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PLERARY SESSION 1

TECENOLOGY OVERVIEW

KEYNOTE ADDRESS

Roger LeGassie
U.S. Department of Energy

Thank you.

Speaking on behalf of the Department of Energy,
let me welcome you to this Sixth Internmational
Fluidized Bed Combustion Conference. I especially
want to extend -a warm welcome to those who have
traveled here from other countries and other
continents.

1 am pleased at the turnout here today — not
only the numbers but particularly the composition
of the audience. I am told that at the First
International Conference, the 40 or so attendees
were primarily scientists and research engineers.
Today, as I look out on 500 or more of you, I see
the largest proportion to be equipment manufactur-
ers involved primarily in producing commercial
fluidized bed boilers.

That’s the way 1t should be. That’s telling me
ve are moving in the right direction. This is the
type of program we in the Department of Energy can
be proud to be a part of.

As you have heard, I am here today representing
the Department’s Assistant Secretary for Possil
Bnergy, George Fumich. This is a conference George
wanted very much to be a part of. As many of you
know from personal experience, George has been
advocating fluidized bed technology as a clean way
of burning coal since the early 1960s.

Unfortunately, commitments both to a hectic
Washington schedule and to his doctors have pre-
vented him from being here today. But I pass along
his welcome and wishes for a profitable three days.

This conference comes at & particularly appro-
priate time. We stand today at a pivotal point in
our history. Our pations have just completed a
decade in which the twin shocks of first a quad-
rupling of world oil prices in the first half of
the 70s, then their subsequent doubling again last
year have told us that our energy problem is resl,
that its economic and national security ramifica-
tions are severe, and that there 18 no quick fix.

At the same time, we are entering a new decade
— a decade vhere fundamental changes will have to
be made in the way we use energy and in the fuels
we nmust burn to produce {it. This transition is
worldwide. It requires cooperation among all the
industrial nations, and particularly it requires
the maximum in cooperation between industry and
goverument.
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These changes are not going to happen over-
night. They are going to take time, and as indi-
vidual citizens in business, labor and government,
we have to build the momentum now so that our
future vulnerability to decisions made in a par-
ticularly unstable part of the world can be
reduced.

In this country alone, we will be paying almost
$90 billion this year alome for foreign oil --
that’s $10 milliom an hour, every hour of every

day. And with that noney flows jobs and the
ability to maintain control of our economic
future.

The situation facing us 1is compounded by the
fact that the world’s largest producer of oil, the
Soviet Union, 1s expected to become a net importer
of o1l during this decade. That’s & complicated
compounding factor with obvious, unfavorable

impacts.

There will be some increased production in
Mexico, the North Sea, and here in the U.S. where
more drill rige are operating today than ever
before. But the picture 1s rather clear. World
potential for produciog oil will soon begin to
decline.

That means 1f the consuming nations do not take
concerted and strong actions in the very near
future to substitute alternstive energy supplies
for oil, 4import prices considercbly higher than
today’s could becone a reality.

We don’t have the lunury of making unilateral
decicions about oil. To find & coumon ground that
serves all of our interests 1s a step-by-step
process that requires a lot of patience and coop~-
eration.

The effort among the industrialized consuming
vations began at the Tokyo surmit last June. That
was followed in the fall by a meeting of energy
ministers in Paris. And that meeting was expanded
in December to a meeting of 20 nations of the
International Energy Agency.

Step=by-step, these sgessions are seetting the
framework for an international response to our
energy problems. Import ccilings have been set.
And 1t 1s nov the responsibility of 1individuals
like us — in each covntry — to go about finding
the mechanisms and the techmology to meet or lower
these quotas.



Conferences like this are an important part of
the international commitment and cooperation that
will be needed to do just that. Just as our
energy problems are worldwidz, so too can be the
solutions.

For those nations reprecented here today, coal
can be one of the ancwers. Our countries are not
energy poor. But we have built our social and
economic infrastructures on s foundation of cheap,
easily attainable oil. That is no longer a real-
istic premise. It therefore becomes incumbent on
us to turn to other cncrgy aources, the ones we
have the most of -~ like coal.

As 1 have said, ve hzve ccmpleted an eventful
decade. Not only did it display the realities of
the energy probiem, but it also revealed several
hints of potential solutioms. From a techmology
standpoint, one of those solutions is fluidized
bed combustion.

In the early 1970:, ve saw fluidized beds
progress frow bench scale cngineering concepts to
the fabrication of actual commercial hardware.

From where I stand, that is the measure of
guccess -~ hardwere that 18 ready to operate in a
commercial enviroumecat, that czn hold its own in a
marketplace where regulations must be met, permits
obtained, and in which an investment must be
attractive before it ic made.

It 1s hardware in wiich the private sector has

- sufficient confidence ~-- technologically, economi-
cally and enviroumentally to begin moving
forward on its own. It 18 a success measured by

- coumitments from manufacturers to produce and
warrant equipment. It {3 a succegs measured by the
.. confidence of usars that the technoloy is advan-~
tageous to own and that it can function dependably.

You will be hearing about some of these suc-
cegses during the next three days -— developments
resulting from both government programs and private
gector initiatives vorldwide.

You will be hearing about our commercial proto-
type unit at Georgetown University in Washingtoun,
D.C. Since last summer, it has accumulated more
than 1400 hours of running time and has provided
steam throughout the winter to heat 51 campus
buildings totaling 2.2 million square feet.

We arc about ready to begin operating a secound
commercial prototype at the Great Lakes Kaval
Training Center near Chicago. And two more units
-~ these designed specifically to burn anthracite
or aathracite wastes -— have begun construction in
Pennsylvania.

You will be hearing about last month’s run at
the Rivesville utility fluidized bed unit, which
achieved 200 hours of continuous operation after
substantial modifications were wmade to the coal
feed systenm.

And you will be hearing about activities and
recent successes in the United RKingdom, the Federal
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Bepublic of Germany, the Peoples Republic of China,
Iodia, &nd in the Scandanavia countries.

So 1f I had to subtitle this conference, I think
I would underscore "progress'" -- progress that is
producing results, progress that has brought
fluidized bed combustion to the threshold of
commercial acceptance.

So vhere do we go from here? 1 prefer to view
this conference not as simply a raecitation of
success stories, but as a& guidepost to the work
that still needs to be done. And there is etill
considerable progress that must be made in the
future if we are truly to have commercially viable
fluidized bed systems.

The question of reliability must still be ad-
dressed -- particularly what the govermment’s role
should be in building industries’ coafidence in
these units. As you know, we issued a solicitation
last year for firms to coms in with proposals to
demonstrate several large industrial fluidized bed
systems. These systems would be operated in energy=-
intensive industries where reliability is critical.

Yet a question remains of where goverument’s
role ends and private industry becomes the dominant
player. We requested no additional funds in our FY
1981 budget for this program, but we recently asked
those companies that submaitted proposals to extend
them to June 1. This will enable us to gauge more
precisely whether this is something we in govern~
peat need to do, particularly in a time of Federal
budget restraint, or if so, how many demonstrations
are necessary.

