubber, there 

is an outlet for the waste water. 

Thc gas, after passing through the scrubber, 

is collected in a receiver which is essentially a
 

cylinclerical 
 chamber having a capacity which is 500 times 

the engine swept volume. Use of a receiver ch,7amber
 

d.amps d(own the pulsations in the gas 
 flow and ensures
 

a steardy supply of 
 gas to the engine.
 

3.1 Gas Poduced :
 

Producer gas is 
 produced by blo-wing a-mixture 
"f air an-?, ste im through a hot bed of ceal or coke. The 

gas leaving the fuel bc-1, consist of a mixture of carbon
 
monoxide an4 
 hylrG-gen, with sorne carbcndioxide and all
 
the nitrogen 
cf the air use,- in thr process. 

The charicteristi, properties of prcducer gas
 
depend firstly upon 
the fucl used *:-f sc-ccn'ly upon 
whether the gas is uscd in th,: hot st.te.r is just
 

coole-1 and cleaned 
 to remove tar and dust. 

Owing to the high proportion. of inert gases
 
(over 55 pe-r.ent 
 of CC2 and N2 ) prc,-uct:r ,Tas is 
characterise3 by lowi calorific v:!ue low7n".! flame 

temperature.
 

It requires a smallvery proportion of aar 
for combustion. The stochii.ometric gas-air rmixture has 



3.2 

a fairly higrh hc.t vluc -,f 575-640 kcal/m3 not very 

much lower than thc value of 815-845 kcal/m 3 for a 

stochiometric ccol gas-Qir mixturc.- F :r this reason, 

an', because ,f low unit c'-st, pro(-,ucc r gas has very wide 

7ppicitions as an inustriAL fuel. 

In orcr to heave c -ntinuous running of an engine 

on prolucer gas, it is essential that a certain quantity 

and quality of gas is m-v-u available for as long as'Z 

time the cngin- has to be ..perate. ZAny fluctuation in 

the quantity an.-
 quality of the gas will be 'Ietrimental
 

to the perf .rmance .-f the engine. Large varations may 

even cause the engi no tc- stop. The air-fuel ratio has 

to bZ mintainc, cl )se ti the stochiometric ratio, so 

that optimimni enginE pcrform-ance is ,btainerd. 

Plant Par-armeters: 

There are certa-in parameters of the producer 

gas plant which have to be optimize . . s-, that a constant 

flow of good quality gas is available for the engine 

throughout the duration of its -)peraiti.:n. 

3.2.1 Retention Time:
 

The retenti-,n time --f the blast thr,,ugh the
 

fuel bed is -,ne .f the critica.l parmeters t.1 be
 

controlled for maximun efficiency.. Figure 3 shows
 

diagramatically the various reactions an-. reaction z,nes
 

in the fuel bed o:f an uplraft gasifier designed and used
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in this work. Thc. blas entcring thc. fucl bets consists 

mainly of saturat,! xir. As it passes through the lower 

most zone of the fucl bc,- the ash zone, the blast gets 

heate-a up ano while p-±ssing through the corbustion or 

0xi=,atin zonc has its oxygen completely cDnsumed. The 

main pro-luct of c-mbusti.n being carb-,n rinxiie, Since 

the tcmperaturc in the combustion z-,ne is very high the 

conversion :f axygcn tc c-rbon,'icxi'1e is almost instan

taneous. Hence the retention time in co7bustion zone is 

not very important unless of course the air flow rate 

is so very high that all the oxygen is not c-,,nsumed. 

It is in the reduction zone tha-t the retention 

time is vital. In the redluction zone the cnrbondioxide 

prc duce-! earlier is reducc-", to carbon monoxi:.e. Since 

the amount of the carbonioxide that is rcr.uced to 

carbonmonoxide has tc be maximized, the retention time 

in this zonc has t- be sufficiently high. Higher 

retention time gives maximum opportunity to the carbon 

available in the rdIuction zone to rcuce more and more 

of the carbonfdlioxide t':, carbon monoxide. 

One w'.y ::f increasing the retention time in the 

reductio>n zvnL is to, incrc-se the verall fuel-bed 

he±tht. This will ,bvi-usly increase the height of the 

reduction z,:ne also. The giases emering from the 

combustion zo;ne will nrow take a lcnger timc to cross the 

reduction zone. Increasing the retenti-)n time ensures 



greater percentn:c- -,f carbrnn monoxide in the producer 

gas hence bEttcr qu-_lity gas. TrIblc- bel-w shows the 

improvement in the c'nmP'siti.n Of the gas with increase 

in the be-! height. 

TAEL - ! 

Height,rot Percentage ccmpositi-n - by volume 
grate
 

(cms) 02 
 cc2 CO H2
 

12 4 28 2 1 

24 1 16 13 5 

36 5 11 16 7 

48 5 7 20 10 

60 5 7 22 12 

3.2.2 MEass Fliw Rate: 

The mrnss f!:, r-.te ;f the saturated air through 

the coal be-' as- effcCts t-hei rctcntion time. If the 
flow r-ate is inc.- het:, retenti;n time will lecrease 

an.! therefore the quality as
tf will suffer. In a
 

suction gas prnrdlucer this mass flow ritc varies with 

the engine load nn:d! speed which effcct the pressure drop 

across the bed ani therefr-,re the&flo-jw rate ,:f the 

saturated air. It shoul-! be kept in min, that the 

retention time shouli nct fall bol: w -. certain minimum 

value below which, the mount .f c;.rbcn lioxi-le converted 

to carbonmonoxirle would fll 1irastically. Any increase 



in retention time is al vantageous in as much as it 

impro'ves the qu-ilitv cf the gas. Hcnce the gasifier
 

must be -Iesi ne-! fr:r thc 
 air flew ritc rciate1 to the
 

maximum loa- cxpcctcrd cn thc enginc. 
 This would ensure 
th-t un'ecr n,. c nliti;n -f *Dperti-n f thc: engine the 

retention time wcull fall below thu minimum pcrmissible 

value. 

3.2.3 Lump. Size: 

The size -of the lumps of fuel use ,-! in the fuel
 
bed is also an important fact(r. 
 It affects the retention
 

time. Use ,f large size lumps of fuel net only decreases 

the retention time but also the surface area expose-"'.
 

B(oth these factors adversely 
affect the carbon monoxide
 

percentage, lowering thereby the quality 
 ,f the gas
 

produced. 
 Use -f small size lumps improves the quality 

of the gas lue to increase.1 retention time wellas as
 

increased 
 surf ace are1 -f contact. 

The size of ths fel lumps use, not only
 

affects the time 
 .:f contact, but it als- determines one 

more important parameter cf the producer gas plant, i.e. 

the pressure drop across the bed. Tf the size of the 

lumps is roduce:!, the rctenti--n time increases Und alag 

with it the pressure drop across the fuel-bed also 

increases. Therc is a limitation r-n the pressure drop 

across the fuel bed. This limitati..n is imposed by the 

suction pressure c f the engine. The suction pressure 



engine shoud!. beat the inlct manifold ,>f the 

overc:.me the pressure drops across 
sufficiently high to 

the fuel be1, scrubber an,- the c=;nnectin pipes and 

ensure the daesired gas flow rate thr-,ugh the plant. If 

fuel bed- increases, it 
the pressure -rop across the 

results in a decrease in the mass fl:w rate of the 

fuel bed 
proflucer 	gas. Exccssive incre-se in the 

drop may result in an extreme case of engine 
pressure 

flow rate. Thus)f insufficientstopage because 	 gas 

an important

the pressure drop 	across the fuel 

berl is 


an,! has to be controlled tc ensure a steady
parameter 

gas flw rate. 

increase
Hence a fuel lump size that does not 

the fuel ber. beyond the critical 
the pressure ,rtn across 


value, and1 yet permits adleauate retention time has to
 

an-
the rdesired quantity quw7lity
be letermined to obta-in 

2 cm size h'.-ve been fo-und,
of gis. Fuel lumps of aroundq 


of larger or smaller sizes
 
to jive the best results. Use 


of the gas produced.
quality quantitytells uipon the 	 .r 

3.2.4 	 Fuel Used:
 

ue! use,' alsc- -etermines the

The tv:,>. 	 -)f 

beds if 	 cocking coals 
pressure r'-p, crss the fuel 

"pasty" -s the temperature 
,re used - the main mass bec.Tmes 


bel . -ffers a ;!ecided

is raised . Hence 	 c,'oking coal 


pass gas, where as non-cooking

resistance t., the ;Czef 

http:overc:.me


coal fuel be-I offers little or no resistance.
 

Resistance t,.-
 the pssa'je ,)f gas implies a.n increase 
in the nressure Irr;p across th fuel be'. Sr if the 
pressure acrossir'r thc- fuel bel is not t' be increasedj 

only nrnn-corkkin- ,r wea-kly cooking coals shoul.I be
 
employed in -refcrenc. 
 tc other ty-,es *ofcoal. 

3.2.5 Fuel Be-j. 

The 1;ressure v-.riatLon in the fuel bed must be 
uniform, s.- that .f gases is 


the state -f tnc: 


the -%ss.ge uniform. If 

bc! is such that the various zones are 
n-':t ' istribute;, uniformly an horizontally across the
 
, asifier then such 
 ccndritins can result in "channeling" 
and "hot spots". This results in preferentizzl passage
 
7f the gases for the gases 
will take the path of least
 
resistance 
in the bed. This will result in lowering of
 
the thermal efficiency and inferior gas quality. 
 To
 
re-uce this, the fuel 
bed must be poked and levelled
 

using poker rei:. an-! levellers every 
h. _;f an h~ur so
 

that a uniform 
fuel bed is maintained. 

If thy ash zone is not maintainc'-i properly, 
'-his c,-ul-: Ils- lead to an increase in the pressure
 
Irop acr':ss 
 the fuel bed-. If the temperature in the
 

ash zo-ne riscs ;bve 1300 1460eC, the result is that 
the ash becins t-. fuse and fo2rms clinker. This incre..ases 
rcsistance to the flr-w .-f air an, hence increases the 

pressure .rcp across the fuel be.. 7 



Yet e,nothcr critic'll par.mncter is the 

fuel bce.. As 
temperature istributiDn along the 

(,f the fuel bed should
the tcmperature-
mentic-ne bcve, 

wheretemperaturecl' se to the 
not be allrwcl' tc re.pch 

clinker f arati1n starts, for this hinders the passage 

ef the bl3st. ;%lso, the temlerature of the combustion 

If this
 
n-'t be 1llowe! tr fall below 10000 C. 

zofne must 

thc: re-cti,)n in the ccirbustion will 
occurs then 

zone 

. all th(n cxy en in blast w:ull not be 
slow ,cownan 


utilisel.
 
is achievedthe be-! temcratureThe control :f 

the blast. Themnrunt ,f steam in
by controlling the 

in the blast is
the pro,pcrtion Df ste,criteria of 

(BST).
the blast saturation temperature 

-

Since the sten re.2ctior A-ith c:rbC'n C + H2 ) 

any excess steam-. in the blast 
CO + H2 is encthermic, 


for the above
-f the br-I term)crn-tureimplies IccreisL, 

the be 1 an-' so cool the 
woul2 abs-rb heat fr m

reaction 


be -1.
 

If the ,mriunt c:f steam in th(.. blast is not
 

:xcthermic rc<;ction
sufficient then the 


c += co,: 

in 
will the bc.l tamperature rcsulting

furthcr increasc 


formiTtion.
clinker 



3.2.7 BIlast Saturation Temerature: 

Tble-2 an- Fi. 4 show the effect of BST on 

the gas crnFesi n. i Cr,; r t ; hrnvc the right 

proportir of th,; s.,?xn in the bl:hst, the BST should be 

in the range 55" to 66'C rc fcr--.blv nearer tc the lower 

value for maximum thermal efficiency of the plant and 

high heat v-%luc )f thc Jis Pr;.:dcc-. 

TABLE-2 - .. ,g=s b% ,incComIositio'n f with 
varicus Blast Satur-ti n-Tcmcratures. 

Blast Prc.nta- CCmh ;s:i i rn- by volume 
S-aturrati -rtn 
Tem . ( 'C) c c H 

45 75.5 24 i0 

50 7.5 22.8 10.8 

53 8 22 12 

55 8.4 20.8 13 

58 8.9 19.3 13.6 

60 9 19 14 

Figure 4.2 thr:ugh 4.4 pertain to - rownOraft 

gasifier, its g.s cooler an-. gas cleaner equipment 

which havc been Iesiane-, fbricate1 at I.I.T. Delhi and 

extensively used in the trials on thec ,r...l.ucer gas 

,perate, spark ignitin engine ment!,nc-: in this pnper. 



25 

20* 0 ... -Q 

0(, 

15~ 

0 -  ..... .... . ........ . . ... 


45 50 55 

_ 

60 

Blast Saturation Temperature °C (BST) 

FIG. 4 GAS COMPOSITION vs L Si . 



Wa ter.-.. 

A'"___ IL ___ j 2 .-. .. .. 
Airr 

outGas 

r-- Ash pit door 

Shaiker 



Waiter in__ 

Cooling 
fins 

_: 
I, 

A 

\ 

, 

iI I i I 

I I I 

xKi 

I 
I 

I I 

,. , 

- \ 

I N 

Water out-

0 0 

FIG 4.-3 A vicw of gcis cooler
 



(3as out 

I/
 

FIG. A v-w f g c .....cY(]rwr
 



I ' 4. 	 TiS:JION ENGIIES: 

fter an ::ptim -l!~y es! ;ne- ! prcducer plant is 

?.cvelor~c2z:t .t zhc !sire! .quility anl qu3ntity of gas, 

the nc-xt is fficicrtly uso this -jas as a fuel 

out the 

ste: x 

in existing crT:rusti-n engines after carrying 

necesstry engine mr):ificti:fns. small size S.I. and C.. 

engines have bten r)tcd n Droiuctr 7.s. The necessary 

igrition timingmo-ifications in the intake system an. 

have becn effucte. .n,; the engine f.orm; ance ata 

the engine -erformancecollected with a view to asses 

with producer gas fuel and 	 standar.ise the requisite 

engine modifications. 

In case of S.I. engines the intake system has 

been moified for introducing the gas while the conven

to engine startingtional carburcttor ret:-inu,! cnable 

with gasoline. . fter warming up the engine: prolucer -as 

coul'I b,_ene an-'. gasoline supply switchedintake v:lve 

of f to h cr.atic..n the.,vc ;f unginc n pro 'ucer gas neat. 

4.1 Int-1e Sstim : 

The -rrn0"tme n - f4,r mixing7 	 fuel gas and air 

mcoJlifie.-, enginec'.;nstitutes an imprrtant 7- rt f the 


intake system, because c-7 letc cmbusti-n on-?. low fuel
 

mixing of
consumption can bc c;btainc. znly with rr:'-r 


air in fuel yis. Three 2ifferent mixin7 irrangcments
 

have been tried, in the first arrangement the nair and 



gas Mi-xe'&by passing through opening or slots in a 
seoerate brx -n2 the two admitted, to the cylinder in the 
form of a ready mixture. In the secon] group the air 
an,'l gas were mixed in the throat of a venturi tube making 
use -f the high velocities cre.tea there as a result of 
the suction action f th. enginc piston. In the third 
group of mixing .:Is .ffecte immeliately before admission. 

Figure 5 shows tw cf the systems tried, One 
of the systems c .nsistcal .f an arrangement of mixing the 
gas with air before the c7_rburetor while in the other 
mixing was effected after the carburettor. Fig. 4.5 
shows the gas-air mixing assembly finally adopted as 
it facilitated. a more precise regulation cf the air fuel 

ratio. 

4.2 Experimental Set-un anl Technimue: 

A schematic diagram of the experimental set-up 
is shown in Fig. 4.1. In the experiments a couple of
 
four stroke single cylinder spark ignition engines 
having a rate- horsepower in the range 5 to 6 h.p. at 
-round 1500 r-m wer em.loy3... The q'Lality :.f 
gas entering
 
the engine intake system was c-ntinously monitored, using
 
a gas analyser 
 n-&rgas clorimetcr. 
The enines were 
operatel over their entire speed-load range and various 

types of tests were cn:2ucteL to obtain the engine 
performance and emission riata over the entire engine range 
of operationwith both gasoline-and :2roducer gas fuels. 
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Instruments such as N-DIR were usef, t:, analyse the engine 

exhaust effluent.
 

4*3 En-ine Perf:rma-nce an-: Eission: 

Fig. 6 sh..ws a ty-)ic-=l perf",rnance characteristic 

of an S.I. ung-inc whilc orfaing with procducer gas an' 

g-.solinc respectively. The -iffer:nces in the performance 

is that the p-.'wcr 'evelcze by the cngine when operated 

•:n thc gas ccnsier.-bly l.;wer/- the maximum output being 

only 50 1,ercent "f th .t - cvelope with gasoline operation. 

The reason for this is the iffercnce in the co-mbustion 

charactcristics an,. stc.ichi,.netry of prodlucer ga.s anl 

r;~solinc. Tis shows that the main draw back, inherent 

t,,. the use :f nr:..oduccr gras in S.I. engines is the loss of 

power. 

"
Fig. 6.4 an 6.5 are represcntative plots for 

an engine cperating at its rite. spe,., while using 

prn-.ucer cas 7inzO. gas-linc fuels respectively. The 

re:luction in enginc p-.o-wer due t- switch -vcr to proIucer 

gais coul-1 be bec.usc ::f (i) !Lwc-rinl; - thc. huat value 
of the mixture (st.ichic-mctric &-ns- ir mixture has an
 

3 energy -Iensity :f 2.5 HJ/n ais orpar t;,-3.5 HJ/m 3 of 

gasoline-air mixture) which may acc-,unt for upto thirty 

percent relucti,,n in .-. wcr output (ii) c-,ntraction 

thr.,ugh c,-mbusti-;n rcsultin3 in -ibcut ten percent volume 

re-uctin 7ftc;r c.mbuzti -n 'f prc .uccr gas (iii) incre-.sing 

exhaust lcsses bec-nusc- ff 3r,-tfr cihiust cj.s temperature 
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Fig. 6.8
with pro":.ucer s peration cf the engine. 

Finn 6.9 illustr-ite this variation in exhaust gas 

at vari )us enine spce's -f oCeratio)n which 
temperature 

losses in the 
.re higher with .*)r'.-uccr gas (iv) pressure 


I ° a loss of
intake m.nifod resulting in
gasifier an? 

in .,ower ",cutput.uptc one percent 


-

The net result ,f these 1Isses ccul be a 

percent in engine power. This 
reduction of uit.n fifty 


either by increasing the
 
can ccompcens-7tel;)-wer loss be 

orproA.ucer gas fxelel engine
compressiOfn ratio of the 

by supcrcharzin it. 

In gasoline operation, an increase in 

ava.lue results inbeyon2, a certainc. ,mpression ratio 

tdetonation of the
 This is because of the 
loss of power. 


that easilynot dletonatecharge. Producer gas doesen-


can be increase, to higher

anI the compressiofn ratio 


a petrole engine.

in the y.s cngine than invalues 

in the use of a 
There 7re two alternatives 

can- of air -.n- producer gas be 
super ch-rger Z mi.ture 


sucke-d by a r,.,t:*jry blower anl supplierl t," the engine
 

In this case enjine is
 
un-.e r the incr.--scz. pressure. 


thc gas plant w,.,rks un-'cr -rtmospheric
 
super h,,rog; whilt-

the blower can suipply air both 
prcssure. FItcrn7tively, 

grs .lant f-r enerating
tro the engine in t. the -lr<i-'ucer 

gas under pressure. 
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A co:binatin cf suz. erchargingj an:! the increase 

in ccnp)ressif.n ratio cf the engine sn improve thecan 


power dharactcristlcs of the g.s oper-itcd engine 
 that
 

it woul-' be pnssible t< use producer gns as a fuel for
 

an S.I. engine without -.ny majur mc:ification in the
 

Sngi ne .
 

Som typical exh.aust CO -nn HC emission --,lts 

with )ro-2ucor n'n s :linQ frul arc, shown in figure*ks 

6.14, 6.15 an. 6.20, 6.21. Use )f prc-;.ucer gas results 

in increise, exh,1ust CO emission but substential reduction 

exhaust HC ,-issi--n. In !nei ,f the trial runs it was 

f ,un2 thit whilc the m;ximum exhaust CO increased frcm 

2 to 3 percent m--ximur exh .uast HC emissions came r!.-wn 

froim 650 ppm t- 120 p-m when chanin g over frcm gasoline 

to Dr.-!,ucer gas, with the cngine continuing to operate 

at the s--e speoer. 

5. COITCLUS IONS: 

It has been seen that use :f pr.,ucer gas in 

existing spark igniti,.n engines results in substantial 

loss r-f pewer. 

Thc th.,rme! efficiencv .f the engine also 

-Iccretses with _-:>r:lucer jris, but at higher loa$d.s it is 

close tr that attain7,ble with gasoline. 

The fall in efficiency, particularly at p-art 

lcad's, is sec.n t- bc- i'-ssentially -.ue to slr.w -evelOping 

cc:mbustic n. 
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Both Of these losses can be compensated by 

either increasing lngine cmflression rati. or by 

employing intaJke pressure boosting. 

Use "f pr) -ucer -as wouldJ result in reduced. 

HC emissions but would. recuire stricter exhaust CO 

control measures. 

Capable of being operated .n coal, wood, 

birmass etc., p-r'iucer gas engine units offer a 

promising energy source f -r meeting the agriculture 

sectc,r energy .nees rof the conntry. 
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be carried out at Jyoti Solar Energy nzti zute (jSEI) Val la 

Vidyana,;ar, ndia, whi-h has earned cood reputaion in this 

area. The Project Team is a dedica,.'ed one and includes twc 

: . -_ h= :o.si2.er-'-ble exoerienceVnzi.Bars=...ch 
4	 a 5 .=-P gasifier which s.'.s

in -;sf r work and :as developed 

eng-nes.70-80%, diesel in diese! 

work has been divided into thre phases
Th. Proi'-ct 

G-nsifier modifi
of one-year duraticn -ach (total three years). 


:e
ca-i-ns ( to increase reliabiit', ) an, 	 field zriFls will 

.eldtrial unit andcarried ou- in Phase v ofi 

& D work will form Phase I. Phase ! -. ill in:2.erelevant R 

ai~.i:iZn of R & D work an conclusion cf field trias. 

the ,ill also be oreo' red for 
.Anoperations manual for sys-em 

the users.
 
for .he 2roi:Ct are


Che finaencial inouts envisaged 

frm D-ES, Government oUS AID T3.8,89,000S 2,C3,000 from a.,: 
cover salaries
These will 	 o-


India, spread over three years. 


ec;,, mentspares-,US consultants and the Indian personnel, 
US cnsulta,-ts and lnd-an scien.jis-s

materials, travel costs of 


and engineers, contingencies An' inflation. Equioment cos :s
 

for field

will co.er R 	& 0 ins'trumen-s and gasifier hardare 

implementa zion.
 
R & D work
The utilisa:i_.fn of the results of the 


be made for provi. ing and.building technical 
infrastructu~e
 

in 2-ral areas, developing entrepreneurial activities among
 

for wide

rural masses, disieminazion of rural technology 


developing countrias.

applic-tions 	 including those in other 

rcject include substitution
The ben .f its 	of :he -.

-derived fuels, self-sustaining energyo bicmass for pe-roleu
m


cycle in ru-al areas, avaib,.ility cf z. r;y in rural areas, 

reduction in dependence on conventional fuels an" providing 

reliable means for irrigation as required for improved culti

- ---- - = ^an 

http:utilisa:i_.fn


JYOTI
 
SOLAR ENERGY
 

BIOMASS GASIFICATION 

WOOD : AN ALTERNATE FUEL TO DIESEL 

Through gasification technology, wood is converted
 
into a combustible gas which can burn lin a diesel engine,
 

replacing most of the diesel.
 
On the sponsorship of Ford Foundation, and with the
 

contribution of two French engineers deputed by the French 
Embassy, Jyoti Solar Energy Institute has developed a 5 HP 
pumpset running on 70 to 80% wood and 20 togas 30% diesel.
 
DESCRIPTION OF A GA51FIER 
 - PUMPSET 

The system consists of three elements : gasifiera 
(or Gas Generator), a filter and an ordinary 5 HP diesel
 
engine pumpset. Overall dimensions are, for the frame, length
 

1.60 m, width 0.65 m, and height 1.50 m.
 

The Gas!i er 
is a furnace which allows partial combustion
 
of wood : Instead of carbon dioxide, mainly carbon monoxide is
 
formed, alongwith hydrogen, due to d limited supply of air
 
and high temperature. Therefo-e, 60 to 65% of the energy 
present in wood is available in the ccmbustible gas produced.
 

The wood gas is then cooled and cleaned in a filter 
first through a scrubber, a bed of coke washed with water, and
 
through a cotton wastes layer.
 

To feed the er__,ze, gas is mixed with air and enters 
the inlet manifold with no further modification of the diesel
 
engine. The governor by itself reduces the diesel injection
 

down to 20% (according to the gas contribution) with no derating
 

in power. 
DIESEL FUEL SAVING 

Running on wood gas, a 5 HP diesel pumpset consumes about
 
0.3 litre diesel and 3.5 kg wood per hour, thus saving 0.8
 

litre/hour diesel
 

FURTHER INFORMATION 

A wood-based gasifier with 
a 5 HP pumpset is installed
 

for demonstration at Jyotl Solar Eneroy Institute. 
Any further
 
nfoz-mation and technical data can be provided on visit or on
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DETAILED WORK PLAN FOR PROPOSED FRCJECT
 
FOR SUPPORT UNDER U.S. AID GRAL2T PROJECT
 

ALTERNATIVE ENERGY RESOURCES DEVELOR.4ENT
 

(386 - 0474) 

PART-	 I. GENERAL LNFONAT!CN 

1. 	 Title of Proiect 

2. 	 Subject Area 

3. 	 Sponsoring Institution 
A encv and Ministr 
Deoartment Adminis-
tratively concerned 
with it.
 

Research and Development of 
Reliable Wood-Based Gasifier
 
Coupled with Internal Combustion 
Engines for Field Implementation
 
(Field unit will be located at
 
Karamsad, Talu a Anand, District
 
Kheda, Gujarat).
 

Biomass Conversion. 

Jyoti Solar Energy Institute 
(BVM 	Engineering College)
 
Vallabh Vidyanagar (Gujarat)
Pin:388 120 INDIA. 

LA brief note about the Jyoti Solar Energy Institute (JSEI)
is attached herewith at Enclosure-A. 

PART-II. INVESTIGATCRS - THEIR QUXLIFICATICNS & EXPE&R.ICE 

4. 	 Name & Desjgnatitons 
of Principal & Other 
investt. ,tors 

- Dr.Surendra Kumar 
Principal Investigator
Deputy Director 
Jyoti Solar Energy Institute 
Vallabn Vidyanagar. 

- Dr.M.A. Date 
Princ i pal
BVM Engineering College 
Vallabh Vidyanagar.
 

- Dr.B.C. Jain 
Technical Advisor.
 

- Mr.M. Farcy 
Visiting Scientist. 

- Mr.V. Butin 

Visiting Scientist. 
- Dr.F. Vyarawalla 

Consultant. 

- R.N. Pandya 
Senior Mechanical r.ngineer. 

(Details about their qualifications, research experience and 
publications related to the above project are attached at
Enclosure-B) . 



5. 	 Projects already in Design and Development of 
hand with investi- a 25 kW Biomass Gasifier. 
gap tor s 

PART-III. PROJECT DESCRIF2IIO 

6. Oblective : Research 
Reliable 
Coupled 
Engines 

and Development of 
Wood-Based Gasifiers 

with Internal Combustion 
for Field Implementation 

This objective has been sub-divided into tne following areas : 

a) 	 To develop reliable wood-based gasifier and gas clean-up

system 	 suitable to fuel internal combustion engines. 

b) 	 To conduct field trials for demonstrating its 
applications in the rural areas. 

c) 	 To collect and analyse relevant field operating data 
for facilitating wider rural implementation in the 
size range of 5 HP to 30 HP. 

d) 	 To carry out relevant R&D work in support of the 
proposed demonstration 

e) 	 To exchange scientific 
in the 	 above areas. 

7. 	 Summery Descrtption 
of eroject 

The gasifier unit will consist 
a filter box, an air-gas mixer 

activity. 

and technical information 

When combustion of organic
 
matter like coal, wood or
 
agricultural residues is
 
carried out in a limited
 
supply 	 of oxygen, combustible 
gaseous products like carbon
monoxide and iiydrogen are 
produced wnicn can be used to 
replace diesel in operating
an engine. Some modifications 
are required to run existing
engines on such a gas
(producer gas). 

of four elements - A gasifier, 
and an ordinary engine-pump

set. Specific features of our design will be as follows 
a) Use of stainless steel (SS 310, SS 312, SS 316) for 

nozzles and combustion cone. 

b) Condensation of moisture inside the hopper. 

c) 	 Use of 5 or 6 nozzles for even distribution of
high temperature in the combustion zone. 



d) 	 Use of loose grates to allow free flow of ashes, 

e) 	 Use of outside layer of charcoal for heat insulation 
and completion of reduction. 

f) 	 Use of vibrations from the engine to snake the
 
gasifier to nelp movement 	 of wood in tr-e gasifier. 

All tne above modifications will be tried out in the field 
implementation. Gasifier will be installed at Karamsad 
a village near the Institute in Gujarat. Extensive field
 
trials will be carried out and a fiold operations, mainte
nance and safety manual will be prepared. 

8(a) Detailed Description (Work Plan. 

Methodology With the said objectives in 
view, 
to be 

the program is proposed
divided into undermen

tioned stages. These stages 
may or may not bear a separate 
temporal identity in which case 
the division would just underscore 
the tasks to be carried out -

a) Perfecting the design of a reliable 5 HP gasifier. 

b) Modifications of a 5 HP engine to run on the gas 
produced by the 5 HP gasifier. 

c) Trials and laboratory demonstration of the 5 HP 
gasifier and internal combustion engine system. 

d) Field demonstration of the 5 HP system 

e) Field implementation of the 5 HP system 

f) Development of 100- producer gas engine 

Organisation of 	 The program will be carried 
Work Elements 	 out in the following three 

phases of one year duration 
each -

PHASE 	 1 Gasifier Development and WorkPertaining to Field Trials. 

PHASE 2 	 Monitoring of Field Trial Unit 
and Relevant R&D Work. 

PHASE 	 3 Finalization of R&D Work and 
Concluding Field Trials.
 



Time Schedule of The time schedule of phases,
 
Activities Giving tasks, and activities along

with the milestones achieved
Kilestones 
will be as follvws 

(A bar diagram is 
appended at

Enclosure-C). 

PHASE-I : GAS IFIER DEVEr.LOF[.ET ;,.D I.ORK PERTAII.IMNG 
TO FIELD TRIALS 

Task 1.1 : Develop site selection criteria for installation 
of field trial units 

Activittes 

1.1.1 Proximity to the Institute 
(Jyoti Solar Energy Institute) 

1.1.2 : Willingness of the people to record the tests 

1.1.3 : Availability/need for irrigation 

1.1.4 : Geographic reasons 

1.1.5 : Availability of trained people 

1.1.6 Availability of existing irrigation pumps 

Task 1.2 	 Fabrication, assembly and initial testing 
of field trial units 

Activitjes
 

1.2.1 Assemble tne system 

1.2.2 : 	 Initial start-up 

1.2.3 : 	 Short term tests 

1.2.4 : 	 Site preparation 

1.2.5 : 	 Preliminary operator training 

Task 1.3 : 	 Initial start-up operations 

Actitivies 

1.3.1 : 	 Start-Up 

1.3.2 : 	 Short-term test 

1.3.3 	 Long-term test 



1.3.4 Operating tile system 

1.3.5 Determiine load-following capability 

1.3.6 Record local fluctuations in load in the 

field 

1.3.7 Look for waste water management system 

1.3.8 Deternine cerformance 

under field conditions 

Task 1 .4 	 Undertake safety; measures
 

Activities 

1.4.1 	 Identify required safety measures 

1.4.2 :iotify and prescribe 	 safety measures 

1.4.3 	 Prepare safety procedure manual 

Task 1.5 	 Evolve field trial procedures 

Activities 

: Develop fuel specifications1.5.1 

periodic check-up
1.5.2 :Develop test methods 	 for 

1.5.3 	 Determ,ine operating d~ration consistent with 

site requirements and equipment capability 

collected and
1.5.4 	 Identify type of data to be 

recording procedures for R&D feedback 

effect of variousTask 1.6 	 Detailed study of the 

parameters on ;as composition and tar content 

Activities 

Study effect of air flowrate1.6.1 

effect of moisture content1.6.2 :Determine 

1.6.3 : 	 Identify t.e type of feed 

1.6.4 	 Analyse size of feed 

and cooling of gas1.6.5 	 Investigate cleaning 



Task 1,7 	 Identification of temperature zones 

Ac tivit ies 

1.7.1 	 Determine oxidation zone 

1.7.2 	 Find out reduction zone 

1.7.3 	 Locate pyrolysis zone 

Task 1 .8 Spark i&mition engines coupled with gasifiers 

Activities 

1.8.1 Study spark iLiition engines coupled 
with gasifiers 

1.8.2 Interact with development of engine 
project carried out at the IIT, Delhi 

PHASE-2 : 	 MONITORI:;G OF FIZLD TRIAL UNIT AND 
RELEVA:T ; &n WLRrK 

Task 2.1 : 	 Continued monitoring of the field trial 
unit and personnel training 

Activities 

2.1.1 : 	 Collect data 

2.1.2 	 Train local personnel 

2.1.3 	 Develop operating and maintenance schedlule 

2.1.4 	 Prepare training manual 

2.1.5 :Analyse data
 

Task 2.2 	 Determine methods of cleaning the gas 

Activities 

2.2.1 	 Investigate wet method of cleaning the gas 

2.2.2 : 	 Try out dry method of cleaning the gas 

Task 2.3 :Measurement of air in-flowrate and gas 
out-flowrate 

Activities 

2.3.1 Measure air in-flowrate 

2.3.2 : 	 Measure gas out-flowrate 



Task 2.4 Study fuel 

Activities 

combustion characteristics 

2.4.1 

2.4.2 

Determine flash point and ignition point 
from literature 

Study self-ignition on compression in various 
percentage mixtures of producer gas and diesel 

Task 2.5 Testing of 

Activi ties 

other engines 

2.5.1 

2.5.2 

Test petrol engine 

Test engine on kerosene 

Task 2.6 Develop designs 

Ac tivi ties 

of otner gasifiers 

2.6.1 

2.6.2 

Couple gasifier and engine 
generator 

Scale upto larger sizes of 

to an electric 

5 HP to 30 HP 

Task 2.7 Carry out furtier 

Activities 

field trials at other sites 

2.7.1 

2.7.2 

2.7.3 

Select otner sites 

Install gasifiers at four other selected 

Test new design variations 

sites 

Task 2.8 Catalysis of pyrolysis 

2.8.1 

Ac tivities 

Try out various substances such 
divided nickel, copper, etc. as 

as finely 
catalysts. 

PHASE-3 FINALISATICN CF R&D WOK AIN'D CONCLUDING 

Task 3.1 Material handling 
Ac tivities 

and fuel preparation problems 

3.1.1 Study material handling problems 



3.1.2 : 	 Evolve material handling procedure 

3.1.3 	 Identify fuel preparation needs, if any 

Task 	3.2 Effects of vibrations on grate design 

and ash disengagement 

Ac tivities 

3.2.1 	 Study effects of vibrations on grate design 

3.2.2 	 : Determine effects of vibrations on ash 
disengagement 

TX3 	 Heat losses from gasifier by radiation 

Activicies 

3.3.1 	 Study heat losses by radiation from the gasifier 

Task 3.4 	 Continuous operation of field gasifier units 

Activities 

3.4.1 : 	 Study the operation of gasifier on pelletised 
biomass
 

3.4.2 	 Study the operation of gasifier on powdery 
biomass 

Task 3.5 : ffects of different feed sizes 

Activities 

3.5.1 	 : Study the effects of different feed sizes 
on gasifier operations 

Task 3.6 : 	 Continued monitoring at the sites 

Activities 

3.6.1 	 Testing of large size gasifiers 

3.6.2 : 	 Continue R&D activity 

Task 3.7 : 	 Rural electricity generation with gasifiers 

Ac tivities 

3.7.1 : 	 Trials on rural electricity generationwith gnsifier 



3.7.2 Increase reliability of the system 

Task 3.8 Preparation of field implementation manual 
and Project Report 

3.8.1 

3.8.2 

3.8.3 

: 

Activities 

Documentation of experiences and results 
obtained from fiele trials 

Preparation of field operations and 
maintenance manual 

Preparation of final roject Report 

8(b) Nature and EZtent of U.S. 

i) Name of the U.S. 
Collaborating 
Institution 

Collaboration/Assistance 

USAID 

1i) Names of U.S. 
Co-investigators : ot applicable 

9. Duration of roject : 

i) Date of Commencement: 

Three years 

The date on whicft 
funds will be 
received 

i)uate of Completion : i'itiain three years 
of tthe date of 
commencement 



10. 
 Budget (Details attached vide ".'iclosure D, :, F, G, H & I) 

U.S. 	 BUDGET Th DOL.,IARSU.S. 	 DOLLAR COSTS LOCALNr. DESCIPTION First Second Third Total 	
INDIAN BUDGET III RUPEESCWT6 First Second Third Total 

Year Year Year Year Year Year 
 Rs.
 