You may be interested to know that last week, a
subcommittee of the House Science and Technology
Committee voted to add $10 million to our fiscal
1981 budget specifically for these industrial
demonstrations. We, along with many of you 1’m
sure, will be watching to see if the other authori-
zation and appropriations committees follow suit.

In the utility sector, with the Tennessee Valley
Authority taking the lead in developing the atmos-
pheric fluidized bed system, we have re-focused our
attention on the pressurized concept.

The 1000-hour test run of a pressurized flui-
dized bed linked to a small gas turbine at Curtiss-
Wright’s testing station last fall was a sig-
nificant milestone in achieving the materials
durability that will be needed for PFB/combined
cycle operations.

And we are preparing to move ahead with coo-
gtruction of a l3-megawatt fully-integrated PFB
pilot plant with Curtiss-Wright, beginning probably
by next sepring.

It is {io the pressurized fluid bed work wvhere
some of our most active and beneficial iaterna-
tional activities are takiag place. At Grime-
thorpe, Bngland we are preparing for firing the
first coal and beginning "hot" shakedown later
this year. As a precursor to this work, the
project 18 currently performing "link tests" at the



Leatherhead facility, and it was there that we
recently completed 1000-hour test with General
Electric and Stal-Laval cleanup systems and cas-
cades. This test achieved favorable results and
confirwed our coanclusion that the technology 1s
ready to move ahead.

This work will be essential to the eventual
commercial success of PFBs 4in both the U.S. and
Europe, and you will be hearing more about these
activities as the conference progresses.

In all, 1 think we have & comprehensive flui-
dized ‘bed program with government and industry from
several nations playing key roles. Now it‘s up to
us -~ representing those governments and industries
-~ to make that program work. The economic and
national security stakes are very high, and we
don’t bhave the luxury of failure as an option.
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With the technical expertise, along with the
marketing ingenuity and the 1internmational coopera-
tion, that exists in this room today, we can do
this and still maintain our commitments to a clean
environment and a healthy economy.

Once again, let me say on behalf of the Depart~-
ment of Epergy that we appreciate your attendance
and commend your interest and support of this new
and important technology. I hope in the upcoming
sessions that you wil be candid about your concerns
and talkative about what you think our future
actions should be.

That’s the only way the progress we achieved in
the 19705 will carry over into the 1980s.

Thank you.
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FLUIDIZED BED COMBUSTION; A
STATUS CHECK

JOHN W. BYAM

THE DEPARTMENT OF ENERGY
MORGANTOWN ENERGY TECHNOLOGY CENTER

SIXTH INTERNATIONAL FLUIDIZED-BED
CONFERENCE -- APRIL 9-11, 1980

Good morning. I would 1like to
speak to you this morning concerning
DOE's fluidized-bed program, in gen-
eral, a basic talk that 1 have titled
"Fluidized-Bed Combustion, A Status
Check." This is a review of the status
of DOE's program, where we are and where
we are going in fluidized-bed technology.
DOE, as you know, has been active in
fluidized-bed combustion of coal since
the late 60's when it was known as the
Office of Coal Research. The work was
originally started with the Alexandria
facility, and in the early 70's the
Rivesville project was undertaken and
the Rivesville unit built and operated
since 1976.

The question comes up as to why
DOE is interested in fluidized-bed com-

bustion. The primary reason, of course,
is the advantages over conventional
combustion. 1 am sure that many in the

room know these advantages; but for the
interest of those who may not, 1 will
briefly review the FBC advantages as we
in DOE see them.

The primary advantage of fluidized-
bed combustion is the reduction of SO,
emissions during the combustion process.
There is also a reduction in NO_ emis-
sions and the capability to burn"a very
wide range of fuels. Other advantages
include a modest reduction in cost for
the capital, equipment, and operations
of a fluidized-bed plant versus a con-
ventional steam plant; the fact that
fluidized-bed technology can be used to

burn the high ash western coals and
lignites as well as the Anthracites
and high sulfur bituminous coals of
the east; and the fact that FBC tech-

nology can burn low-grade combustibles,

not only coals, but industrial waste.
DOE has therefore established a program
to address these various objectives and
our program goals are shown in figure 1.
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Figure 1 - FLUIDIZED BED COMBUSTION PROGRAM GOALS

AFB PROGRAM

In the area of Industrial Atmospheric
Fluid -Bed Boilers (AFBB), DOE is
attempting to demonstrate in a very wide
variety of industrial applications,
AFBC reliability. Ve are also attempt-
ing to develop and are in the process
of, at this time, developing a very
good operating cost data base.

In the area of AFB application to
Utilities, we are assisting TVA in
addressing the technology issues and
are coordinating and working with TVA
who has the lead in applying AFB tech-
nology to Utilities.

In PFB applications, we are working
in the areas of developing component
reliability, operability and demonstrat-
ing a low-risk cycle, optimizing the
system process for turndown, and finally
in the area of developing a wide tech-
nology base. In this 1last area, we
are looking ahead at advanced technolo-
gies as well as establishing additional
data to answer some of the questions
that exist today. In addition, we are
developing very comprehensive data base;
and are working to define improved proc-
ess configurations.



From these projects we have devel-
oped a series of design development
goals for the fluidized-bed program,
and this is basically where we see our-
selves going. We feel that we must
develop a fuel flexibility multi-fuel
firing capability and a high combustion
efficiency and overall plant efficiency.
Of course, it must be within environ-
mental compliance at all times. Work
on reliability, safety, ease of mainten-
ance for the plant, a rapid start-up
and shutdown for the larger units so
that they are comparable with the exist-
ing utilities, and good load following
turndown capabilities is also required.

Figure 2 shows a summary of the
AFBC facilities that DOE has available
to it plus those that are available in
private industry. These are the sites
that are available now to address the
issues. As you can see, there is a
large number of sites that are in the
range of 10 square feet or less. We
are now beginning to get in place the
larger units, the demos, which will
give us an expanded data base at the
next step up, around the 100 to
1,000 square foot range.

We have a group of facilities that
are capable of addressing all phases of
AFBC work, the AFB utility phase, the
AFB industrial phase which are repre-
sented by the demonstration units, tech-
nology support base units, and units to
supaort the pressurized fluidized-bed
work.

I would like to now give you a
brief overview of the activity in each
of these areas. 1 have intended this
to be a very brief overview and hope
you will attend the various sessions
that will follow which will cover each
of these projects in detail.
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Figure 2 - AFBC FACILITIES
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The first unit, as mentioned by

Mr. LeGassie, is the Georgetown unit

which has been operating since August

of 1979. It produces 100,000 pounds an

hour of saturated steam at 250 psig with
the capability to go to 625 psig. To

date, it has exceeded 1,400 hours of

operation and has produced a maximum of

80,000 pounds per hour of steam.

Figure 3 is a lavout of the equip-
ment at Georgetown. Of general interest
is the fact that ir nrilizes a stoker
overbed feed system for fuel feed and a
gravity flow in-bed limestone feed sys-
tem. Figure 4 gives you a better idea
of the overall major components of the
facility. The facility utilizes a bag-
house for dust collection.

The next facility is the Great Lakes
unit being built by Combustion Engineer-
ing. Figure 5 is an artist's concept
of the site as it will look once it is
complete. They are in the construction
phase right now. The building steel is
up, the boiler is in place, and that
boiler is due to come on line and be
operational in January of 1981.

Another ongoing project - is the
Exxon Crude 0il Heater Project which
investigates using a fluidized-bed
boiler to heat crude feed stock for a
refinery. In the studies that were done
during Phase I, it was determined that,
in fact, very efficient heat transfer
was accomplished; and the process was
viable from a crude heating standpoint.
However, the problem became one of
logistics. Because of the large number
of units that would be required in a
refinery, 80 to 90 units, there is a
very serious problem with coal and lime-
stone transportation. When the overall
economics involved were evaluated, it
appeared that this process was not eco-
nomically feasible for a refinery appli-
cation and therefore DOE chose not to
proceed with the demonstration unit.

Figure 3 - GEORGETOWN UNIVERSITY AFB FACILITY MODEL



DOE has, as Mr. LeGassie mentioned,
two anthracite projects underway. The
anthracite culm project at Shamokin will
provide 20,000 pounds an hour of steam
to an industrial park. That facility
is in the construction phase now and
will be starting up in April of 1981.

The Wilkes-Barre facility will pro-
vide 100,000 pounds per hour of heating
steam to the downtown area of the City

of Wilkes Barre. The facility is in
the final design stages and construction
will be starting this fall with opera-
tion in late 1981.

The utility program includes the
Rivesville unit which has now completed
a 200-hour run after making several
modifications to the fuel feed system,
which has been one of the major problems
encountered at Rivesville. That was a
very successful run, and no major prob-
lems resulted. Currently, Rivesville
is in a maintenance -evaluation phase
looking at the details of what happened
and what was the exact performance of
the unit. One thing to note, the stack
during this run was clear at all times;
and it appears the unit had better than

99 percent efficiency in the hot electro-

static precipitator. So from that, it
appears that ESP may yet be an-accepta-
ble approach to stack gas cleanup for
fluidized bed.

Figure 6 represents a model of the
AFB-CTIU which was under construction
to be used as a component test facility
for AFB. Shown are the bunker system
out back as well as the equipment as it
was to be located in the building. It
included a three-cell stacked boiler
with a multi-clone primary cleanup and
a baghouse for final cleanup. Figure 7
shows the building as it now appears
with the unloading facility located out

Figure 4 - GEORGETOWN UNIVERSITY AFE MAJOR EQUIPMENT
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Figure 5 - GREAT LAKES AFB EQUIPMENT LAYOUT

back. For those of you who have not
been reading the papers or "Energy Daily"
lately, this project has been terminated.
DOE felt that the industrial phase of
AFB has accelerated faster than antici-
pated, and the problems that were to be
addressed in this facility in conjunc-
tion with the industrial AFB have really
been answered. With regards to applica-~
tion of this facility to the utility
side, TVA has taken the lead and the
demonstration of Utility AFB and after
discussions with them, it was felt that
the 20 MW_ pilot plant program would
provide tHe answers they required and
that this facility would not have any
direct benefit for TVA. DOE is there-
fore reevaluating the use for the facil-
ity and the need for an AFB test facil-
ity within the fluidized-bed program.
That is one of the inputs we are looking
for during this three-day conference.

Finally, there is the DOE technol-
Ogy support program. The Alexandria
unit is providing good basic data in a
3 foot by 3 foot unit. We have the METC
work which consists of two 18-inch units
and the 6 x 6 cold unit, providing some
good solid data on the burning of a wide
variety of fuels. The Grand Forks Lab-
oratory unit is providing data on lig-
nites and the western coals, and the
MIT math modeling program is providing
a good process model as well as a data
base for all the data which has been
collected at numerous units. There is
also a program being handled by the Davy
McKee Corporation where the data from
the various demonstration units is being
collected and collated and will be made
available to industry at their request.

PFB PROGRAM

Next, let us look briefly at the
PFB program. This is where DOE's
emphasis for the future will be. Some

of the added advantages of pressurized



Figure 6 - COMPONENT TEST AND INTEGRATION UNIT FAODEL

fluidized combustion are of course high-
combustion efficiency, a higher volu-
metric heat release, a higher in-bed
heat transfer rate, fewer coal feed
points, improved SO, capture, and suita-
bility for gas turbine combined cycle
systems.

The various facilities shown in
figure 8 are what we have available to
us now. The Curtiss Wright 13 MW_ pilot
plant has completed the design Stage.
There is the IEA Grimethorpe Facility,
the technical base units, Curtiss Wright,
the National Coal Board CURL Facility,
General Electric Materials Program, the
hot gas cleanup work, and the Argonne
National Laboratory Scale Unit. Our
program is phased as shown in figure 9.
We currently have operating the smaller
technology base units. This will expand
to the pilot plant units, the Curtiss
Wright, and the Grimethorpe units. From
there we will go into a repowering demon-
stration unit. This will be in the 100
MW range and will be operational in
th€ 1986-87 time frame.

Figure 10 shows the Curtiss Wright
pilot plant, construction of which is
to begin shortly. It will be about two
years to operation.

s

Figure 7 - COMPONENT TEST AND INTEGRATION UNIT BUILDING
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The international projects include
the IEA Grimethorpe, as mentioned, where
the DOE objective is to work with the
International Energy Agency to build
and operate a PFB facility to obtain
data on prototype boilers including com-
bustion characteristics, emissions, and
turbine materials. The CURL facility
is being operated now with the objective
of supporting the IEA project and defin-
ing PFB combustion characteristics on a
pilot scale. Again, these facilities
will be discussed more in detail at
later sessions.

In summary, looking at our achieve-
ments to date, there are the industrial
demonstrations; we have demonstrated
process flexibility on a larger number
of coals and refuge materials and the
utility concept has been demonstrated
at Rivesville. In the area of technol-
ogy base, there is a modest base avail-
able to DOE right now, and we are mod-
eling to expand both the design data
available and the data base.

* 1 MW RIGS

* 100 MW DEMO

RE-POWERING
AEPISTAL-LAVAL
CONVENTIONAL

Figure 9 - PFB PROJECTS PHASING
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Figure 10 - CURTISS WRIGHT PILOT PLANT

However, it is not all success.
There are some problems that remain to
be addressed and a few of them include
the following: Demonstration of long-
term reliability - industry continues
to state they want to see a unit that
can start up and run for a year. We
need to reduce the complexity of the
fuel feed system especially on the
larger units. The long-term perform-
ance of materials in the fluidized bed
has yet to be demonstrated in the
10-20,000 hour range. There is a need
to continue to develop a firm data base
for design and scaleup in the area of
heat transfer, combustion efficiency,
and emissions. There is a need to
develop methods for utilization of the
spent-bed materials. On a system basis,
a definition of the best power genera-
tion and cogeneration systems for first
generation commercial plants is required.
From an economic standpoint, confirma-
tion of the economic advantages of
fluidized bed on a demonstration scale
is needed.