1. 	 Staff salaries/U.S.
 

Consultants Fees 25,000 20,000 20,000 65,000 
 1,40,000 1,53,000 1,71,000 4,64,000 
2. 	 Equipment 
 40,000 30,000 
 - 70,000 1,75,000 1,25,000 - 3,00,000
 

3. 	 Spares/Maturials,etc. - _ - -	 20,000 15,000 15,000 50,000 

4. 	 Study tours/visits,
 
etc. to and from USA

by Investigators,etc. 13,000 10,000 7,000 
 30,000 
 - - -

5. 	 Local travel including

U.S. 	Consultants 
 - - - -	 16,000 12,000 12,000 40,000 

6. 	 Contingencies 
 5,000 5,000 5,000 
 15,000 15,000 10,000 
 10,000 35,000
 
7. 	 Inflation (15L) 11,000 10,000 5,000 26,000 
 .	  -

T 0 T A L :-	 94,000 75,000 37,000 2,06,000 
 3,66,000 3,15,000 2,08,000 8,89,000
 

U.S. 	BIJDGE'1'1I _ LOCAL COSTS IiNDIARI 1BJDGET (Rs.)

F1RST YEAR 
 94,000 
 Nil 	 3,66,000

SECOND YEAR 
 75, O0 	 Nil 
 3,15,000
THIRD YEAR 
 37,000 
 Nil 2,08,000 
GRAND TOTAL $ 2,06,000 Nil S. 8,89,00
 



PART- IV SOCIO-ECONOMIC INFCRMATION 

11. 	 How project is connected wtth rural develooment 
in social and cultural context, etc. 

An alternative method of utilisation of biomass is itsgasification to produce a combustible gas (producer
gas) which can be used for running an internal combus
tion engine which can be coupled to an irrigation pump 
or to an electric power generator system or can be used 
for providing motive power to any mechanical device. 
Biomass gasifiers are appropriate in all senses of the
word: Tectinology required for their fabrication, ope
ration and maintenance is the appropriate technology;
they are relatively less expensive; they are efficient 
in small sizes; they can utilize a variety of biomass 
and other resources.
 

The efficiences of biomass gasifier systems compare
well with otrher means of utilising biomass. Cn thebasis of these efficiencies and estimated calorific 
value of feed naterial at approximately 3500 kcal/kg.
about 1.3 kg of biomass input will be necessary to 
produce one kwh (I unit) of energy. 

It is 	sometimes argued 
that any scheme for utilising

local 	resources is bound not to succeed as these 	 re
sources are not waste in literal sense, they beingput to some use in a system. For example, rice straw,
though generally considered as waste, is used for
thatching of roofs and for stocking boilers in Punjab.
Use of rice straw in biomass gasifiers would, there
fore, 	 make it unavailable for thatching, for which no
immediate substitute is locally available. nowever,in Gujarat it is available in Kheda District where
experiments would be conducted. Further, it has been 
shown that the extra agricultural waste production as 
a result of the increased yield due to irrigation andby adoption of other modern practices made possible by
availability of more 
power 	would alone be sufficient
to meet the requirements of fgasifiers. In addition,
if gasifier program is coupled with social forestry,
the requirements of feed for biomass gasifiers could 
be met from additional firewood that would be available. 

Development and demonstration of viability of gasifiers
compatible with the properties of available resources
and with the requirements of the area under aonsidera
tion thus becomes very desirable. Jyoti Solar Energy
Institute with its experience and committment to thetask proposes to make a beginning in this direction by
launching a developnent and demonstration project forbiomass gasifiers and internal combustion engine systems 



for use in Indian villages. It is believed that such
 
a system could go a long way in overcoming the con
straint of availability of energy in development of 
these villages. 

12. Cost/Benefit Ratio (to be given to theextent feasibLe)" 

From the experience gained and data collected so far, 
the expected diesel replacement by producer gas would 
be to the tune of 8C1,o. 3,5 kg of wood will thus replace
1 litre of diesel on full Load of engine. 1.3 kg. of 
wood will produce about 1 kwh (1 unit) of energy. Gasi
fication efficiency will be about 7C%. Assuming that 
a diesel engine consumes 220 ml/HP hour and considering 
the price of diesel as Ps.3.20 per litre, and considering 
the following three prices of wood for comparison 

(A) Rz. 0.50 per kg. 
(B) Fs. 0.25 per kg. 

(C) "Zero Cost" 

Diesel A B C 
On lv . P PS. , 

Diesel cost/HP hour 0.70 0.20 0.20 0.20 

Alternate fuel cost/ 
liP hour - 0.25 0.15 -

Total fuel cost/
 
HP hour 0.70 0.45 0.35 0.20
 

Saving / HP hour 0.25 0.35 0.50
 

For a 5 HP Pump Set Running 1500 hours/year
 

Diesel A B C 
Only Ps. PS . 

Fuel cost per year 5250 3375 2625 1500 

Saving per year - 1875 2625 3750 

Payback period if 
cost of gasifier is 4.5 3 2.3 
Rs.8,000/- yrs. yrs. yrs. 



The payback period of a gasifier would be about 3 to 5 years and its life could be reasonably expected to be
about 10 years (althougn it has not been tested for 
such a duration so far). 

If bigger units 
of 10 to 30 HP are considered then the
fuel 	saving will be 2 to 6 times 
that 	of a 5 HP unit.
But the 
capital cost will increase only marginally.

Thus, for larger units the payback period may be 1 to
 
2 years only whicn may even allow for the wages of an
 
operator.
 

However, the above consideration do not take into
 
account 
the savings accrued in foreign exchange due
to 
the resulting lesser consumption of petroleum

products whicn are 
imported in large quantities, as
well as the utilisation of rural resources and crea
tion of new employment opportunities due to absorption
of appropriate technology. 

13. 	 Potential for?roviding Near 
 or Medium Term
Benefits to the Rural ?opulation
 

The proposed project is almost in the 
take-off stage.The gasifier technology is the appropriate technology
for our rural areas. The project implementation willresult 	in the following near and medium term outputs/

benefits to the rural population
 

(a) 	Substitution of biomass for petroleum

derived fuels 
in the 	rural sector
 

(b) Self-sustaining energy cycle in the rural areas 

(c) 	Availability of energy for the growth of
 
rural industry
 

(d) 
Reduction in dependence on conventional fuels
 

(e) Providing reliable means for irrigation as
 
required for improved cultivation thus

enhancing food production
 

14. 	 Utilis~tion of Research Results and Suggested

elan of Action
 

The research results will be utilized in the following
 
areas in a phased manner :
 

(a) 
Providing and building technical infrastructure
including training of personnel to promote small
 
scale gasifier technology in the rural areas.
 



(b) Developing enterpreneurial activities by creating 
confidence in the use of gasifier technology
 

(c) Wide dissemination of grasifier design, operating, 
maintenance and safety precedures to prospective 
enterpreneurs and users 

(d) Availability of micro-level gasifier technology 
for its wide application in developing countries 

(e) 	Availability of design and operating data on 
micro-level gasifier technology for the use in 
the USA and other developed countries 

The suggested plan of action and implementation would be to 
make available Casiflers off.'-te-8helf it theo Institute to 
the progressive far-uers and other Interested organisations 
at the cost price. The Institute also undertakes the res
ponsibility to train local industries to manufacture such 
gasifiers for large-scale use. In fact, the institute has 
already received a large number of such requests from small 
farmers to giant Government Organizations like the Steel 
Authority of India about the gasifier technology. There is 
a bright future and great scope for this technology provided 
a proper and reliable gasifier is developed and made available. 

Certified that :
 

(a) This institute/Crganization will provide the 
basic facilities and other administrative support 
for undertaking the proposed project to the 
Investigators. 

(b) 	An Internal Monitoring Committee will be consti
tuted for implementation of the Project as also 
for its long-term development.
 

Prof .SURENDRA KU14AR Prof.M.A. DATE 
Signature of Principal Principal BVM Engineering College 

and Honoraty Director, JSVE.Investigator 

Signature of Head of

Ins titute/Organization 

28th 	October, 1983 28th ctober, 1983
 

..... 	 Enclosure 'A' 



Enclosure 'A' 
(Refer to Para 3) 

JYOTI SOLAR ENERGY I:,:STITUTE (JSEI)
VALLAEH VIDYANAGAR (GUJARAT) 386 120 

IMDIA 

HISTORY 

With the increasing population and a rise in peoples' standard 
of living, the conventional energy sources are rapidly being 
used up. A day may come in the near future when all the re
served conventional fuel may not be there to make our life 
comfortable. zven now one can at times feel the scarcity of 
wood and coal. 

Jyoti Solar Znergy inotitute (J-5I) established n 1979 by a
reputed educational trust (the Charutar Vidya Nandal) has as 
its basic aim, the promotion of use of non-conventional sour
ces of energy. JSEI, started witn a munificent grant of ?s 
five lacs from JZoti Limited, Baroda, was inaugurated by Hono
rable Shri H.:.M. ratel, the tqen Union Minister of Home,
Government of India. 

The institute is located at Vallabh Vidyanagar near Anand in 
oKheda District of Gujarat at he latitude of 22 North and 

the longitute of 73o ast, a good location for Solar energy
work from the geographical point of view. 

Since its inception, JSEI rias been extensively engaged in
research and development of new and renewable sources of 
energy such uzs Solar, biogas, biomass gasification and wind.
The projects if JSEI nave been funded by organizations like 
Department of 5cience and Technology, Depa:tment of Non
conventional Energy Sources and Commission for Addi
tional Source' of -nergy, Government of India Gujarat Energy
Development Agency, Baroda, Commissioner for Industries, 
Government of Gujarat, Ford Founcation, New Delhi, Jyoti 
Limited, Baroda, etc. 

PESE.ARCH ZRCJECTS 

A brief account of various researco and development projects 

of the Institute is given below : 

1. Hot Air Drying of Aqrtcuitura. roduces and Casein 

Processing of different agricuLtural produces using
various Solar driers was studied. As about 403 of 
casein produced in Gujarat is from Kheda istrict,
utilization of Solar drier for this purpose was also 
studied.
 



2. Solar Thermal iower Generation System 

The Instituce is working on a project to generate
5 k'd of power for irrigation and other needs of remote 
rural areas. The pro~ect fund.ed by the Deoartment of 
Non-conventional Energy Sources, Government of India, 
New Delhi, is being put up near the institute campus. 

3. Solar Cooker Monitoring Progr.me 

JSEI, through its 18 service personnel. monitors, the 
Solar cookers marketed by tre Gujarat Lnergy Develop
ment Agency in Gujarat State. Gujara; State has half
 
the total number of Solar cookers in use in the whole
 
country.
 

4. Solar Cooling System 

The Institute is workin. on tihe project "Solar Cooling 
Through Cycles Using Microporous Solid Absorbents". A
 
refrigerator working on zeolite - water cycle is being
 
fabricated.
 

5. Solar Tr'cinj System 

An automatic tracking system is being developed and 
this system is to be attached with a paraboloidal 
concentrator. 

6. Biojqzs 3enerat :on 

The Institute h~as carried out substantial amount of 
pioneering work on biogas production thirough anaerobic 
fermentation of agricultural wastes like banana stem,
chido (Cyperus rotundus; Linn), dharo (:ynodon dactylon; 
Linn), tandaljo (Amaranthus virdis; hook), kuwadio 
(Cassia tora; Linn), congress grass (Earthenium),
eucalyptus leaves, Kutch grass, rice straw and wheat
 
straw, industrial wastes like sugarcane bagsse, aaua
tic wastes Like water hyacinth (michhornia crassipes) 
and animal wastes like cattle dung, chicken droppings.
Bench scale and pilot plant models were constructed 
for various -wastes and methane generation was studied 
in the mesophilic as well as thermopnilic range of 
temperatures. Field trials of biogas plants are being

conducted now and a 10 cubic meter plant working on 
banana stem as feed material is being set up in the 
Institute.
 

7. Biomass G3sification
 

The work on biomass gasification was started at the
 
Institute in January 1982 with financial assistance
 

http:Progr.me


The 	 French GovernmentNew Delhi.from Ford Foundation, out 	work in the 
two 	of their eigineers to carrydeputed a of extensivegasifiers. As resultarea of small-size 	 ' deve

work in this field, gasifiers of 3.5 k are being 
are 	 couoled to conven

loped. The wood-based gasifiers 
and used for water pumping.

tional diesel engines are 
found to replace

gasifiers being developed here are 
engines usedThe 

diesel consumption in dieselabout 80,U of 
for tne purpose of 	 irrigation. 

8. 	 Basic Research 

areas like SolarJSEI is doing basic research in tne 


water heatinj, air neating, desalinacion of water,
 

Solar sterilisation of 'aater, design of wind mills,
 
of Solar cells, drying of agri

cooking, applications 
cultural and industrial products, etc. 

PROJECTS COt LETzD 

Coatingi. Study of Parameters for Cptimum Selective 
Chrome Surface.for 3lack liickel and BlackProperties 

Solaral-Cum-Demonstration2. Monitoring of 	 zxperimen
in Textile Viillhot .fater System a 

Generation of3. Study of Parameters for Optimum 

Methane from Plant 	and Animal Wastes
 

4. 	 Biogas Production from Kutch Grass
 

and Rural Biomass Consumption in

5. Air Pollution 

Developing Countries
 

Pilot Study of Fuel 	Consumption in Chulahs and
6. 

Occupational Hazards
 

LABCRATCRY AL.D TEST F.CILITI-E-S 

following facilities
The 	 Institute has thte 

Station : For collecting daily1. MeteorologicaL 
insolation and other data
 

with flat plate,iater system2. Solar Thermal Hot 
collectors as well as concentrating collectors,
 

Solar green house, 	 Solar grain
Winston collectors, oven and paraboair system, cookers of
dryers, ihot 


Solar sterilizer, testing
loid type, ',ater still, 

of Standards,to National Bureaufacilities according 
Solar cell based pesticide sprayers, etc. 

3. 	 Wind Enery d.ind -uneLs (suction type and blower 

type) for testing mocels of different shapes of wind 
axis wind mills.and 	verticalhorizontalgeneration, 



4. 	 Elec trodecosition For use of selective coating of
 
surfaces
different 

5. 	 Bio-conversion : For investigations in the area of
biogas production using nimal, agricultural and
 
aquatic wastes
 

6. 	 Gasificotion : Down draft gasifiers, dual-fuel type

engines with pump set
 

EXTE 	SI OGN WORK 

The Institute iias successfully erected an expertmental-cum
demonstration Solar hot water system in a textile mill atAhmedabad from 	 a grant made available by Department ofIndustries, Government of Gujarat. The system was 	 monitored
for a period of two years and is found to be working satis
factorily.
 

Similarly, Department of Non-conven:-ional Energy Sources,Government of India, has given the Institute funds to install an experimental-cur-demonstration Solar not water
 
system of capacity 6CO0 
 litres and Solar desalinationsystem of capacity 250 litres per day 	 for a modern hospital.The Institute has provided such a system at Charucar ArogyaMandal Hospital at Karamsad. 

The institute is studying the percentages of energy and
fertilizer requirements for a banana plantation and recovery of energy and fertilizer from banana stem 
through

biogas plant. This is studied at a farm under a project
of Agricultural 4astes-to-Biogas ?lant-to-Fuel and Fertilizer for Agricultural Cycle funded by Jyoti Limited, Baroda. 

EDUCATIOliAL ACTIVITI:] 

JSEI 	is attached to the reputed and recognised 	 BVM EngineeringCollege, :.P. University, Vallabh Vidyanagar. It is aunique Institute in the country which is exclusively 	devotedto research, development and teaching in the area of nonconventional energy sources. 
 A twNo-semester 	 elective course 
on the Alternative Sources of Energy was 
introduced at the

final year B.E. level from the academic year 1979-80. The
Institute also 	conducts a two-semester Post-Graduate DiplomsCourse on Solar Energy Systems. in order to bring multi
disciplinary approach to 
the course, the admission require
ments have been laid down in such a manner that any Post-Graduate in Science with Physics, ChemistriX cr Biology or 
any Agricultural Engineering 
or any other Lng'neering Graduate is eligible for admission. The Institute is also
starting a three-semester Post-Graduate Degree Course in
 
Solar Energy Systems.
 



PLAN 	 FOR FUTURE WORK 

proposed to take up the following additional work on:It is 

Solar' hot system pilgrimage1. 	 Installation of water at 
centres.
 

2. 	 Monitoring of experimental-cum-demonstration 
Solar hot water system for a hospi,.al 

3. 	 Design and fabrication of Solar powered 
refrigeration plant
 

4. 	 Design and fabrication of biomass-based cold storage
 

5. 	 Installation of comumunity biogas plants in rural areas 

6. 	 Studies on the practical application of producer 
gas from agricultural residues as supplementary
 
fuel 	for diesel engines
 

7. 	 Catalysis of biomass methanation 

wood-based gasifietrs8. 	 Demonstration and extension of 

and dual-fuel engines in hilly ana rural areas
 

9. 	 Research and development on biomass gasification 

10. Biogas production from guayule sh-rub (Parthenium 
argentatum) and extraction of rubber from the 
digested slurry 

Biogas production from congress grass (Partnenium)
11. 


12. 	 Seasoning of secondary timber In Solar kilns 

13. 	 Development of a Solar pond
 

MANAGE1-iET 

by a 	Board of Management whoseThe Institute is managed 
members are reputed scientists, engineers, and high 
dignitaries of the country including Professor MUK Menon, 
Fellow of Royal Society, .K. and Mlember, Planning Com-

Date, FI,
mission, Government of India. Professor M.A. 


Principal BV. Engineering College, is the Secretary of
 
of thethe Board of Mianagement and Honorary Director 

is a 	 national figure irInstitute. Dr.B.U. Jain who 
in the country, i- W3field of renewable energy sources 

re-Technical Advisor of the Institute. 1r.i.E. A,,, a 
techncrat, i: thenowned industrialist and distinguished 

Founder of the Institute. 

http:hospi,.al


Enclosure 'B'
 

(Refers to Para 4)
 

- BIODATA OF ?RCF.SURE,.LDRA KUNAR
 
PRL CIPAL I2.VESTIGATOR
 

Prof.Surendra Kumar, 45, was born on 21 November, 
1938. He 	secured first class throughout his
 
educational career. He was conferred upon the
 
degree of PhD in 1965 and MiBA in 1981. He pos
sesses extensive researcn, development and teach
ing experience of about 23 years including that 
as a Professor teaching postgraduate (KE) engineer
ing classes. Currently, he is working as the 
Deputy Director of the Jyoti Solar Energy Institude,
 
Vallabh Vidyanagar, where he is responsible for
 
conducting post graduate teaching programs in non
conventional energy sources. He is also responsi
ble for the work on biomass gasification in his
 
Institute. He has done significant wor4k in the
 
utilisation :- non-conventional energy sources at

high attitudes. He has made significant contribu
tion in the area of eneigy. -iehas vast projecr 
management experience and is responsible for 
running the institute. 

Address: 	 Deputy Director
 
Jyoti dolar Energy Institute
 
Vallabh Vidyanagar (Gujarat)
 
Pin: 388 120
 

I- BIODATA OF .-RGF.IM.A. DATE
 

Prof.M.A. Date, 59, is the Principal of the BVM 
Engineering College, Vallabh Vidyanagar (Gujarat),
India, and Honorary Director of the Jyoti solar 
Energy Institute. ne is actively engaged in re
search, develogment and teaching work in the field 
of non-conventional energy sources. He has re
search and teaching experience of about 35 years.

He is a Fellow of the Institution Engineers (India).
His current area of interest is the use of gasifier
engine sets for the generation of electricity. 

I - BIODATA OF DR.B.C. JAIN 

Dr.B.C. Jain did his basic Mechanical Engineering

Degree from BITS, Pilani (1971) where he was a
 
Gold iedalist. He joined M.I.T. Cambridge, USA.
 
immediately after that where he did his Master's 



and Doctorate Degrees in Mechanical Engineering as 
well as his Master's in Business Management from 
the prestigious Sloan School of Management. 
Among the various projects tnat he worked on while 
in the United States were : 

Development of a highly efficient, multi-fuel 
automotive engine, Steam powered automotive
vehicles for reduced environmental pollution,
Novel methods for combustion and spray painting. 

The multi-fuel automotiv.e engine for which a complete
performance model was developed by him as part of his 
doctoral thesis, is now being produced by a big oil 
company for the U.6. Army because it can accept any
fuel like petrol, kerosene, diesel or alcohols. The 
en.gi1es for which special burners were developed by
him are now being used by the U.z . Bureau of Mines. 

He joined Jyoti's R&L Centre in January 1977 and is 
currently responsible for research and development
in the area of energy as well as for manufacturing
and marketing of the products of Jyoti's Energy
Divis ion. 

A few of the most prestigious projects currently
being handled by them are some large Solar Powered 
Cold Storages, Solar Steam Generation Systems for 
cooking in industrial canteens and Solar systems
for a variety of processes in a number of industrial 
units in the countryj. The division also offers 
systems based on wind energy and biomass including 
a variety of Wind Energy Conversion Systems and 
Biomass Gasifiers, etc. for decentralized power 
generation in remote, rural areas. 

IV - BIODATA CF :.M. FARCY 

Mr.M. Farcy is the French Engineer working on the 
gasif ier project at JSEI. He is a Chemical Engineer 
by training. He has considerable experience in 
gasifier hardware. He is a keen and enthusiastic
engineer. 

V - BIODATA OF MR.V. BUTIN 

Mr.V. Butin is the French :ngineer working on the 
gasifier project at JSEI. He has experience in the 
area of replanement of oil by producer gas. He has 
good theoretical background besides having practical
Ayneri encp nf upcifier tPnh-nl1n-i_ 



VI - BIODATA CF D7R.F. VYARAWALLA 

Dr.F. Vyarawalla did his basic Chemical Engineering 
degree from I.I.T., Kharagpur and thereafter went 
on to complete his Doctorate from the same Institute. 

After his doctorate he had been on tne teacing 
faculty of the BITS, Pilani for twelve years. Among 
the various projects he has worked on are : Contin
uous carbonation of hydrated lime in spray absorber, 
Development of centrifugal gas-absorbers, Mechanism 
of mass transfer in liquid drops in spray columns -
pulsed and impulsed, etc. 

He joined the Energy Division of Jyoti Limited in 
19 and since past one 'ear he has been working in 
the development of the Gasifier-Engine systems. 

rII - BIODATA CF :R.R.N. PAqNDYA 

Mr.R.N. Pandya is a graduate Mechanical Engineer. 
He is currently engaged in the design and fabri
cation of gas ifiers and has got good experience 
in gasifier hardware. 



ENCLOSURE -C 
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Enclosure ID, 

(Refers to Para 10) 

U.S. BUDGET STAFF SALARIES
 

The amount of $ 65,000 will be required to
defer the salary costs of U.S. consultants 
whose expertise will be necessary for pro
per and speedy implementation of the 
Project. 



Enclosure 'E'(Refers to Para 10) 

INDIAN BUDGET - STAFF SALARIES 

SR. 
SR0. 

CATEGORY 
A OMET 

REQUIR.- UUALIFICATIO- FILST 
YEAH 

SECUND 
YEAR 

TIfhlib) 
YEAR 

TOTAL 
AIT. 

its I. Rs. . 

1. 

2. 

3. 

4. 

5. 

6. 

Senior Mechanical 
Engineer 

Senior Chemical 
Engineer 

Mechanical Engineer 

Electrical Engineer 

Agricultural 
Ec onomist 

Technicians 

One 

One 

One 

One 

One 

Three 

r,.E./M.Tech/Ph.D. 
in I C Engines 

M.E./M.Tech/Ph.D. 
in Combustion 

B.E./B.Tech. 

B.E./B.Tech. 

[..A./Ph.D. in 
Agro-Economics 

I 'P I Diploma 
Holder 

25,000 

25,000 

20,000 

20,000 

20,000 

30,000 

27,000 

27,000 

22,000 

22,000 

22,000 

33,000 

30,000 

30,000 

25,000 

25,000 

25,000 

36,OOO 

82,000 

82,000 

67,000 

67,000 

67,000 

99,000 

TO'IAL AMT. Rs. 1,40,000 1,53,000 1,71,000 4,64,000 



Enclosure 'F' 

(Refers to Para 10)
 

REQUILEMENTS OF U.S. BUDGET EQUIPmENT 

NGAENCLATURE OF ITEM 	 RURPOSE EST ED COST(INDOLLARS) 

1. 	 Piezoelectric pressure For obtaining P-V 1,800
transducer with charge characteristics of
 
amplifier engine under test
 

2. 	 Storage oscilloscope For coupling to 2,400
(with system to record the transducers 
angular position of 
engine) 

3. 	 Multichannel digital For obtaining 4,400 
temperature indicator temperatures in 
with probes,for range a) Combustion zone
0 to 15C0 oC
 

b) Reduction 

zone 

c) 	 Various states 
of cooling 

d) 	 Engine exhaust 

4. 	 Non-contact digital For monitoring 2,500 
RFM 	indicator engine RPM 

Range : 0-999 rpm 

Accuracy: 1 rpm 

5. 	 Torque transducer with For load testing 3,000 
digital torque display of engine 
(Full set of equipment 
to carry out complete 
engine testing) 

6. 	 Turbine flow meters For monitoring air 8,000 
with digital display and gas flowrates
 
(two) to the engine
 

7. 	 a) Fuel efficiency For determining 02 6,000 
monitor 

b) CO Monitor CO and H2 contents
 
(continuous) in the inlet and
 

c) 	 H2 Monitor exhaust gases
 

(continuous)
 

C/F 	:- 28,100 



NULNCLATUH; OF" IM.M 

8. 	 Data Loger for tern-
perature, flowrate 
and pressure 

9. 	 Portable temperature 
indicator with sur-
face 	probe 

10. 	 Gas chromatograph 
witr, digital display 

11. 	 Bomb calorimeter 

12. 	 Density meter 

13. 	 Moisture mete:' 

14. 	 Junkler's calorimeter 
(withn gas 	 flow meter) 

15. 	 Wood chopping machine 

16. 	 hlectric woos saw 

17. 	 Vibration analyser 


18. 	 Pelletizer 


19. 	 CO Sensor 

20. 	 CHNI Analyser 

21. 	 Viscometer 

PURPE STIRATED CuST 
N__ _ (IN 	 DOLLARS) 

B/F 28,100 

For continuous re- 10,7000
cordir. of tempera
ture, flowrate and
 
pressure drops
 

Fo: 	 spot checking 1,500

surface temperatures
 
of gasifier and 
 otlier
 
parts of t.e syszem
 

For 	analysis of gas 12,000
 
frcn the gasifier
 
and 	calorific value
 
measurement
 

Analysis 
 of tne wood 3,000
 
used in gasifier
 

For determining 
 1,000
 
density of wood
 

For 	 determining mois- 1,000
 
ture content 
 in wood
 

To determine calorific 
 2,500
value of the gaz 

For 	preparing wood 1,000
for 	gasifier 

For 	 preparing wood 100 
for 	gaaifier 

For detecting engine
 
and system vibrations 
 2,500 

For 	briquetting 
 3,000
 
agro-was tes
 

For 	safety measures 100
 

For 	material analysis 2,5C0 

For 	determining visco- 1,000
city of lubricating oil

used in engines
 

LDLLARS :_ 70,000 



Enclosure 'G' 

(Refers to Para 10) 

RECaJlREI-.akTS OF INDIAN BUDGET AQUlU'.T 

NOIiENCLATUFE OF ITF1 FUR POsE 	 ES TIMATED(COST k.) 

1. 	Vacuum pump To connect gas chro- 30,000 
matograph to gasifier 

2. 	Blue-print For making blue prints 25,000 
machine of drawings 

3. 	Electro-photo For production and 1,00,000 
copier dissemination of

information and 
re ports 

4. Air-conditioner 	 For the air-condition- 40,000 
ing of gas chromato
graph and electro-photo 
copier
 

5. Slide projector 	 For general use 5,000 

6. 	Hardware For trials 1,00,000
 
(gasifiers)
 

TOTAL A14T :- P. 3,00,000 



Enclosure 'H' 

(Refers to Para 10
 

STUDY TOURS/VISIM ETC.TO AND FROM U6A
 
BY INVESTIGATORS ETC
 

An amount of S 30,000 is envisaged in the budget 
to defray the cost of visits of Investigators to 
the USA and of U.S. Consultants to India. As this 
Project is of immediate importance and is in the 
take-off stage, so there is a provision of impor
tant investigators. Providing a modest amount of 
5,000 dollars for one visit of each specialist 
and taking into account the location of the Ins
titute in the remote rural area (in contrast with 
the convenient location of IIT, Delhi) an amount
 
of 30,G00 dollars is envisaged in tne budget. It 
is intended to invite Dr.Abu Talib and Professor 
V.J. Flanigan or Dr.Peter Rogers as U.S. Consul
tants to the Project. They are specialists in 
the field and their consuLtancy will be crucial 
in the implementation of the Project as will be 
tha visits of the Principal Investigator to the
 
U.S.A.
 



Enclosure ' 

(Refers to Para 10)
 

INDIAN BUDGET 

LOCAL TRAVEL INCLUDIIIG U.S. CON SULTANTS 

As the Jyoti Solar Energy Institute is located
in the remote rural area of the country, wheresophisticated equipment is not available local
ly, one has to make frequent trips to bigcities for procurement of such equipment, More,over, some bare minimum expenses will also haveto be incurred on the visits of U.S. Consultants.Therefore, an amount of F6.40,O00/- has been
budgeted for this purpose in the Project. 



TECHNOLOGY DEVELOPMENT THROUGH BIOMASS GASIFICATION
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'LTPC 1i GASIFICATION>'i-iHTECKIilOLDCX- D-1 

OF BIOMASS 

Prcf.,.K. Sarkar
 

Chemical Engineering Department
 

Indian Institute of Technology
 

New Delhi-110016, INDIA
 

INTRODUCTION:
 

past rapidIn view of energy crisis of the recent and 

a great deal of researchdeDletion of fossil fuel reserves, 


has been initiated on recovery of energy and feedstock from
 

renewable resources such as agricultural and forest wastes.
 

Voluminous literature have appeared on studies involving
 

liquefaction, gasification, hydrogasification, pyrolysis,
 

etc. and combination of these catalytic and non-catalytic
 

processes for ;onversion of agricultural and wood wastes
 

into char, oil and combustible gases, The present paper
 

reports a brief sui-xnary of significant results obtained through 

extensive study (1977-1982) of catalytic and non-catalytic
 

steam gasification of biomass with projection for Technology
 

Development for a developing country like India with Rural 
Bias.
 

Biomass resources in a country like India could come from
 

plantationagricultural and Forest wastes, and also from energy 

:!pt which is rapidly gaining ground in some parts of the 



country. Developmcnt of high technology, based on similar
 

lines 	as coal conversion, arnpears to be immediately unaztractive 

because of highly scattered nature of the raw material (biomass) 

with associated high cost of collection and transport, as well 

as diverse physical and chemical nature of the material. Some
 

of the visible active programmes of biom.ss conversion and
 

utilization in and around the country are: 

(i) 	 Generation of biogas by fermentation where gas could be
 

used for rural energy supply (cooking, lighting and
 

irrigation pumps through gas engines), and residue for 

organic manure.
 

(ii) 	Direct gasification with air (with or without steam) for
 

generation of lean gas with development of lean gas engines
 

for application in irrigation pumps, refrigeration in
 

cold 	 storage, power generation, etc. 

(iii) 	 Partial charring of biomass and conversion of the char to 

briquattel fuels as substitution of coal and coke. 

(iv) 	 Improvement of burning appliances for direct combustion 

of biomass for higher efficiency or to make combustion 

possible for those which are difficult to burn in conven

tional appliances.
 

All these developments are highly useful and have tremend

:us potential for localized and zonal applications depending on
 

:ircuinstances. 
 However, there are some basic drawbacks in most
 



of these applications causing diversity of opinions and lacking
 

aresuniversal appeal. Some of these drawbacks 

(i) 	 Normally low efficiency of energy utilization with higher 

initial cost compared to fossil fuel equivalents, based 

on original fuel value of biomass.
 

(ii) 	Not having any potential for high value products, there 

is no generation of wealth near the source causing no
 

improvement in the lots of rural poor. Instead, in some
 

cases they deprive the rural poor of some of the free
 

materials they could use.
 

Based on the above reasons, the development strategy of
 

the present research scheme has been to produce some high value 

can be stored and _asilyproducts such as hydrocarbon oils which 

Part 	of the oil can
transported at the village level itself. 


be stripped of kercsen, hind of fual for vill.:ge lev-l appli

cation, and the rest can go through district and state level 

refineries for large scale petroleum substitution. The value 

for this crude oil can be shared at all levels according to 

scheme shown in Fig.l. Further value can be added to the 

process, depending on circumstances, by producing activated
 

and/or other valuable products, if possible. Energy
charcoal 

for the process can be obtained by combustion of part of the 

gas and/or char, or partial combustion of biomass itself. Some 

of logic and arguments for the scheme have been presented
 

elsewhere (1).
 



Laboratory Studies:
 

With saw dust and wood chips as standard biomass,
 

extensive steam gasification studies (2-7) have been made using
 

a micro batch reactor under isothermal conditions. Details
 

of reaction techniques, product analysis, product distribution 

and kinetics analysis have been published, presented and also 

under various stages of communication. Significant results 

of the above study are sttnerized below: 

(i) 	Non-catalytic steam gasification produce conversion of 

sawdust from 60% at 350 0C to 85% at 6500 C with gas yields 

from 50 ml/gm. to 340 ml/gm. respectively. Combustible 

fuels appear in th: gas only beyond 5000 C. Volatile 

products (on carbon basis) were observed to be mainly 

liquid upto 50u°C. (48*{ beyond which only gaseous yields 

increased from 10 to 30% at the expense of solid residue). 

At the highest temperature (650 C) the molar ratio of 

carbon monoxide to hydrogen was approximately 2:1. 

(ii) 	Steam gasification of sawdust catalyzed with 5%
 

potassium carbonate was observed to yield similar level 

of overall conversion, the product gas having more 

hydrocarbon content (metha~ne) with lowered contents of 

carbon monoxide and hydrogen. 



(iii) 	 Steam gasification of sawdust, catalysed with Zinc Oxide, 

calcium oxide and a mixture of both vieldec 80-90% 

gasification at 700 0 C with 50% converted carbon appearing 

in gas. Also ratio of carbon monoxide and hydrogen was 

significantly altered. With particular combination of 

catalvst and residence time, it was possible with fair 

reproducibility to obtain gas with carbon monoxide and
 

hydrogen in the ratio of 1:3. 

Projection of Technoloqy Development;
 

Along with the above observations in catalytic steam

gasification of biomass, another significant observation with 

one of our coal liquefaction programe (8) was that coal when 

catalysed with zinc ox--de, and devolatilized in an atmosphere
 

of steam and carbon monoxidc (with some hydrogen), yielded
 

gas with not only altered ratio of carbon monoyide and
 

hydrogen through shift reaction, but also much higher quantity
 

of liquid volatiles through hydro-cracking type of reaction 

on coal molecules (possibly under the influence of rascent
 

hydrogen). From these experimentally observed facts, the
 

following technology projections can be made:
 

If liquid hydrocarbons have to be the main product, two
 

routes can be followed:
 

(i) 	Direct catalytic gasification at 7000 C or above, to
 

produce gas with carbon monoxide/hydrogen ratio as 1:2.5-3. 



Since most of the biomass mattrials have negligible sulphur,
 

the gas after removal of carbon dioxide, can be directly
 

converted into liquid hydrocarbons by Fisher-Tropsch 

reaction. Suitability of the re-action with gas from 

laboratory gasifier has been tested with a cobalt-based
 

catalyst giving very clean liquid hydrocarbons in tempera

turerange 180-220 C, with some initial induction period. 

All the reactions being under atmospheric pressure, rural 

based application should not be difficult. Supplying
 

heat to the system would pose some problem. Injection of
 

air into the system would have 
some disadvantage of
 

handling large voiune of inerts in gas with consequent 

heat loss; but it would be somewhat advantageous in the 

highly exothermic Fisher-Tropsch reaction. Other alterna

tives are, supplying indirect heat which is possible at the 
level of 700 C, by burning part of the gas or by opcrating 

the whole gasifier in fluidization mode, recirculating
 

part of the anchar through external combustion loop. 

The scheme is shown in Fig. 2. 

(ii) The second alternative for optimising liquid products is 

similar to a scheme developed for coal liquefaction as
 

shown in Fig.-3. This system has got 
a shaft reactor,
 

where the bottom zone acts as a high temperature gasifier 

generating carbon monoxide and hydrogen, and the top 



zone acts 
as a pyrolyzer in atmosphere of carbon monoxide,
 
steam and hydrogen. 
 If biomass is properly catalysed, 
most of it could be converted to liquid hydrocarbons. As 
zinc oxide is one of the most suitable catalyst, thc. char 
being treated with zinc oxide and steam, can make a
 
valuabc byproduct in the form of activated carbon. 

In case, only high value gas is desired, both the lique

faction reactor systemscan De o-utimised for gas, having carbon 
monoxide and hydrogen in the ratio of 1:3. 
 This gas, after
 
removal of carbon rroxide can then be methanated to give a
 
high value gas (substentively Methane). 
 A scheme suitable for 
coal (9) as shown in ?ig.-4 is applicable to biomass also. 
Current Status:
 

The shaft reactor, as 
shown in Fig.-3, suitable for
 
handling 1 Kg. per hour of dry biomass (or 1-5 Kg. coal per hr.)
has been set-up and under trial. Hydrocracking facility for
 
up-grading liquid fuels has been in operation since two years.
 

Fluidized bed biomass gasifier, Fischer-Tropsch reactor
 
and a methanator to suit the system are under construction.
 
Recirculation of char/coke with ash with external air oxidation
 
loop for a fluidized bed system is under developmental stage

through experimental cold models. A packaged demonstration 
plant, optimizing liquid fuels, is also under construction 



for rural applicatiJn in collaboration with Centre for Rural 

Development and Appropriate Tochnology, I.I.T. Delhi. 
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ABSTRACT
 

A study is being conducted to examine the potential of Corncob as a
 
commercial fuel and to develop a highly efficient fluidized-bed 
combustor (FEC) for the purpose. In tile present study maximum bed 
temperatures nave been reported for varying feed rates and the steam 
temperatures and bed temperatures at different time intervals have been 
reporteG for four levels of sand beds. The bed temperatures have also 
been reported for varying feed rates of the fuel. It has been found 
that Corncob can be ournt efficiently in a FBC and high operating bed 
temperatures of the order of 1000" to 1300rC can be obtained.
 

SCOPE
 
The realization of decreasing fuel reserves and the uncertainties in
 
fuel oil supplies and their rising costs have made it necessary to
 
seriously consider potential options for the existing fuels. Another
 
driving factor for finding viable alternate energy resources is the
 
pollution caused by the emission of abnoxious exhausts and the residual
 
wastes from 	 the existing fuels. 

The FBC, one of the most promising coal utilizing techniques, has been 
intensively 	researcn in various countries. In the last few years a
 
number of pilot plants have started operation, and now commercial plants 
are being constructed. It can be safely said that the coal-fired FBC
 
boiler has now entered tne phase of practical applications. However, FBC
 
boilers fired by low grade fuels, such as agricultural waste, forest waste
 
and timber industry waste seem to have not been studied much.
 

The present study to develop a highly efficient FBC system utilizing corn
cob (agricultural waste), an alternate energy source, is an attempt toward
 
generating appropriate technology for the rural masses.
 

EXPERIMENITAL SETUP
 

The experimental setup consisted of combustion chamber, heat exchanger 
section, constant head water tank, reducer and feeding hopper. The FB 
Combustor consisted of a combustion chamber fabricated from 750 mm x 150 mm 
x 8 mm seamless G.I. pipe. The cnamber had two 9.375 mm-,diameter holes 
drilled at a height of 120 mm and 72.5 mm from the base of the pipe for the 
insertion of thermocouple probes. Anotner hole of 100 mm diameter was pro
vided at 675 mm froir, the base for feeding the fuel. Two more holes were 
drilled on the pipe diametrically opposite to accommodate inlet and outlet 
ends of the heat exchanger tube. Glass wool packing was fixed around the 



combustion chamber with the help of an outer casing of M.S. The base of
 
the pipe was joined to the reducer with the help of flanges. A grid or
 
distributor was fixed between the above two flanges for supporting the
 
sand and fuel bed. The grid (200 mm x 1 m) circular M.S. plate had holes
of 1.5 mm diameter drilled at 5 mm square pitch within a diameter of 150 mm. 
The joint was sealed for any loss of neat and air leakage. The sand bed 
consisted of sand with particle size ranging between 0.425 mm and 0.500 mm. 
Four bed neignts of 30, 45, 60 and 70 mm were selected. 

The reducer was fabricated from 1 mm thick M.S. sheet with a circular top
(150 mm diameter) and rectangular base to match the delivery pipe of the 
blower. The reducer had a slit (150 m:,1 x 75 mm) with a sliding cover for 
bypassing the air from the blower for adjusting the superficial air velocity 
through the bed.
 

The heat exchanger was a helical tube of 100 mm inside diameter with three
 
complete turns fabricated out of a steam pipe of 12.5 mm outer diameter.
 
After placing the helical tube at appropriate position, it was joined to the
 
walls of the combustion chamber with the help of shoulder couplings.
 

Chromel-alumal thermocouples were used for the temperature measurement of 
bed, the exit of the combustion chamber and the exit of the heat exchanger

delivery pipe. The ambient body temperature and the inlet water temperature 
were measured by mercury thermometer. Annemometer was employed to measure 
the superficial air velocity for fluidization. The velocity was measured
 
before the start of combustion.
 

TEST MATERIAL
 

The test material (corncob) was procured from Crop Research Centre, G.B. Pant
 
University, Pantnagar, India. 
 The average size of the corncob stocks was 
125 mm x 20 mm. This was reduced to 50 mm x 20 mm for the test purpose. The 
percentage composition of corncob by weight: Carbohydrate, 80; Protein, 10;
Oil, 4.5; Fibre, 3.5 and Minerals, 2.0. The percentage composition of corn
cob ash by weight: C, 7.91; NaOH. 1.1; Na2CO 3 12.4; faCl, 2.38; 
Na2SO4, 2.60; [Ja2S, 0.1 and insolubles, 68. The source of the above compo
sition is Department of Chemistry, College of Basic Sciences and Humanity,
 
G.G. Pant University, Pantnagar.
 

TEST PROCEDURE
 

Upon setting of steady fluidization of the sand bed, the combustion process
 
was initiated by kerosene-soaked corncob. After the sand bed has attained
 
the ignition temperature of corncob, feeding of kerosene-soaked corncob was
 
stopped. Manual feeding of unsoaked corncob was done at a steady rate by

noting down the time of feeding for a given quantity of fuel. Corresponding

maximum bed temperatures were recorded for varying feed rates. Further, for
 
a fixed feed rate, steam temperatures and bed temperatures were recorded at 
different time intervals. These observations have been recorded for four bed 
depths of sand, i.e., 30, 46, 60 and 70 mm. 
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RESULTS AND DISCUSSION
 

Bhattacharya et alI who have used a rectangular cross section FB have
 
reported a choking problem. This has not been observed in the present
 
case. Circular section of the FB with uniform fuel distribution over
 
the bed seems to be the reason for the absence of choking. The sized
 
corncob sticks easily ignited on attaining the ignition temperature.

The burning was initially fast which slowed down as it reached the core
 
of the corncob. The initial fast burning might have been due to the
 
fluffy fibrous exterior of the kernel due to high oxygen availability and
 
low material oensity on the exterior. This fast burning of the exterior
 
creates a high degree of pre-heating of the inner hard core. The preheated

inner core material, which is found to contain certain oil and minerals,
 
gets ignited as soon as the burning reaches the core. This autoprocess

helped in efficient self-ignition and continuous burning of the inner core.
 
The flame tongue of 1.5 m height was an indicator of efficient burning of
 
the fuel. No ash accumulation has been observed at the end of the test,
 
which must have helped in non-occurrence of choking.
 

The circular cross-section, larger pore size and closer spacing of the grid

have been able to provide uniform air flow all over the bed, which in turn 
have reduced the effect and height of dead zones.5 The thin film of glass

wool spread over the pores of the grid helped in attaining negligible sand
 
bed losses due to leakage and dumping. 2
 

It is observed from Fig. (2) that the temperature of the bed and steam
 
generated follow the pattern of feed rate for a given bed depth. The maximum
 
-bed temperatures and the steam generation temperatures and the flue gas
 
temperatures recorded are given in the Table below:-


Maximum Bed Temperature of Flue Gas
 
Bed Depth Temperature Steam Generated Temperature


(mm) (°C) (00 (oc) 

30 1250 107 560
 
45 1292 235 570
 
60 1171 230 552
 
70 998 212 543
 

From the above Table it is clear that a sand bed height of 45 mm gave the 
best results. The low steam generation temperatures recorded compared to very
high bed temperatures were due to the fact that the heat exchanger tube has 
been placed above the sand bed. It is expected that higher steam generation
 
temperatures can be achieved by placing the exchanger in the sand bed itself.
 

The flue gas temperatures recorded are approximately half the maximum bed
 
temperatures. The high temperature flue gases can be used to pr'heat the
 
feed water or to further superheat the steam.
 



It has been observed that, after attaining steady state, the bed tempera
tures could be maintained with lower fuel feed rates. Increasing the
 
fuel rate further only tended to choke the combustion process. This
 
phenomenon was observed for all the four bed depths.
 

The increase in bed depths resulted in lower temperatures for the same
 
feed rates. The added heat requirement to maintain the temperature of the
 
increased sand bed volume seems to have lowered the temperatures recorded.
 

CONCLUSION
 

It can be concluded that a 45 mm sand bed will result in the best performance
 
of the FB. The optimum range of fuel feed rate was found to lie within
 
15 to 20 n/h. The ash coming out of this FBC can be used as a detergent
 
because of its highly alkaline nature.
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TO REVIEW SEVERAL PROCESSES OF INTEREST IN CONVERTING iIOMASS
 
FUELS INTO USEFUL ENERGY OR POWER. SPECIAL EMPHASIS WILL BE
 
ADDRESSED TO FLUID BED GASIFICATION TECHNOLOGY AND CHARRING
 
SYSTEMS,
 

DEFINITIONS
 

GASIFICATION: 	 THERMAL DECOMPOSITION OF ORGANIC MATERIALS
 
IN THZ PRETENCE OF CONTROLLZD A':D LI;',IITED 
AMOUNTS OF AIR, OXYGEN, OR STEAM PRODUCING 
THREE DISTINCT PRODUCTS; GAS, LIQUIDS, AND 
CHAR,
 

PYROLYSIS: 	 THERMAL DECOMPOSITION OF ORGANIC MATTER IN
 
THE ABSENCE OF OXYGEN. HEAT CAN BE APPLIED
 
EXTERNALLY OR THE CHARCOAL INDUSTRY COMBUSTS
 
SOME OF THE FUEL TO START F'ROLYSIS PROCESS. 

CHARRING PROCESS
 

MAJOR FACTORS ENFLUENCING YIELDS MOISTURE CONTENT
 
AND TEMPERATURE OF CONVERSION PROCESS
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KILN PROCESS 

SPECIFICATION (CHARCOAL - BRIQUETTING) 

MOISTURE 2,4% 
VOLATILES 18-23% 
ASH 1-4% 
FIXED CARBON 74-81% 

YIELDS LB/LB 
MIXED OAK AND HICKORY - 27 to 32% 

TYP ICAL WOOD ANALYS IS 

MOISTURE 25% MOISTURE 25% 
CARBON 38.1 FIXED CARBON 14.55 

HYDROGEN 4,8 VOLATILES 58.95 
OXYGEN 31.35 ASH 1.5 
ASH 0,75 
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HERRESHOFF ( BRANDESVILLEMISSOURI ) 

INPUT: 10 TONS/HR 240 TONS/DAY 

OUTPUT: CHAR 2500 LB/Hk (14 TONS/HR) 30 TONS/DAY 

WOOD (AS RECEIVED) 	 CHAR (DRY)
 

MOISTURE 30.97 
ASH 2.74 16.27 
VOLATILES 59.04 18,24 
FIXED CARBON 7.25 65.49 
SULFUR .03 .05 

HEAT COMBUSTION 5,948 12,151 

ENERGY IN 1.19 X 108 DTU/HR 

ENERGY OUT 	(CHAR) 22,132,500
 

(FLUE GAS) 96,000,000
 

POSSIBLE GENERATION (SOLAR INDIRECTED LOO KW 
FIRED GAS TURBINE) (14% EFF) 
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RICE HULL DATA SUMfARY RAF 10-24-83
 

1) FEED RATES (AS RECEIVED) 

TOTAL - 2571 LB/HR = 30,85 TON/DAY 
RICE HULLS 750 LB/HR = 9 TON/DAY 
ASH 250 LB/HR = 3 TON/DAY 

2) REDUCTION (RICE HULLS) 33% (AS RECEIVED) 35,12%(DRY) 

3) ASHING DATA 
A) FEED STOCK 5.5% WET 7% DRY 
B) RICE HULLS 18.94% WET 20,47% DRY 
C) ASH 56,75% WET 57.95% DRY 

4) FIXED CARBOIN CONVERSION EFFICIENCY 7.41%
 

5) HEAT LOSS DUE TO CARBON INASH 31,75% DRY
 
34,32% AS RECIEVED
 

6) "SCALE-UP" TO 100% RICE HULLS
 
FEED 30 TON/DAY
 
ASH 10 TON/DAY
 
ENERGY AVAILABLE 10.3X106 BTU/HR
 
ASSUi1E 20% MORE LOSSES INBOILER = 8.24 -106BTU/HR (BOILER=246 HP)
 

7) RICE HULL DATA DENSITY 9,38 LB/FT3
 

PROXIMATE AS - RECEIVED DRY
 

M 7.48%
 
V,M 58.84% 63.60%
 
F,C 14,74% 15.93%
 
ASH 18.94 20,47%
 
HHV 6.274 BTU/LB 6,781 BTU/LB
 

ULTIMATE (DRY)
 

CARBON - 39,47% OXYGEN 35.71%
 
HYDROGEN 4.01% Nitrogen .30%
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TABLE IV
 

ANALYSIS OF THE CHARCOAL USED IN THE
 

4" FLUIDIZED BED REACTOR
 

Fixed Carbon 66.16 

Volatile Matter 21.36 

Ash 8.74 

Moisture 3.74 

TABLE V
 

ANALYSIS OF THE CHAR PRODUCED IN THE
 

4" FLUIDIZED BED REACTOR
 

Run #10 Run #12 

Fixed Carbon 78.91 55.14 

Volatile Matter 10.09 -

Ash 10.09 40.30 

Moisture 0.91 4.56 



TABLE I. 

ANALYSIS OF CHARCOAL USED BY 

NATIONAL hESEARCH COUNCIL OF CANADA (% 

Fixed Carbon 71.1 

Volatile Matter 21.0 

Ash 2.1 

Moisture 5.8 

HHV, Btu per lb. 
 12,690
 

TABLE II. 

ANALYSI!S OF CHARCOAL USED BY 

TROPICAL PRODUCTS INSTITUTE (%) 

Fixed Carbon 79.7 

Volatilc 
 11.4 

Ash 2.3 

Moisture 6.6 

HHV, Btu per lb. 12,977 
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CONCLUSION'S
 

1, 	SIMPLE DESIGN
 

2. 	MINiHfUM CONSTRUCTION COSTS
 

3. 	HIGH SPECIFIC GASIFICATION RATES C 54 - 75 lb/ft 2Hr, )
 
4. 	GASIFIES A VARIETY OF FEEDSTOCKS - EVEN THOSE WITH 

HIGH ASH CONTENT 

5. 	CON1SISTENT GAS PRODUCTION AND QUALITY ( lOOBtu/SCF)
 

6. 	HIGH THERMIAL EFFICIENCIES ( 96% CARBON CONVERSION )
 

7. 	NO OPERATIOINAL SKILLS REQUIRED
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DOE THERrIOCHE[I'CAL EFFOR[ IN SMALL GASIFIER EHGIN!E SYSTEMlS 

THREE PROJECTS 

1) 	 DR, LAWRENCE SHAW
 
UNIVERSITY OF FLORIDA
 
AGRICULTURE ENGINEERING DEPARTMENT
 

RESEARCH: 	 SUPEkCHARGERS
 

OBJECTIVE: 	DEVELOP INNOVATIVE METHODS FOR IMPROVING SAFETY 
UTILITY, RELIABILITY AND CONVENIENCE OF OPERATION 
OF SALL SCALE GASIFIERS BY RESTORING COMBUSTION 
ENI NG'-,E ON GAS TO PETROLEUMPERFORMANCE PRODUCER 
FUEL LEV'ELS BY SUPERCHARGING, USING POSITIVE 
DTS'7,-,,T COMPTESSORS OR TURBO CHARGES,, 

;:~,-.'fl TO REDUCE OPERATOR MONITORING BY INCORPORATION 
OF [ICROPROCESSERS OR OTHER AUTOMATIC CONTROLS 

2.) HR, ROBERT HARGRAVE 
ROCKY CREEK FAR 3.ASO"ENS 

LACROSSE, FLORIDA
 

RESEARCH: 	 FILTER MATERIAL (PRIMARY AND SECONDARY)
 

'	 _,
O.JECTIV : 	TET THF AD4"TAB]IITY OF DTFrERENT I'.TFR M.ATERIAL 
FOR G"S CLEAN-UP PURPOSE, MATERIAL WILL BE COMMON 
MATERIAL AVAILABLE IN LOCAL HARDWARE STORES. 

3) 	MR, GEROGE SAVAGE 
CALRECOVEI ' TF INC, 
RiCH'O, GEORGIA 

RESEARC,: 	 DUAL FUELING
 

OBJECTIVE: INVESTIGATE ENGINE PERFORMANCE UNDER STEADY STATE
 
AND VARIABLE LOAD USING PRODUCER GAS GENERATED
 
FROM VARIABLE FEED STOCKS, PILOT FUEL ADDITION 
WILL BE AN IMPORTANT VARIABLF LONG WITH OTHER 

PARAMETERS TO IMPROVE PERFOR CE AND OPERATIONS, 
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INTRODUCTION
 

Before the 1973-74 oil embargo, research of any kind or- commercial utilizationof gasification of wood, charcoal, coal, and coke was Dractically non-existant in theU.S. Teaching of the technology in engineering curricula had been dropped by the early1950's. So it fell upon those who knew about the technology prior to this time, toinitiate projects in the private and public sectors to revive this more-than-100 year
old technology as one alternative to energy from petroleum products. Their effortsbegan in the mid 1970's and today occupy a very small nitche in the total research
and industrial development in the U.S. 

The author was one of those few who changed research directions in the mid1970's to that of developing biomass gasification for the agricultural industry in theState of California. A state that produces about 10 percent of the total U.S. farmgatedollars from agriculture from the widest variety of products of any state in the Nation.This development research has been done at a Land-Grant University with minimalassociation with commercial or other Federally funded agencies. Thus, the assessment
of biomass gasification is confined to the author's research setting. 

AGRICULTURAL EXPERIMENT STATIONS, FORESTRY SCHOOLS AND 
OTHER COOPERATING INSTITUTIONS, U.S. DEPARTMENT 

OF AGRICULTURE RESEARCH AGENCIES 

The Cooperative State Research Service of the U.S. Department of Agriculturehas a computerized data bank of approximately 28,000 research projerts. This database is implemented with a computerized information retrieval system. One of thesearch options is with a list of key wo~ds that are coded for each project. A searchof this data base using the key words "Producer Gas" and/or "Gasification" coupledwith manual editing of the identified projects resulted in 34 projects concerned withthe key words. These projects are listed in Appendix A under four categories:Gasification/Gas Producer/Gas Producer-Engine Systems, Combined Systems, Fuels and
System Analysis. Most of the project objectives for the first category are concerned
with providing on-farm, 
 alternate energy systems from air-blown, fixed-bed or fluidizedbed gas producers using field crop residues or cord wood. None of the fixed-bed gasproducers under development can be considered to be derived from the small-scale,
downdraft gas producer that was extensively used in Europe through the World War IIperiod. The fluidized bed gas producers under development or study are closely alliedwith the technology as it is known today. Three projects have commitments to engineoperation with producer and hence concernedgas are with gas conditioning for engineoperation. The majority of the projects are to study or develop systems for crop

drying or farmstead heating for animal production.
 

Combined Systems. The five projects listed are alternate energy systems which 
are primarily based on the collection and use of solar energy and using mainly fixed-bedgasification as the "back-up" alternate energy system. The general objective of theseprojects seems to be to evaluate gasification or other thermochemical energy systems
as a standby energy system when direct solar radiation is inadequate or non-existant 
because of long periods of heavy sky cover. 



Fuels. Two of the projects listed under the fuels category are concerned with
developing collection systems for field crop residues. One project is directed toward
refueling downdraft gas producers while operating and two other projects are concerned
with screening weed species and their gasification characteristics. Two projects have
the objective of developing non-commercial wood species as a gasification fuel supply
and two others are concerned with the dewatering of green wood and bark for better 
downdraft gas producer performance. 

System Analysis. The four projects are concerned with model development andtesting for biomass energy production and gasification as part of cotton production
energy requirements energy gasification asand supplied by an alternate to traditional 
energy supply sources. 

In summary, much of the past and future progress from these projects will be
helpful for the development of producer gas technology in Asia and the South Pacific.However, because of farm size, available fuel types and level of rural development
there does not appear to be gasification systems objectives in the 34 projects that are
directly related to the needs of the global sector represented by the participants of 
this consultation. 

AGRICULTURAL ENGINEERING DEPARTMENT 
University of California, Davis 

Introduction. 

The study of the gasification of agricultural and wood residues was initiated inthe Department by two co-principle investigators: Dr. Perry Stout of the Department

of Land, Air and and Brian of
Water Resources Dr. Horsfield this Department. They
received funding from USDA and the Federal Energy Administration in early 1976 to
conduct a "Technological and Economic Assessment of the Utilization of Rice Straw
Residue from the California Sacramento Valley for On-Farm Power Generation". 

Two phases of this work provided the impetus for a sustained emphasis by the
Department of the gasification of crop and wood residues and the utilization of theproducer gas generated by this process for firing steam boilers and air-heating burners 
and for fueling gasoline and diesel engines. 

One of these phases was the design, construction and testing of a downdraft 
gas producer-air cooled gasoline engine driving a belted electric motor-generator. The
other was a trip to France, England and Sweden by Horsfield to gather information 
on gasification activities in those countries. mostHis important contact was at the
Swedish National Machinery Testing Institute, Uppsala, Sweden where he obtained a 
copy of the Institute's report on gengas (producer gas from wood) experiments conducted
in the late 1950's and early L)60's. No modern work has been found to equal the
design and performance information contained in the report. It is the basis for the
downdraft gas producers designed, built and tested by the Department after the first 
design by Horsfield. 



The gasification activities since the inception of this work are very brieflydescribed hereafter. Concurrently with this work several important studies on crop
and wood residues have been conducted but are not included in this paper. 

Past Gasification Activities: 1976-1981 

Experimental Gas Producer: This was a fuelbatch feed, downdraft gas producerwith fixed, slotted gate which fueled 154 cubic inch,a 4-cylinder, air-cooled gasolineengine for short periods. Satisfactory gas producer-engine operation was obtained with a wetted-packed bed gas conditioner while belt-driving a 7 horsepower, 3-phase,synchronous motor as a generator. Hot-raw gas was also supplied to a producer gasburner. Fuels gasified were walnut shells, alfalfa cubes, chipped tree prunings, and
wood chips. This unit has been dismantied. 

Laboratory Gas Producer: This is a batch fuel downdraft gasfeed, producerwith powered eccentric, step-plate grate (other types of grate designs were also testedfor mulled walnut shells). Except for the fire box choke plate, design is very similarto that developed by the Swedish National Machinery Testing Institute. The fire boxdiameter is one foot. Gasification rates range from 20 to 90 pounds of dry fuel perhour (5). Extensive studies have been conducted with this gas producer on thegasification characteristics of 26 different crop and wood residues and the effect offuel moisutre content on performance and producer gas uality (1). Clean-hot, producergas generated trom softwood chips by this unit satisfactorily fueled a producer gasburner for prune dehydration. This gas producer was built in 1976 and is maintained 
as an operational testing unit. 

Pilot Plant Gas Producer: This was an automatic fuel feed/ash removal, downdraftgas producer with powered, steel, augers.stainless internal ash-removal The plant wassemitrailer mounted and essentially a scale-up of the Laboratory Gas Producer exceptfor the internal ash handling system. Fire box diameter was 4 feet and operated with19-inch and 24-inch diameter choke plates. Maximum fuel rate was about 1100 pounds 
per hour of dry wood chips. 

The plant was at three locations (2). First, at Sun-Diamond Growers of California,Staockton, California. Fuel was mulled walnut shells (wood chips were also used).
Fuel and ash handling designs were only adequate for batch fuel loading 
 operation.
Second, at the State of California Printing Plant, Sacramento, California after redesignof fuel feed-ash removal systems. Fuel was wood chips for generating hot-raw gas
to fire a 125 boiler horsepower steam boiler to heat 
 the building. The plant wassatisfactorily operated for 170about hours on shifts ranging from 4 to 18 hours. Third,at the Primate Center, University of California, Davis where a steam boiler was firedto operate building the heating-cooling system for 531 hours, of which 339 were
continuous operation. Limited test operations were conducted with a 2 million Btuper hour, air-heating, producer gas burner and dukl-fueled,a naturally aspirated,pre-combustion chambered, 60 kW dieselelectric generator. This plant has been 
dismantled. 

100 kW Portable Farm Power Plant: Another automatic fuel feed/ash removal,downdraft gas producer with powered eccentric, step-plate grate with gas conditioningsystem and dual-fueled, 100 kW, diesel-electric generating plant (6). The equipmentwas mounted on a tandem, three-axle trailer mounted. The gas producer was scale-upof the Laboratory Gas Producer having an advanced for thedesign combustion airplenum chamber. Fire box diameter was 32 inches with 14 and 16 inch choke plates. 



Broken corn cob fuel was used to generate cool-clean producer gas for dual-fueling a
538 cubic inch, turbo-charged, inter-cooled, direct injection diesel engine with directcoupled, 100 kW, 3-phase multi-voltage, electric generator. Limited test results gave60 kW of power furnished by gas producer. Gas cleaning system was inadequate forlong-term operation. The gas producer-gas conditioning system has been removed from
the trailer and stored for. later use. 

State-of-the-Art for Small Scale (to 50 kW) Gas Producer-Enginer Systems: Alengthy report based on a literature study dating from about 1900 and a world-wide
questionnaire-survey of gasification activities (3). Topics covered are: History of gasproduce.r-engine Systems, chemistry of gasification, gas producers, fuel, conditioning ofproducer gas, internal combustion engines and small gas producer-engine system
economics. A computer based, annotated file of some 350 references was developed 
as part of the study. 

Current Activities. 

An experimental loose rice hull gas producer-gas conditioning system has beendesigned, constructed and extensively tested for fueling single cyclinder engines in the 
range of 5 to 25 horsepower (4). This system will be designed and extensively tested
with one cylinder engines for applications in the Developing countries. 

Portable Irrigation Pumping Plant: A fluidized-bed gas producer fueling natural gas engine-95 
a

kW generator set, retro-fitted with turbocharger in being developed andtested. Fuels will be cotton and corn stalks, wheat and rice straw, alfalfa seed straw
and screening trom cleaning alfalfa seed. Design, construction and performance testingof the system in the laboratory will be done before placing on a ranch for a growing
season to pump well water for irrigation. 

Fluidized-Bed Gas Producer Performance: the hot-rawDetermine gas, hot-clean 
gas, and cool-clean gas performance for almond shell screenings, cotton and corn stalks,rice and wheat straw, alfalfa seed straw and screenings from cleaning alfalfa seed. 

GAS PRODUCERS MANUFACTURERS 

Appendices B and C are listings of U.S. and non-U.S. Manufacturers of gasproducer equipment. the author is aware of the following operational installations: 

Advanced Energy Application, Inc. fluidized bed gas producer
fueled with cotton gin trash to provide cotton gin drying air 
at Tonopah, Arizona. 

Applied Engineering Co. updraft gas producers fueled with 
partially dry, whole log wood chips for steam boiler firing
at Rome, Georgia (5-6 thousand pounds wet chips per hour) 
ang Florida Power Company, Gainsville Florida (25 x 
10 Btu/hr capacity) 

Combustion Power Co. fluidized bed gas producer fueled with 
wet, hogged, mill wood waste. Weyerhaeuser Company,
Aberdeen, Washington (approximately 10 foot diameter 
reactor).
 



Energy Products of Idaho fluidized-bed gas producer fueledwith wood waste at State of California feating and CoolingPlant, Sacramento, California (30 x 	 1I0 Btu/hr capacity). 

Independent Power Northof America 100 kW, dual-fueled 
diesel 	engine generator set fueled with dry wood (KHD, West 
Germany gasifier-engine system) 

Kleiber and Schulz, Inc. (Fritz Werner, West Germany, wood 
gas producer-gas engine generator set at Melville, New Jersy). 
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3. 	 Organization
 

Forest Resources & Conservation Dept.

UruversityGainiesville, of FloridaFlorida 32611 

Project 	 Leader 

H. II. Lee 

Project Title and (No.) 

Advancement of Thermo-Chemical Gasification of Biomass to Methane. 
(FLA-FOR-02149-BG) 

Scope 

Develop Fundamental information required to produce methane from biomass 
by pyrolysis in inert (argon) and hydrogen environments. 

4. 	 Organization 

USDA-ARS Southern Agricultural Energy Center
 
Georgia Coastal Plain Expt Sta
Tif ton, Georgia 31794 

Project 	Leader 

W. 	 L. Bryan 

Project Title and (No.) 

Farm-Scale Conversion of Biomass into Fuels and Energy. (7702-2035-001) 

Design, install, and evaluate experimental equipmnt for farm-scale utilizationof biomass for production of energy by direct combustion or for conversion 
into gaseous fueled via pyrolysis, partial combustion, gasification or anerobic 
digestion or for conversion into liquid fuels such as methanol ethanol. 

5. 	 Organization 

Agri Engineering Dept. 


Purdue University
 
Lafayette, Indiana 47907
 

Project 	 Leader 

1. R. Barrett 

Project 	Title and (No.)
 

Utilization 
of rPiornass for Energy. (IND056023) and (3302-20190-001) 

APPENDIX A 
Biomass Gasification Research Projects Reporting

to the U.S. Department of Agriculture 

I. 	 GASIFICATION/GAS PRODtJCER/GAS PRODUCER ENGINE SYSTEMS 

I. 	 Organization 

UAgri 	 Engineering oept. 
University of Caliornia, Davis 
Davis, California 95616 

Project 	Leader 

J. R. Goss 

Project Title ad (No.)
 
Utilization 
 of Animal, Crop and Processing Residues. (CA-D-AER-2971-H) 

Laboratory and field studies of agricultural machinery and energy conversion 

processers (biochemical and thermo chemical) for management and/or energyrecovery from animal, crop and food processing wastes. Thermo chemical 
component. 

2.Organization 

Agri 	Engineering Dept. 

Davis,University of California, DavisCalifornia 95616 

j 	 Leader 
1. R. Goss 

Project Title and (No.) 
Gas Producer Retrofitted Portable Natural Gas Engine Farm Irrigation Power 

Plant. (CA-D*-AER-40Z7-SG) 

Design, 	 develop and test a fluidized bed gas producer, natural gas engine
generator set to pump on-farm Irrigation water using crop residues as the 
fuel source. 



3. Organization 

Chemical Engineering Dept. 
Kansas Stite University 

.inhattan, Kansas 66506
 

Project Leader 

\V. 0. Walawander 

Project Title and (No.) 

Fluid Bed Gasification of Crop Residues for Gaseous and Liquid Fuel Production. 
(KAN-05-981) 

Fluidized bed gasification of crop residues, gather gasifler design data, conductlong-term engine fueling tests using the producer gas and investigat methods 
for improving engine performance. Design and develop a gas clean-up systemfor tar removal. Conduct conceptual system design and economic feasabillty
studies for large-scale liquid fuel production and snall-scale on-farmapplications. 

9. 	 Organization 


ChemcalKansas Engineering Dept.
State tUniversity 
,anhattan, Kansas 66506 
Manattan, KansManhattan, 

Project 	Leader 

W. P. Walawender
 

P rojec t T itle and (No.) 


Energy 	 Related Technological Development. (KAN00229)Eoery 	 RAlternate 

ScopeScope
 

residues 	 to"esi3n fuels.and develop fluid-bed gasification processes for converting agricultural 

10. Organization 

Chemical Engineering Dept.
 
Kansas State University
 
Manhattan, Kansas 66506
 

Project 	Leader 

W. P. Walawender 

Scope 

Technology and design equipment and determine operational procedures for 
direct burning, gasification or pyrolysis of agricultural materials. 

6. Organization 

Agri Engineering Dept.
 
Purdue University

Lafayette, Indiana 47907
 

Project Leader 

R. M. Peart
 
Project Title and 
(No.) 

Equipment for Biomass Energy Conversion. (3090-20191-002A) 

Scope 

Investigate channel gasification of blomass, Including corn cobs, corn stover 
and other agricultural crop residues Into combustible producer gas and/or heat. 

7. Organization 

Agri Engineering Dept. 

Kansas State University
 
Kansas 66506
 

Project Leader
 

P . l arT. tC N 
Project 	Title and (No.) 

Fuels for Agricultural Internal Combustion Engines. 

Determin~e the most viable
diesel and spark 

near and long term sources of fuel for agricultural
ignition 	engines. Delineate and solve problems relating tothe use 	 of these fuels. Evaluate appropriate vegetable oils. Optimize sparkignition engine performance using alcohol and alcohol blends, biomass producer

gas and 	hydrogen.
 



13. 	 Organization
 

Agri Engineeringz Dept.
 
Clemson University 

Clemson, South Carolina 29631
 

Project Leaders 

F. A. Payne, 3. G. Alphin, 1. M. Bunn 

Project Title and (No.) 

Cord ''ood Gasification/Combustion Demonstration for Curing Flue Cured 
Tobacco. (5C00521) 

Scope 

Design, construct, and demonstrate a I million Btu/hr cord wood gasifer
combustor and operate it on a flue-cured tobacco farm for one curing season. 

1i1. Organization 

Agri Engineering Dept.

Clemson University 

Clemson, South Carolina 29631 


Project Leader 

F. A. Payne 

Project Title and (No.)
 

Control Algorithm for Two-Stage Combustors. (SCO1032) 


SAgri 

Develop a microprocessor based control system for updraft gasification of 
selected agricultural fuels. 

I. Organization 

Agri Engineering Dept. 

Texas A&M Jniversity

College Station, Texas 77843 


Project Leader 

W. A. Lepori 

Project Title and (No.) 

Fluidized-t3ed Rliomass Gasifier-Boiler System Evaluation and Design. 
(TEX06563) 

Project Title and (No.) 

Energy Related Technological Development. (KANO0946) 

Scope 

Development of a continuous low pressure, flash pryolysis pilot plant facility
for the recovery of useful products from animal wastes and produce a synthesis 
gas (composed primarily of CO, H(2), CO(2) and CH()) from feedlot manure. 

IIL Organization 

Agri Engineering Dept. 
University of Kentucky
Lexington, Kentucky 40506 

Project Leader 

0. 3. Loewer 
Project Title and (No.) 

Particulate Deposition when Passing Gasification-Combustion Gases through 
Grain. (KY04123) 

Scope 

Determine possible health hazard from passing biomass gasification-combustiongases directly through grain during drying. 

12. Organization 

Engineering Dept.
 
Clemson University
 
Clemson, South Carolina 29631
 

Project Leader
 

F. A. Payne 

Project Title and (No.) 

Design of a Cord Wood Gasification & Gas Combustion System for Curing 
Tobacco. (SCOO 3)
 

Scope
 

Develop a cord wood updraft gasification combustion system to provide thermal 

energy for farm but curing flue-curedtobacco. mtdtiple applications especially for 



2. 	 Organization 

USDA-ARS Harvesting & Processing ResearchGeorgia 	Coastal Plain Expt. Sta. 
Tifton, Georgia 31794 

Project 	Leader 

J. M. Troeger 

Project 	Title and (No.) 