The DOE is interested in your ideas,
your discoveries, and your concerns. We
look forward to this conference as a
forum to exchange ideas, define poten-
tial problems that remain, and identify
a means to solve these problems. We of
DOE thank you for participating. May
the conference be beneficial to us all.
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AN OVERVIEW OF THE PROGRESS IN FLUID BED
COMBUSTION IN THE UNITED KINGDOM

D.M. WILLIS

NATIONAL COAL BOARD
COAL RESEARCH ESTABLISHMENT
STOKE ORCHARD CHELTENHAM GLOUCESTERSHIRE GLS52 4RZ UNITED KINGDOM

Introduction

It is a grecat personal pleasure for me to be
here speaking to you today representing the
United Kingdom before such a distinguished
gathering. At the 1977 Conference, Dr. W.G.
Kaye presented this overview but, unfortunately,
he cannot be with you today as he is among the
bulb fields of Holland making the major
presentation to a symposium on New Coal Technology
at the Hilton Hotel, Rotterdam. (I should have
 'bought shares in tine Hilton).

He sends his best wishes to you as do Joe
Gibson, David Dainton and Jack Owen. My
" colleagues from NCB, John Highley and Alan
Roberts, are with me and will be presenting
papers on the detailed work in which we, in the
Coal Research Establishment of the National Coal
Board, have been involved.

There is no need to send Raymond Hoy's good
wishes as he is with us. He might be considered
the mother of pressurised fluidised bed
combustion, Doug Elliott. perhaps, being the
father, and he nursed a sometimes sickly child
to its present healthy state. (I will not
pursue the analogy rurther.). I would say that
we in the U.K. regard it as -an honour that you
have invited him' to be 'the technologist' on the
panel on Friday moruing.

The keynote of Bill Kaye's talk two years
ago was that fluildised bed combustion had arrived.
In retrospect, that was not an overstatement.
There are now some nine companies in the U.K. who
are prepared to offer on a commercial basis a
fluidised bed boiler or furnace. Two years is
not long, but the pace of development is such that
in those two years much has been learnt and much
accomplished.

We, in the National Coal Brard, like to feel
that we are at the forefront o1 this development
through the work of the Coal Research:
Establishment and the Coal Utilisation Research
Laboratory, but it is a great encouragement to us
that so many British firms are now investing their
own resources in development and production.

Let me now very briefly look over the U.K.
scene, starting firstly with pressurised fluidised
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beds.

Pressurised Fluidised Beds

You will learn about the continuing work
which goes on in the CURL laboratory from the
paper by Raymond Hoy and Alan Roberts, but what
is more important you will hear this afternoon
about the IEA project at Grimethorpe and, as an
engineer, one of the pictures which brings home
to me the reality of the advantages of this
technology is a picture of the 85 MW, boiler
arriving in one piece on a low loader. This
plant is now near to commissioning.

Another project about which we shall hear
more in the future is the British Columbia Hydro
scheme which is now being designed by Coal
Processing Consultants, (the National Coal Board's
organisation for selling knowhow). This is a
major and very interesting project and we are
confident that it will lead to more of the same
type and scope.

Atmospheric Pressure Fluidised Beds

Now to the atmospheric pressure developments-
and if there are those in the audience who do not
know the difference, stay tuned to this show
through till Friday and you will learn.

Starting first with the larger end of the
market, the British Babcock boiler at Renfrew has
continued to notch up an impressive total of
operating hours as a boiler supplying heat to the
works, but also as a test bed to provide the
British Babcock Organisatioh with a vast amount
of information on burning a wide range of fuels,
some of which so strange we might not have
considered them as fuels a few years ago. I do
not think they have tried camel dung yet though.
One of the commercial expressions of this is, of
course, the retrofit installation by Babcock
International Combustion at the Central Ohio
Psychiatric Hospital.

Installation of the high pressure Mitchell
coil boiler with an output of 30 MWip and 40 bar
is now virtually complete and though events in the
British Steel Corporation have delayed its
completion, cold commissioning tests have been
carried out.



The Energy Equipment retrofit system on a
small industrial water tube boiler has been
instalied and proved.

There is a number of other projects in the
early design stages with a number of
manufacturers, one such being the retrofitting
of a high pressure 50,000 kg/nr steam boiler
which was installed a few years ago, oil fired
but with an eye to possible future conversion
to coal fired fluidised bed. Subject to
satisfactory funding, that future has arrived.

Smaller Boilers

The small vertical fire tube boilers for
the tomatoe (or should I say t¥matSe) greenhouses
at Marden (a hot water boiler) and the other steam
boiler at the Antler Luggage factory at Bury have
continued to operate for the last three years.
The last of these two has been the only boiler
on site for two years and has carried the load.
Both have been used as test installations, not
only for burning different coals but also for
trying different methods of start-up. You will
hear more of this work in Thursday morning's
session on operating experience from John Highley.

This particular vertical fire tube boiler
approach has been taken up by Vosper Thornycroft
Combustion, a division of British Shipbuilders
and commercial prototypes of around 5 MWy, (steam
or hot water) at pressures of around 10 bar are
being manufactured. The first of these has now
been delivered to a site in London. 1t is
expected that about half a dozen will be
installed by the end of the year, whilst other
manufacturers are developing somewhat similar
designs. The Stone Platt Fluidfyre small
package water tube boiler for steam at about
3 MW thermal is now installed at a factory in
Yorkshire for proving trials. You will hear of
this development from Michael Virr on Thursday
morning.

On the horizontal fire tube boiler a number
of people are active using 'conventional' and
‘unconventional' designs. Along the conventional
approach is the Northern Engineering Industries
(perhaps still better recognised by individual
names within the group, such as John Thompson,
International Combustion,Cochrane and Clark
Chapman . Three or four of these boilers are now
sold for installation in sizes up to about 6 MWy
for steam or hot water and will be installed
towards the end of the year after substantial
proving in one of NEI's manufacturing works.

Energy Equipment have also sold their system
for installation in three Robey boilers and the
first of these is now on test in their works.
Similar equipment has been sold for installation
in a boiler in Hungary.

Parkinson Cowan GWB Ltd. have also sold
three boilers at 2 MW thermal each for
installation later this year or early next year.
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On more unconventional lines the Vosper
Horizontal Open Hearth boiler which is going into
our boiler test house at CRE this month (rated
at 5 MWy, steam at 10 bar) and the Babcock
(Packaged Boilers) Compo boiler which is going
into the test house some time in August. This
latter design, though initially at 3 MW thermal as
a steamboiler, has the potential of going up to
30 MW thermal in one unit and possibly pressures
of 40 bar.

Finally, I must mention the successful
Johnston boiler in the USA, for whilst this is a
British overview, the fluid bed techneology is
based upon work by the National Coal Board
licensed to Johnston Boilers through Combustion
Systems Ltd. This boiler will be described in
the paper by Mike Michaels on Thursday afternoon.

Atmospheric Fluidised Dryers

Before I finish my lightning overview, I must
quickly look at the non-boiler scene and in
particular the field of dryers. Quite a bit of
energy is simply used for drying and obviously
hot gases from a fluidised bed can be used for
this purpose. Again John Highley, this time on
Thursday afternoon (busy day John) will cover
the work in more detail.

The grass dryers are pretty well established
and by their operating experience have shown the
favourable economics. G.P. Worsley have sold
five and another two are on order. All of these
have thermal outputs of 5 MW. Energy Equipment
have also sold three (two in the U.K. and one in
France).