Development 
of Design Criteria for Solar Crop Drying Including Backup Energy 
Systems. (7702-20195-007) 

Scope 

Development of basic design criteria for application of solar energy for 	 cropdrying. Development and Integration of 	 solar with backup systems.
Development of equipment andextraction 	 procedures using combustion, gasification orof 	 liquid fuels from plant residue for energy management and 
conservation for crop drying systems. 

3. 	 Organization
 

Agri Engineering Dept. 


Purdue University
 
Lafayette, Indiana 47907
 

Project Leader 


G. 	 H. Foaster 

Pioject 	Title and (No.) 


Drying Grain 
 Using Solar Energy and Biomass. (IND046036-B) 


Scope 


Develop 	 and test a two-stage corn cob burner-gasifier for batch drying of 
shelled corn to about 20 percent 	moisture content. The effect of slow fryingof 	 the shelled corn to storage moisture content with solar heated air and 
mycostats will be studied. 

4. 	 Organization 

Agri Engineering Dept.University of Kentucky 
Lexington, Kentucky 40506 

Project 	Leader 

B. F. Parker 

Scope 

A 0.6 meter diameter fluidized-bed gasifier coupled to a fire-tube boiler will
be used to measure metal corrosion and behavior and boiler stack gas 
particulates. 

16. 	 Organization 

Agri Engineering Dept.
 

Texas A&M Unitersity

College 	Station, Texas 77843 

Project 	Leader 

W. A. Lepori 

Project 	Title and (No.)
 

Fluidized-Bed Biomass Gasifier-Boiler System Evaluation 
 and Design.
(TEX06123) 

Scope 

Establish gas cleanup requirements for various uses of gas produced from afluidized bed 	 biomass gasifler and evaluate promising cleanup techniques. 

UI. 	 COMBINED SYSTEMS 

Organization 

USDA-ARS Southern Agricultural Energy Center
 
Georgia Coastal Plain Expt. Sta.
 
Tifton, Georgia 31794
 

Project Leader 

J. L. Butler 

Project 	Title and (No.)
 

Development of Systems for Utilizing solar and Biomass 
Energy to make farms
Energy Self-Sufficient. (7702-20195-001) 

Scope 

Systems will be developed to efficiently collect, store and utilize solar energy,
crop residues and selected biomass crop for crop drying and other applications 
such as heating and cooling. 



Project Title and (No.) *. Organizationl 

Utilization of Animal, Crop and Processing Residues. (CA-D*-AER-2971-H) 
Agri Engineering Dept. 
University of Kentucky 
Lexington, Kentucky 40506 

Laboratory and field studies of agricultural machinery and energy conversion 
processes (biochemical and thermochemical) for management and/or energy 
recovery from arrived crop and food processing wastes. Residue fuels 
component. 

Project Leader 

B. F. Parker 

Scope 

Organization 

Agri Engineering Dept. 

University of Florida 
Gainesville, Florida 32611 

Project Leader 

L. N. Shaw 

Project Title and (No.) 

Fuel Chipping and Continuous 
(FLA-AGE-02194) 

Feeding Systems for Downdraft Gasifiers. 

A high temperature grain drying system using solar collectors and rock-bed 
storage and x crop residue gasification combustion process will be studied.Computer simulation will be used to evaluate energy efficiency and 
effectiveness of the grain harvesting, delivery, drying and storage system. 

~.Organization 
Agri Engineering 

Dept. 
University of Kentucky 
Lexington, Kentucky 40306 

PoetLaeProject Leader 

1. 3. Ross 

Scope 

Evaluate methods of cutting and slicing wood to prepare downdraft gasifer 
fuel from waste wood from farm woodlots. Develop mechanical assemblies 
o continuously feed downdraft gasifiers while In operation. 

Organization 

Project Title and (No.) 

Integrated Multiple-Use Solar System with Blomass 
Backup. 

Scope 
A high temperature grain drying system using solar 

Gasification Combustion 

collectors and rock-bed 

Agric Research & Education 
Bradenton, Florida 33508 

Project Leader 

Cntr 
storage and a crop residue gasification combustion process
Computer simulation will be used to evaluate energy 
effectiveness of the grain harvesting, delivery, drying and 

will be studied. 
efficiency and 

storage system. 

3. P. Gilreath Ill. FUELS 

Project Title and (No.) Organization 

Native "Weed" 

Scope 

Species for Biomass Production. (FLA-BRA-01263-BG) Agri Engineering Dept. 
University of California, Davis 
Davis, California 95616 

Screen "weed" species to determine their cultural requirements, productivity
and suitability for biomass production. Five weed species have been evaluated 
for biomass production, these were castor bean, dogfennel, sida, pigweed, and 
saltbush. 

Project Leader 



Project 	Title and (No.) 

Saw Palmetto Potential for Biomass Production. (FLA-ONA-02163-BG) 

Scope 

Determine the potential for biomass production of the native woody shrub, 
saw palmetto. 

Organization 


Forestry Dept. 


University of Illinois
 
Urbana, Illinois 61801
 

Project Leader 


P. Chow
 

Project Title and (No.) 


The Utilization of Two-Year Short-Rotation Deciduous Biomass for Energy,Particle Board and Chemicals. (ILLU-55-0304) 

Scope 

Develop gasification and combustion to use woody biomass grown under
intensive silvicultural techniques to substitute for fossilfeasability of 	 fuels. Evaluate theconverting hih-yield plantation-grown wood to paper and 
particleboard. Seven species wall be Innvestigated: Autumn olive, black alder,black locust, E cottonwood, royal paulownia, silver maple, and sycamore. 

8. Organization 

Forest Products Dept.

Forest PodusF
College 	of etForestry 

St. Paul, Minnesota 55108 


Project 	Leader 

. . Haygreenmethods 

Projcct Title and (No.) 

Systems for the Drying and Processing of Fuel-Wood Chips. (MIN-43-067) 

Scope 	 ScpeOna, 

Development of evaporative drying and compression drying for reducing the
moisture content of wood and bark chips for fuel in combustion, gasificationor pyrolysis processes will be developed. 

4. Organization 

Forest Resources & Conservation
 
University of Florida
 
Gainesville, Florida 32611
 

Project 	Leader 

K. Eoff 

Project 	Title and (No.) 

Thermochemical Gasif'catio, of Biomass - Screening. (FLA-FOR-02147-BG) 

Determine the air-blown downdraft gasIfication characteristics of land andmarine plants and waste biomass being evaluated for blomass energy production. 

5. 	 Organization
 

Forest Resourcc-s & Conservation
University of Florida
 
Gainesville, Florida 32611
 

Project Leader
 

. Huffman
 

Project 	Title and (No.) 

Moisture Reduction System to Prepare Woody Biomass for Thermal Gasification. 

Scope 

Improve thermal gasification of woody biomass by developing energy efficient 
de-watering methods. Accumulate(laurel 	 oak (Quercus larifolia), slashdata on several target biomass speciespine (Pinus elliottii) and sweetgum
(Liquidambar sty.-aciflua)) that relate to their harvesting, drying, storing, and 
processing to maximize handling 	efficiencies; design and test several on-sitepre and post harvest treatment systems to reduce moisture in woody biomass; 

efficient designs foror o-site processing and drying that willmoisture 	 lead to energyreduction. 

6. 	 Organization 

Agricultural Research CenterFlorida 33865
 

Project Leader
 

W. Pitman 



Project Title and (No.) 

Preliminary Research in Agricultural Economics. (FIA-FRE-O0001) 

Sclope 

Conduct preliminary investigations into the nature and extent of research 
required to solve a given agriculturally oriented economic problem. A producer 
gas powered irrigation system has been evaluated and develop a research 
project on alternative energy systems. 

3. Organization 

Agri Engineering Dept.
Purdue University 
Lafayette, Indianna 47907 

Project Leader 

(.,J 
R. M. Peart 

Co Project Title and (No.) 

Develop simulation models using appropriate field and laboratory data for 
integrating energy crop production (or crop research Including energy crop
production, grain drying and biomass gasification. 

Organization 

Agri Engineering Dept. 
- Texas A&M University 

Coulege Station, Texas 77843 

Project Leader 

C. B3. ParneUl 

Project Title and (No.) 

Engineering Systems and Energy Needs for Cotton Production. (TEX03341) 

Scope 

Systems engineering study of utilization alternatives of cotton gin trash 
including use of gin trash as a source of biomass energy, compost, cattle feed
and particle board. 

9. 	 OrganizatIon 

Agri Engineering Dept.
 
North Dakota State University
 
Fargo, North Dakota 58105
 

Project Leader 

J. A. Lindley 

Project 	Title and (No.)
 

Biomass Utilization as an Energy Source
 

Scope 

Evaluate systems for: collecting residue from field crops, for denslfication 
of biomass, and for the direct combustion and gasification of blomass. 

IV. SYSTEM ANALYSIS 

i. 	 Orgalzatlon 

Agri Engineering Dept.
 
University of Florida
 
Gainesville, Florida 32611
 

Project Leader 

D. Kirmnse 

Project Title and (No.)
 
Process Engineering Analyses 
 for 	Biomass Gasification. (FLA-AGE-O2156-BG) 

Scope 
Select and 	 obtain computer software for 	 process synthesis and analysis in
gasification technology. Access physical and chemical property data 	base for 
therrmo-chemical and biological conversion steps; Established methodology forconceptural design development, unit operation selection, process condition 
selection, material and energy balance calculation, equipment sizing, and capitaland operating cost estimation. 

2. 	 Organization 
Agri Economics Dept. 
University of Florida
 
Gainseville, Florida 32611
 

Project Leader 

L. Polopolis 



E.Z. Manufacturing Co. 
R.D. /1. New Holland, PA 17557 
(717 ) 35 4-4 34 8 , B ill R iche y, E x. V .P . Sales, E d Z imm erm an , B o b cha rleton 

Forest Fuels Manufacturing, Inc.
Water Street, P.O. Box 547, Marlborough, NH 03455(603) 376-3331/3353, Martin Stevens, Sales, 1. Calhoun, T. Simkin 

APPENDIX B 
U.S. Biomass Gasification Manulacturers 

.S. D o m a. a if l t E nr C ayo m ms(Compiled by S. Dzodhl, Cajifornia Ene-.rgy Commlssion 

Advanced Energy Applications Inc. 

Jtme 1983) 

Foster Wheeler Synfuels Corp. 
110 South Orange Ave., Livingston, NJ 07039 
(201) 533-2826, Roger Gaire, Biomass Conversions 

1386 Halt Ave, Los Altos, CA 94022(415) 964-5429, Fred Moreno, PresidentFluidized Bed 

Gilbert Associates 
P.O. Box 1498, Reading, PA 19603 
(215) 775-2600, Robert Stevens, Marketing, 

Guaranty Fuels, Inc.
P.O. Box 107, Independence, KS 67301
(316) 331-0027, Butch K5olum 

Sherm Goodman, Glen Davidson, ext. 7777 

American Fyr Feeder Engineers 
"1265 Rand Rd., P.O. Box 285, Des 
(312) 298-004, Victor Gauger, Jr., 

Applied Engineering Co. (APCO) 
P.O. Box 1327 

Plaines, IL 
Sales Mngr. 

60016 

Halcyon Associates, Inc. 
The Halcyon, Maple St., P.O. 145,(60 3) 735-5 356, W illiam G . Finnie, 
Updra ft 

East Andover,P residen t NH 93231 

1525 Charleston Highway, Orangebuirg, SC 29115(803) 534-2424 Ralph Hanberry, Dev'mt Engineer 
Updra't Wood Chip 
Bio-Solar Research & Development Corp.B o S l r R s a c e e o m n op 
1600(503) Valley River Dr.,686-0765, Rudolf Suite 220, Eugene,W. Gunnerman OR 97401 

Kemp Reduction Corp.2410 Anacapa St., Santa Barbara, CA 93105 
7690 
(619) 

El Camino Real, Suite 105, 
436-3011, Jim Anderson 

Carlsbad, CA 92008 

Lurgi Corp. 
Davis Drive, 

(415) 594-2000, 

Marenco, Inc. 

Belmont, CA 49002 
George Quiter or Truman Lee 

"Buck" Rogers Co., Inc. 
I50 Industrial Parkway, Industrial Airport,(9 3Industr i ll Ayes,Ind stra rkting
(913) 329-2825, Bill Ayres, V.P. Marketing 
Downdraft 

KS 66031 

13961(907) Jarvi Sra Box 815, Anchorage,344-4279, Joe Marks AK 99502 
(0aturalMkRoute C.HI.H. Technology, Inc. 

, Warsaw, VA 22572 
Natural Resource Gasification, Inc.701 Madison N.E., Albuquerque, NM 87110(505) 345-4591, Torn Taylor 

Riley Stoker Corp.3706 Mt. Diablo Blvd., Suite 211, Lafayette, CA 94549(415) 284- 2610, B ill P i erce 

Sverdrup Technology
600 William Northern Blvd., P.O. Box 884, Tullahoma, TN(615) 455-1800, Glen Norfleet or Fred Nelms 

37388 

(804) 333-4847, Herbert 3. Mulqueen, Jr., President 
Combustion Power Co.C m u t o o e o1346 Willow Road, Menlo Park, CA 94025 
41) 324-4744, \ike O'Hagen 
nergy Conservation Co. (ECON)= e g o s r a i n C .( C N0.0. Box 828, Alexander City, AL 35010 

(205) 329-0835, Ben Russell 
Downdraft for 1.5. Cars and Pickups 
Energy Products of Idaho (EPI) 

4006 
(208) 

Industrial 
765-1611, 

Ave., South, Coeur d' Alene, ID 83814
Michael W. Oswald, V.P. Sales, Mike Murphy, Engineer 

Fluidized Bed 



Non-U.S. 

APPENDIX C 

Bi~la Gas~licatio Manufacturers 
Universal Energy International (Angelo Manufacturing Co.) 
400 Old Orchard Court, Danville, CA 94526(415) 320-3924, Dr. Bruce H. Winter 

NonUS. Manufacturers 
Verm,.nt Wood Energy Corp. 
P.O. Box 280, Stowe, VT 05672(802) 253-937217220, 3. Phillip Rich, President, Peter Bauer, Project Engineer 

Lasmb Cargate Industries, Ltd. 
P.O. Box 440, II 35 Queens Avenue, New Westministcr, B.C. 
(60'. 521-8821 
Cable LAMCARMageTelex 0433-1165 
(WeU cel burners) 

Omniluel Gasification Systems Ltd. 
3284 Yonge Street, Suite 501, Toronto, Canada M4N 3M7 
(416) 485-0701, Robin F. Guard, Keith Bircher 

Duvant Moteurs Diesel 

B. P. 236, 59308 Valenciennes, France 
Contact- Dr. A. Dennetlere 
Downdraft 

V3L 4Y7 
Wellman Thermal Systems Corp.
I Progress Road, Shelbyville, IN 46176 

(317) 392-5461, W.G. Colleen, IfI, Manager of Business Development 

Wonder Burner International2893 Sunrise Blvd., Suite 102, Rancho Cordova, CA 95670 
(916) 638-8186, Takumi Noma, President 

Wood Power Energy Corp. 
Miles W. Fry & Son, Inc., Rural Delivery No. 3, Ephrata, PA 17522 

(717) 354-4130, Morton Fry, (215) 267-4944, David Cunningham, Engineer 

Pillard 
13 Rue Raymond - Teissere 
13008 Marseille, France 

Fluidyne 
62 Henderson Vafley Road, Auckland 8, New Zealand 
Contact: Jack R..Humphries, Director 
Downdraft 

H. E. Gardner & Sons LTD 
Orarl Street, P.O. Box 877, Dun-d!n, New Zealand 
Downdraft 

Gasifier and Equipment Manufacturing Corp (GEMCOR) 
Rudgen Building I and II 
Shaw Blvd., Pasig, Metro Menila, Philippines 
693-62-66. Luis C. Baja, Manager 
Downdraft (Charcoal) 

GASPRO 
P.O. Box 43328, Industria, Transvaal 2042, South 
Contact Ronnie Crause, Sales Director 
Downdraft 

Africa 

Gotland Gengas 
Gyle Ala, S-620 23 Romakloster, Sweden 
(0593) 55080 Kjiil Alfvengren 
Downdraft 
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76-100% 

Oil Imports as % of Commercial Energy Demand Costa Rica 
Fiji 
Guyana 
Ivory Coast 

51-75% Jamaica 

Albania Jordan 
Brazil Papua, New Guinea 

Lebanon Nepal* 

Afghanistan* Philippines 
26"50% Burundi* 

Chile Ghana* 

Mongolia 
Bangladesh* 
Botswana* 

Malawi* 
Rpan a 
Rep. of Korea 

0-25% Mozambique* 
Argentina Pakistan* 
Colombia Zambia* 
India* 
Vietnam* 
Zimbabwe* 

*Countries with Actual or Potential Deforestation Problems 
Source: World Bank, 1980. 

NET OIL IMPORTS OF SELECTED DEVELOPING COUNTRIES
 



78 0 71 72( 73)I 74 75 76I 77 
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Source: 	 The MITRE Corporation, Energy and Development-
A Preliminary Analysis for Less Developed Countries,
MTR-79W00216, 1979 

MEAN BALANCE OF PAYMENTS FOR NON-OIL
 
EXPORTING DEVELOPING COUNTRIES
 



300 - Brazil 

200 
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100 a Turkey 
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~.0 Argentina 
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Wood Waste Resources (Meters3 X 10)
Source: Yeabook of Forest Produces, 1978 Data 

ENERGY POTENTIAL FROM WOOD RESIDUES
 



Conversion Technology Wood-Derived Energy End-Use Energy 
Products Forms 

aDirect 

D DireceHca 

Lw-Energy Value Gas r0 Steam 
0 Mechanical Energy

Gasification* LiudFeo Electrical Energy 
reese Medium Energy Value GasSytei 

U rolsE FOiWOs Ethanol 
0 Methanol 

Charcoal Distillate Fuels 

Is Can lsa Is sed. Cnves Pro c es 

Acid ~~C.-Sugars Fretto 

Lignin Rcvr 

Intermediate 
Is Can Also Be Used. Conversion Process 

USE SCENARIO FOR WOOD AS A SOURCE OF INDUSTRIAL ENERGY 



Petroleum-Derived 
Fuels 

* 	 Gasoline 

* 	 Diesel 

* 	 Distillate Oil 

* 	 Residual Fuel Oil 

* 	 LPG 

'Direct Substitute 

0 	 Ethanol 
O 	 Methanol 
o 	 Low-Energy Value Gas 

0 Low-Energy Value Gas 
0 F.T. Liquids 

0 	 Low-Energy Value Gas 
o 	 Medium-Energy Value 

Gas 
o 	 F.T. Liquids 

0 	 Pyrolytic Oil 
o 	 Char-Oil Slurry 
o 	 Low-Energy Value Gas 
o 	 Medium-Energy Value 

Gas 

0 	Low-Energy Value Gas 
* 	 Medium-Energy Value 

Gas 
* 	 F.T. Liquids 

Indirect 
Substitute 

0 Methanol 

0 Solid Fuel 

0 Solid Fuel 

POTENTIAL WOOD-DERIVED FUEL SUBSTITUTES
 
FOR PETROLEUM FUELS
 



Application 

Project 

Electricity
and Power 
Generation 

Irrigation
System 

Food 
Products 

Industries 

Forest 
Products 
Industries 

Other 
Industries 

" Wood-Fired 
Power and 
Cogeneration 

Plants 

0 Rural 
Electrifica-
tion 

0 Grain Drying 
o Fish 

Processing 

o Milk 
Processing 

o Meat 
Packing 

0 

0 

0 

Electric 
Power for 
Sawmills 
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POTENTIAL WOOD ENERGY PROJECTS 
IN DEVELOPING COUNTRIES 
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POTENTIAL WOOD ENERGY PROJECTS
 
IN DEVELOPING COUNTRIES
 

(CONCLUDED)
 



* 	 Resource Factors
 
- Type and Approximate Quantities of Wood Resource Available
 
-
 Existing Uses and/or Disposition Methods
 
- Potential Deforestation Problems
 
-
 Location of Resource with Respect to Prospective Energy User 

* 	 Country Energy Consumption Factors 
- Type and Approximate Quantities of Petroleum-Derived Fuel Consumption
- Identification of Petroleum-Derived Fuel(s) and Consuming Sector for Potential Wood 

Fuel Substitution 

* 	 Technology Factors 
- State-of-the-Art of the Technology
 
-
 Operating Experience in Developing Countries 
- Potential for Local Fabrication
 
- Compatibility with the Existing Technologies
 
-	 Environmental Impacts 

* 	 Socioeconomic/institutional 
- Commensurate to Existing Government Policies 
- Ability to Enhance Employment Opportunities
 
- Compatibility with the Existing Resource Allocation and Distribution System
 

SUGGESTED IMPLEMENTATION FACTORS 
FOR WOOD/BIOMASS GASIFIERS 



Phase 1 Phase 2 Phase 3 

Projects 0 Basic Research 0 Continuation of 0 Selected Bench
for Bench-Scale Workic S:ale Projects

Developmental @Feasibility r Sa jor Long-TermWork Studies 	 Technologies 

ro-Screening Projects 0 Pilot Plants 	 0 Wide-Scale 
of Selected Pre-lmplementallon a Controlled 0 More Pilot Plants Commercial
 

Potential tor 
 Studies Demonstration 0 More Controlled Implementation 
Projects Implementation Projects Demonstration 0 Continued 

Projects 
 ' Personnel 
e Personnel Training Training
0 Project Monitoring 0 Selected Pilot/ 

Domo Activities 

0 	Preparation
of Field 1 0 Project Monitoring
Implementation and Documentation 
Manuals 

PHASED IMPLEMENTATION STRATEGY 



II 
Wood Fuels 

Wood Chips 

Non-Processed Fuels 

L I--
Bark Sawdust 

I 
Other Residue 

Processed Fuels 

I I 
Wood Pellets Charcoal 

'YPES OF WOOD FUELS SUITABLE FOR
 
INDUSTRIAL APPLICATIONS
 



_Fuel Type Wood 
Properties-Chips* 
Energy Density 

BTUILb. (as 

Received) 4200 

Bulk Density 
Lb.ICu.Ft. 20 

Volatile Matter
% (M.F.) 79.4 

Fixed Carbon
% (M. F.) 20.1 

Moisture Con
tent % (W.B.) 50-55 

Sulfur Content 
/o (M.F.) 

Ash Content 
% (M.F.) 0.5 

*Typical Soft Wood 
L.V.M. = Low Volatile Matter 
H.V.M. = High Volatile Matter 

CHARACTERISTICS 

Wood Charcoal Illinois 
Pellets L.V.M. H.V.M. #6 Coal 

8290 12070 10,785 11480 

40 20 50 

81.2 2.6 28.4 46 

18.2 90.0 56.6 44.5 

5-10 5.2 1.5 12.1 

0.1 0.1 4.9 

0.6 7.4 15.0 9.8 

OF SELECTED WOOD FUELS 



Stage of Wood 
Energy 

Country Population* Oil Imports** 
Potential 

Deforesiation 
Technology 

Implementation 
(Million) (1000 bbl) 

Papua, New Pre-
Guinea 3.0 4,360 No Implementation 

Indonesia 146.0 19,020 Yes Phase 1 
Philippines 49 68,770 Yes Phase 3 
Brazil 119 376,148 No Already 

Implemented 

*1980 Statistical Data 
**1979 Data 

***Net Oil Exporting Country 

Source: World Development Report, 1982, World Bank 

EXAMPLES OF WOOD ENERGY TECHNOLOGY IMPLEMENTATION 
IN DEVELOPING COUNTRIES 



Project Type 
0 Wood Gasifier Retrofit to Existing Oil-Fired Boiler
 

Location
 
* S.P. Brewery, LAE, Papua New Guinea
 

Existing Steam Plant System
 
* 	System Description
 

- Three 250 HP No. 6 Oil-Fired CB Boilers
 
- Feedwater Treatment and Steam Distribution Systems
 
- Fuel Storago Tank, Feed, and Air Atomized
 
- No. 6 OIl Burner System
 

* 	Operating Schedule
 
- On Stream Tlme-5,544 Hr/Yr
 
- Units in Operation-Two 
- Peak Demand-480 HP (16,500 Lbs of Steam per Hour) 
- Annual Oil Consumption--8,400 Bbl/Yr 

Proposed Wood-Fired System 
* 	System Description 

- Two Wood Gasiflers to Retrofit to Two Existing Oil-Fired Boilers 
- Third Oil-Fired Boiler Will Serve as Back-Up System 
- Complete Wood Fuel Unloading, Storage and Feed System 

* 	Type of Fuel
 
- Mill Residue from a Nearby Sawmill
 
- Annual Fuel Consumption-4,200 Tons/Yr
 

Comparative Economic Indicators 
• 	 Existing System 

- Capital Cost*-$45,000
 
- Fuel Cost-$421,000/Yr
 
- O&M Cost-$50,000/Yr
 

• 	 Proposed Wood-Based System 
- Capital Cost $517,000
 
- Fuel Cost-$82,000/Yr
 
- O&M Cost-$72,000/Yr
 
- Discounted Payback-24 Months 

'Only Working Capital 

SELECTED DEMONSTRATION PROJECT FOR PAPUA NEW GUINEA
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SMALL WOOD GASIFIER PUMPING IRRIGATION
 
WATER IN PICON, INDONESIA
 



Type 

Suggested Location 

Fuel Type 
Size 

Major Equipment 

Equipment Price 
F.O.B. New York 

Project No. 1 
Small Rural Direct Wood-Fired 
Power Plant 
Near a Rural Community In 
Sumatra or Kalimantan 

Wood Chips, Logging Residue 
500 KW Electric Power 
(1980 Lb/Hr Bone Dry Wood) 

°Wood Chipper , Fuel Storage 
Bin, Boiler, Turbin-Generator, 
and Auxiliary Equipment 
$660,000 

Project No. 2 
Wood-Fired Cogereration 
Plant 
Existing Saw and/or Plywood 
Mill in Sumatra, Kalimantan 
or Other Wood-Rich Islands 
Saw Mill Residue 
1500 KW Electric Power 
and 4400 Lb/Hr Low Pressure 
Saturated Steam 

$1,400,000 

*A Hog May Be Required for Waste Wood Fuel 

SELECTED DEMONSTRATION PROJECTS FOR INDONESIA
 



Project Type
* Dendro Thermal Power Plants (Dedicated Tree Farms to Supply Fuel to Wood-Fired Power Plants)
 

Selected Locations
 
* 	 Approximately 72 Sites Situated In the Islands of Luzon, Panay, Negros, Cebu, Bohol, Samar, and Others 

Description of a Dendro Thermal Power Plant
* Size: 3-MW Direct Wood-Fired Steam Electric Power Plant
" Major Equipment: Boiler, Turbine-Generator, Condenser, Switch Gears, Substation Equipment, and AuxiliaryEquipment 

" 	Operating Conditions
 
- Boiler: 3190-600 PSI
 
- Turbine: Exhaust-3-3.5 Inch Hg


RP?,-7,O00-10,000 
-	 Generator: RPM-1,800 

Volts-440
 
" Fuel Type
 

- Wood Fuel Logs (3 x 12 Inch) to Chipo (2 Inch Minus)
" Fuel Source-i,000 Hectares of Dedicated Fast-Growing Tree (iplI-IpIl) Farm 
* Fuel Requirement-Approximately 40,000 Wet Tons/Yr 

Comparative Economic Indicators 
* 	 Capital Cost 

- EquIpment-,S1,1O0/KW
 
- Civil Works-S275/KW
 

* Fuel Cost-$7-8 per Green Ton
 
" Transport Cost-$82,500/Yr
 
* Labor Cost-$82,500/Yr
 
" Net Power-3,000 KW
 
" Operating Hours-5,500 Hr/Hr

" Net Annual KW-..6,5,r
n30 
" 	Total Estimated Generating Cost-49 Mills/KWH
" 	Oil-Based Electricity Generating Cost-60-90 Mills/KWH 

PHILIPPINE DENDRO THERMAL PROGRAM HIGHLIGHTS
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Charcoal-Based Gasifier-Engine System 
Running Irrigation Pump in Philippines 



Project Type 
* Charcoal Production from Native Forest and Energy Tree Farms 

Location 
e State of Minas Gerais 

Charcoal Consumption 
* For Pig Iron Production: 4,228,000 Tons (1981) 
* 	Charcoal Sources: 72 Percent from Native Forest
 

28 Percent from Tree Farms
 
* Production Method: Labor Intensive Brick Beehive Kilns 

BRAZILIAN INTEGRATER CHARCOAL
 
PRODUCTION PROGRAM HIGHLIGHTS
 



Electric Power 

Gases 
(A) 

Reforestation Dolomite 

Exploitation LimestoneL ; 
SCharcoal fromlag 

Carbonization Su lQuartzl- -'q 

I Pig Iron 
Charcoal 

, Storage 
Charcoal 

Screening 
Manganese

Ore 

4Or 

Charcoal Grained 1.: -,Gases I 

Fines Charcoal _ 
(B) I 

Ingots 
Production 

Plant Sinter 

Air Pig Iron 

Slag Pig Iron 

CHARCOAL-BASED PIG IRON PRODUCTION OPERATION IN BRAZIL
 



, V. ,. 

BATTERY OF CHARCOAL KILNS OPERATING IN 
BRAZIL WITH MANUAL LOADING 
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BRIEF REVIEW 	OF WOOD/BIOMASS DEVELOPMENT WORK
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PYRENCO'S EXPERIENCE IN BIOMASS GASIFICATION
 

Frederick P. Beierle
 
President
 

Pvrpnrn_ Tnr 

The Pyrenco gasification system utilizes a fixed bed, downdraft
 
gasifier which incorporates a catalytic process to produce engine
 

quality low BTU synthesis gas. Since 1980, Pyrenco has demonstrated
 
the safety and durability of its gasifiers in various applications.
 

This precommercial experience includes nursery heating, crop drying,
 
vehicle fuel conversions, dual fuel diesel power generation, and spark
 
ignition power generation. A 3 MW commercial power plant using Pyrenco 
technology is scheduled for groundbreaking in October 1983.
 

Introducti on
 

Research that eventually led to the Pyrenco gasification system was
 
motivated by the problems associated with field burning of agricultural 
and forest wastes and based on the premise that a suitable catalyst could
 
be found to enhance the performance of "gasogen" technology. Ten years
 
of sporadic work resulted in the 1978 discovery by Dr. Donald E. Chittick
 
of a catalytic reaction which eliminated the production of tar in the 

output gas stream of a gasifier.
 

Pyrenco, Inc. was incorporated in 1979 to commercialize the gasification
 
processes discovered by Dr. Chittick. Early testing concentrated on pro
ducing gas continuously, and at atmospheric pressures. Interest has
 
always centered on engine quality gas and by the end of 1979 gasifiers ha
 
been built and tested on engines ranging from a 4 HP Briggs and Stratton
 

to a 1979 GMC V-8.
 

U.S. Forest Service Wind River Nursery
 

In the Spring of 1980, a 650,000 BTU per hour gasification unit was built
 
and installed at the Wind River Forest Service Nursery in the Cascade
 



Mountains of Washington State. Fuel produced in the Pyrenco Gasifier
 
at Wind River was used to heat three greenhouses where forest seedlings
 

were being grown. Testing with the Wind River Gasifier continued through
out the Spring and early Summaner of 1980 and included operating a 45 Kilo
watt generator coupled to a Waukesha engine fueled with the synthetic gas. 

Wyckoff Farms
 

In September 1980, Pyrenco, Inc. designed and had B&B Equipment Company
 
build a 3.5 million BTU per hour gasifier. This unit was successfully
 
tested at the Wyckoff Farms, Inc. hop dryer in Grandview, Washington. At 
the end of the drying season this gasifier was moved to the Pyrenco Pilot 
Plant for further testing with a diesel engine generator. 

Caterpillar Engine Testing 
In July 1980, Pyrenco signed an agreerient with Halton Tractor, a Caterpillar 
dealer in Portland, Oregon to initiate testing on larger engine-generator 
sets. Testing began with a scale up in generator size of almost 4 times 
(45 KWH to 175 KWH) using a diesel Caterpillar Model 3406T. A suitable 
control 
panel was designed and built by Lloyd Controls of Seattle, Washington.
 
By May 1981, Pyrenco had installed the engine generator and related equipment
 
and signed a contract with the Benton County Public Utility District (PUD) 
to sell the power. On June 8, 1981, Pyrenco went "on line" for the first 

time.
 

Testing in June 1981 
was around the clock. The 3406T engine generator was
 
run on a fuel mixture of diesel and synthetic gas from the Pyrenco gasifier.
 

Controlled tests showed that as little as 5% diesel could be run with power
 
output at 70% of rated capacity of the generator. This Syn Gas/diesel 
mode was operated for more than 500 hours continuously during the Summer of 
1981. In February 1982, a spark ignition Caterpillar Model G-398 natural 
gas engine was installed, and B&B Equipment and Pyrenco, Inc. designed and
 
built a special carburetor to handle low BTU gas. This engine was proved
 

to be exceptionally well suited to Synthesis Gas fueling.
 



Future Fuels Challenge Rally
 

In October 1981, Pyrenco, Inc. competed in the Future Fuels Challenge 
Rally from Los Angeles to New York City. The Pyrenco entry was a
 
1981 Chevrolet pickup with a gasifier mounted on the bed. This
 
vehicle was driven 3,500 miles from coast to 
coast using wood pellets
 
converted to synthetic gas as its only fuel. The Pyrenco entry was
 
the only one of six gasifier fueled vehicles to be certified by the
 
Sports Car Club of America (SCCA) as completing the rally. In fact,
 
it was the only gasifier entry to make it past Denver, Colorado and 
;till meet all of the stringent requirements of the rally.
 

BPA Biomass Power Generation Project
 

In September 1982, Pyrenco, Inc. 
received notice from Bonneville Power
 
Administration (BPA), U.S. Department of Energy, Portland, Oregon that 
the company's biomass power generation proposal had been selected by
 
BPA for funding. Pyrenco's 400 KW test facility will be operated in 
a
 
semi-commercial mode in order to 
gather detailed engineering, environ
mental and economic data on gasification for power generation. This
 
is the only such project receiving BPA funding. It will demonstrate
 
that low BTU gas from a variety of renewable resources (i.e., forest,
 
agricultural and food process waste) is suitable for fulltime power
 
production using commercially available reciprocating engine-generator 
technology. BPA has also asked 
Pyrenco to include testing on municipal
 
solid waste (MSW) as a part of this project. On April 8, 1983,
 
Pyrenco signed a two year, $700,000 Cooperative Agreement with BPA for
 

the Project.
 

The Mio, Michigan 3 MW Power Plant
 
Pyrenco, Inc. is completing contracts to design and construct its first
 
commercial 
biomass power generation facility using Pyrenco gasification
 
technology. This project is the result of over one year of effort by
 
the Company to fund a commercial demonstration of its system. This plant
 
is expected to begin operation in 1984.
 



The Mio Project consists of the construction and installation of three 

megawatts of biomass power generation in an industrial park south of 

Mio, Michigan, which is being developed by the Oscoda County Economic 

Development Corporation. The facility will process biomass (i.e., 

solid wood, sawdust, woodchips and bark) into fuel pellets which will 

be fed into a gasifier where Pyrenco's catalysed, continuous pyrolytic 

process will convert them into a low BTU gas and activated carbon. The 

gas will be drawn off, cooled, filtered and burned as fuel in six 

Caterpillar G399 engine generators rated at 580 kilowatts each, generating 

electrical power for sale to Consumers Power Company (CPC). 

The Plant is projected to be capable of operating at least 85% of the time. 

CPC has entered into a Purchase Agreement with Pyrenco to purchase electri

city generated by the Project when it becomes fully operational and a Test 

Energy Purchase Agreement for the purchase of electricity generated during
 

the startup and testing period. Excess wood pellets produced at the plant
 

will be sold for home, institutional and commercial heating. 

The gasification process will generate activated carbon (charcoal) and waste
 

heat as by-products. Carbon will be removed from the gasifier, cooled and
 

ground into powder to be sold for use in liquid filtration systems. Waste
 

heat from the plant cooling water system will be utilized in a hot-water 

heating system to heat other buildings in the industrial park when such
 

other buildings are constructed.
 

The principal buildings on Pyrenco's 5-acre Project site are the main plant,
 

which houses the gasifiers, engine generators, plant equipment, offices
 

and control room, and the covered storage building, which will be capable
 

of holding a 30-day supply of biomass. The truck scale, truck dumper,
 

miscellaneous process equipment and main transformer are located in the
 

yard areas of the site.
 



In the process of obtaining financing for the Mio Plant, the Pyrenco 

technology was evaluated by Gibbs & Hill, Inc. on behalf of Insurance 

Company of North America (INA). This evaluation resulted in the avail

ability of "System Performance" insurance on Pyrenco's system through 

INA.
 



INDIAN BIOMASS CONVERSION EXPERIENCE
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RUNNING ON LOCALLY AVAILABLE WASTE
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STATUS OF GAS PREPARATION AND GAS CLEANUP TECHNOLOGY
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GAS SEPARATION AND
 

CLEAN UP
 

METHODS
 



FOSSIL FUEL
 
CONVERSION ROUTES
 

* GASIFICATION
 

* COMBUSTION
 



GASIFICATION CLEANUP NEEDS END USE 

e SULFUR COMPOUNDS 
AIR BLOWN 0• PARTICULATES GAS TURBINE 

* ALKALI 

o SULFUR COMPOUNDS 
0C02 DIRECT COMBUSTIO 

* H20 



GASIFICATION CLEANUP NEEDS END USE 

O CO 

0T HYDROGEN FOR HYDRO-OXYGEN BLOWN C0 
* H20TRAMN 
* SULFUR COMPOUNDS 

* CO
* C02 _I•HYDROGEN FOR AMMONIA 

* H20 MANUFACTURE 
0 SULFUR COMPOUNDS 

e CO e SYNGAS FOR METHANOL 
o C02 o FISCHER-TROPSCH 
* H20 * METHANE 
* SULFUR * HYDROGEN FOR FUEL CELLS 



CLEANUP NEEDS END USE 

o SULFUR 
COMBUSTION o NOx e TURBINESC PARTICULATES 9 BOILER FUEL 

* ALKALI 



DRIVING FORCES
 

• ENVIRONMENTAL
 

* MATERIALS 

* PROCESS NEEDS
 

* ECONOMICS 



CONTAMINANTS
 

* GASIFICATION 

-SULFUR COMPOUNDS (H2S. COS, CS2, ETC.) 

-PARTICULATES 

-ALKALI 

-ACID GASES (C02) 



* 	 COMBUSTION 

- OXIDES OF SULFUR 

- OXIDES OF NITROGEN 

- PARTICULATES 

- ALKALI 



SYSTEM NEEDS
 

e END USE
 



COMBUSTION ROUTE NEEDS
 

• NOx REDUCTION 

• SOx REDUCTION 

" PARTICULATES 

* ALKALI 



PROCESS OPTIONS
 

* COLD GAS CLEAN UP
 

* HOT GAS CLEAN UP
 



COLD GAS CLEAN UP
 

* PHYSICAL ABSORPTION
 

* CHEMICAL ABSORPTION 

0 ADSORPTION 



PHYSICAL ABSORPTION
 

o ORGANIC SOLVENTS 

* NO CHEMICAL REACTIONS 

e REGENERATION OF SOLVENT BY HEAT/PRESSURE 

e HIGH DEGREE OF SELECTIVITY TO C02, H2S 

o CAN REMOVE COS, CS2, HYDROCARBONS 

o LOW CORROSION RATES 

* HIGH OPERATING COSTS 

* COMMERCIAL (RECTISOL, SELEXOL) 
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CHEMICAL ABSORPTION
 

0 AUUEJUS SOLVENT 

e CHEMICAL REACTION 

a LOW AFFINITY FOR HYDROCARBONS 

* HIGH CORROSION RATES 

* COMMERCIAL (HOT-POT PROCESS) 



ACID GAS REMOVAL PROCESSES
 

PROCESS 
INPUT 
H2S 

OUTPUT 
H2S SORBENT 

OPERATING 
TEMPERATURE 

OPERATING 
PRESSURE PRODUCT REMARKS 

RL 1,IIS(1S0 1% I PP M TIE tHANO I - 1000 -,OF-
(ABSORBER)
t150*F 
(STRIPPER) 

3(00-2000 PSIG 
(ABSORBER)
AIMOSPHERIC 
(SiRII PPER) 

It S I) RE(QUIRES EXIERNAL 
REFRIGERATION 

2) NEEDS CLAUS 

SELEXOI ANY I PPM DIMEIHYL ETIHER 
OF POLYETHYLENE 
GI YCO[ 

20-1000 PSIG 500-1000 PSIG 
(ABSORBER) 
0-5 PSIG(STRIPPER) 

tlS 
2 

1)NEEDS CLAUS 

SIREIFORD 

ALIIVAILD 
CARBON 

(.iAIlS 

ZINC 

OXI E 

300 PPM 1 PPM ANT11RAUUINONE-
10 95% [)ISUIFONIC ACID 

SODIUM METAVANA-DATA 
CITRIC ACID 
SODIUM CARBONATE 

ANY BUT 0.2 PPM ACTIVAIED CARBON
BEST 
F R ORISC<30 pp.* 

> 20% 15,000 PPM 

(0 ) 

50 PPM 0.02 PPM ZINC OXIDE 

80-120*F 0-1000 PSIG 

150'F NO PRESSURE 
LIMIT 

2OO0°-3000°F AIMOSPHERIC 

(BURNER)
(CATALY1 1CSUFR 
STAGE) 

660-8110 F 0-750 PSIG 

ELEMENTAL 
SULFUR 

ELEMENIAt 
SULFUR 

ELEMENTAI 

SUI-FUR 

ZINC 

SULF I[DE 

1) DOES NUI REMOVE COS OR 

2 
2) NLEDS SPECIA[ DISPOSAL 

OF CYANAlES, !ItIOSAI-TS, 
AND VANAI)IUM SALTS 

1) FRE(JIIENI REGENERATION 

2 ) SULF U R ARD E D I I II 
BED WHEN REPI ACED 

I) 90i-981 OF REMOVED SUI FUR 

CONVERIED 10 ElEMENTAL 

2) NEEDS A fAIl. GAS CLEANUPPROCE SS1" 
1) SULFUR DISCARDED WI III BED 
2) ZINC RECOVERY EXTREMELY 

COSTLY 



C.I 

COMPARISON OF PHYSICAL ABSORPTION
 
vs
 

CHEMICAL ABSORPTION SYSTEMS
 

PHYSICAL ABSORPTION 
SELEXOL, RECTISOL 

LLU 

CHEM'ICAL ABSORPTION 
BENFIELD 

ACID GAS PARTIAL PRESSURE 
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CARBON DIOXIDE PHASE DIAGRAM
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ADSORPTION
 

e GAS/SOLiD CONTACTING 

* HIGHLY SELECTIVE 

a COMMERCIAL IN 50'S 

* MAKING COMEBACK 



PRESSURE SWING ADSORPTION
 

A2
 

C)C 

LLu 

Al 

P1 PRESSURE P2 

* DRIVING FORCE (A2 - Al) 

* TWO BEDS (REACTORS) NEEDED 

0 ADSORPTION AT P2 

* DESORPTION AT P1 



4 

STEP 1 


FEED 

(50/50 H2/CH4) 

PRESSURI-


ZATION 


91.7% H2 

COCURRENT 


BLOWDOWN 

30 sec 

STEP 2 


FEED
 

HIGH 


PRESSURE 

ADSORP. 

PRODUCT 

(98% 12) 

COUNTER-

CURRENT 


BLOWDOWN 

AND PURGE 

91.35% CH4 

180 sec 

STEP 3 


COCURRENT 

BLOWDOWN 

91.7% H2 

PRESSUR-


ZATION 

FEED 

30 sec 

STEP 4
 

91.35% CH

COUNTER-

CURRENT
 

BLOWOOWN
 

AND
 

PURGE
 

(98% H2) 

HIGH
 
PRESSURE
 

ADSORP. 

FEED
 

180 sec
 



ADVANTAGES
 

" HIGH THROUGHPUTS 

* LOW ENERGY REQUIREMENT
 

* LOW CAPITAL COST 

" COMMERCIAL 



FUTURE APPLICATIONS
 

* PURIFICATION OF FUEL GASES 

* SEPARATION OF GASIFICATION PRODUCTS
 



1 T . M .. 

CF" 

UNCONVENTIONAL 

* MEMBRANES 

0 COMPLEXING AGENTS 

* LIQUID C02, (CNG PROCESS)
 



AE-M3RANE SEPARPATION 

SPERMEATED) 
PRODUCT 

F E E D . . .. . . .. 

UN PGRMEATE1 
PRoDUCT 

MGM G1RANE 



EM CRANE S 

POLYMERiC 

FAClU--dATZ D TRANSPORT
 

ASYMMETRIC 

SYMMETRIC 



MAE MORMNE NEEDS CCRITERA) 

* RHICI SELECTIvITY 

O HQHp LUX
 
o 
 TM PRov ED LIF=E 



cc THE MARKETS FOR MEMBRANES 

MILLIONS OF DOLLARS 

MARKET 

SEPARATION MEMBRANES 

Potable water via desalination 

Ultrapure water and chemicals 

Effluent treatment/concentration 

Gas separation/enrichment 

Electrochemistry 

Dialysis/therapeutic 

SUPPORT MEMBRANES 

Controlled release 

Biotechriology/other 
specialty applications 

Total 

1980 

24 

10 

33 

5 

1 

1o0 

173 

80 

3 

83 

256 

1983 

33 

15 

47 

10 

5 

80 

190 

132 

5 

137 

327 

1988 

57 

33 

112 

20 

27 

80 

329 

354 

22 

376 

705 

1993 

97 

72 

267 

30 

144 

80 

690 

964 

100 


1064 

1754 

AVERAGE ANNUAL 
GROWTH RATE 

1983-'93 

11.4% 

17 

19 

12 

40 

0 

13.7 

22 

35 

22.7 

18 

SOURCE: CHEMICAL WEEK/SEPTEMBER 28, 1983 
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CNG PROCESS OVERVIEW
 

CRUDE 

GAS 

DEHYDRATION. 

_GAS COOLING. 
C02 CONDENSATION 

SULFUR ABSORPTION 
HA2 S, COS, FSH. CS2 

CARBON DIOXIDE 
ABSORPTION 

CLEAN 

GAS 

CARBON DIOXIDE 
REGENERATION 

I SLURRY 
REGENERATION 

CARBON DIOXIDE 

SULFUR 
RECOVERY' . _.... 

T 

REFRIGERATION 
AND C V YPOWER RECOVERY 

CARBON DIOXIDE 
" 

SULFUF 
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HOT GAS CLEANUP
 

* GETTERS 

o IRON OXIDE 

* ZINC OXIDE 

o CYCLONES 

* GRANULAR BED FILTERS 

(MOSTLY GAS/SOLID CONTACTING)
 



CLEAN UP NEEDS FOR FUEL CELLS
 
(Molten Carbonate)
 

CONTAMINANT 


* SULFUR COMPOUNDS 


* HALOGENS 

* NITROGEN COMPOUNDS 


* METALS (Fe, Cu, As) 

" TAR AND OILS 

o PARTICULATES 

* LIGHT HYDROCARBONS 


TOLERANCE LIMIT
 

LESS THAN 1 PPM 

- 100 PPM IN FUEL 
-10 PPM IN OXIDANT 

LARGE FOR AMMONIA 

VERY LOW 

LOW 

-- 0.8 Ib/10 6 ft3 

LESS THAN 1 MOL PERCENT
 



MCFC HIGH TEMPERATURE CLEANUP ADVANTAGES
 

250 MWe UTILITY PLANT 

COLD CLEANUP HOTi CLEANUP 
(_V 0 2,SELEXOL) ((i 0 2,METC, FeO) 

INVESTMENT COSTS 

(TOTAL COSTS MILLIONS) 391 358 

COE (MILLS/KWHR.) 74.7 67.7 

HEAT RATE BTU/KWHR. 7,660 7,823 

(SINGLE 250 MW FUEL CELL UTILITY PLANT INCURS $10.7 MILLION SAVINGS 
AT 70% UTILIZATION FACTOR AT 7 MILLS/KWHR..COE.) 

REFERENCE: WESTINGHOUSE "EVALUATION OF GASIFICATION AND GAS 
CLEANUP FOR MCFC POWER PLANTS - DOE 
CONTRACT-81-MC16220 



Gas Turbine Acceptance of AIkali Metals 
(Corrosion) 
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60,000 Coated Inconel-With 3000° 
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CONTROL TECHNOLOGY OPTIONS 

O N 
CLEAN LIQUID 

FUELTURBINE 

FU A /CLEANUP
MANAGEMENT 

CONVENTIONAL
 
COAL
 

COMBUSTION
 
FETE 

CLEANU &MANAG E-

FUELL 
FOSSIL IFLUIDIZED-BED
 

L LFCOMBUSTION
 

AFBI
 

ir GAS STREAM //
PFB CLEotANUP ! 1 TURBINE i 

lll~lltlllllli I IDIRECT 
I I "- EXHAUST 

/GAS STREAM/J ,. COMBUSTION I 

LOW-BTU GAS P ---- Ao TURBINE. 

I___L UP"/////////// FUEL CELL I 
L-------------



CONCLUSIONS. 

* 	 CHOICE DEPENDS ON END USE 

* 	 ALL TECHNIQUES ENERGY INTENSIVE 

* 	 HOT GAS CLEAN UP TECHNOLOGY SHOWS CAPABILITIES 
TO MEET TURBINE REQUIREMENTS 

* 	 COLD GAS CLEAN UP PROCESS DO MEET 
CURRENT NEED AT PRICE 

* 	 NEW UNCONVENTIONAL TECHNIQUES SHOW PROMISE
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A. INTRODUCTION
 

Contaminants from coal gasification and combustion pose environmental problemswhich limit the acceptability of coal 
as a major energy source. Also, these

undesirable elements present economic difficulties affecting the feasibility 
of certain coal processes.
 

When coal is gasified or burned, contaminants such as gaseous oxides of sulfur
 
and nitrogen, hydrocarbons, particulates, and volatile trace elements 
are pro
duced. 
 These species represent toxins, erodents, corrodants, and catalyst
poisons. To meet environmental standards set by the EPA, impurities muist be
removed from the effluent gas stream before being released to the atmosphere.
In addition, dirty gas must he purified to specific requirenients which depend 
on the end use of the gas.
 

This report sununarizes the effect of contaminants and the degree of purity
required for various end uses o" gas streams from gas if icat ion and combustion processes. Methods of particulate and NO reduction, various low- and
high-tempera ture acid-gas removal processes, aid some unconventional IiIeLhods 
of gas stream cleanup are outlined.
 

Julianne N. Stefano
 
Chemical Engineer
 
Advanced Gasification Section
 
Gasification Projects Branch 
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OUTLINE
 

A. INTRODUCTION
 

B. SUMMARY
 

C. CONTAMINANTS FROM COAL GASIFICATION AND COMBUSTION
 

D. PRODUCT GAS SPECIFICATIONS
 

1. Emission Standards
 
2. Turbines
 
3. Synthesis Gas
 
4. Fuel Cells
 

REMOVAL PROCESSES
 

1. Reduction of NO
 
x 

(a) Thermal NO
 
(b) Fuel-BoundXNO
 

x 

2. Removal of Particulates
 

(a) Low-Temperature Methods
 

(h) High-Temperature Nethod; 

3. Acid Gas Removal
 

(a) Methods
 

4. Comparison of Low- and High-Temperature Processes
 

5. Low-Temperature Acid Gas Removal
 

(a) Physical Absorption
 

1. Rectisol Process
 
2. Selexol Process
 

(b) Chemical Absorption
 

1. Benfield Process
 
2. Stretford Process
 

6. High-Temperature Acid Gas Removal
 

(a) Claus Process
 
(b) Iron-Oxide Process
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7. Unconventional Methods 

(a) Membrane 
(b) Supported Complexes 

F. RECOMMENDATIONS AND CONCLUSIONS 
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B. SUNARY
 

The important factors to be considered in the decision of what type of
 
cleanup system is needed 
are the type of contaminants, the conditions of
 
the stream, and the degree of purity required.
 

The major types of pollutants in both gasification and combustion are

sulfur compounds, nitrogen compounds, carbon monoxide, and particulates.

To meet air pollution standards, the particulates, nitrogen oxides, and

sulfur oxides must be removed. If stream
the gas is to be used for fur
ther processing, it 
must be purified to very low concentrations of sulfur,

alkali, carbon monoxide, particulates, and in 
some cases carbon dioxide.
 

Nitrous oxide is best controlled during the combustion process by

changing the ratio of air-to-coal and reducing the residence time. 
 High
temperature cleanup processes pose the problem of fuel-bound nitrogen

being released. Low-temperature cleanup systems, such as waler washes ald 
wet scrubbers, do not have this NO emission problem. 

x 
To remove large particulates, cyclones are effective. 
 Since cyclonic

separation efficiency decreases with temperature, the cyclones should be

operated at lower temperatures. At high temperatures, filters are the

best available method of 
removal; however, these processes are expensive
and must operate under l imited conditions. If small particul~ites art
present, they 
can be better removed by wet scrubbers or electrostatic
 
precipitators. 

Acid gases (CO,, H2 S, and COS) can be removed by four major mitLthols:
adsorption, physical chemicalabsorption, absorption, and chemical cun
version. Adsorption is used to eliminate organic sulfur, C02 , and 
trace
 
amounts of H2S. 
Physical absorption is most effective for high-pressure

gas streams containing large amounts of sour components since the amount

of acid gas absorbed is directly proportional to the acid gas partial
 
pressure. Chemical absorption is 
more useful if a high degree of removal
 
is necessary or 
if the acid gas partial pressure- is low. Chemical 
conver
sion is used to catalytically convert impurities such as 
CO, CO2 , and
organic sulfur compounds to other useful or easily removed substances. 

Cleanup schemes 
can be run at either high or low temperatures. High
temperature processes are 
less expensive since heat exchange equipment is
 
not needed to cool 
the product gas and since the thermal efficiency is 
about 4 percent higher than for low-temperature processes. The dis.dvan
tage is that fuel and air streams must be premixed to reduce NO emission. 
Because premixing introduces the chance of autoignition and t laslick, 
an upper operating temperature of 1,000'F (538'C) must be seL. Low
temperature processes, although less economical, are more documiLed and 
are commercially available. 
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C. CONTAMINANTS FROM COAL GASIFICATION AND COMBUSTION
 

1. Gasification
 

The three basic feed streams needed for the gasification of coal are
 
coal, steam, and a source of oxygen. Oxygen can be supplied to the
 
gasifier by either a stream of pure oxygen or a stream of air. The
 
choice between oxygen and air is usually determined by the end use
 
of the gas. Oxygen-blown systems produce an intermediate-Btu gas
 
with a heating value roughly in the range of 280 to 400 Btu/cu ft.
 
On the other hand, air-blown systems produce low-Btu fuel gas with a
 
heating value generally in the range of 120 to 200 Btu/cu ft. The
 
major difference in the product gas produced from using air or oxy
gen is the amount of nitrogen present. A comparison of air- versus
 
oxygen-blown gasification is listed in Table I for a FW/ICR-typle 
gasifier with an Illinois No. 6 feed coal.
 

TABLE 1 (17)
 

Comparison of Air- Versus Oxygen-Blown Gasification
 
FW/BCR-Type Gasifier
 

Coal -- Illinois No. 6
 

Air Blown Oxygen Blown
 
Mol % Mol %
 

CH4 3.37 6.04
 
H2 13.68 29.50
 
CO 28.75 35.33
 
CO, 3.03 12.51
 
H2S 0.67 1.03
 
COS 0.07 0.10
 
N2 48.02 0.45
 

NH3 0.43 0.64
 
H2 0 1.98 14.40
 

HHV-Btu/SCR 171.2 270.8
 
Oxidant/Coal Ratio 2.78 0.594
 
Steam/Coal Ratio 0.144 0.597
 
Transport Gas/Coal
 

Ratio 0.088 0.088
 
Cold Gas Efficiency 83% 85.7%
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The major contaminants produced in the gasification of coal are
 
listed below:
 

a. 	 Sulfur is converted mainly to hydrogen sulfide (H2S), but the
 
gas will also contain carbonyl oxysulfide (COS), carbon disul
fide (CS2 ), sulfur dioxide (SO2 ), sulfur trioxide (SO3 ), mer
captans, and thiophene.
 

b. 	 The nitrogen content in coal produces nitrogen oxides (NOx),
 
ammonia (NH3), hydrogen cyanide (}|CN), and sulfocyanide com
pounds in the gas stream.
 

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

d. 	 Halogens are converted to their acids.
 

e. 	 Alkalis present in the ash are volatilized. 

f. 	 Reactive or readily vaporized elements such as beryllium, 
arsenic, selenium, cadmium, mercury, and lead are potential 
hazards. 

g. 	 Hydrocarbons and carbon monoxide may also have Lu ie otLrol lvd. 

2. 	 Combustion
 

Burning of coal is a major source of emissions of waste malurials 
both from the standpuint of quantity and variety of pollutants. For 
instance, combustion of coal for generating electricity contributes
 
nearly 60 percent of all sulfur oxide emissions and about 25 percent
 
of all nitrogen oxides emitted from anthropogenic sources in the
 
United States. 

Combustion of coal produces these major contaminants:
 

a. 	 Particulate matter evolves during combustion and is made up of 
smoke (unburned solid combustible material) and ash (minerial 
matter from Lihe coal).
 

b. 	 Sulfur in the coal is oxidized to form sulfur dioxide (SO2 ) aid 
a small percentage of sulfur trioxide (S0 3 ) depending on the 
amount of excess air used.
 

c. Nitrogen oxides (NO x) are formed both from nitrogen compounds 
in the coal and from the nitrogen in the combustion air. 

d. 	 Alkalis present in th. coal ash are volatilized. 

e. 	 Trace elements and trace organic compounds present in the mate
rial 	matter of coal are emitted upon combustion. 

f. 	 Hydrocarbons anti carbon monoxide may also have to be controlled. 
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Many factors influence the quantities and rates of emissions from
 
coal systems. These include coal feed, efficiency of the process,
 
emission control technology used, and the 
type of process employed.
 

Coal Feed -- The most important variables are the percentage of sul
fur, the ratio of organic to inorganic sulfur, the percentage of
 
nitrogen, the percentage of volatile matter, moisture, ash content,
 
heating value of coal, 
and the range of sizes of the coal particles.
 

Control Technology -- Reduction of pollutants can be achieved by one
 
or a combination of the following:
 

o 	Change the process so smaller amounts or less hazardous pullu
tants are produced. 

o 	Contain the undesirable elements both within the plant and
 
within wastes.
 

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

o 	Remove the pollutants by means of emission control equipment.
 

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

utilized, the process pressure and temperature, the reaction vessel
 
configuration, the feed entry geometry, the cooling rate of decom
position products, the gas velocity, and the type of control equip
ment used.
 

The major emissions for a few process types are listed in Table 2.
 

TABLE 2 (6)
 

Process Type Major Emissions
 

Total 2 Sulfur Nitrogen yd to- Ca rbon 

Particulates Oxides 
 Oxides carbons Monoxide
 
Process Typel (tons/yr) (tons/yr) (tons/yr) (tons/yr) (tons/vij
 

High-Btu, Fixed-Bed 770 11,910 5,340 120 
 395
 
Gasification
 

Low-Btu Gasification 600 
 9,240 4,140 92 310
 

Coal Direct
 

'4
Combustion 3	 6,0005 102,000 24,000 240 600
 

1 Based on 328 operating days a year. 
2 Eastern interior coal, Henderson County, Kentucky. 
3 Coal type not specified (- 2.25 percent sulfur, 10 percent ash).
 
" 	1,000 MW capacity.
 
5 About 97 Dercent control.
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D. PRODUCT GAS SPECIFICATIONS
 

The degree of gas purity may be fixed by environmental regulations or by
 
downstream processing requirements. For example, stack gases from the
 
combustion of coal 
to generate electricity must be sufficiently free of
 
nitrogen oxides, sulfur oxides, arid particulate matter prior to discharge
 
to the atmosphere. This is because of their detrimental 
effect on the
 
human respiratory system, their corrosive nature when in solution with 
water (acid rain), and their tendency to form eye-irritating photochemi
cal smog. In the case of gasification products, downstream processing
 
requires that corrosive and maladorous contaminants be removed. These
 
impurities can cause damage to the processing equipment, can poison c:ita
lysts, and can produce unwanted by-products. 

Table 3 lists the current air emission standards as set by the Environ
mental Protection Agency (EPA) in the Clean Air Act and its amendments. 
These standards are of main conceri in the combustion of . AA simimary
of end uses di(their respt-c'ive cleanup needs for various gas ili Iit Ito 
routes and combustion processes are outlined in Figure 1. 

Because of the great variety of gas stream cleanup processes available, it 
is necessary to know what contaminatnLs need to be removed and to wima 
degree they should be removed to effectively choose the best process. As 
a rule, the end use of the gas defines how pure the stream shui I.dh, ind 
consequently, which process should be employed. 

1. Turbines 

Steam turbines, as Lheir name suggests, are operated by steam which 
is generated from heat combusted coal. Thethe of main restrictions 
for the stack or flue gases are environmental. Emissions must 
comply with the EPA standards listed in Table 3. 

Gas turbines are driven by the hot pressurized gases prodiuced by the 
combustion and gasitication o( coal. Usually, the tuirbine exhaiust 
gas is discharged directly to the atmosphere so it, too, must meet 
EPA emission standards. However, strict limits on cont.immnjiLt uin
centration in turbine fuel due to corrosive effects of the dirty 
gas on the material of construction, generally, exceed those st't 
environmentally. Particulate carryover causes erosion ,) turbine 
blades. The larger particles (less than 5 to 10 microns) erode the 
blades at a high rate making the turbine inoperable afLer a rela
tively short time. Smaller particles (2 microns or less) adhere to 
the surface upon impact and cause fouling of the statiunary turbine 
cascade. In addition, alkali, composed mainly of sodium and potas
sium species, are corrosive and also shorten gas turbine lifetime. 
The maximum allowable concentrations of contaminants in tlrtiie l(. I 
are given in Table 4. 



GAS IFI CATION CLEANUP NEEI)S END USE 

Air Blown o Sul fur 

o FParticuiatite; 

o AIkal I 

o Gas 

G_a 

Il'rl) ine 

k oSulfur 
o CO, o Di r-ct CombusLion 

Oxygen Blown t) CO 
o C(I)2 

(1120 
o SJ I fur 

-
o ilydogen for 

TrebtL menL 
llydro-

I o 
o CO 
o 1120 
o Sul Iliar 

- ___ .. 
> 

0 Ilydrogern for Ammonia 
Hanlutacture 

" CO 
" COZ 
o 11;!0 

" Si l l r 

. o Syngas for lelhanol 
o Fischer-Tropsch 
o Metlhane 

o Ilydrogen for I'ael Cu l ls 

COBUST ION -> o Slf I fil-
o NO 

xo I'alt-ialates 
A]AkalIiIVc 

i, A~k,1

tIo Tur l)ies 
o Boiler Fuel 

r- 0c 

[it I' h C it' IC] v, jil Net'k- I l G i I i cat a I all ati t :oaii'ta; t I oiat 



IR 1645 
8/1V/83 

Page 10 

TABLE 3 (17) 

Current Emission Standards 

Coal-Fired 
Contaminant Gas Turbines Claus Plants Steam Units 

Sulfur 0.015% vol. 

(0.9 lb/1O 6 
SO2 
Btu) or 

0.025% vol. SO2 
0.001% vol. H2S 

1.2 lb S02/106 Btu 
and 90% reduction 

0.8% wt S in fuel 0.030% vol. total over uncontrolled 
reduced S gases level 

Nitrogen 
Oxides 
(as NO2 ) 

0.0075 
to 0.00125% vol. 
0.31 to 0.52 lb/10 6 

None 0.5 lb/1CO6 Btu for 
subbiLuJIi u,s or 
coal-derived fuels 

Btu as NO2 0.6 lb/10 Btu for 
o ther (,,. I:; 

Particulates None 0.10 lb/lO 6 Btu 0.03 lb/I0' bitu 
where fossil fuel 
fired in incinerator 

TABLE 4 (6)
 

Maximum Al lowable Concentrat ions of Contaminants in Turbine Fuel 

Maximum Allowable
 
Impurity Concentration
 

Particulate 0.8 lb/106 scf
 
Condensable Hydrocarbon 0.5 lb/106scf
 
Sulfur 0.18 mole percent
 
Metals
 
V 0.1 to 0.2 ppm (wt)
 
Na + K 0.2 to 0.6 ppm (wt)
 
Ca 0.1 ppm (wt)
 
Pb 0.1 ppm (wt)
 

2. Synthesis Gas
 

Synthesis gas must be significantly pure to avoid catalyst poison, 
to prevent the formation of undesirable by-products, and to assure 
the maximum conversion to the desired products. 

For instance, to convert syngas (CO and H2 ) to pure hydrogen, the
 
syngas must be desulfurized. Also, the CO2 originally present in
 
the gas and any CO2 formed in the shift reaction of carbon monoxide
 
and steam to hydrogen must be removed.
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In the synthesis of ammonia, a stream of high-purity hydrogen arid
 
nitrogen is needed. Therefore, the gas must be 99 percent free of
 
sulfur, carbon dioxide, and carbon monoxide.
 

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

The production of methane from synthesis gas is achieved in the
 
pres[1ence of a nickel catalyst. Deterioration of the catalyst can be
 
at a minimum if carbon monoxide, hydrogen sulfide, and other organic
 
sulfur compounds are removed and if carbon deposits resulting from
 
the Boudouard reaction are suppressed.
 

Synthesis gas used in the Fischer-Tropsch process produces aliphatic 
hydrocarbons within a wide range of carbon numbers from gaseous 
products to high-boiling paraffins. The synthesis gas is made up of 
hydrogen and carbon monoxide and needs to be sufficiently free of 
sulfur compounds and carbon dioxide. Data from the SASOL I plant L,, 
convert coal to hydrocarbons and gas indicate that a clean stream
 
containing 86 volume percent of a mixture arid 12H2 -CO volume per
cent CH4 is sufficient.
 

3. Fuel Cells
 

In a fuel cell, electric current is generated by converting the
 
chemical energy of a fuel into electrical energy. The fuel is
 
oxidized, and the resulting chemical reaction provides the energy
 
that is converted into electricity. High-temperature fiel cells,
 
with a molten carbonate mixture as the electrolyie, offer the
 
prospect for use with coal. 
 In this case, gaseous mixtures of
 
hydrogen and carbon monoxide can be used as the fuel.
 

The contaminants of concern are sulfur compounds, halogen compounds,
 
nitrogen compounds, metal and trace elements, hydrocarbons, and
 
particulates. Sulfur compounds cause significant performance as
 
well as endurance penalty to the molten-carbonate fuel cell (MCFC).
 
This occurs when the sulfur-containing contaminants corrode the
 
electrode and the current collector, arid when carbonate loss results 
from compositional changes in the electrolyte. Halogen compounds 
such as 11C1 and HF degrade the electrolyte and promote stress cor
rosion cracking. Molecular nitrogen, Nil 3 , and NO act ;is dil]uents 
at tile anode and cathode. The effects of metal ard trace elements 
are to change the physical properties of the electrolyte aind to 
deposit on the anode and cathode. Also, hydrocarbons deactivate the 
electrodes and lead to carbon formation. Lastly, particulates can
 
lead to partial plugging of the anode since the small particles can
 
diffuse into the pores of the fuel cell porous nickel anode.
 

Therefore, the contaminant level in the fuel supplied to a MCFC must
 
be within strict tolerance limits. Table 5 lists the effect of
 
contaminants and the degree of purity required for a MCFC.
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TABLE 5 (10)
 

Summary of the Effect of Impurities and Tolerance
 
Limits for Molten Carbonate Fuel Cells
 

Impurity 
 Possible Effect Operating Limits
 

Sulfur Compounds Sulfation of carbonates and Less than 1 ppm
 
(H2S, COS, CS2 , SO2) increase in overpotentials.
 

Deactivation of anode by
 
chemisorption.
 

Sulfation of anode materials.
 

Sintering. 

Sulfidation of cell hardware 
loss of strength and increase 
of ohmic resistance. 

Halogen Compounds Severe performance loss at 100 ppm in fuel 
(Cl2 tlC', alkali cathode. 
ha Iides) 10 ppm in oxidant 

Formation of chlorides and 
hardware corrosion. 

Ni t rogten CLom Lmuds ElectroIyte composition Very large I,,u NII 
(NIl 3 , NO x) changes. 

Metals (Fe, Cu, As) Deactivation and plugging. Very low toltrance 

Heavy Metals 
Sn, As) 

(ltg, Corrosion, alloying, and 
structural damages. 

expected in IGTVs 
handbook of fuel cuil 
performance. 

Tar an(l Oil Deactivation, mechanical 
problems. 

Particulates Diffusion problems, blockage 0.8 lb/1Offt: 3 

of flow passages. 

Hydrocarbonis Carbon formation. Less than 1 mt % 
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E. REMOVAL PROCESS
 

Reduction of NO
 

Nitrogen oxide emissions arise from the production of thermal NO and
 
the production of NO from fuel-bound nitrogen. Thermal NO refers 
to those nitrogen oxides produced when the amount of excess air arnd
 
the temperature are increased. The N2 and 02 in the air react to
 
form NO at these conditions. Consequently, these emissions are a
 
direct function of combustion temperature and stoichiometry. Fuel
bound nitrogen appears mainlv as atmnonia in high-temperature gas
 
streams such as the effluent of gasifiers which will he treated by 
high-temperature cleanup systems. The ammonia concentration in the 
fuel gas can produce excessive emissions. 

a. Thermal NO Reduction 
x 

Significant reductioi-, in thermal NO can be achieved by ott
.stoichiometric combustion and by reduced residence time. If 
the fuel and air are thoroughly mixed prior to combustion, the 
fuel-air ratio can be adjusted to ttue desired level well away 
from stoichiometry, and a lower flame temperaturt, will resulL. 
The mixing also reduces the actaal time of combusLion which 
lessens the production of thermal NO . 

x 

b. Fuel-Bound NO Reduction
 
x
 

Since the removal of nitrogen compounds from the fuel by a water
 
scrub is done at low temperature, it usually occurs after the 
use of high-temperature cleanup. Therefore, fuel-bound nitrogen 
is still present in the gas and will produce emissions when pro
cessed through high-temperature desulfurization systems. Low
temperature systems involving water wash and subsequent sulfur
 
scrubbers remove all of the ammonia at reduced temperatures 
alleviating the concern of nitrogen oxide emissions. 

Furthermore, using ammonia containing fuel gas in turbine hirner 
results in NO emissions. The presence of nethane in the fuel 
gas affects tlie NH3 conversion to NO . The more Cl 4 present in 
the gas, the more N11 3 that. is conver ed. It is possible to burn 
hot fuels containing NH3 of less than 0.3 percent and still Ili 
within the EPA limits; however, this leaves little margin for th. 
production of thermal NO
 

To lower the ammonia concentration, a decomposition catalyst 
can be used to change NH, into N2 and H2 . Materials such as 
iron, nickel, cobalt, platinum, and rhodium are being studied 
to determine the best catalysts for use in hot sulfur-hearing 
fuel ,ases. A decrease in the formation of NO c.in also be

x 
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accomplished by combustion control. 
 The following methods have
 
been determined to on NO
cut down formation:
 

x 
1. Staged Combustion -- a reduced amount of 0, in the burner
 

tends to react with the fuel rather than the N2 . 
2. Decompostion of oxides 
-- reduce oxides to molecular N2
 

with ammonia or ammonia plus a catalyst. 

3. Wet scrubbing. 

2. Removal of Particulates 

a. Low-Temperature Particulate Removal (Temperatures less than 600'F 
[36°CJ)
 

(1) Cyclones
 

Mechanical collectors, such as cyclones, are used Lo remove. 
most of the larger particles (greater than 10 microns).
Cyclones are based on the principle of whirling the gas 
stream to impart centrifugal force to the particles. This 
force throws the particles out against the wall and even
tually causes the particles to fall into a con i (al col Iect'r 
at the bottom of the cyclone. The average removal effi
ciency for conventional cyclones is 98.7 percent for parti
cles greater than 6 microns. 

(2) Wet Scrubbers
 

The main problem with particulate removal is effectively 
capturing the finer particles. Wet scrubbers, such as the 
venturi type, can remove the small particles adequately. In
 
this type of scrubber, liquid is sprayed into the gas and
 
this mixture is therr passed through a constricted area. 
A high-velocity differential is produced between the gas

and the liquid causing the liquid to break up inLo vry 
fine drops. Efficiencies for a venturi-type scrubber are
 
listed in Table 6. Wet scrubbers have the additional 
advantage of also removing water-soluble nitrogen compounds
and water-soluble halide and alkali metal salts. 

TABLE 6 

Removal Efficiencies of Venturi-Type Wet Scrubbers 

Removal Effici0ncy Particle Size (Microns) 

25% 0.1 
91% 0.6 
98.4% 
 1.0
 
99.99% 2.0 and larger
 

441
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(3) 	Electrostatic Precipitators
 

Electrostatic precipitators can, too, be employed to remove
 
particulates. The main concern with this method is the
 
sulfur content in the coal. If the coal used has a sulfur
 
content of 1.5 percent or more, the removal of particulates
 
is high. However, if low-sulfur coal is used, the electri
cal resistivity of the particles becomes too high for satis
factory precipitator operation.
 