At the larger end of the direct drying market
the 15 MW thermal cley drying plant at the cement
works has been very successful in showing a
substantial saving over the former oil fired
furnace.

Conclusions

I have, because of the time factor, left out
reference to the work on tailings combustion,
reference to the support and contract work done
for many organisations on such important matters
as corrosion and erosion, on fluid bed gasification
to produce a gas for burning in furnaces or gas
turbines, etc.

There is so much going on and yet all the time
we can see new ideas to try, new developments to
pursue.

Bill Kaye concluded his 1977 overview by
saying that fluidised bed combustion had arrived.
I have come back into research and development
after many years in technical marketing. I can
see that fluid bed combustion has arrived, but
moreover, I can see that it can, with the right
financial structure, be sold on a commercial basis
and I believe that in the U.K. we should be in a
damn good position to do some selling of British
coal, British ideas and British equipment.



I must, however, =nd on a scmbre note and
set fluidised bed combustion in perspective
against the world energy situation. If we
do not speedily develop the new techniques of
coal burning, and I belisve fluidised beds to be
a most important one, and persuade people to
revert to coal firing, thus relieving the
pressures on a precarious world oil situation,
the results for the industrialised western world
may be horrendous.

Fig. 1 I.E.A. Grimethorpe
85 MW reactor being delivered

Fig. 2 Fluidised bed retrofit to Central

Ohio Psych:iatric Hospital
Babcock International
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Fig. 3

Fluidised bed coil boiler by
ME Boilers U.K.
National Coal Board project



Fig. 4 Babcock boiler for proposed retrofit Fig. 5 Clonsast 3 MW vertical fluidised bed
conversion from oil to fluidised bed hot water boiler
coal firing U.K. National Coal Board project

¢

Fig. 6 Clonsast 2.8 MW vertical fluidised bed Fig. 7 Vosper Thornycroft 5 MW vertical
steam boiler fluidised bed pressurised hot water

boiler being delivered in London

National Coal Board project
. pred Vosper Thornycroft/NCB project

26



!
+ L
+ ¢l +
o &> Ll <
* L i
SRS | BT
S (¢ 2230 _ )Z\
| :
-3 i*- —
\\
it
LII1ITTYIITLLIT
Fig. 8 Schematic section Northern
Engineering Industries horizontal === —

shell

Fig. 11 Vosper Thornycroft 5 MW
horizontal fluidised bed fired
boiler
Joint Vosper Thornycroft/NCB
project

Fig. 9 Energy Equipment fluidised bed
combustion unit in a 3 MW Robey
steam boiler for NCB site

Fig. 10 GWB Boiler with development
fluidised bed
Joint Parkinson Cowan/NCB project
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Fig. 12 Babcock (Shell Boilers) 4.3 MW
composite boiler with fluidised bed
Joint Babcock/NCB project
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Fig. 13 Johnston Boiler Company
Ferrysburg, Michigan 49409

Fig. 14 G.P. Worsley 5 MW fluidised bed

for grass dryers
Joint G.P. Worsley/NCB project
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Fig. 15 Energy Equipment fluidised bed furnace
test unit for design of commercial
units

Fig. 16 G.P. Worsley 15 MW fluid bed furnace for
clay dryer



Overview of the Fluidized Bed Combustion
Programme of the Federal Bepublic of Germany

R. Holighaus
J. Batsch

Kernforschungsanlage Jiilich GmbH
5170 Jtilich

The basic goal of the energy research
programme of the Federal Republic of Ger-
many is the development of technologies
which can contribute to a reliable future
energy supply for our country in an eco-
nomically favourable and environmentally
acceptable way.

The development of suitable techno-
logies for increased and more efficient
utilization of coal plays an important
role within this programme, as coal is
the only domestic primary energy source
which is available in large quantities
in Germany. ;

Accordingly, about half of the go-
vernment funds for non-nuclear energy
research is being consumed for coal re-
search. In the area of direct combustion
of coal, for heat and power generation,
the efforts are concentrated on the im-
provements of conventional power plants
with respect to environmental protection
and advanced technologies which combine
high efficiency, utilization of low grade
coal and environmentally acceptable ope-
ration. Here, fluidized bed combustion
(FBC) represents the largest area of de-
velopment.

Before entering into details of our
fluidized bed combustion research and de-
velopment programme I would like to sum-
marize some basic advantages of FBC.

- The furnace temperature is kept low and
uniform. Consequently, NOx formation is
low.

- Because SO,-emission can be reduced by
the additign of limestone or dclomite,
an expensive and efficiency consuming
flue gas desulphurization plant is not
required.

- Heat transfer coefficients are high.
This means, that the heat-exchanger
areas and consequently the boilers can
be smaller than in pulverized fuel
firing.

- Low grade fuels can be used.
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Pressurized fluidized bed combustion (PFBC)
offers special advantages with respect to
environmental protection, combustion effi-
ciency, geometric size and, if combined
with a gas turbine, to thermal efficiency
of the total plant (Fig. 1 and 2).
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Fig. 1: SO,-Concentration as a function of
exgess air

Serious development problems have to
be overcome in the case of PFBC. Therefore,
atmospheric fluidized bed combustion (AFBC)
was incorporated in our FBC research pro-
gramme because it can be developed for com-
mercial application within a considerably
shorter time than PFBC. In addition a re-
latively simple concept is favourable for
small plants, such as industrial boilers
and small power station units, where a
complex technology leads to comparatively
high investment costs.
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Fig. 2: NO_-concentration as a function of
excess air

In the Federal Republic of Germany a
considerable part of the primary energy
demand is being consumed in industrial
boilers. In this area primarily oil and
natural gas are being used at the present
time. The development of AFBC can reduce
the dependence on these energy sources,
as this technology offers similar advan-
tages with respect to automatic operation
and environmental protection.

The projects on conventional AFBC
"as executed in the Federal Republic of
Germany cover a range of thermal capa-
cities from 6 MW to 124 MW.

AFBC-Projects

At the power station in Disseldorf-
Flingern an existing boiler was converted
from travelling grate firing to fluidized
bed combustion. This plant, with a thermal
capacity of 35 MW, has been in operation
since the second half of 1979. It produces
supegheated steam of 17 bar pressure and
400 “C which is supplied to the steam sy-
stem of the power station. The superheater
is located above the bed. Fig. 3 shows the
flow scheme of this plant. A premixed coal
and limestone mixture is fed pneumatically
into the bed. The produced heat is trans-
ferred to in-bed-heat-transfer-surfaces
and to tube banks outside the bed. The
flue gas is cleaned in the cyclones and in
baghouse filters. The dust collected in
the cyclones can be recirculated into the
bed to improve combustion efficiency.

Fig. 3: Flow scheme
35 MW Fluidized Bed Combustion
Plant

A newly constructed second plant with a ther-
mal capacity of 6 MW, located in Reckling-
hausen, entered into operation in 1979.

It produces saturated steam which is fed
into a district heating system. Its flow
scheme (Fig. 4) shows that for this small
unit a simpler technology especially with
respect to coal preparation and feeding has
been applied. Coal and limestone are con-
veyed by a screw feeder into the fluidized
bed.