Normally, the gas stream enters the precipitator at a tem
perature of 300'F (150'C) and, depending on the type of coal
 
used, 991 of its particulates are removed. If low-sulfur
 
ash is present, the electrical resistivity can be made lower
 
in order to increase the capture efficiency. This is done
 
by decreasing the temperature to 220'F (105'C). Caution
 
must 	 be taken because there is danger of condensation of 
highly corrosive sulfuric acid at this low temperature.
 

b. 	 High-Temperature Particulate Removal (Temperatures of 1200*F
 
[649 0C] to 1600OF [871C])
 

(1) Cyclones
 

Cyclones can be used to remove particulates from high
temperature gas streams also; however, the efficiency of 
cyclonic separation decreases with operating temperature. 
Futhermore, the efficiency decreases as the cyclone diameter 
increases as is needed for high gas flow rates. Instead 
of increasing the cyclone diameter to handle these high 
flows, banks of small cyclones are usually arranged in
 
parallel. Unfortunately, this arrangement is susceptible 
to plugging.
 

(2) 	Electrostatic Precipitators
 

Another high-temperature, as well as low-temperature,
 
method of particulate capture is electrostatic precipi
tation. The gas streams are usually close to 700'F (3701C)
 
At these high temperatures, the electrical resistivity of
 
the particulates is lowered and the removal efficiency is
 
increased. The reliability of the hot precipitator, how
ever, is questionable since even a relatively brief out
age might cause severe damage to turbines. Additionally,
 
the upper range of temperature is set primarily by operait
ing instabilities caused by thermal ionization which
 
results in sparkover and loss of corona generation.
 

(3) 	Filters
 

The best available method for removing particulates from
 
hot gases at present is filtering. Filters can be cate
gorized as surface filters or depth filters.
 

442
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Surface filters 

In a surface filter, particles are collected on the
 
face of a porous filter medium. After an initial
 
period, the layer 
of collected particles becomes the
 
effective medium. Three types of porous media are 
porous metal, ceramic fabrics, and ceramic membranes. 

All three filter types have very high overall filtra
tion efficiencies ranging from 95 to 99.6 percent.
Unfortunately, these processes are expensive and can 
operate only under limited conditions. For example,
under high differential pressures, porous metal 
filters degrade due to irreversible capture of fine 
particles. This filter is not recommended for use 
above 572'F (300 0 C). The ceramic fiber filter lacks
 
the required high-temperature inorganic fibher liblri
cant for the fabric to withstand fiber-to-I iher 
abrasion. And lastly, the ceramic membrane is susceplt
ible to thermal shock and must he limited to temper.i
ture changes of 86 0 F/hr (30'C/hr) to avoid cracking. 

Depth Filters 

In a depth filter, dirty gas enters a vertical bed ol 
of either granules or fibers through a screen which 
is ret ining the' bed. Particrlates are Cijtli.reoI in 
the bed and the ciean gas exits at the rear ,ot Lhe 
filter. Granular filters appear to be tie .iearestto 
comnercialization and are claimed to have efiicien
cies of 99.9 percent at 5 microns and 99.0 percent at 
2 microns. 

3. Acid Gas Removal 

Acid gas removal can be accomplished by four methods: adsorption,
physical absorption, chemical absorption, and chemical conversion. 
These four methods of acid gas removal are demonstrated by numerous 
processes. Each process type is unique in which contaminants it 
removes and with which catalyst or washing agent it uses to effec
tively remove the acid gases. Table 7 summarizes which substances 
are removed by which processes. 

a. Adsorption
 

In this method, impurities are removed from the gas phase by

becoming concentrated on the surface of a solid. The solid mate
rial is usually a granular pa rticle that has been Commmrc'.(11 illy
prepared to have a large surface area per unit weight. Usually, 
a fixed bed of these granular particles is employed. In the bed, 
a concentration gradient exists between the gas inlet and the gas
outlet with respect to the liquid and the gas phases. As time 
proceeds, the concentration gradient shifts toward the gas outlet 
as the adsorbate is picked up and held by the adsorbermt. 

443
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TABLE 7 (6) 

Methods of Gas Purification 

Process Process Substances Washing Agent
 
Type Name Removed or Catalyst
 

Adsorption 
 Traces of H2S + S org Activated carbon 
CO2 + traces of H20 Molecular sieves 
CO2 '.traces of H2O Silica 
CO2 + IH2S Water under pressure 

Physical
 
Adsorption
 

Selexol CO2 + 112 S + COS 
 DimnetlyleLher or 
polyethylent glycol 

Rectisol CO2 + H2S + S org Methanol 
Purisol C02 + H2S N-Methylpyrrolidone 
Fluor solvent CO2 + H2S Propylene carbonate 

CO + Ar + CH4 Liquid nitrogen 

Chemical
 
Adsorption Shell-Adip 
 CO2 + H2S + COS Diisopropanolamine 

Alkazid DIK H2S Dimethylglycine
 
Alkazid M CO2 + H2 S N-Methylamine 

CO, + H2S Potassium carbonate 
Benfield CO: + H2 S + COS Potassium carbonate with 

additive
 
Giammarco- H2S Sodium thioarsenate 
Vetrocoke 
Shell Sulfinol CO2 + H2 S + COS TeLraliydrothioplhene

dioxide +
 
dii sopropaijo I amine 

Stretford 
 H2S Sodium
 
ca rbona te-anth z-aqu inone 

CO Copper formate-copper 
chloride 

Traces of CO2 Ammonia water 
Traces of CO2 Sodium hydroxide 
Sulfur compounds Zinc oxide
 
H2S Bog iron ore-luxmasse 
CO Iron-copper-zinc catalyst 

Catalytic 
Conversion 

CO; CO2 Nickel catalyst 
Organic sulfur compounds Cobalt molybdenum 

catalyst 

444
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b. Absorption
 

rhe mechanism of absorption is 
the transfer of a substance from
 
the gas phase, through a phase boundary, and into the liquid
 
phase. Absorption may occur 
by two methods: the substance is
 
physically dissolved in the 
liquid, or the substance reacts
 
chemically with the liquid absorbent. Figure 2 shows the operat
ing lines for physical versus chemical absorption processes for
 
acid gas removaI.
 

(1) Physical Absorption
 

Physical methods depend on 
the fact that the solubility of
 
a gas in a liqtid is greater at higher pressures than .i1 
lower pressures. Therefore, the contaminant is extracted 
from the gas under pressure by an organic solvent. When the 
pressure is reduced, the dissolved contaiminanis r Ic.asd,
in gaseous form from the solvent. The amount of acid gas
absorbed is directly proportional to the acid gas partial 
pressure in the sour gas stream. These processes are most
 
effective for high-pressure gas streams containing
 
appreciable amounts of sour components.
 

(2) Chemical Absorption
 

In chemical methods, a chemical reaction occurs between the 
substance and the absorbing medium. Nost chemical al,:mrp-
Lion methods depend on the use of weakly alkalint, mAterjnjl
that combines and removes the acidic containinLs. TIhev 
impurities are removed from the liquid absorber by heating
in a reboiler. Other processes also utilize weakly alkaline
solution, but the absorbed substances are removed by oxida
tion. Chemical absorption is most advantageous when the
 
partial pressure of acid gas in the feed is low, or when a 
high degree of removal is .required.
 

c. Chemical Conversion
 

Chemical conversion of gas-phase impurities involves heterogene
ous catalysis using solid catalysts. The procedure for catalytic
 
conversion is as follows:
 

1. Reactants are transferred from the gas stream to the solid 
surface of the catalyst.
 

2. A chemical reaction on the surface forms an 
adsorbed
 
product.
 

3. The product is desorbed.
 

4. The product is transferred back into the gas stream. 

The most common reactor employed in this type of operation is
 
the fixed-bed reactor.
 

445 
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Solvent
 
-oad;-c Physical asorpztion
 

Che-ica1 ahsormtion
 

p-artial press'ure
 
of acid cas
 

Operating Lines for Physical Versus Chemical Absorption
 

Figure 2 (4)
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4. Low- Versus tiigh-Temperature Cleanup Processes 

Both low- and high-temperature processes can remove acid gases
 
satisfactorily. The main advantages of high-temperature processes
 
are the differences in the cost of the electricity of the system due
 
to a 4 percent higher thermal efficiency, and the lower capital costs
 
due to the elimination of the heat exchange equipment required in 
low-temperature systems.
 

Unfortunately, nitrogen oxide emissions from fuel-bound and thermally
 
generated NO are a problem in high-temperature processes. Mlethods
 
of NO reduction for high-temperature gases generally require premix
ing of the fuel and air. Because there is a chance of autoignition
 
and flashback, an upper limit of 1,000'F (538'C) tor fuel gas Leviipera
tore must be set. 

Even though high-Lemj)eratore processes cain bv m1 re ec,,IIUmic'. ,I ,,w
timperature processes are avai lable colllmercia) Jy and are imiiii mn)r 
documented. 

5. Low-Temperature Acid Gas Removal
 

a. Physical Absorption
 

(1) Rectisol Process
 

The Redc i;sl process employs phiys ic.,Il Jb,!,,0,'t iIII III 
methanol at low temperatures to remove CO,, 112S, urganic 
sulfur compounds, HCN, gumformers, and higher hydrocarboiis. 

(a) Chemistry of the Process 

The process takes advantage of the fact that CO.., 
l1aS, HCN, and other impurities are highly solbljbe in 
methanol at low temperatures and high pressures. 
These compounds are easily separated from the solvent 
when the pressure is reduced. SolJibiliy i, :, 
as tile temperature decreases, as the partial pressure 
in the feed gas increases, and as the residnal uin
tent in the regenerated solvent decreases. 

(b) Process Description
 

The inlet gas enters at the bottom of an absurber 
which is normally a conventional trayed or a packed 
column. The column operates at a pressure of 300 psig.
 
The bulk of the CO2 , almost all of the 11S, anid jpljrv
ciable amounts of hydrocarbons anid ogani sill lir 
compounds are washed from the gas as they are col
tacted countercurrently with methanol. This methanol 
stream is fed to the middle of the absorber at -100'F 
(38°C). Regeneration of the methanol solvent that 
leaves the absorber is achieved by two successive
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pressure reductions and flashing of the dissolved 
gases. Cold regenerated solvent is fed back to the 
middle of the contactor even though it still contains 
some CO2 .
 

The partially purified gas flows into the top of the 
column and is further washed by a pure stream of 
methanol that enters at the top of the column at 
-80OF (270C). After this second treating stage, any 
remaining CO2 and almost all of the residual organic
 
sulfur compounds are removed from the gas. At the
 
bottom of the second stage, rich solvent is withdrawn,
 
stripped of acid gas by heating with indirect steam, 
cooled, and then sent back to 
the top of the absorber 
column. A schematic flow diagram is shown in Figure 3. 

(c) Process Variations
 

The feed gas can be precooled by heat exchange with
 
the purified gas.
 

o 	Flashing can be done at three different pressure
 
levels with recycle of the gases from the first
 
treating stage to the absorber inlet.
 

o 	 The solvent can be regenerated by using the 
stripping gas. 

o 	The solvent can be regenerated by increasing the
 
temperature.
 

(d) Process Constraints
 

The Rectisol process yields a ga2 which contains less 
ti'an 0.1 ppm H2S and COS, and I ppm CO2. It is best 
suited for the treatment of gases that contain large 
amo)unts of CO2 and H2 S at pressures above 150 psig. 
The absorber temperatures range from -100' to 00F 
(-73' to -18'C) and the regenerator operates up to 
150OF (660C) with the steam reboiler. Since physical 
absorption is higher at higher pressures, the process 
is best operated over a pressure range of 300 to 
2,000 psig. 

The off-gas contains a high concentration of 11.,S and 
COS and must be processed in a sulfur recovery plant, 
such as a Claus unit. Also produced is a stream of
 
C02 , and N2 which usually can be vented to the atmos
phere. Or, the CO2 can be used to synthesize urea
 
since it is 99.5 percent pure.
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The Rectisol process can produce a very pure product
 

stream with the following advantages: 

1. 	 Low energy consumption.
 

2. 	 A single process removes undesirable elements.
 

3. 	 The product gas contains very little water.
 

However, the process has several disadvantages:
 

1. 	 A complex flow scheme which requires expensive
 
low-temperature equipment.
 

2. 	 High losses of solvent due to the high vapor 
pressure of methanol even at low temperatures. 

(2) 	Selexol Process
 

The Selexol process utilizes physical absorption by.,
dimethyl ether of polyethylene glycol.. Gas impurities such 
as H2S, C02, COS, and mercaptans are absorbed. This absorp
tion 	 is essentially proportional to the partial pressures of 
the acid gases.
 

(a) 	Chemistry of the Process
 

The Selexol solvent has a high physical absorption
capacity for sulfur-based compounds and CO2 . No sol
vent reclaimer is necessary since the solvent is not 
degraded by impurities in the raw gas. The process
also removes any water present in the feed gas. The 
solvent is physically and chemically stable allowing 
plants to run on the same solvent without reqi ring 
blowdown. The process is well suited for gases 
at
 
high pressures and high acid gas concentrations.
 

(b) 	Process Description
 

Raw feed gas enters the bottom of the absorber and 
H2S, some C02 , COS, and mercaptans are absorbed ini 
tile Selexol solvent which passes countercurrentLIy to 
the gas. Since the Selexol process can selectively

absorb HS, it can be operated to first remove all 
the H2 S and leave most of the CO2 to be removed in a 
second unit. This is useful in coal gasification 
gas where the H2S-rich stream is fed to a Claus unit, 
and a separate stream of CO2 is produced. 

Purified gas leaves the top of the absorber, lndi rich 
solvent exits at the bottom and is flashed. Flashing 
is often done in multiple stages to obtain different
 
cuts 
of dissolved gases. Often, flashed g.as cojnLtajin iuig 
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hydrocarbons and CO2 is compressed and recycled back
 
to the absorber to improve the selectivity of the
 
Selexol solvent for sulfur compounds.
 

The bottoms from the low-pressure flash is fed to a 
stripper where the remaining acid gases are stripped
 
by steam or an inert gas. Leai, solvent from the 
bottom of the stripper is returned to the absorber. 
From the top of the stripper, acid gastes and stripping 
media exit and are sent to further processing units. 
Figure 4 is a schematic flow diagram of the process. 

The Selexol solvent does not experience degradation
 
and is not lost due to evaporation since it has j low 
vapor pressure. The solvent is nontoxic and is not 
corrosive, so carbon steel can be used for the mater
ials of construction.
 

The product gas contains less than I ppm of total
 
sulfur, less than 7 lbs/(MLlscf gas) of water, and can 
remove or retain CO2 as desired. The off-gases are a 
highly rich stream of sulfur compounds suitable for a 
Claus plant feed, a pollution-free vent gas, and a
 
pure stream of CO2 . The process is also capable o' 
dehydrating the gas if required. 

(c) Process Constraints 

Like all physical solvent processes, this prc,:s!; 
cannot be operated economically at low system pressures. 
The absorber normally runs between 500 and 1,006 psig. 
The flash stages decrease in pressure in steps from 
the pressure of the absorber to that of the stripper. 
The stripper normally operates at 0 to 5 psig. 

The process also works better at lower temperatures, 
and it is necessary to cool the inlet gas to ambient 
temperature prior to processing. The absorber tem
perature ranges from 200 to I000F (-7' to 381C).
 

The H2 S, COS, and other sulfur compounds in the off
gas must be further processed to recover the sulfur. 
When scrubbing to obtain low concentrations of sulfur
 
compounds, an inert gas must be used. 
 IN order to 
prevent the conversion of liS to free sulfur, a gas 
containing no oxygen is required. 
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b. Chemical Absorption 

(1) Benfield Process 

The Benfield process employs gas-liquid absorption technol
ogy to remove CO., tt ,S, and COS from sour gas with a hot 
potassium carbonaLe solution as the solvent. The process 
is able to reduce lS to I PPM, CO2 to 10 ppm, and remove 
most of th. COS. 

(a) Chemistry of the Process 

The chemistry of the reaction of pot assiumn LarbonaLt, 
with II S and CO. is shown hel'ow: 

K2C03 + 2S- KICO3 + KHS 
KCOJ + CO, 1,0 -•KIICn, 

Ilydrogen sultide is more soluble in tLh carb""a, 
solution than CO2 , so it is absorbed and s trippel 
faster. If the operating conditions are properly 
adjusted, 112S removal of 90 to 98 percent can he 
achieved while the removal of CO2 is kept at 10 to 
40 percent. 

Equilibrium pressures of H2 S and C02 over the soln-
Lion increase wiLh temperaLure and couc.'nt rAitn "I 
KIIS and KIICO 3 . Theretore, the acid gas vqt ili ril lll 

pressures and the KIICO 3 concentrations must lie c. re
fully evaluated when designing the process. 

Typical trace components fouiud in coal-derived gas 
can also be removed by this process. Carbonyl 
oxysulfide (COS) can be almost completely removed 
with the proper selection of operating temperatLres. 
The chemical reaction is represented as: 

COS + H20 - H2S + CO2
 

Carbon disulfide (CSt) is also hydrolyzel t" HS, but 
in two steps. Therefore, it is absorbed at a slower 
rate than COS. Approximately 75 percent of the CS., 
in the gas stream can be removed by th Iollowing 
react ion sequence: 

CS2 + H2O -, COS + HIS 
COS + H2O -- CO2 + 112S 

About 92 percent of the mercaptans present can be 
removed in the Benfield Hi Pure process. The degree 
of ammonia removal depends on the concentration of 
the NH3 in the feed gas and the circulation rate of 
the Benfield solution. Since HCN is acidic, its 
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removal should be as high as that for H2S or even
 
greater. Hydrocarbons do not react with the solution,
 
so no degradation of solution reactivity is observed.
 

(b) Process Description
 

Unrefined gas enters below a packed section and is
 
contacted with a hot potassium carbonate solution
 
containing proprietary additives. This absorbing
 
solution flows countercurrently downward in the
 
absorber column. Either a packed tower or a trayed
 
absorber can be used. Carbon dioxide and hydrogen
 
sulfide along with some trace elements are absorbed 
by the Benfield solution. Purified gas is collected
 
at the absorber top, and the rich soltLion is wiLh
drawn at the base of the absorber and sent to the
 
stripping column.
 

In the stripping column, the rich solution is regen
erated while passing downward through the tower 
against a rising flow of steam. Stripping media can 
either be direct process steam or steam plus reboiler 
vapors. The steam is condensed and separated from
 
the regenerated solution and is recycled back to the
 
absorber. Acid gases exiting the stripper will
 
require further processing in a sulfur recovery unit.
 
A flow diagram of the Benfield process is shown in
 
Figure 5.
 

Both absorption and regeneration occur at 230'F
 
(110*C), so no heat exchangers are needed. The
 
higher temperature of absorption allows the of
use a 
more concentrated solution. Consequently, the amount 
of acid gas that can be picked up per gallon of solu
tion circulated is increased.
 

The absorber pressure ranges from 7 to 35 atm and the
 
pressure in the stripper is near atmospheric. Gen
erally, the feed composition is 3 to 12 percent CO2
 
and 0.5 to 1.0 percent tt2S.
 

The Benfield process fits well with coal 
gas puriti
cation. The gas can be water-scrubbed and then fed
 
directly to the absorber without extensive cooling
 
as some of the lower temperature processes require.
 

(c) Process Variations
 

Split-stream -- In this modification, most of the hot 
regenerated solution is 
introduced at an intermediate
 
point in the absorber. The remaining portion is
 
cooled and sent to the top of the absorber. A dia
gram of the slip-stream process is shown in Figure 6. 
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The advantage of the split-stream configuration is
 
the higher degree of purification due to the lower
 
equilibrium pressure of CO2 
and H2S over the cooled
 
solution.
 

Hi Pure -- The Benfield Hi Pure process removes the
 
bulk 	of the CO2 and H2 S in the first stage of the
 
absorber and a second stage provides the final puri
fication of the gas stream. The sulfur concentration
 
can be reduced to the ppm level by employing these
 
two independent countercurrent circuits. A flow
 
arrangement for the Hi 
Pure process is illustrated in
 
Figure 7.
 

(d) 	Process Constraints
 

The Benfield process can remove COS, H2S, and Co., 
to
 
ppm levels from gas streams containing up to
 
10 percent H2S and 40 percent CO,. The degree of
 
purification is limited by design criteria. 
 High
 
pressure operation favors the absorption/desorption
 
scheme because of the high partial pressures of CO2
 
and H2 S.
 

The feed temperature is not critical, but it is
 
usually ambient to 4001F (2041C). The economical
 
limit of operating temperature is 80'F (138°C).
 
Also, the process does not always move thiophenes.
 

(2) 	Stretford Process
 

The Stretford process involves liquid o idation to convert
 
H2S to elemental sulfur. The raw gas is contacted with am
 
weakly alkaline solution of sodium carbonate containing
 
sodium vanadate and the sodium salt of anthriquinone

disulfonic acid (ADA). This solution dissolves the H2S which is then oxidized to elemental sulfur by the vanadate. 

(a) 	Chemistry of the Process
 

-The removal of H2S follows these four steps:
 

1. 	Absorption of H2S in alkali:
 

Na2 CO3 + H2S -*NaHS + HC03 

2. 	 Reaction of sodium hydrosulfide with
 
metavanadate:
 

2NaHS + 4NaVO 3 + H20 4 Na2V40 9 + 4NaOH + 2S
 

3. 	 Reduced vanadate is oxidized by ADA:
 

Na2V409 + 2NaOH + H20 + 2ADA - 4NaVO 3 + 2ADA 
(reduced)
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4. Reoxidation of ADA by contact with air:
 

2ADA (reduced) + 02 - 2ADA + H20 

The overall reaction is the oxidation of H2S to
 
sulfur:
 

2H2S + 02 - 2S + H 20
 

Hydrogen cyanide, usually present in the feed gas, 
reacts irreversibly the Stretford chemicals to pro
duce sodium thiocyanate (NaCNS). It is recommended 
that HCN be removed from the feed by the polysuliide 
process prior to treatment in the Stretford unit. The 
removal of HCN with polysulfide (NaSIn + 11 ) is as 
fol lows :
 

1. Polysulfide formation:
 

Na2CO3 + H2S Na2S + CO2 + H20 
Na2 S + nS 4 Na2 S(n + 1) 

2. HCN removal:
 

CN + Na2S 1)+ Na2CO3 - NaCNS + NalIC0 1 +Na2S n+1
n 


3. Polysulfide regeneration: 

Na2Sn + S - Na2 S(n + 1) 

Hydrogen cyanide and H2 S can also he removed 
simultaneously. The choice of separate or 
simultaneous removal depends on the concentr.,tion 
of HCN in the gas. A high concentratior favors 
separate removal. In coal gasification, the IICN 
concentration is too low to justify a separate 
HCN absorber. 

Other side reactions occur when SO, reacts with 
the solution to form Na 2 SO 3 and when HS auuI (I 

react with the solution to form NaS20. Both 
compounds accumulate and must be purged trom the 
system.
 

(b) Process Description
 

Uinrefrined gas enters the bottom of tlie parktd .lur.r 
column and is contacted countercurrently with the 
Stretford solution. Hydrogen sulfide is absorbed 
along with HCN and SO2 . Purified gas leaves the top
 
of the absorber, and the rich solution flows from the 
bottom of the absorber to a reaction tank where tI,S is 
oxidized to elemental sulfur. This tank can be at the 

49
 



IR 1045
 

8/19/83
 
Page 33
 

bottom of the absorber or can be 
a separate vessel.

Then the reduced solution flows to the oxidizers where 
air is blown through to reoxidize ADA and separate the
 
sulfur by froth flotation.
cylidrical vertical 
tanks containingOxidizers are conmonly
a device at the
 
bottom for effective air distribution. Thre froth is
 
filtered, washed, and melted to 
yield high-quality

su Ifur. The relatively sul fur-free regener.ed so lu-

Lion is recVcled to the absorber. Figure 8 shows 
a

typical flow diagram of 
a Stretford process.
 

Waste streams are treated by one oifthe lol lo ,Ilg
proprietary schemes:
 

,, ''"'Jol I |'v jJiu j i''r .l~ |ll 


*) OX IjI.tIye comllbujsLi on 

o biological degradation
 

o evaporative or 
spray drying
 

The most promising method 
seems to be reductive incin
eration since all 
the products are recycled leaving

no wastes to 
deal with. In reductive incineration,

the effluent is burned with deficient air and a small
 
stream of the main feed under proprietary combustion

conditions. 
 The products (CO, C02 , N2 , and lfS) 
are

returned to the absorber gas inlet. 
 Regenerated salts
 
are returned to 
the solution in the absorber base.
 

(c) Process Constraints
 

The disposal of effluent 
streams containing sodium
thiocyanate, sodium thiosulfate, and sodium sulfate
 
is a serious problem.
 

Temperature range is 700 
to 
110F (210 to 430 C).

Operating pressures vary from atmospheric to 100 psug

in the absorber. 
 The oxidizer and recovery vessel
 
operate at atmospheric pressure.
 

Hydrogen sulfide concentrations as low as 300 ppm andas high as 95 percent can be purified Lo less than
I ppm. Carbon dioxide is not signif icaritly removed;
however, the process can tolerate it in any amount.
Organic sulfur compounds, such as 
COS and CS,, areriot reduced, but minor quantities of ms.t l v mer(-.j, tL.ii 
can be removed. Concentrations of JICN as high as
2,000 ppm 
can be virtually completely removed.
 

The system is best operated at a pll 
of 8.5 to 9.5. A
high CO, pdrtial pressure in the feed can cause the

system to uperate at a lower p11 which reduces the 
efficiency.
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bottom of the absorber or can be a separate vessel. 
Then the reduced solution flows to the oxidizers where 
air is blown through to reoxidize ADA and separate the 
sulfur by froth flotation. Oxidizers are conunoiily 
cylindrical vertical tanks containing a device at the 
bottom for effective air distribution. The froth is 
filtered, washed, and melted to vit-ld high-,juality 
sulfur. The relatively sulfur-free regenerated solii
tion is recycled to the absorber. Figure 8 shows a 
typical flow diagram of a Stretford process. 

Waste streams are treated by one of the following
 

proprietary schemes:
 

o reductive incineration 

o oxidative combustiur, 

o biological degradation
 

o evaporative or spray drying
 

The most promising method seems to be reductive incin
eration since all the products are recycled leaving
 
no wastes to deal with. In reductive incineration,
 
the effluent is burned with deficient air and a small
 
stream ot the main feed under proprietary cumbiisLi,,i 
conditions. The products (CO, C02 , N2 , and HaS) are 
returned to the absorber gas inlet. Regenerated salts 
are returned to the solution in the absorber base. 

c) Process Constraints 

The disposal of effluent streams containing sodium 
thiocyanate, sodium thiosulfate, and sodium sulfate 
is a serious problem.
 

Temperature range is 70' to 110F (210 to 430 C).
 
Operating pressures vary from atmospheric to 100 psig
 
in the absorber. The oxidizer and recovery vessel
 
operate at atmospheric pressure.
 

Hydrogen sulfide concentrations as low as 300 ppm and 
as high as 95 percent can be purified to less than 
1 ppm. Carbon dioxide is not significantly removed; 
however, the process can tolerate it in any amount. 
Organic sulfur compounds, such as COS and CS,, are
 
not reduced, but minor quantities of methyl mercapt.An 
can be removed. Concentrations of HCN as high as
 
2,000 ppm can be virtually completely removed.
 

The system is best operated at a pH of 8.5 to 9.5. A
 
high CO2 partial pressure in the feed can cause the
 
system to operate at a lower pH which reduces the
 
efficiency.
 

462 

http:mercapt.An


8/19/83 
Page 35 

6. liigh-Tempera ture Acid Gas Removal 

a. Claus Process
 

The Claus process is not truly a gas purification process since
 
its purpose it to recover sulfur from pure or highly concentrated 
sulfur bearing gases that are products of a previous gas purifi
cation process. The process yields sulfur of extremely good
 
quality.
 

(1) Chemistry of the Process
 

The main reactions for the recovery of sulfur are:
 

H2S + 3/2 0
•ncata lysH 0 + SOSO 2 
2H2S - O 2 - 5 3S + 2H20 

The catalyst used in the second reaction is either alumin. 
or natural bauxite in the form of pellets. Because the 
total conversion is limited by chemical equi hr iur, Lbe 
process may not be adequate to meet air pollut in regula-
Lions. In this case, an add-on process to treat the Lail 
gas (such as SCOT or Beavon) must be emplovei. 

If any COS or CS, is present in the feed gas, they art 
hydrolyzed by the following reactions if the temperatLure is 
suftlcient ly high: 

COS + 1120 '-' CO2 + 112 S 
CS2 + 2H20 CO + 2H2S2 

(2) Process Description 

The Claus process is conducted in two stages: j thermal 
(high-temperature) stage at I,0000 F (538°C) lollowed bya
catalytic (low-temperature) stage at close to 700"F I371°C). 
There are two basic forms of the process. Thse forms iart 
partial combustion and split stream. 

o Partial Combustion 

The entire acid gas stream and a stoichfiuuu,-tric 
amount of air to burn one-third of the IIVS to SO, is 
fed through a burner to the reactor furnace. In this 
furnace, a large amount of elemental sulfur is turmd 
and condensed after being cooled in a waste heat 
boiler and a sul ur condenser. 'Tlit. , (.Iving th,, 
condenser aie reheated and sent to a ,tslvyLic I.(on
verter for additional sulfur recovery by the reaction 
of ll2,S with SO 2 . 
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Recovery is limited if only one converter is used, so
 
modern plants use 2, 3, or even 4 converters in
 
series each operating at successively lower tempera
tures. 
 The process of reheating, catalytically react
ing, and sulfur condensing repetitively increases the 
conversion. The exhaust gases from the last converter 
are further treated to remove any residual sulfur. 
The partial combustion process is used for streams 
containing over 50 percent HlS. See Figure 9 for a 
typical diagram of a two-stage Claus process plant. 

o Split Stream
 

In this configuration, one-third of the acid gas is 
sent to the turnace, and the other two-tirls is 
mixed with exit gas from the waste heat exchanger 
just before entering the first converter. [ht, 
production of elemental 
sulfur in the furnace is 
insignificant. The rest of the process is time same 
as the partial combustion process. 

This method suits acid gas streams containing HS in 
low concentrations. A split stream flow is shown in 
Figure 10. 

In the Claus sulfur rec 'very process, the furnace is 
normally a combustion t -amber arid a waste heat boiler 
in one vessel. The cai lyst beds are arrangei v-i tLher 
vertically or horizont; ly with inure tlian one bed 
located in one vessel. Usually a mist eliminmimating 
device is installed aft .r the last condenser to 
minimize entrainment oi sulfur droplets into the 
incinerator. This sulfur deactivates the catalyst. 

(3) Process Constraints
 

Since the heat for the Claus process is supplied by burning
part of the H2S, the HaS concentration is tme most importanit 
parameter in plant operation. If the HS concentration is 
less than 20 percent, O or 0 2-enriched air is needed for 
combustion, or a suitable fuel gas must be added to time gas 
stream.
 

Removal elfficiencies ot 98 percent can be At.iinld ,uli viliig 
on the If:,S level, the number of catalytic converters, and 
the quality of the catalyst. 

Since the tail gas normally contains SO,, 11,S, COmS, (:S. 
and sulfur vapor, it must be treated ini an add-oi faciliLy 
before discharge into the atmosphere. 
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b. iron Oxide Process
 

The iron oxide process is one of the oldest methods used to 
remove sulfur compounds from industrial gases. The process is 
well suited for sweetening small volumes of gas with ion ttS 
concentration. If mercaptans are present, they are also removed 
effectively. Iron oxide boxes are highly selective, removing 
only sulfur compounds from the raw feed gas. However, carbon 
oxysulfide is not completely removed. 

(1) Chemistry of the Process 

The iron oxide bed adsorbs H2 S by the following reaction: 

Fe 2 Oj + 311 2 S - Fe 2 S 3 + 31120 

The bed is regenerated by exposure to air: 

2Fe2 S3 + 302 - 2Fe2O 3 + 6S 

The overall process for adsorption of H2S and conversion to
 
elemenLal sulfur is represented by this chmical eql,,t.i:on 

6lS + 302 - 6H 2 0 + 6S 

These equations represent a simplified mechanisim. N.,
other side rLact iuns can occur depending on the tmpv- .ur, 
moisture content, and pH of the system. 

(2) Process Description 

Raw feed gas which contains HIS is fed to a bed contai '11g
hydrated iron oxide. lydrogen sulfide is adsorbed . I".y 
exposing the iron sulfide to atmospheric oxygen, it is 
oxidized to produce elemental sulfur and regenerated iron 
oxide.
 

Regeneration can be done after the oxide is discharged from 
the bed. Another more common method is to s imiult,"e"usly 
adsorb IIS and regenerate oxide by allowing smaill omnout 
of air to contLinnuousIy enter with the feed. A third me Ihod 
uti izes more than one bed. One bed is reg'nerieI a 
recirculating gas conLaining some air, whi le , th, tLvr WIii 
is in use for sweetening. A flow arrangemei t ofI ,, tk"'i -Ihu,,l 
iron oxide process is illustrated in Figure I1. 

The iron oxides are either mixed (finely divided iron oxide 
is supported on materials with large surface aniareas 
loose textures) or unmixed (prepared from itroll ore "r 
metallic iron). The vessels that contain the iron oxide 
can be either the conventional box, the deep box, The 
tower, or the tower box. The design is based on the 
superficial linear velocity and on contact time. 'Ie Ie 
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should be designed to allow a space velocity of 60 cubic
 
feet per hour per cubic foot of bed for each grain of H2S
 
in the raw gas. Pressure drop should not exceed I to 2 psi
 
per foot of bed depth.
 

Iron oxide plants can be operated at atmospheric pressure
 
or at pressures of 100 to 325 psig. Operating temperatures
 
range from 800 to 120'F (270 to 49"C). The process is capa
ble of removing H2 S to the ppm level along with removing
 
much of the mercaptans. A H2 S removal of 80 percent in the
 
first box is considered satisfactory.
 

(3) Process Variations
 

The Morgantown Energy Research Center studied a hot
 
purification process to adsorb H2 S on iron oxide. The
 
process operated at 1,0000 to 1,500°F (5380 to 8160C) and
 
regeneration was accomplished with air below 1,500 'F. The 
sulfur was oxidized to SO, and then used to synthesize 
sulfuric acid. The process reactions are the following: 

3Fe.0 3 + 9H 2S 3Fe + 9H20
2 S3 

+ 

304 
+
6FeS1 s 1302 - 2Fe 9S02 

2Fe 30' + ,02 - 3Fe 2 O3
 

Removal etficiencies of 92 to 97 percent were obtained when
 
using fly ash and sil ica supports for the iron oxide and
 
binding Hmaterials. 

Hot gases have a problem with tar formation. In addition, 
obtaining a final product of sulfuric acid is not as 
attractive as recovering elemental sulfur. 

(4) Process Constraints
 

Iron oxide processes are limited to gases having 10 to 75 
grains of H 2S/IOC scf of gas so that bed life is not too 
short to be economical. The Led can be repeatedly regen
erated before it becomes fully loaded with sulfur and must 
be discarded. The spent iron oxide sponge is usually 
covered with soil to render it inert. 
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Acid gas removal can be accomplished by a great number of processes. Only a 
few of the typical and well-known systems have been discussed in this section 
to illustrate the basic strategies of gas sweetening. To summarize the proc
esses discussed in this section, information, such as operating conditions and 
purification limits, is tabulated in Table 8.
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Unconventional :Iethcs
 

a. >Membrines
 

Gas separation by membranes 
is based on the principle that 
different components 2. a gas mixture permeate across a membrane 
at different raates. 7he driving force is the par-tial pressure
 
of the gas. Separatic.!, therefore, can occur over a range of
 
conditions. The only li.mitations are the physical propertles of
 
the membrane. in gas ;erration, a combination of high flux and
 
high separation factor make a membrane economically feasible.
 
Membranes can be made fromn a number of materials including
 
rubber and polymer. Each membrane has its own characteristics
 
and is more suited than others for certain applications.
 

In membrane separation, acid gases are removed from the 
sour gas
 
stream by a membrane that is more permeable to the acid gases

than to the hydrocarbons. A differential acid gis partLi! pres
sure across the membrane causes the acid gas to flow to the side
 
of lower pressure. The result is a stream rich in acid gas and a
 
stream of sweetened gas. A diagram of a membrane separation
 
process is illustrated in Figure 12.
 

FIZ.E D -  ,..
.,6 '
 

Figure 12
 

Membrane Sepiration rrocess
 

470
 



1 i (..: 
8/19/83
 
Page 43
 

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

Unfortunately, the membrane has the disadvantage of not obtain
ing gases of high purity at a reasonable cost. The most econom
ical way to utilize membrane separation is to combine it with 
another conventional technique.
 

b. Supported Complexes
 

Metal complexes can be used to zeparate gases in order to recover 
valuable components and remove undesirable contaminants Irow a 
gas stream. Pacific Northwest Laboratory (PNL) is studying 
organometalliC complexes and is researching the incorlo rat II.I 
of these complexes with polymeric supports. 

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

The organometallic complexes that were selected for further study
 
were (Pd2 Idpm] 2CL), (where dpm = Ph2PCH2 PPh,) for CO sorption, 
(Ir [Me1PCH 2 CI2 PMe) 2 )CL for CO, sorption, and R, (CO,)(PPi1)3 
for H2 sorption. The most promising is (Pd-[dpm] 2 Cl.) since it 
reversibly sorbs CO with ease even in the presence of C02 , 02, 
N2 , and H2 . All three complexes have rapid and quantitative
 
uptake of gas. 

PNL is now working on the development of a means for chemical 
attachment of these complexes to the polymeric support. This 
study holds substantial promise for the development of a signif
icantly novel concept to separate gas mixtures.
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F. RECOMENDATIONS AND CONCLUSIONS 

o 	To reduce nitrous oxide emissions, the first step should be to modify
 
the combustion or gasification process conditions.
 

o 	For particulates greater than 5 microns, cyclones should be used at
 
low temperatures, and filters should be used 
at high pressures.
 
Smaller particulates are most effectively removed by wet scrubbers
 
and electrostatic precipitators. 

o 	Gas streams at high pressures containing relatively large amounts of
 
sour components are better cleaned by physical absorption processes
 
such as the Rectisol and Selexol processes.
 

o Gas streams containing small amounts of sour components purifiedare 
effectively by chemical absorption processes such as the Benfield and 
St retford processes. 

o 	 High-temperature acid gas removal systems are usually more economical 
because of their increased thermal efficiency. However, there is a 
problem from fuel-bound nitrogen and thermally generated NO . Low
temperature processes have the advantage of being more avaifable iljid 
more experimernta]liy tested. 
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PANEL DISCUSSION - CONCLUDING SESSION - NOVEMBER 9, 1983
 

Q. Since your primary product is coke because you need it at the steel 

plants, you recover -- or try to -- every ounce of it. Therefore, 

is it correct to assume that you have other ways of utilizing the 

rejects, such as producing gas, here and in the U.S.? 

Al. The rejects obtained by washing coking coal have some caking properties. 

This caking property is useful in making agglomerated domestic fuel, 

that is, water-resistant hard domestic fuel. 

A2. In the U.S. we don't make a middlings product. I showed a flow sheet 

here and that one does, but it's iiunique case. There are generally 

only one or two of these plants. Generally we don't make a middlings 

product because we throw away thF rock product. We separate at about 

160-170; it's a black and white separation, and we throw away the rock. 

Nobody has really done much in the way of economic studies on gasifica

tion of this and so on. Now, once we start going deeper and start pro

ducing middlings material, these things would need to be studied. 

Certainly fluidized bed combustion has studied it to some degree, but 

gasification I am not aware of. 

Q. In one of the slides, the trace element is reduced by washing; that is, 

the trace element concentration is less, but will this be applicable to 

Indian coals? 

Al. What we have found is that the trace elements are associated quite often 

with the mineral matter, particularly with the pyrite. So, where we get 

exceptionally good pyrite reduction, we seem to get good trace element 

reduction. That being the case, Indian coals would respond well, if you 

could take the pyrite out. 

A2. While I agree almost 100% with Deurbrouck's anticipation that the trace 

elements could be removed from the American coals by about 50-60-70 or 

even 80% -- about 80% of the lead could be removed -- the same would be 
the case for Indian coal washing if we do this work, but we have not. 

47b
 



I have one apprehension -- elements may be part of the organic
 
matter. In fact, Americans have seen the presence of uranium in
 
some low rank coals -- sub-bituminous coals and lignites. The low
 
rank coals have catalytic properties. If lead and other elements
 
are held back into this coal matrix, naturally the physical process
 
will 	not remove them. 
 But I agree that most of the mineral matter -
if not 100% -- including the trace elements in much coals, 
are held
 
in physical association and are likely to be removed.
 

A3. 	 Just another point on trace elements. Interestingly, in the U.S.
 
if the coal happens to be in Missouri where we have a lot of lead,
 
we may have a lot of lead-zinc concentration associated with that coal.
 
I don't know if we will 
ever look for secondary recovery of lead-zinc,
 
but it is at least being considered. What apparently happens is that,
 
in the formation of coal, the coal absorbs anything around it and we
 
can have ppm up in the thousands of zinc and lead in specific coals,
 
as in your state. So trace element concentration could be another way
 
to come up with a secondary product also, someday down the rcad.
 

A4. 	Trace elements in coal are sometimes a blessing. In fact, in India
 
our soil 
is deficient in zinc and some zinc is required for cultivation
 
of rice and vegetables, particularly cabbage. So they deliberately
 
add zinc for cultivation. The coal ash is found to 
be rich in zinc,
 
60-100 ppm, and it is the amount required in the soil for vegetative
 

growth.
 

Q. 	What is the mining status in the country? Does it have a bearing on
 

the ash content in the coal?
 

A. 	In India, besides the high ash and inferior quality of coal, there is
 
one other problem, the small output from individual colleries. In the
 
early days, washeries were planned and set up based on supply from a
 
number of colleries, and central washeries were set up to receive coals
 
from different seams and locations. But, in the future, washeries will
 

be placed at the pit itself.
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Q. This question is directed to Dr. Ghate. For gas cleanup, fabric
 
filters, cyclones and other equipment for dust cleaning are used,
 

but no use of electrostatic precipitators for dust cleaning has
 

been referred to. I am emphasizing this because a German delega
tion earlier had said that electrostatic precipitators for high 

temperature operations are in an advanced stage. Could you provide 

additional information?
 

A. 	 We have used electrostatic precipitators (ESP) in siy runs. Every
 

single run failed. So I don't know whether we can say anything
 

positive about ESP at this stage.
 

Q. Do the ash characteristics have a bearing on the performance of the
 

ESP?
 

A. 	 In the case of the use of ESPs, the ash characteristics are very
 
important. In one place it may succeed and in another it may fail.
 

Going into ESP is going to be complicated, especially for 1000'C.
 

A lot of studies need to be performed, and we are open to such de

velopment at a later stage.
 

Q. 	 This refers to Ghate's presentation. He enumerated the list of elements,
 

constituents, which need to be cleaned up. However, he did not discuss
 

the removal of tar. Tar in gas can create trouble in the end uses. How
 
will it be cleaned up?
 

A. 	 For tar removal, physical abosrption methods are the only methods,
 

talking about trace quantities of tar. Bulk quantities of tar are
 
normally removed by quench and conventional inorganic and organic phase
 
separations. You pass the gas liquor over conventional pebble beds,
 
and separate by gravity separators. Trace quantities are separated by
 
physical absorption, in methanol and silexol, and there is less than a
 
fraction of a ppm of hydrocarbon in the cleaned-up gas. Ifyou use
 
aqueous chemical absorption systems you have a problem. We cannot
 

remove all tars.
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Q. 	 If you quench, the tar will be removed. But -- hot gas cleanup -
under such conditions how do you do it?
 

A. 	 We have a unique process. We inject just sufficient steam to
 
bring the gas to the dew point of tar so that it is condensed out,
 
but it does lower the gas temperature from 1000 to 700. 

Q. 	 Supposing the tar formation could be prevented altogether. This may
 
be the best thing. From studies on coal pyrolysis, we are of the
 
opinion that part of the coal structure, hydroaromatic, is a precursor 
to the formation of primary tar. Before the pyrolysis of coal becomes 
active, 380 - 400, if we do a prior treatment -- a condensation reaction 
between the aromatic and hydroaromatic parts -- the real pyrolysis 
would not give any tar. You 10: from coalremove hydrogen by selective 
dehydrogenation, which can be done below the pyrolysis point of coal. 
then 	the rest of the coal remains intact and will not give you any 
tar.
 
Have such attempts been made anywhere in the world?
 

Al. 	 We are taking a different approach. We are 
trying to take the gasifica
tion products and pass them over calcium oxide beds. 
 We have found
 
that CaO does show some catalytic activity to convert all the tar into
 
the CI-C 4 compounds, and the CaO was obtained from the FBC, in spent
 

rocks.
 

A2. 	 The Germans have been able to do it in 
a fixed bed gas producer, hot
 
producer gas, without any tar. The principle is simple. In the pro
ducer we have the oxidation, primary and secondary reduction and
 
stabilization zones. They separate two 
zones and make an annulus.
 
The secondary and the stabilization zones are in the other annulus
 
from which the gases going out contain only tar. Through steam ejectors
 
they put that tar back into the gasifier. The actual producer gas from
 
the annulus is tapped from just after the primary zone. This gives only
 
a gas temperature of 500'C but the technique is very good.
 

A3. 	 The German KGN blast coal gassing plant had, about three years ago, a 
fixed bed where they gasified the coal and the devolatilized products 
were 	ejected through the steam injection system, whereby the tar it
self 	was gassified and you got a higher caloric value gas. 
 In addition
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to this, we can also have two-stage gasifiers, wherein you do not
 

inject the devolatilized product into the system but then, on the 

other hand, you need to have a high calorific value raw gas. You 

separate the devolatilized products out the top of the gasifier 
and, in the middle section, you separate the gas free of tar. 

A4. 	 As an extension of this, we are operating at 10000C and at this 

temperature we do not expect any tar formation. It is only at 

loner temperatures that the tar exits and hence hot gas cleanup 
does not require tar removal, unlike in the fixed bed gasifiers. 

A5. 	 At 1050 0 C the tar quantity would be small, but some higher hydro

carbons may exist. This is a speculation based on the fact that 

KOPTZEK gasifiers are operated at 1350-1600cC, essentially to 

eliminate the tar formation and eliminate the damage to the ammonia 

catalyst. 
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FW-STOIC TWO-STAGE GASIFIER
 

More and more industrial and institutional fuel oil and natural gas 
consumers are conside:ing the use of coal gasification. TheFW-Stoic gasifier offers a reliable on-site source of clean, easy to 
burn fuel gas.. 150 1o 200 Btu scf

This modernized, commercially proven unit is simple to operate
and maintain. At the same time, it is environmentally sound,.. ash 
disposal is simple. And, you won't have to wait years for your
FW-Stoic gasifier.. you can be operating in 14 to 16 months. 

Modular Design 
13 Simple to operate and maint:.,in

L.... llCan be retrofitted to existing furnaces and boilers 
N Modules can be added to increase capacity without delay inpro

duction 
C.Compact-the largest module uses only 30 ft by 35 ft and is 

- 85 flhigh
]'--- 1 	Consumes only 150 kw of electric power and 450 gph of sof

tened water 

Reliability 
I0Commercially proven over the past 35 years 
[] 96 percent service factor achievable 
[]0Rugged construction, low maintenance cost 

10, J Environmentally Sound 
0 Gasifier performs partial desulfurization 
[]3No gaseous emissions or liquid discharges'IT	 0 Ash produced in an environmentally acceptable form 

Operations
'., . ' .,,, XI High thermal efficiency 

0 Provides stable fuel delivery under varying loads. 

77z7e7,! -7 Produces good quality tar oil co-product 
M Rapid response to load changes 
0 Under your direct control 
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STOIC TECHNOLOGY FOR RELIABI
 