Both projects are being performed by
Ruhrkohle AG in cooperation with the Deut-
sche Babcock group and the consortium
Thyssen Engineering, Standard Kessel,
respectively. Details of these projects
will be presented later during this con-
ference.

COAL UMESTONE HP STEAM FEED WATER

i H

Fig. U4: Flow scheme 6 MW - AFBC Plant
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An additional plant with a thermal
capacity of about 124 MW will be construc-
ted in Hameln. The contractor is the Elek-
trizititswerke Wesertal GmbH, a local uti-
lity. The boiler will be supplied by the
Vereinigte Kesselwerke AG, which also supp-
lied the boiler for the IEA-Plant Grime-
thorpe. This plant will have a part of the
superheater within the bed. The FBC boiler
at Hameln will supply steam for combined
heat and power generation.

PFBC-Projects

As already mentioned, pressurized
fluidized bed combustion has by far greater
potential than atmospheric fluidized bed
combustion. Fig. 5 shows the flow scheme
of the PFBC plant concept which promises
the highest efficiency. Air is passed to
the fluidized bed via the compressor of
a gas turbine. Coal and limestone are fed
premixed into the fluidized bed. The com-
bustion gases leave the c8mbustor with a
temperature of about 850 “C, are dedusted
in suitable equipment and then passed to
the gas turbine. Heat is transferred to
the watersteam circuit from heat exchan-
ger within the combustor and from the waste
heat of the gasturbine. According to pre-
liminary studies this concept will have an
efficiency of about 39 % based on the lower
heating value.

]

Fig. 5: Pressurized Fluidized Bed Combustion
with Combined Cycle

The problem areas which have to be
solved before commercial application can
be divided into problems of the combustion
process and its optimization and into pro-
blems which arise by the combination with
a gas turbine.

The first problem area is being in-

vestigated within the framework of the
well-known IEA-Project. The construction
of the PFBC plant in Grimethorpe, UK, is
nearly complete and cold commissioning
is being performed. It is envisaged to
stgrt the experimental programm in early
19381.
Germany is one of the three partners in
this project. This project will be pre-
sented in detail later during this con-
ference.

Our national projects in the PFBC
area are concentrated on problems connec-
ted with the combination of the PFBC with
a gas turbine.

A project which is being carried out
by a consortium of Bergbau-Forschung GmbH
and Vereinigte Kesselwerke AG (VKW) and
others deals with a pilot-plant with a
thermal capacity of about 32 MW for testing
this combination. In the original concept
it was envisaged to use an electrostatic
precipitator for hot gas cleaning at a
pressure of 4,5 bar.

During the engineering evaluation it
became clear, that this system cannot be
used without special development devoted
to the designed gas conditions. Therefore,
a different concept for this plant is now
under consideration (Fig. 6). It is now
planned to used three stage cyclcne gas
cleaning. To compensate for the relative-
1y high dust load in the gas after the
cyclones, a special dust resistant turbine
will be used, which was developed for ener-
gy recovery after fluidized bed cat crackers.
The pressure in the combustor will be rai-
sed to about 8 bar.

COMBUSTOR W A ACOLER WASTE
il T
= E -

Fig. 6: Flow scheme of the AGW-Plant
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As it cannot be expected that the above
concept offers the optimum econcmical and
technical solution , further work is being
done in the development of high temperatu-
re/high pressure gas cleaning equipment.
Two projects of the University of Essen
deal, in laboratory scale, with electro-
static precipitators and high temperature
fabric filters. Up to now the results in-
dicate that operation of an electrostatic
precipitator witg pressures above 7 bar is
possible at 850 “C and that filter pate-
rials for temperatures up to 1.000 “C can
be manufactured. With this in mind regard-
less of the difficulties we encounter in
the development of high temperature elec-
trostatic precipitators at low pressures,
it is still our opinion that this concept
offers a promising possibility for higher
pressures. Therefore, a design study for
an electrostatic precipitator based on

the results of the experiments at the Uni-
vegsity of Essen was started in January
1980.

Parallel to the experiments at the
University of Essen, KWU is performing
laboratory scale experiments to improve
the efficiency of the tornado cyclone.

It can be expected that the optimum
technical and eccnomic solution for the
problems of the combination of pressuri-
zed fluidized bed combustion with a gas
turbine will be a compromise between
highly efficient gas cleaning and highly
dust resistant gas turbines. Therefore,
it appears sensible to develop both tech-
nologies, as is planned in our programme.

LGy

Fig. 7: Basic Fluid Bed Combustion Systems

Because of the special advantages
found in fast or circulating fluidized
bed combusticn, we have recently added
this concept t©o our research programme.
Fig. 7 compares the different states of
fluidized bed.
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- The classical or stationary fluidized
bed with a relatively well-defined
surface of the fluidized bed and only
a small carry-out of solids.

- The circulating fluidized bed with a
very high carry-over, which results in
a very intensive internal and external
recycling of solids.

In Fig. 8 the flow scheme of an atmosphe-
ric circulating fluidized combustion plant
is illustrated. In the recycling cyclone
the two heat carriers, flue gas and solids,
are separated. Heat is extracted from the
flue gas in a waste heat boiler and from
the solids in a fluidized bed heat exchan-
ger. Because the heat transfer from the
two heat carriers can be influenced sepa-
rately, the control and part load behaviour
of this concept is more favourable than
that of the stationary fluidized bed. Ad-
ditional advantages of the circulating
fluidized bed are

- improvements with respect to SO, and NO
emissions achieved by finer gragned sor¥
bent and staged combustion,

- considerably smaller bed areas than in
classical fluidized bed, enabling larger
capacities per unit,

- Combustion and heat transfer can be se-
parated, enabling a very sensitive con-
trol of heat transfer.

Fig. 8: Flow Scheme of a Circulating
Fluidized Bed Combustion Plant

In Linen,at the Vereinigte Aluminium-
werke (VAW) a circulating fluidized bed
plant with a thermal capacity of 77 will
be constructed. It will serve for heating
molten salts in the fluidized bed heat
exchangers and for producing process
steam. The molten salt will be used as
the heat carrier for the Bayer hydrolizing
process. The project started in early 1980.
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A design study for a 200 MW (th) cir-
culating fluidized bed boiler located in
Duisburg, also started in January 1980.

It is intended that this plant will be
used for combined heat and power generation.
The heat will be fed into the heating sy-
stem of the city of Duisburg. Because of
its location the advantages of the circu-
lating fluidized bed principle are of spe-~
cial importance. Stringent environmental
standards have to be met and only a rela-
tively small area is available for the
plant. A similar problem would arise with
a conventional fluidized bed plant becau-
se of its large bed area. Therefore circu-
lating fluidized bed combustion seems to
be the logical technical solution for such
a locaction in a densely populated area.
More details of the circulating fluidized
bed technology will be presented later
during this conference.

Stockiess Power Plant

Figure 9: Protbtype Power Plant Volklingen

I would like to mention a further po-
wer station concept in which the conven-
tional fluidized bed plays an important
role. As is shown in the flow scheme
(Fig. 9) the concept is characterized by
the following

- combination of fluidized bed combustion
with pulverized coal firing.

The flue gas of the FBC which can be
operated with low grade coal is passed
to the pulverized fuel burners. By do-
ing this in a suitable way NO_-forma-
tion can be reduced considerably.

- combination of AFBC with an open cycle
gas turbine. The air coming from the
compressor of the gas turbine is pre-
heeted inthe in-bed tube bank before
entering the combustion chamber. In
this way a part of the energy which
is supplied to the gasturbine is provi-
ded by coal. The risk of erosion and
corrosion of the turbines blades by
dustladen exhaust gases is eliminated
in this method.

- the flue gas desulphurization plant is
incorporated into the natural draft
cooling tower. The power plant doesn't
need a stack. In this way, no reheating
of the desulphurized flue gas will be
necessary, thus increasing the efficien-
cy of the power station.

A power station of this type with a elec-
tric capacity of 220 MW is under construc-
tion by the Saarbergwerke AG.

The Fig. 10 lists the major projects that
the Federal Republic of Germany has under-
taken.

The total cost of all FBC-projects
including the development hot gas cleaning
and dust-resistant gas turbines amounts to
824 Mio. DM (or more than 400 Mio. US-Dol-
lar). The governmental funds for these pro-
jects amounts to about 315 Mio. DM (or more
than 150 Mio. US-Dollar).

This sum is an indication of the im-
portance that my government attaches to
these developments.
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THE PROGRESS OF FLUIDIZED-BED BOILERS
IN PEOPLE'S REPUBLIC OF CHINA

Zhang Xu-Yi

Tsinghua University
Beijing, People's Republic of China

FORWARD

Early in the 1960's, based on the broad
adoption of successful fluidized-bed calcin-
ation technology, China began its research
work on fluidized~bed combustion boilers.
In 1965, Mouming Petroleum Company, Tsinghua
University, and several other institutions
cooperated to design the first fluidized-bed
combustion boiler in China. It was con-
structed and put into operation in Mouming.
In 1969, Tsinghua University installed a
fluidized-bed combustion boiler for her
Experimental Power Plant,
has been used for power generation studies
for several years.  These successes _ gave
impetus to the .progress of fluidized-bed
combustion boilers in China.

Presently, there are over 2,000 fluidized-
bed combustion (FBC) boilers in China. Many
boilers have' capacities of 4-10 T/h and are
used for generating saturated steam, while
others with capacities of 10-50 T/h .are used
for power generation and industrial appli-
cations. FBC boilers with a capacities of
130 T/h are now being tested.

The fuels used in China for most FBC boilers
are low-grade fuels such as shale fines,
low-grade bituminous coal and anthracite,
coal washery waste, stone-like coal, lignite,
etc. The heating value of the fuels now
being used, ranges from 1,000-1,500 Kcal/kg.
The boilers are being used either for indus-
trial purposes or for generating electricity.
Many boilers possess more than 40,000 hours
of accumulated operational experience.

In China, there are a number of organizations
taking part in the research and development
of fluidized-bed combustion-fired boilers.
Many technical institutes, such as Tsinghua
- University, Zhejiang University, Harbin Tech-
nical Institute, etc., are the major insti-
tutions conducting research work. Shanghai
Boiler Works, Dungfang Boiler Works, and
Kuangchow Boiler Works, etc., are the chief
FBC boiler designers and manufacturers.
Extensive research work has been done on the
fluidized bed operating parameters selection,
combustion of low-heating- value fuels,

and that -boiler
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improvement of thermal efficiency, desulfuri-
zation with limestone, and boiler structures.

The following are a number of selected repre-
sentative fluidized-bed boilers:

1. 14.5 Tons/Hour Steam Industrial Boiler,
Mouming Petroleum Company -- The boiler
is designed by Mouming Petroleum Com-
pany, Fushuen Designing Institute of
Petroleum, Tsinghua University, etc.
This boiler burns shale fines with a
heating value of 1,034 Kcal/kg as fuel;
the steam pressure is 13 kg/cmz and the
superheated steam temperature is 250°C.

"This is the first - demomstration
fluidized-bed combustion boiler ’in
China, with a circular bed of 2.25 m
diameter and a superficial air velocity
of 2.7 m/sec through the bed. The bed
temperature is about 800°C. This boiler
was commissioned in December 1965.

2. 14 Tons/Hour Tsinghua University FBC
Boiler -- This is the first demonstra-
tion fluidized-bed combustion boiler in
China for power generation. It is
designed by the staff of Tsinghus Uni-
versity and commissioned in July 1969,
its steam pressure is 24 kg/cm? and a
superheated steam temperature of 390°C.
The main fuel used is anthracite from
the Beijing district; a mixture of low-
grade bituminous coal and coal washery

waste with a heating value of 2,500 Kcal/kg

was also used in the test.

."This boiler has two independent beds to
achieve a good turndown ratio between
35-110 percent. When burning coal with
low volatile content, the bed combustion
temperature is roughly 1,000°C.

The total operating time of this boiler
has already reached 20,000 hours; much
valuable experience has been acquired.
Most of the research work has been in
the area of in-bed heat transfer sur-
faces and the prevention of erosion of
the in-bed surfaces.



130 Tons/Hour Fluidized-Bed Boiler --

This is the largest power generating
fluidized-bed combustion boiler in China
at present. It has six beds with six
screw feeders. The fuel used is cocal
washery waste with 2 heating value of
1,500 Kcal/kg. The immersed surface
has an inclination of 15° to the hori-
zontal. This boiler is now in the proc-
ess of shakedown testing for power gen-
eration. Figure 1 is the 130 T/h FBC
boiler designed for power generation.

of particles inside the bed, especially
those near the distributor plate, have
revealed that to maintain identical
fluidizing conditions, the following
relationship represents the hot and cold
air superficial velocities:

U =335 \o U (1)

where U , U_  are the superficial air
velociti’és dﬁring combustion and cold
condition; » P are the gas densities
during combustion and cold condition.
The data obtained by cold-bed testing
and the calculation are being used in
the design of Chinese fluidized-bed
boilers.

Table 1 lists the heat release rate

per unit bed volume, as a function of
superficial air velocity, and maximum
size of fuel particle:

TABLE 1
OPERATING PARAMETERS

Bed volume heat release rate (Kcal/m3h) (2-3.2)
x 10

Superficial bed air velocity (m/sec) 2.8-4.2
Fuel particle size (mm)
lignite 30
other fuels
Q > 4,000 Kcal/kg <35
Q = (2,000-4,000) Kcal/kg 8
Q < 2,000 Kcal/kg < 6

Q = lower heating value of the fuel.

arre @ 2 "
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Figure 1 -- 130 T/h Fluidized-Bed Boiler

The Arrangement of In-Bed Surfaces and
Prevention of Erosion -- For small boilers,
the immersed in-bed surfaces are the side
walls; therefore, the erosion rate is
insignificant. For ordinary carbon steel,
the wall erosion rate is only about

8 x 10 5 mm/h. As the boiler capacity
increases, side water walls are insuf-

RESULTS OF SOME RESEARCH

1.