Process Description 

POLISHING PRODUCT
 
SCREEN GAS
 

V,'EIGH FEEDER 

FEED MECHANISM 
TPGSTAR CYCLONE 

OR __P25 PRECIPITATOR 

BUCKET
 
ELEVATOR
 

BOTTOM GAS TO 

1100 IF 
 BLOWER 
CONTROL 

... I)(I1LI ATION ZONE D S \ 

DUST 
(3ASIFICATION ZONECY e _yN\.CYCLONYE 

W TEA1JACKET 

WATER ST
 EA M
~~~G.:. .RATE
 

COLASH 
 AI R 
 TAR DUST
 

BLOWER ,)OIL 
WATER SEAL C : -DRUM TAR 

"-OIL.
 

PH(ODUCT 

Coal is moved by elevator to a final screening atop the gasifier and 
is fed into the distillation zone by means of a weigh feeder. Proper
levels of coal in both the gasifier and bunker are maintained auto
rnatically. A portion of the hot gas produced in the gasification zone 
below flows upward through the distillation zone to drive the vola
tiles from the descending coal. As the coal moves to the bottom of 
the distillation zone, itisconverted into coke, which is then gasified
in the zone below. Air and steam are distributed through a rotating
grate at the bottom of the gasifier bed. Sufficient carbon is oxidized 
in the fire zone by the incoming air to sustain the system heat bal
ance. The steam reacts with carbon in the gasification zone to form 
carbon monoxide, hydrogen and methane. Ash is discharged
through the water seal at the base of the gasifier, A water jacket
surrounding the gasification zone cools the shell and simultane
ously generates the steam required for the gasification reaction. 

Gas produced in the gasifier exits as lop gas, which is automati
cally controlled at about 250F and as bottom gas at about 1100F.
After cleanup, the two streams are combined and the resulting
product gas is about 750F 
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PLANTS
 

When a precipitator is used in the top gas stream, the product is 
hot detarred gas, containing 160-180 Btu scf, which may be trans
mitted up to 1000 feet For certain close-coupled applications, a tar 
cyclone may be used to produce hot raw gas containing 180-200 
Btu'scf. A third mode of operation entails additional equipment to
produce a lower Btu cold, clean gas suitable for desulfurization. 

The gas poduction rate is automatically regulated to maintain 
constant pressure in the gas transmission line to the user by adjust
ing air and steam flows to the bottom of the gasifier as the fuel 
demand changes. 

Tar oil recovered from the top gas of the gasifier is equivalent to a 
good quality No 6 fuel oil. It can be stored indefinitely and utilized 
for peak load requirements, or when the gasifier is undergoing 
scheduled maintenance. 

:U , FW-Stoic Pilot Plant Gasifier 
Located at Foster Wheeler's Research Center, adjacent to our world
headquarters in Livingston, New Jersey this two-foot diameter, two

- ,.waste 
stage pilot unit is used to demonstrate the gasification of coals andnaterials under a wide variety of operating conditions. The 
unit consists of a gasification reactor with a cyclone and hot oil 

•i .4 
)1 

' 

scrubber for dust and tar removal, together with a wat,.r-irrigated 
packed scrubber for light oil removal and further gas cleanup. 

Also available is abench scale test gasifier for preliminary evalu
ation of coals for gasification. 
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PROVEN 	EXPERIENCE 

The FW-Stoic two-stage gasifier is commercially proven and is 
'.* ~based on designs developed by Stoic Combustion Limited (Pty.), 

Johannesburg. South Africa Stoic developed and patented numer
r ous design improvements. Fourteen gasifiers are in operation in 

N'. commercial installations involving a variety of applications such as 
bM4,ox 	 bakery ovens brc k kilns boiler retrofits, reformer furnaces, etc. 

XWe have modernized and improved a basic system design 

apphed for 35 years in industry. In undertaking the first U.S. com
mercial-scale installation at the University of Minnesota, FosterWheeler successfully transferred that technology and know-how 

4 ~~ 	 into a facility reflecting U S standards and requirements The 
most recent installations have included these improvements. 

-~ * 7 j 	 t.i 

"41 5 

Duluth, Minnesota 
A FW-Stoic gasifier has been supplying clean gas to heat the 30

:77building University of Minnesota. Duluth campus since 1979. This 
F -.. . . plant includes a 10-foot diameter gasifier which produces 60 million 

6.,Btu hr output in hot clean gas and product oil These fuels are
burned in two 25,000 lb hr boilers retrofitted to handle the FW-Stoic 

. . .,,..,:.- product. In addition to supplying the campus heating loads, the 
.. - . installation demonstrates operating reliability and suitability of a coal 

gasifier for U.S. industrial use. 
.,'.. . - .-Foster Wheeler's on-going hands-on experience at Duluth 

enables us to offer a proven design with: 
PM Local components and hardware 

L' Established control logic 
I.SDemonstrated ability to handle a range of coals 

IL 2I,Documented capability to meet U.S. environmental requirements 
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COMPLETED STOIC GASIFIER COMMERCIAL INSTALLATIONS
 
Location Company 

Drieonlein, SA Brickor 

Lydenberg SA JCI Mining 

Dulutlh USA Univ of Minnesota 

Pretria. SA Associaled Bakeries 

Nigel, SA Power Lines 

Capetown, SA Fedmis 

Pretoria. SA Metal Box 

Vereeninging, SA Rand Water Board 

Howick, Natal, SA South African Rubber 

Durban, SA South African Railways 

Units 


One 


One 


One 


One 


One 


Three 


One 

Two 

One 

Two 

Size 

10 11 

8 fl-6 in 

10 fIl 

4 11-6 in 

8 11-6 in 

10 11-6 in 

8 1-6 in 

6 11-6 in 

4 hl-6 in 

8 11-6 in 

Application Start-Up 

Brick Kiln 1974 

Metals Drying 1977 

Boiler Retrofit 1979 

Bake Ovens 
 1979
 

Metals Heating. Melting 1980
 

Ammonia Reformer Furnace 1981 

Paint and Metal Drying 1981 

Lime Kiln 1981
 

Rubber Manufacturing 1981
 

Heat Treating 1982
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THE FW-STOIC GASIFIER
 

Foster Wheeler Energy Corporation offers the FW-Stoic two-stage
 

coal gasifier having as principle advantages the following:
 

simple, and compact design
 

high thermal efficiency
 

proven commercial operation
 

reliability
 

low capital cost
 

Depending on the mode of operation, Btu content of gas ranges
 

from about 160 to 205 btu/SCF. The gasifier operates essentially
 

at atmospheric pressure, but the product gas may be compressed
 

if required. the range of capacities make it suitable for use
 

as an "in-plant" gasifier for a manufacturing plant.
 

The design of these units has been provided to Foster Wheeler
 

by Stoic Combustion Pty Ltd of Johannesburg. Stoic is currently
 

active in the design and construction of two stage gasifiers which
 

have been operating in areas outside the US for over thr'ee decades.
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DESCRIPTION OF GASIFIER
 

Figure 1 illustrates the FW-Stoic 
two-stage fixed bed gasifier.
 

The upper stage of this gasifier is the distillation stage, or
 

zone, and 
the lower is the gasification 
zone. Coal enters the top
 

of the vessel and 
passes into the distillation 
zone. A portion
 

of the hot 
gas produced in the gasification zone is routed up
 

through the distillation zone, and provides the heat for the dis

tilling operation. 
As the coal reaches the bottom of the dis

tillation zone 
it has been reduced to coke.
 

A mixture of air and 
steam is fed to the bottom of the gasi

fication zone. 
 After being preheated by passing through 
the bed
 

of hot ash, the steam-air mix enters 
the fire zone where a partial
 

oxidation reaction takes place. 
 This step produces CO, and some
 

CO 2, and generates the hoat 
for the balance of the gasification
 

reactions to take place above 
the fire zone.
 

The gas exiting the distillation zone is "top gas" 
and is
 

at 250 0 F. 
 The gas leaving the gasification zone is called 
"bottom
 

gas" and is at 12000F. The sensible heat in the bottom gas 
en

tering the distillation zone provides the
the heat for driving 


volatiles off the 
coal. This step is accomplished slowly and
 

gently without cracking, repolymerizing, or otherwise forming
 

undersirable byproducts.
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DESCRIPTION OF GASIFIER - (CONT'D)
 

The coke is reduced to ash in the fire zone. Ash moves down
 

onto the grate and out of the gasifier via the water seal. The
 

bed of ash between the fire zone and the grate is cooled by the
 

incoming blast of air and steam. Water jacketing is used in the
 

gasification zone to cool the shell and at the same time generate
 

the steam required for the gasification reaction.
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DESCRIPTION OF FLOW
 

Figure 2 illustrates the flow for the FW-Stoic gasification
 

process.
 

A sized coal of 3/4"-1-1/2" or 1-1/2"-3" is given a final
 

screening 
at ground level to remove fines and then is moved by
 

bucket elevator to a bunker atop the gasifier. Coal feeds down
 

from the bunker to the top of the gasifier by means of a drum
 

feeder. The levels of coal in the of both the and
top gasifie: 


the bunker are maintained automatically.
 

Top gas exits the gas'ifier at about 250°F and the bottom gas
 

exits about 1200 0 F. After minor cleanup steps on each stream, they
 

are combined ant the resulting gas temperature is about 750'F.
 

Temperature of the top gas is controlled by of a
means 


butterfly valve mounted in the gasifier bottom gas outlet line,
 

which allows more or less bottom gas to flow upwards thru the dis

tillation zone.
 

Fine droplets of tar-oil in the top gas removed in a
are 


cyclone and the resulting mixture of top and bottom gas is called
 

"hot raw gas" having the highest btu content for product gas.
 

Additional tar-oil may be removed by the inclusion 
of an electro

static orecipitator, In this optional case the combined stream
 

of top and bottom gas product is then referred to as "ho: detarred
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DESCRIPTION OF FLOW - (CONT'D)
 

gas" having a slightly lower Btu content than that of raw
"hot 


gas
 

The tar-oil recovered by 
the cyclone or the precipitator
 

is collected in a tank, and is similar to #6 fuel oil. Table 4
 

gives the properties of a typical tar-oil.
 

The bottom gas exiting the gasifier flows thru a cyclone
 

for removal of 
dust and then joins the top gas stream.
 

The make rate of product gas is regulated by a pressure 
con

troller on the 
product gas line. As line pressure falls, more
 

air and steam flow to the bottom-of the gasifier thereby in

creasing gas make.
 

The steam generated in the gasifier water jacket is 
at
 

atmospheric pressure, and is added 
to the air entering the gasifier
 

from an air blower. The ratio of 
steam to air is varied to control
 

the quality of the ash.
 

The gasifier, 
and its bed of coal, coke and ash are stationary
 

The water sea! and ash removal facilities rotate to drive the ash
 

through the water seal 
on to the ash conveyors.
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DESCRIPTION OF FLOW - (CONT'D)
 

As a further option of producing hot "raw gas" or "hot
 

detarred gas" there 
is a third mode of operation for the FW-Stoic
 

Gasifier which produces 
cold clean gas having a lower Btu content.
 

The bottom and top gas stream 
are water cooled to remove conden

sibles. Most of the condensibles are recoverable as liquid fuel
 

and the balance are incinerated.
 

A sulfur removal system can be incorporated into the plant
 

design if required although it not
is necessary for normal plant
 

operation.
 

The various optional types 
of gas which can be produced are
 

summarized in Table 1. Table 2 shows the Btu 
content and overal
 

process thermal efficiency for the various 
types of gas. Table
 

3 shows the typical range of gas compositions for a hot detarred
 

gas.
 

503
 



TABLE I 

PRODUCT GAS TYPES
 

Gas Type 
Temperature of 
Product Gas OF 

Heat Values Removed 
From the Gas 

Hot Raw Gas 750 Base Case 

CD 
4 Hot. Detarred Gas 750 Some Tar 

Cold Clean Gas 100 Tar, Oils, 

Sensible Hieat 

Cold Clean 
Destitfurized Gas 

100 Tar, Oils, 
Sensible Hleat 

Suflur 



TABLE 2 

COMPARISON OF PROCESSES 

Type Gas 
Process Thermal 

Efficiency 
Approximate Btu 

of Product Gas 

lot Raw Gas 85-93% 186-207 

HoL Detarred Gas 77-87% 175-195 

Cold Cleau Gas 69-76% 160-175 

* Excluding tar-oll production 



TABLE 3 

APPROXIMATE ANALYSIS 

HOT RAW GAS* 

Component 

H 
2"" 

CH 4 

CO 

CO 
2' 

;2 

Volume % 

14. 0-16.0 

2.6-3.0 

29.0*-30.0 

3.0-4. 0
" 

47.6-51.4 

* excludes light oil and tar-oil content 
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TABLE 4
 

ANALYSIS OF TYPICAL TAR-OIL
 

Physical Properties
 

1.0855
Specific Gravity 


Viscosity, Centistokes, 122 F 555.4
 
" 210°F 21.35
 

80
Pour Point, OF 


Flash Point, C.O.C., 0 F 315
 

Higher heating value, Btu/gal 148,265
 

Chemizal ComDosition
 

ComDonent
 

85.92
Carbon 

7.92
Hydrogen 


Oxygen 4.18
 
1.05
Nitrogen 

0.22


Sulfur 

0.11
Ash 


Mo is ture 
 0.60
 

Total 100.00
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GENERAL.DISCUSSION
 

The FW-Stoic Gasifiers are designed for four 
sizes: 12'6",
 

10'0", 8'6" and 6'6" I.D. 
 The capacities and nominal coal 
feed
 

rates for these gasifiers are 
given in Table 5. The nominal
 

coal feed are
rates based on a coal having a btu content of about
 

12,000 btu/Ib with the gasifier producing hct detarred gas. 
 It
 

is feasible to manifold any number of 
gasifiers together in 
one
 

production facility.
 

The F-Scoic gasifier is 
very simple, and compact requiring
 

only limited equipment and control instrumentation. 
 A 10' gasifier
 

module can be erected on a plot 25 ft wide 
by 30 ft long for a
 

.tructure about 
80 ft high. To insure reliability the coal eleva

tors, drum feeders, and air blowers may be 
spared.
 

When the gasifier is operating at capacity, its coal holdup
 

is 8 hours. System response to an increase decrease in fuel
or 


demand is relatively fast. In manufacturing operations it has not
 

been necessary to use an intermediate gas holder.
 

Each individual gasifier has 
a turndown ratio 
of about 5 to
 

1. A gasifier 
is easily put on standby. In this 
case the necessary
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GENERAL DISCUSSION - (CONT'D)
 

air for maintaining the large mass of gasifier refractory and
 

carbonaceous contents at temperature is furnished by natural
 

draft. Turn down can be substantially increased in the case
 

of manifolded gasifiers.
 

The product gas is normally produced at a pressure of 30"
 

W.G. but can be compressed to a higher pressure if necessary.
 

Water consumption - a major problem in large gas plants - is
 

low for the FW-Stoic Gasifier. A l0ft gasifier, operating at
 

capacity and making hot detarred gas, for example, consumes
 

about 300 gal/hr of water.
 

For the "hot raw gas" and "hot detarred gas" operations
 

there are no aqueous effluents requiring treatment or dust
 

produced in the system.
 

For the cold clean gas operation the effluent streams woulL
 

consist of an oil stream, which can be recovered and utilized as
 

fuel, phenolic water and quench blowdown.
 

The flow rates for the phenolic water and quench blowdown
 

streams are very small; it is likely these two streams can be fed
 

to existing plant treatment facilities.
 

510
 



GENERAL DISCUSSION - (CONT'D)
 

The FW-Stoic gasifier, in its present form is suitable for
 

operation on western sub-bituminous or anthracite coal.
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TABLE 5
 

AVAILA3LE SIZES
 

OF
 

FW-STOIC GASIFIERS
 

Diameter MM Btu/hr, B Btti/day, Approximate 
of Maximum Maximum Coal Rate 

Gasi f ier T/hr 

6'6" 22.5 .54 1.3 

8 161 40 .96 2.2 

10' 60 1.44 3.0 

12' 6" 90 2.16 4.5 



Z.er Wheeler, in maintaining its position atthe.forefront of combustion technology, has
6eek investigating the potential of Coal Water 
Fuefs(CWF) and regard this development infu ftechnology asan important step in theoifalanalternative to reduce fuel 
oil dependeine, 
By mixing a pulverised coal with water and a 
small proportion of suitable additive it ispossible o produce a stable mixture which isluid at room temperature and can be
transported, stored, pumped and burnt like
fuel oil. Afurther advantage is that a stage can
be incorporated in the preparation process
which, providing the parent coal is suitable,can reduce the ash and sulphurcontent to lowlevels, thus making it moreeniomtay
acceptable, environmentally 

Foster Wheeler's activities and experience
overthe years make it one of the World leadersin this field: 
1. Through association with the developers of 

a CWF preparation process, we are capable
of building an operating plant for the
manufacture of CWF. 

2. 	Economic evaluations have been carried 
out for the manufacture and supply of CWF 
and boiler conversion to utilise CWF. Thisbase provides the data to enable us to
evaluate the potential benefits of
conversion to CWF. From inputs such as 

boiler specification, location and
environmental constraints suitable parent
coals may be selected, the cost and 
properties of CWF determined, cost ofconversion estimated, the location of CWFpreparation plant optimised and economic 
factors such as payback and return of an 
investment derived. 

3. Fomey International (a member of the
Foster Wheeler organisation) have
developedaburnerforfiring CWFwhich hasbeen extensively tested in a flame tunnel. A
commercial system has now been installed
in a utility boiler for demonstration firing
trials. 

4.Studies to evaluate the potential for the 
conversion of industrial and utility oil firedboilers have been carried out withconsideration of engineering details as well 
as economics. 

5. Data obtainedfrom current and future boiler 
plant firing trials will enable the design
parameters for purpose designed boilers 
firing CWF to be optimised.

6. Test facilities have been built for the 
evaluation of CWF produced from different 
parent coals. 

The above summarises Foster Wheeler's 
current experience in Coal Water Fuel
technology. Forfurther information contact: 

FOSTER WHEELER POWER PRODUCTS LTD.

P.O. Box 160, Greater London House, Hampstead Road, London NW1 70N
 

Tel. No. 01 388 1212
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APPENDIX C
 

INDIAN BIOflASS CONVERSION EXPERIENCE
 

R. C. MAHESHWARI
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jUiidLY ,,Nl CONCLUJIONJ 

iresonted in this report (Prrt I) tirv thio rusults of a survey 

for casussmont of rusourco roilability nn total utinrgy neds of a 

villr.u consi.,oring it ns a wholu ecosystem. Solf-suflticiuncy with 

ro,ard to fo6d fofhlor an~i fuols has buen assossod, The present 

utilization p-i.trn as woll as potentinll of plant, animal nnu human 

bi,)m-vss for ,osexv".tion of ooolo.,c.l balanc o in th ,villa.:u iiosphuro 

ha; bo-:i lwt.>.-rrinod. Alo the extent oF solw-' enorgy h.,r'ostucd in thr 

f,rm of -;riculturril amd forestry proluc .s an,'. its future poteon~al 

)ias hcon ostinim'ct&. llhi, r urport w11 6-- tli- bv~i s of -,luvcnying a 

mnlel of rurtl unerfW"supply systcm whiich is being worked out by 

m.tchin,, lh' onur.Dr nce..s(arr-n'e.-, according, to priority) with thn 

best f:-.si' teclinoloical ontion consi.-loinvq th1 economics ran, 

un !r;C convorsion efficiencies artl.l shall be prc:sented in P .rt II of 

this reprt. 

.logno al informtlon of Islmna ,r villng is /-iven in 

A-pon,',ix I. "h"?rtoform.-%questioinairc (AP-,'nlix II) Was lropnt-od to 

,issess tht: ruso)urcu nvailability an ci,.,rgy needs of tht village 

comhmunity for v-ri,)as f cm ,,i.'ati.ns, t:'-nsport, ) ost-h.rvUst 

ojur.tLiznsp aninarl raising ;n- Ci',hmstic/househulu activities. The 

muhodol.a ri.o 4,-." achievin; thL objuctivos (listed in Chaptor. 

I ) is uoscJ'ibuai in ChyqLtur II. lhu obs,.rvations on thu rcsurco 

av:.til bility -'m c~insury1jtlon in Lhv: villago.crrniunLity for various 

activitius hovu buel colluct d -,nu pruu - in Chatur III.* Certain 

onui7y constants wurY uvol).,ud; which. tru onumuri.t., in Chapter IV. 

Ch2)-tor V p,'us, its tli,. rv sults (n, Liicussi n with rospuct to solf

sufficioiicy with rog,'wd to foo.d, fo,..U[or, firoiol an, ,un aind also 

onurgy nees for vxrious nctivitios. Thu oxt--nt of solar eulorgy 

harves o. in th. form of PvYricultu'l anl forestry products is
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i-s 	 -ii jy t~ S~c 

onur,,V census hr'.vo b un compti c-7 -vi 1h tivif, of ASTI!., Inflinn Tnstituto 

nf Sci unce, fl:n(,lovu an.' -Lnjcabrrclu Univoris.ty, -Lu .hiann 

an' tho -,liscu:n'iion has beon proni 'ntv.-! in Chapter VII. 

jPtt Lvr. ns i-1 4 t or r vtii~&.;. tjf t *j.t, the ef 	 a 

A. 	 Tlh. fo11oviin: ire '.he saliont fco.turvs of tht- villrige Isloamnagar 

is 	 Thoavl't his 2241 households Oth a.'totql . opulr-.,jon of" 1529 

cr!;istiry, )f 31 .5 % rmalv, 25.3 1'..male, 42.7 % chil-ren' (bolow 

2. 	 L t~mdus ciiistitutoe 36.56 , m;LvL'iu 1 j 159'83 )6, -smaill 11.18 

mu- iuim 115 J b -, iil-Iar go £i,a rns 24.05 prcun1t of tho populdi on. 

0"t of 1 ~ 4 u±rar3 J 'culit h.-.vu traicttr opur t :U 

f .iw (TOP?) :.11, 70 pvrcunt bullocIL t~ur:nt uU *farixt (i3Oi2). 

3. 	 L'lk tutj ,.1 liv us 1,ucit 'jo jl*Lto is 1.Lie., out of' Whi cli I IJJ itri. 0 

*C.L.Llust 24 I go.,Ls -tn.. sheep am, Z33 poultry bir.Is. 'Ilh..uh 

ani umpls ciiiisti tutu 16. 2 porcoant. it is intviostiIL to noLu tha't 

rn vi vivl arxirml co-exist in Wiv "illrru ocosy.5 tu.n in -,ht: ratio 

of' :1b(lLt 1 1 1. 

4.Tho villagc coosystorn is curuntly boiring it !;pLul!-t-ion tioflity of 

oP lannd 


its thouruticril c-irryin capaicity with riuspuct to thio mrajor
 

curcoils like y-h.-'.t and prifldy.'
 

3.73. 	 n~si8h~crn)uO' which is 'sliq~htly hi hocr -thrm~ 

5.~~~~~Hua~u~trnr"lPnir 	 iiiabu a1 DA;'' 	 ratir 12 andI donsity 

11. 0.32 DAI'/hrt of croppu,. land.' 

6. 	 Forc.it tnim! uc(:st lam'. cinstituto 8.,6 ant' 151.0 p..rcent of' 

the total ucos;ys t,m or 15.*2 anI 4.0 () .rcont oC thu Lo trtl 

qultiv,-v'g,u lantl which conutitaiLu 560' 1 percent of.the total
 

ecosystrii sur'LyuLL.
 

7. 	 2hir ty one lpurcent ot hsusehidL-s un,.u-r cmriina.l larmul-S own 

only ao:jiA 6 purcenc 01' thu lanA, wliilu *oii-fiourth ht,usebolds 

Ii ivi.n1 ; larlyt fatris own 67 p~urcont of thu lami. 

0 
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3. 	 ,bku t 4I . ( i)e'cent ot' t Q iotal C(:'ol)J,, . e, i.-uuder i -rigjitiun 

a nd 51.4 purcunt i.s I' ...v" 

9. 	 Largest number ( 25 ) of hand tools is possessod by landloss, 

luw,:u 1jir. ( 20fo .)y . and large HOF ) farmers ( 'O) 

10. 	 L:I) i i s th, iiLjor sowinlg season accuuu!.irig for 73.6 percont of tho 

cro),)el . nd only percont is sown under khari f crop.%rui 21.4 

During; r.-bi, ibout 3,. porcont of th,! area is uinder w'Ic'1t. In 

kh tril' sUaro-i, 2addy is thmajor crop which -is sown over 3?1.7 

po;rcdnt of Lh,: trea. 

11. 	 1-h.nic i.Ifort ilizer us,. pe.r hoc tare o[' crop(,., l.,inl ol Val 

'v'r-* .,:is 1 1 kjz of' Ni!rogo(n, 3 kg of P205 rnd J. 9 k1p IC0 wh Ilu 

th t,uf' itrrm 'rrd .1inuro is 1M. ,iLi,,t.:,l s/hoctjre. 

12. 'rh, viii,,:,, i ; sol f-s ll'icirnt wi :.h i,::trgtoncr'"iU. , v,'':.:bliS 

sug.rcarie an,! milk ,pro tuctiit. 'Il,u Vii :v i.*; sur,i] s i1 r.'1', S 

( 41 ,I ) vu 1 et:ibles ( 110 1/0 ), Sug'.,'ano ( 4.2 5' ) .ul milli 

.290 o ). Ilowevor, thvillrtgu in ini doficiont in ,lulsu and 

oLl s cod prructiont by 32 a~nd 71 urcent, rcs,,oet.iv . y. 

13. 	 liu hortfulI in a.nim:l fued is ustim .ud to be 29. ', purcetit,
 

tiling intou cunsiaorati'vi total nU.,nbur" of animils, 1.rouUctiOn
 

of £u.luur, drassub t.vjj for c.- ou
L,.. rusiduu(bui:,wlu 	 Led) 

and Lthu stautard L.:wd ru.uirumon as per the bu y w,,ight of 

rtznim:Il S. 

tir/g iA v... I.;u tls:,t o f 

orLur of 20 pur.cont taking i nto c,.:is[iur .ti4ri fuul-, ,l coiimsnl

ptin 	 ['or cooking ,vnl ['or wio.u'Ufn tools, .ind availabili ty from 

thi: foruut anii trous owned by the f.trinors. Fellirg ntl colloction 

of tri' 1,oe v s c oul4not b, . taken into consilor t,jion. 

14. 	 i1iv shor ul' fjuf :lfuod t)I oco sy i tit e 

Fdoigi15. 	 C,,mOsti ng for f.arm yanrd mnuro ( FY14 ) an I mki i,,f' i , 

c.vkos for ciikJing nc,,nt for 32.2 in,! 42.3 purc, nt, rvspccIs .ivoly, 
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0 
of t1i tot"al "ni, .l dung jroduction (.,ry b!:,.-;is) ill thu villaIe. 
£,h rum,,iiiiad 27.j idurCLnt Uf dUlAd is 'prusu~mlA, to be oxcrotud 
oy t, ani .,ls in th..fioll while grazing. A totil of 60 purcont
of anit-al anti 6.2 3?urcont o' crop -resL,uu is rocydlu-i b.ick to thesoil ( A,,ts of plants luft ill tht soil aru not included ). 

16. gnuex-y fnr cr .)?riductionis proviLod by hun'n 1.21( ,
-iniinil ( 4.21 ,' ), ,'iosol ( 19.26 5 ), oluotricity ( 6.57 -/-bsov.. ( 33. 61 , ), fcrtilizor ( 19.85 5 ), ,achin.,ry ( 15. 29 1 ). 

17. Tractor opor-wtc..: farms. ( TOF ) consumo 52.14 cnor;y whilo
bullock opor-itu: fairms ( BOF ) cnnsumc only 47.-36 . Enorfr
inut/h-t on BOF an-' TO? is 996.213 x 103 kcal and 2367.13 x 103
kcrL, rasp ,ctivoly. Output/inpuf ratios for th,) two f-rming
systoms aro) 18.01 on andlBO? 9.57 on P0? with an ov' rl ratio
of 13.72. 'ig. I illustr-%tes th, onory uwe versus pn0)ulttion
unl.or v.trious cAtogori,,s of farmers whilo ?ir. 2 illustratus
tht oCfoct of. onorr,,y input on yield tilor vriius 1opnris 
of farms. 

18. In )ost-htrvus oior;itions, millind; oporation consurm.s themtaximum unergy ( 44.15 ; ) folloe0di by transport :iii h:tndling( 41.35 , ), am:nufactur of milling inachinury ( 13.. ) and)
,,ryin, and stcora.u ( 1 ' ) id. 3 illustratus th,. unurgy nuix
fur ±ust-harvust o,)oratitns, i.u ,hwn.n unorgy ( 3.13 ;
anii.,. onry ( 4 67 ), ulucteical ( 43.d2 / ) uw t.iusul
( 34.39 5 ). lTe on urgy ru-juir.L Tur manufacturo of milling
machinury is list.," uL.vr 'othlrs' (13.4 ). 

19. c'nur;jy roquirLi-, quintalcr of grain millin,, for whoaL, pnacyp
sorihum, in.:ize an" grarn arv 4306, 3690, 6459, J611 and 5382 
kcIly respoctively. 

20. Out theof totril 'nor,,y consumed for animal raisingp 56.12 ' is 
provitied by hum-n unergy, 35.26 '4 by animal onorfy and onJy 

519
 



J.. J , 	 from diusLl. 2;1, ,rniim L risin .c tivity ruquirt.-t .imout 
2.6 Limuos moro-m n-huurs thxin th-it roquiru,. f'ou" crop rr-sing. 

Ai. 4 illustr itus thL onure roquiro, for, vri )us activitius for 

-Lnimtl. r-2isi.J. i,;, 5 dupicts th. ,uuray flow in thu villagc 

ecosystem for animal raisin, an- utiiz ;t~on of tnim:l output both in 

t1rms of .,ork in by-products. 

21. 	 Pur cijita c nsumption of v-;rijus domestic fuels is 3.10 q of 

firowo-dd 3.20 q of dune c!kes, 5.10 litros of korosuno and 

21.26 k".h of electricity. 

22. 	 The -innu-tl )or capita requirement of enor?y for (Iomcstic 

rictivitios is 2.10 x 10 6 kc.-,! out of which thu share of firewo() 

rlone is 59.14 , folloro by 37.20 % from flung c,%Res. !'"ig. 6 

illustr ts the source-visa onor:Ty use for domestic activitios. 

23. 	 The %vorego per ca-pita humr.n onergy roquiroment for tlonustic 

notivitios is osbout 4?5 m-n-K.rs whore rs ;398 man-hrs/h. for crop 

proluction -.n.d312 man-hrs/cattle zor animAl raising are 

requi rod. 

24. 	 Two-third of anim,-l pair-hrs are usol for crop proluction qnd a 

little less than one-third' for animal raising activity. Fig. 7 

illustrates thj activitywiso utilisation of v'.riuus onurf/y sources. 

25. 	 Ninety-two percent of -iesul an fifty purcent of ulocbricity 

in thovilljiu are us,. for adricultural opOrn~tions for crop 

risin . r irowo(oI, uuia, tna kuroseno aru usuU for Louvstic 

dcuivitius only. 

26. 	 £ho survey revoals that out of the tutal onuray con umuL in 

the vill~ao; about 33.76 purcont is usoh for docmostic activitius 

such as coking, fetching watcr, gsthring firowood, washing 

anl cloanin otc; 10.25 percent for inj)uts for agriculture 

liku scodp fertilizer mnd machinory; .1.66 porcent for firm 
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t L i 'isu I)r r ,i si n' cr is; u r. ccnt j,,,'t-h rVUSL-. 	 .'t 

o 1 i 	 rtions; an O. p'rc Lt f')r cattle rai inf, (!.'i -. 7). 

27. 	 About JO. 69 1)rcont of encrcy i n bho villa;u ucsys Len corcs. from 
non-commurci-l (rcnewable) sources of vnurjy, 16.97 percunt from 
corniorcial unor,3r ni 2.34 purconb from mnimltc (hum-an ind Lnimal) 
enur"y 	.ourcos. 

23. 	 i. 3 illustroa .s thu ery usu p.ittorns of uiffront catodorioa of 

farmers for ,io four major activities. Ieor Uomostic !-ctivitios 
(mostly coo:-in ) Llono, landloss usu 93 ,Q'of total nvrjy, marinda 

(00 ' ), sra:ll ( 37 , ), moLium ( 82 >' ), LVrgo 3OF ( JU > ) and 

1 Lro TOF ( 42 ). 

29. 	 TIh largest po,)ultion of 36.56 ,Z c,)nstitutin landos labour 
account for tho 1-tr;ost shrro of total .onorDr consufTtion ( 29.44 ' 
which is l.rgoly foi- coolin; purposos. Pig. 9 illustrates the 

total oncrgy usu by liffuront so emnts of thi socicty. 

30. 	 ?ig. 10 illustritos thu tot'il onury jxxl mtcrial fln',r in the 
ill:, otosystom ft n Igl,ncob ',. 11 dopicts tho utlization 

()V -olir onor,7 , an', its flo, in the villago oco-ystm through 

v-ri ,us stv;'os. 
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5-07K 3.94 K 212-61K 710-31K ANIMAL FEED TONNES (DRY) ENERGY. K 
K20 P 2 0 5 N 180 % EFFICIENCY I GRASSES 1136-26 3408-78 
58978 4-16T 22-07T 9K BERSEEM 129-28 
 413-70
 

. CROP RESIDUE 662-45 1987 -3511387-96 T FYM 219760 m3 GAS : 8. It '-5809 83
 
PRESENT UTILISATION 

T UNANIMAL RAISING : ENERGY.K 
448-694T CAKES] " 1156-63T 34699 T HARVESTING AND TRANSPORTATION(DRY)DUNG .
(WET DUNG OF GRASSES . 18-82 

1194-4 K 2-t-82
 SIZE REDUCTION. MIXING & DISTRIBUTION 1-06
2826-80K CATTLE GRAZING "'"5-3010% 

.FFICIENCY WATER SUPPLY AND ANIMAL CARE 5Y65 
11944 K 
 MILKING -351194.K _"____.______32-18 

503-IT FYM SHEEP POULTRY COV4 BUFFALO GOAT BULLOCK PONY AND 
DONKEY . .21 B3 212w 248 233 261 9
K2 0 P2 05 N21 8


MEAT WOOL EGG MILK DRAUGHT DRAUGHT0-86T 0-6T B-05T POWER POWER
 
2-47 21kg 747 NOS '37867k-


0-74K 0-57K 77-53 K 4.08K 008K O-07K ,1253-71 K 36-32K 2-27K
*I 

'-(-S";%,"
 

INPUT : 5842-01 X - ANIMAL C&NERSION EFFICIENCY -4 %, . :5. 

OUTPUT :3123-33K . ACTUAL U1LISATION EFFICIENCY.: 8-47% ":"TONNFS."1 

ACTUAL OUTPUT 494-81 K POTENTIAL U"LISATION EFFICIENCY :21-03% -"i.o kcsI.. 

POTENTIAL OUTPUT •1228-46 K 

FIG. 5-5 A NN " A wI IRAL SI 
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FOOD PRODUCTS 

IMPORT (INDUSTRIAL GOODS) 

CHEMICAL FERTILIZER 15615-0 Xg
KEROSINE •7790.4 
KERSIE 74 
ELECTRICITY 858445SARCANE 
DIESEL 15 123 0 1 

MACHINERY 28534-7 kq 

HUMAN ENERGY 
160633 MAN hr 

ANIMAL ENERGY TILLAGE 
37643 PAIR-hr SOWING 

DIESEL IRIAINOILSEEDS
13937 8 1 HARVESTING 

ELECTRICITY [2 THRESHING 
4370802kWh 

17 8--130 

-

-

SOLAR 
ENERGYEPOLS 
111CEEALS 
KCal 

--

.80989K 
ta KCATTLEFEED 

CEREALSDRYING 

339345 kg 
PULSES 

17178 kg 

10795 Kg 

VEGETABLES 11o81X-'qk EXPORT 

EXPO74T / IMPORT(1
90452(kg 
90452 k9 

PIbLSES 7188 kg
OILSEEDS 22979 kg
VEGETABLE :, 111800 kg 

: 475 
S. A/ CA'NEK\25. 4 k 

MILK 235.46 Kt 

FIREWOOD . - 98140-00 kg 
- 812630-00 kg 

P HUMAN ENERGY 
s37318K 

0 13822 MAN hr 
TRANSPORT S ANIMAL ENERGY 
51305 kq T 13750 PAIR hr 

A 514 4 LITREMARKETING IsTO E R ELT RICT 

V93 8228003k953 3 kWh 
E ---------SE D ML ING S .... .... .... 

EERG N 

MANUFACTURING 

HAND TOOLTS:1 7 
IMPLEK(MET 2-'16 
MACH IN ER Y  

• 8 
LBLOKCART 73 

FOI .B ECROP1'20000 kg t 
E 

g = 
WO k" 4901D E9kg STC595 K

HUMA NENERG Y 
650218 MAN hr 

ELECT ICITY 
DOMSTI 32501 kWh 

WENC PART 7770kKITE E 

I"NTRINSIC J SEE D(19 

ENERGTTAL 
19217703 

k E PC A-ER 
PR hr 

3 -. ,CAITTE RYIN G
/MANUFACTU~~RIN--l FERTILIZER 

MANUFCTUPG 

32 10T 
(WE5 DNG) (ET DUN).42 

INPUT _RATIO 
ExI P KlMLKII1852 

62450ok9 t 4 &K 

474787kg 

i--49402 5M(DY) 
PASTUR LAAKESOEST

3 AK

3 

197.O61 ha A1 67 WG25157009 3459900 kgI 	 u E RY (4.DOESTIACTIVIIE 32110 8 6 	 O AIA RAISIN 0253(WET DUNG) (WET DUNG) AI4LPUIG HMXEEG 
TOTAL ENERGY PERCENTAGE A.IA EEG

8 0K 1000	 / 17702 3 PAIR hr[1. CROP PRODUCTION7 83 571- 664 K 14.91 O)UTPUT / !NPUT RATIO 	 DIlESEL
2. POST.HARVEST OPERATION 18-907 K 0.49 FOR CROP PRODUCTION 13-72 	 ?4 o ,.,,RE[ ..... :1]..... 
3. CATTLE RAISING 32.179 K 0-84 OUTPUT/ INPUT RATIO7-	 319K 
4. 	 DOMESTIC ACTIVITIES 3211-100 K 83.76 FOR ANIMAL RAISING 0-535
 

:3633-85-0R 100-00
FIG.5"IO%ANNU""AL MNERUGY F LOW I LLLA, E uCOSYSTEM 
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Introcluction cal 	 diyng of laW il paiboiled belel'its ol Ihis va~lue. the aillhis 
N.ad giieatii1 prese.ntpat dv fotr Slaii tiidltLok the si tily otil 

Agricultural wa.stes liKe rice which -.jI -. .... ... pa ih lih 1t 0li1,1l'. iit'.IV I ufll agiiculturial 
husk. grOundinii shells, paddy straw, process and for power genieration wastes. 

ctllAill st'icks. Cl.,c .i rescnil sWie t loperate rice mills. 

Ol the Most IciwaDl :igrlCtdtural- Unprecedented world energy 

based fuel iait1elials in the world, crisis triggeied by the cOntinued Chemical Composition of Rice 
India produces about 14 million rise m oil price has changed the Husk and Groundnut Shell 

in.l. of rice husk. 150 million i.t. aspect ot global econonic balance 

of"pIddy .si rav and 2 millioni i1.1. and has dlriven the non-t*il plod. The chemical coil position of 

ot gltioldit shells. [lie otlier nciiig cotinittisit seek alternative rice husk and grotundimlt shell is 

agliiltoral wasels, Such as cotllton soiiices If" cllergy. Ill colseiillece, necessary I'm tihe comiitpuitationi otl 

sticks., coii clobs. bagasse, etc.. the sla is ill lice hlusik has tinder- ;lil reqiilenllells aiid lil' villiille of 

represent a of oiftal. gile a1 'lige 1 disposal piololicts of colliblisoll which, illl.ge aiintllllll Iltoinl 

It is estillalted. that this Ilay le- nu(lisance it) that of all impolltll tllt. detleitiiics li sie ll 

present ain eiergy source eqliva- raw material. To illtisti ate its blowers. The sensible hcat carried 

lent l aboul 24 million in.t. of value ill todlay's economy 3 kg away by the I'lic gases ;t ditfeileit 

coal eveiy veat . wotlh 40W5 crores oh rice Isk eultal it I kg of fuel lullnpelattiles iiy be obtitilled fioltll 

Ol rilpees. oil. the noiloglallis hased oil the 

Rice hutsk and other agiicuil- Ill older to) exploit thre piuteit ial clieliiucal c1iuiiipusitiou. siiiauly. 
efficient I'llel tatll I. IIll (ic'e aid (41111,11iin i sllt'lIto ' 	 t11'1%k1tll'al wastes aule 

lniil Shtttdlryilig il) st)s of" all types. The 	 Rice tIh1%k I l 11ie' 

lllltmle Weight l k 	 ,i. Illltmtideii rice processling iindustry ('1iln ll 	 wI I II ki' 

retlies heat eunergy for inechiaili
(;nrlil 12 3).2(. 3.271 45.4i2 3.2h 

Ackn(m ltdgeLniewn I IhL .luIi. ;ire I)tt lt gcnl 2 4.99 2.495 5.37 2.(,85 
w ,try IuIh Ihi."klutl li Mers%. I.K. O\ygcn 32 32.70 I.II22 3h.31 1.134 
Jana. I.K. ('tllc jie. I'(. Singta and Nitipcn i 28 1t.99 i.ti71 t.t9 li.1389 
S.' Sirkir hit tI lici 'lin Ibricalin. S.ulplur 32 (I.t0 0.00i3 I.11 1.(11134 

i-illy 'Ivt' 	 3.56 0i.40i55v'lk It ll ;ild I L'% iltI e\iuI Mujsiiuj 18 	 11.198 7. ir 
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the Ostwald charts for assessing tltimale analysis gives the includes both lhe fixed carbon and 
the state of' combusLion, i.e.. tile chemical constituents which take the carbon in volatile natter. 
excess or deficiency of air during part in combustion, total prodi.e., All this carbon appears in thle 
combustion, ate based on the carbon, hydrogen, nitrogen, sulphur tMs of combustion as carbon 
chemical composition. and oxygen. The total carbon dioxide whn the fuel iscompletely 
Table 2. )eterimination of Theoretical Air Requirement and Products of Complete burnt. The chemical compositions

combusiton. 100 Kg Rice Husk. ... .....10_kR___tlskof ____to 	 rice husk and groundnut shell... ... .--. 
Requirement Mole Produced Mole are given in Table I. 

flnn 0: N CO HO SO, N, Tables 2 and 3 illustrate the 
C 3.271 3.271 12.3_- 3.271 theoretical computation of require

1H2 2.495 1.248 4.6949 - 2.495 - - ment and products of complete
02 1.0.22 - 1.022 - 3.8447 - - combustion of rice husk and
N, 0.1171 - - (I.071 

.l t113 0.003 +t3.167 groundnut shell. lle caCulaionsS 0.0031 0.003 

ItO 0.193 0.198 are hased on chemical reactilon of"
 
. . .
 different constituents with oxygen
Total 3.500 13.167 -- 3.271 2.693 0.0031 13.238 during the comusitn p rocess. 

Air required The milus sign in Table 2 indicates
3.5 	x 32 + 13.167 x 28 = 480.7 kg of au/100 kg of husk =373.3 1/100 kg of t 
husk the oxygen present in die fuel 

Total quantity of combustion products which reduces thle total air require
= 3.271 + 2.693 + 0.0031 + 13.238 = 19.2051 mole/100 kg of husk ment for combustion. Thus, con-

Henc, total volume 
= 19.2051 22.4 100=4.3018 m'/kg of husk bustion of I kg of husk requires

By multiplying their molecular weight, the total weight of these gases 4.807 kg of air (3.733 in') and 
= 143.924 + 48.470 + 370.664 + 0.1984 = 563.25641'100 kg of husk yields 5.632 kg (4.302 in' ) of 

Thus the specific weighl of flue gases=563.2564/430.18 =1.3093 kg/ni' = 1.31 kg/rn' products of combustion. Tables 4
and 5 illustrate tile material balanceTable 3. Theorctical Air Requirement and Products of'Complete Combustion, 100 kg

(;roundnui Shell for complete comhtion of 100 kg 
Requirement Mole Produced Mole of husk and grottndltl i shell, re(niP-nt Mole .... . ...... spectively.

02 N, (0, 11,0 SO, N, Table 6 gives fhe cthemical com 

C 3.82o, 3.82(6 14.3857 3.826 -- position tivarious kinds itffuel. 
II, 2.0)K5 1.342 5.1459 2.685
 

1,134 1.134 4.2633 .
 
N, tt.1389 - 0,0389
 

+15.1305 Ostwald Charts
S I).it(134 0.(J034 0,0127 0.11034
 
1120 0.4055 - - 0.4055 - 

-Thle modified Oslwald chartsTotal 4.037 4 15.1805 3.826 3.0905 0.0034 15.2194 were prepared o lwice h ar d 

T, ir e d-were prepared for rice husk and
4.0374 x 32 + 15.1805 x 28 =554.25 kg of air/ 100 kg of groundnut shell = 5.542 groundnut shells for use on 
kg/kg of shell = 4.303 ni'/kg of shell furnace test. Figs. I and 2 illus-

Total quantity of combustion products trate the Ostwald charts for rice 
= 3.826 + 3.0905 + 0.0034 + 15.2194 = 22.1393 mol/l100 kg ofgrundnut shell husk and groundnut shell. This 

Hence, the total volume 
= 22.1383 x 22.4100 = 4.9613 m'/kg chart allows a very close estimate 

By multiplying tie molecular %keight,the total weight of these gases of the excess air from a flue gas
=168.388+ 525.409+ 0.2176+ 55.620= 749.59kg/l00kgof groundnut shell analysis for carbon dioxide and 

Thus, the speeidic weight of flue gases 
=749.59/496.13 = 1.5108 kg./m oxygen. 

Table 4. ",aterail Balance for Complete Combustion, 100 kg Material Balance for Compte 100 kgTable 5. iC(ombusitit, 
Rice lusk Groundnut Shell
 

Input 
 Output Input 	 Olutpul 

Husk containing Air: Shell Containing
C = 39,260 0, = 112.000 CO, = 143.926 C = 45.92 0, = 129.21 (O = 168.344
I1, = 4.990 N, = 368.676 N, = 370.664 H, = 5.37 N, = 425.32 N = 425.409
0; = 32.700 If0 = 48.470 0, = 36,31 S 0.2176 
N, = 1.990 S6, = 6.198 N, = 1.09 I1,1) 55.6211
S = 11.100 Ash 17.400 S = 0.11 Ash 3.91011,0= 3.560 11,0= 7.30
 
Ah = 17.400 
 Ash = 3.91 

=
ltal = 580.676 (Iusk - Air) 581.648 	 I'btal 654.53 (Shell + Alu) 653.4) 
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Table 6, Chemical Composition of Various Kinds (.)IFuel 

Percent by W\\et 

Fuel C Ash Conte-


N, Oc Content 

Fire wood 35.0 4.3 0.4 29.6 0.0 0.7 30.0 

Peat 30.q 3.2 1.3 17.8 0.4 6.6 40.0 

Straw, 36.0 5.0 0.5 38.0 0.0 4.7 15.8
 
Oat 41.0 5.2 0.7 36.7 0.2 6.3 10.0 

Corn 38.0 4.8 0.5 34.9 0.4 1.6 20.0 

Rice husk 39.2 5.0 2.0 32.7 0.1 17.4 3.6
 
Groundnut shell 45.9 5.4 1.1 36.3 0.1 3.9 7.3 

Coal 70.5 5.1 1.2 3.4 1.3 18.4 -

Liquid fuel 84.8 12.7 - 1.4 1.1 - -

Producer gas Cli CO CO N C, H. 0 

15.2 20.0 8.0 54.6 1.3 -

Moisture ' Ash 

. ... ...,, ,.. ... . .....
"c:::2..... ........~ ... ........ 

, -.....", ..... ,... __, ... ,, ...... . . .. 

~ I *.~ '~ ~"" 'study 

. ."tion 

... . .... '-"*I' ,= 
' 

S.o[~' ". -,"with 

,-,prior 


-which
' . . . . . . . . . . , 

2 Osiwald's chat for rot,,, nu
" ... ', Fig. 2 Ostwuld's chart fur groundnt....Fig. I (,alwh', ,Fharl rice hmk%- g,, shells 

IR-8 t, 

jJ ,c 
. 

.frecommended 

K. 
.-

. , ,...... ,varieties. 

Fig. 3 iteat in products of combustion Fig. 4 IHeat in products of comnbustiOn 
of I R-8 ric husks of groundnut shells 

heat content (above 15.5 0C or 
60°F) in the products of perfect 

Nomograph for Heat Balance conbustion without excess air of 
Computation unit quantity of fuel. It does not 

include the latent l.eat of the 
The nomogiaphs (Figs. 3 and 4) water vapour. For this reason, the 

for determining the heat carried heating value that should be used 
away by flue gases from the burn- in the calculation of the curve is 
ing rice husk and groundnut shell the lower heating value. If the 
and the heat loss due to CO and -12 higher heating value is used instead, 
in flue gases were prepared. Curve then the latent heat of the water 
A in Fig. 3, furnishes the sensible vapour (which is the difference 
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between higher and tile lower 

heating values, should be added to 
the heat content as read from the 
urve A. 

Curve B represents the heat in 
that quantity of air which is re

quired to burn a unit quantity of 
fuel, plotted as a function of the 

temperature of air. 

Burning Characteristics of 

Rice Husk 

The next step in developing a 
suitable machinery (furnace) for 
husk energy utilization inv,'olves 

its beliaviotur when conthus 
takes place. Preliminary coi

bustion stuuies were carried out 

combustion pot technique. 
to large scale burning. so as 

to obtain practical infor1 Ilation 
would be useful in)design-

Ing a husk-fired furnace. 'Fi e 

maxitinum rate of conbustiotn of
69.79 kg per sq. m of grate area 

per hour I'moIW-8 lice husk oc
eurred at an air flow rate ol 532.42 
kg/in2 hr. The optinium tlhermial 
grate load for hlusk -tired fu rnace is 

as 184.000 kcal/ 

The effect of physical factors 

such as air flow rate, fuel bed 
height and particle size of husk on 
the rate of cotmbustion aid fuel 
bed temperature were studied for 

husk of IR-8 and Patnai 23 rice 
The average combustion 

rates increased with the increase 
in air flow rate till a maxitnum 

value is reached. A further increase 
ii the air supply resulted in lifting 
the fine particles of husk from the 
bed, thereby lowering the coinbus
tion rate. Patnai 23 rice husk ex
hibited higher rates of comhustion 
than IR-8 rice husk. 'lie cotbus
tion rate was found to increase with 
the increase in fuel bed height. The 
experimental results are compared 
with the computed results from 
Thring's theory and a considerable 



deviation was observed since the 
theory is concerned with carbon 
air reaction only. 

Development of Grate Type 
Husk-Fired Furnace 

Taking into consideration the 
functioial requirement of furnaces 
tor gr:in drying, data obtained 
from die above me:tzoned studies 
and the known principles of fur
nace design, a husk-fired furnace 
was designed and developed to 
match a 1.25 t.t. capacity dryer. 
The box type furnace (Fig. 5) is 
equipped with an inclined grate 
adjustable at 40. 45 and 500 angle 
of inclination, and consists of 
cast iron bars arranged in a stair-
case fashion. At the bottom of 
the inclined grate there is a hori-
Lontal revolving grate which dis-
poses off the accumulated ash 
periodically. In order to prevent 
any tly ash or unburnt husk from 
going into the outlet with the hot 

gases, a curtain wall was installed 
throughiou, the width of the 
furnace at ti, end of the hori-
zontal grate. The husk is fed into 
the furnace at the top of the in-
clined grate with the help of a 
fluted roller placed at tie bottom 
of the hopper itself. The husk is 
spread in thin layer on the steps 
of the grate and it slidcs down by 
gravity while combustion takes 
place. The air necessary for com-
bustion is sucked in through the 
opening for feeding the husk and 
partly through the grate openings, 
In order to reduce the flue gas 
temperature to the drying ten-
perature level for paddy drying, 
additional air is introduced through 
the secondary inlet to the blower. 
The blower delivers the flue gas 
air mixture to the dryer with a 
by-pass arrangement to the chim-
ney. The furnace was coupled with 
RPEC recirculatory paddy dryer. 
The highest furnace efficiency 
(64.5%) occurred at the feed rate 

. 

-

-

. II 

. 

" f if: + 
( . 

. 
,:.. . , , 

." 
,,! . . -I 

FURNACE DAE, 

Fig. 5 Grate type husk-fired furnace coupled wth dryer 
of 14.25 kg/hr with excess air of 
285.7 per cent. The flue gas analy-
sis, at the highest furnace effi-
ciency showed CO2 as 4.0 per cent, 
02 as 15.8 per cent and with 
absence of CO. The rest is inert 
nitrogen constituting about 80 per 
cent of flue gases. Hence, it can be 
concluded that the flue gas air 
mixture can be used for drying 
purposes and it has no undesirable 
consequences on the milled rice. 
The furnace has been adopted by 
various rice millers and pulse 
millers to provide heat energy to 
the dryers for drying moist grains, 
including parboiled paddy in more 
than 30 mills in India. 

Development and Testing of 
Husk-Fired Parboiling System 

An experimental unit comprising 
of a parboiling tank and a husk-
fired furnace with chimney has 

been designd and fabricated for 
parboiling of paddy. The present 
system eliminates the boiler of 
high initial cost and needs no elec
tric power for its operation. The 
hot water soaking and steaming 
of paddy is carried out inthe same 
parboiling tank. The proposed 
system is an improvement over 
the traditional system of parboil
ing used in some parts of South 
India and Sri Lanka. The perform
ance tests on the unit include the 
furnace efficiency and the milling 
quality of the parboiled paddy. 

A husk-fired furnace for par
boiling 100 kg of raw paddy was 
designed from the known principle 
of furnace design. The furnace was 
equipped with an inclined grate 
(0.5 Sq.m.) at 450 angle of in. 
clination, and consisted of cast 
iron bars (60 x 5 x I cm) arranged 
in a staircase fashion. Admission 
of air to the furnace and sub
sequent movement of' gases 
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throughout the system are brought
 
in by the natural draft of 2.86 mm.
 
w.g., created by the 5.5 m high
 
chimney. A rectangular parboiling
 
tank was fabricated of 3 ram. thick
 
mild steel sheet It is divided into
 
upper and lower compartments.
 
These compartments are separated ..... - ....
 

by 1.6 mm. thick mild steel per- .
 ,I 
forated sheet. The capacity of tile iT.i
 

upper compartment is 100 kg of -.11 L ,,I i
 
paddy whereas the lower compart-
 ,= I I ,
 
ment is filled with, water for prod- r ,

ucing steam at atmospheric 'Tri1 ,
 
pressure. The tanl is provided with 

1 


", i
 
necessary free board along with a
 
discharge gate for paddy and a Fig. 6 Boilerless parboiling system
 
drainage outlet for water. A glass - :
 
tube was attached to the tank to 
 " .. 
see the water level in the tank. Tile
 
husk-fired parboiling 
 system is
 
illustrated in Fig. 6.
 

The highest thermal efficiency

of parboiling system was obtained 
 , . .
 
as 21.4 per cent at 
 the husk feed . 

irate of 15 kg/lr. and 143.23 per . . -.... 

cent excess air. The temperature .r- .I; 
 .
 
of water (300 hires) ditn one ,.,
 
hour of the experiment reached . .. 
to 870C at the husk feed rate of 4 /35 kg/hr. 

There is a considerable saving in
 
the investment for this system of 
 /['.'/
parboiling since it eliminates the /
 

need for boiler. Steaming was
 
uniform and no discolouration due '/ "
 

. 
to prolonged steaming (as in the , , A 

case with tuaditional process) oc
curred. A battery of these parboil- 

ing units may be installed in a 
commercial rice mill to match the J
parboiling capacity with mill capa- -
city. Of course, a single unit can be 
an excellent aid for parboiling at Fig. 7 Schematic diagram of* hu. -fired furnace 
the village to serve a community paddy straw in a cyclone furnace, as well as for the ash.
of farmers. These are described as follows: The husk was introduced tangen-

Vertical Ciclone Furnace - The tially at the outer end of the cyc
furnace (Fig. 7) was fabricated out lone. For the insulation of furnaceDevelopment of Cyclone used oil barrel (55 x 140 cm) wall, the mixture of fire-clay and 

Furnaces having a conical bottom (400) and refractory bricks was pasted inside 
a cyclone chamber at its side at the furnace. A blower of 220 cfmIn order to burn the husk and an angle of 300. The total volume (6.25 m3 /min) capacity was select

other agricultural wastes efficiently 3of the furnace was 0.34 m ed for tile experiments. The highest
experiments were carried out firing (12 cft. An exit pipe at the bottom furnace efficiency (80%) occurred
rice husk, groundnut shells and provided an outlet for the flue gas at the feed rate of 20 kg/hr and 
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air flow rate of 2.83 m 3l/min 
(100 cfm). The maximum tempera. 
lure of flue gas was obtained at 
about 1000'C. The furnace was 
also operated on firing rice husk. 
groundnut shell and paddy straw. 

Groundnur Shell-Fired Fur- . ... 

nace - The horizontal groundnut 
shell-fired cyclone furnace was 

fabricated from two oil barrels 
in which one barrel was placed at 
an inclination of 150 to the hori
zontal aiid other was placed verti
cally (Fig. 8). lhe horizontal . ................... 

chamber was made of NI.S. sheet, 
58 cm in diameter and 87 cm in 
length. The conical end made of - , -, 

0.3175 cm ( 1/8") thick M.S slhoo 

was welded to the open end of tile 
horizontal chamber with a 14 cm. 
outlet for the exit of flue gases and ,. 
ash. The vertical chamber was( 
attached to the horizontal com- , ]" ,.. . 

bustion chamber it) trap the ash. 
The furnace was tested at various I " 

feed rates and air flow rates and .. . 

the highest furnace efficiency 

(03',) was obtained at tile feed 

rate of 21.5 kg/hr. and 2.3 m3/ 

Fln 
Fig. 8 Cychoe type 

r 
roundnut shell-fired furnace 

I 

....... 

tilt ail flow rate. 

,Horizontal Cyclone Furnace 
Coupled with Steam Generator 
and Grain Dryer t ......... 

..Keeping in view the design re- * 5 '" 

quirements and tn the basis of , 

preliminary experiments on vari
ous models, a pilot plant was 
worked out in which steam was 
produced by burning agricultural F ), n 
wastes in the horizontal cyclone 

furnace. The heat content in exhaust 
gases from the steam generator 
were utilized for drying in a dryer 
by eliminating he stack losses. 

details of horiontal cyclone furnace, steam generatmr and
The engineering drawing of the Fig. 9 Engineering 

paddy dryer 
system is illustrated in Fig. 9. 

The cyclone furnace was equip- hinged door with a collar to sit the furnace and a quick glance 

ped with a circular chamber (1.10 x in the cone opening to make it air at the inside burning process for 

2.30 m) consisting a re-entrant tight with three chamber bolts, the cyclone. The husk was in. 

throat at one end and the other At the centre of the hinged door troduced into a 10 cm dia. pipe 

end was attached with a cone is a smaller opening with open- connecting the cyclone tip and 

known as 'cyclone tip'. It has a shut arrangement for both firing primary blower which delivered 
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6 m 3/min at 100 mm w.g. pressure. 
Tile secondary blower had a rated 
capacity of 10 m3 /1min at 185 mm 
w.g. pressure. The inside wall of 
the circular chamber was lined 
with refractory bricks and fire-
clay. 

The husk was introduced into 
the cyclone chamber with the 
help of a fluted roller placed in 
the hopper and "itli the help of 
a stream of air. The re-entrant 
throat was attached to the other 
end of the cyclone chamber. The 
furnace was Fired by paddy straw 
and then blowers were switched 

one after another. The feeding of 
husk was also started at the same 
time. The highest furnace effi-
ciency ol 78.5 per cent occurred 
at the feed rate of 125 kg/hr with 
an excess air of 53.4 per cent. 
The flue gas analysis showed the 
presence of CO 2 as 12.65 per cent, 
0, as 7.4 per cent and CO as 
0.10 per cent. 

Having determined the suit-
ability of cyclone to rn:,,' st'e 
generator was designed and labri-
cated and attached to the cyclone 
furnace to test its performance. 
The boiler was designed to generate 

200 kg steam per hour at 5 kg/cm2 

to fulfill the steam requirements 
for the parboihng of one n:.t. of 
paddy. 'Ihe exhaust of the boiler 
was coupled with a grain dryer 

(1.25 m.t. holding capacity). The 
highest combined furnace - boiler 
efficiency of 37.5 per cent occur-
red at the husk feed rate of 125 kg/ 
hr and air flow rate of 12.74 M3/ 
min. The best over-all efficiency 
(76.45,7) of the complete system 
(including drying system) was ob-
tained at the husk feed rate of 
125 kg/hr and air flow rate of 
12.74 m 3 /min. The furnace was 
also operated on firing groundnut 
aso oad add strwgsuessfuyshefand paddy straw successfuly 
and efficiently. 

The fabrication cost of cyclone 
furnace and steam generator was 

AUTUMN'1980 AGRICULTURAL 

Rs. 3,000 and Rs. 5,500, respec-
tively. The total operating cost of 
the cyclone furnace and steam 
generator was Rs. 6.27 per hour 
for steam generation and grain 
drying. 
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