Determination of the Optimum Super-~
ficial Bed Air Velocity and Bed Parti-
cle Size -~ In order to achieve a high
bed volume heat release rate, the
Chinese are trying to burm coarse par-
ticles in fluidized-bed combustors.
For a given size fuel, there is a mini-
mum bed superficial air velocity
required to insure vigorous heat and
mass transfer between the bed materials.
To avoid high-temperatura clogging or
particle-size segregation which may lead
to the formation of "cold slag," Tsinghua
University has carried out the cold-bed
testing with controlled-size bed parti-
cles. Research findings on the movement

ficient for heat absorption and in-bed
heat transfer surface must be employed.
The erosion rate of the in-bed surfaces
is very fast, nearly 1.3 x 10 3 mm/h.
By adopting some protective mechanism,
in PRC, the life of these steel pipes
may be extended by nearly 20 fold.

In China, all the fluidized-bed boilers
are using natural circulation. For FBC

boilers of the capacity range of 10-130 T/h,

the most common in-bed surfaces are
arranged at 15° to the horizontal.
Although within the bed there is a much
better heat transfer due to intemsive
disturbance of the bed particles, unsat-



isfactory arrangement of the immersed
in-bed surfaces can cause large tempera-
ture dirferences within the fluidized
bed. Figure 2 shows the relation
between the in-bed temperature differ-
ence along the tube length when the tube
is placed at 15° to the horizontal.
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Figure 2 -- Relation Between Transverse
Temperature Difference and Length
of the Bed

Combustion of Low-Heating Value Fuels --
Fuels with different heating values
affect the in-bed heating surface area.
Figure 3 shows the relationship between
the heating surface area and the fuel
heating value of some boilers. When
fuel heating value is larger than
3,000 Kcal/kg, the curve gradually
flattens out, as the fuel heating value
drops to less than 1,500 Kcal/kg, the
curve drops abruptly. For most boilers,
the adaptability for fuel heating vari-
ation is a very important problem for
FBC burning of low-grade fuels. The
work on improving the adaptability of
low-grade fuels in some Chinese fluidized-
bed boilers is under intensive study.
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Figure 3 -- Relation Between In-Bed Surface

Area and Fuel Heating Value

For large size, low-heating value,. and
high ash content fuel particles, the
ash crust hampers the diffusion of gases;
therefore, it is hard to burn out the
inside carbon. For example, no matter
how long it stays in the fluidized bed,
the thickness of burmed out scale for
hard stone coals is only about 1.5 mm.

For ash-rich and heavy fuel, it is easy
to form "cold slag" at the bottom of
the fluidized bed. This will disturb
the normal operation of the boiler, and
it is necessary to discharge this slag
for smooth operation. The air distribu-
tor should be designed to induce movement
of the bed materials and improve the
availability of the FBC boiler operation.

Improvement of the Combustion Efficiency --

In China, fuels of wide-size distribu-
tion are used in fluidized-bed boilers.
Sometimes, the amount of particles of
sizes less than 1 mm exceeds 40 percent.
The carry over of the fines by the flue
gas, many fuel particles elutriate out
without adequate combustion, results in
a great amount of unburned carbon loss
in the fly ash. In 1971, Tsinghua Uni-
versity did research work on fly ash
carbon burn-up in a low superficial
velocity fluidized bed (carbon burn-up
cell). For low volatile content fuels,
the total combustion efficiency attained
90 percent. Presently, the fly ash
burn-up fluidized bed used in China
operates at a superficial air velocity
of 0.6-1.4 m/sec. According to publi-
cations, high bed temperature and more
excess air will be beneficial to the
improvement of combustion efficiency.
Owing to the low heat load of fly ash




burning in a fluidized bed, the super-
ficial velocity can be relatively low.
It has also been shown that bottom fly
ash reinjection can improve combustion
efficiency. Therefore, it is quite safe
when the bed temperature is omly 50-100°C
higher than that of normal bed. Accord-
ing to the research findings, no sig-
nificant improvement of combustion
efficiency is observed for fly ash rein-
jection into a high superficial velocity
FBC bed.

When feeding high-volatile content fuels,
the evolution of volatile matter is
excessive near the feeding points.
There is a great amount of unburned
volatile loss due to the starvation of
oxygen near the feed port. By proper
arrangement, a combustion efficiency of
94-98 percent can be attained with fuels
of high volatile content.

Desulfurization with Limestone -- In

1973, Tsinghua University began the
research on the absorption of S0, by
limestone in a fluidized bed. The
efficiency of SO, absorption is deter-
mined by the concentration of Ca0 in

the outer shell. By experiment, this
relation may be expressed as:
n=1- e-l.97wcH/V (2)

where n is the absorption efficiency of
S0, in flue gas, percent; W_ is the con-
centration of Ca0 in the fed, percent;

. H is the bed height, meters; and V is

superficial air velocity in the bed,
meters per second.

Figure 4 shows the testing result. This
empirical equation shows that the kind
and size of limestone has exhibited no
influence on sulfur dioxide absorption.

The fraction, £, of Ca0 absorption in
the outer shell of limestone particles
(calcium wutilization) with different
sizes of limestones from the Tanli dis-
trict of Beijing has been determined.
Figure 5 shows the result. Limestone
particles with different sizes have
nearly the same depth of sulfate pene-

tration. It is about 32.5 pm for Tanli,
limestone. The fraction of calcium
utilization, £, is not influenced by

the type of coal or superficial velo-
city. It also shows that when the par-
ticle diameter is larger than 3 mm, the
calcium utilization is very poor. The
sulfur contents of coals used in the
experiment are quite different, Hebi
coal has 3 percent sulfur; and Shangsi
coal is 8 percent sulfur.

39

~dn (1-]
3 —
X
2 /-’
/]
7 x/ - -
2
: " . W
0 7 2 3 A

Figure 4 -- Relation Between SO, Absorption
Efficiency and the Concentration
of Reactive Surface Layer of
the Limestone Granule in the Bed

6. Utilization of Ash and Spent Bed Material --

China focused much attention to the
utilization of the ash and slag from
fluidized-bed boilers. Low combustion
temperature and low carbon content of
the ash and slag enable good utiliza-
tions. The methods of utilization are
different for each district. It is
being used as an additive for cement to
improve cement's color and strength.
It has been used to make bricks, tiles,
and medium-sized blocks for building
constructions. The extraction of vana-
dium from south China stone coal ash
has already been achieved. Use of
fluidized bed for calcination of light
construction materials has also been
successful.

CONCLUSION

The rapid progress of fluidized-bed boilers
in China has made possible the use of a wide
variety of energy resources. China has also
acquired many hours of operation experience
in fluidized-bed boilers. The study of large
fluidized-bed boilers has already begun. It
will play an important role in the moderni-
zation of China's FBC development.

The author acknowledges with gratitude to
those organizations in China for the permis-
sion of using their experimental reports and
data.
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TVA'S AFBC PROJECTS

Michazl D. High, Acting Director

Energy Demonstrations and Technology
Tonnessee Valley Authority

Each year, the Tennessez Valley Authority
(TVA) bumms an average of 36 million tons of
coal in 12 central station stzam plants. This
coal-fired generation produces 17,796 M{ or
pearly 60 percent of our totsl asystem capacity
of 29,867 Mi. Nuclear and hydro plants provide
a total of 30 percent of tha syscem's capacity
with the rest consisting of combustion turbines
and imported power. From thesz figures it is
easy to understand TVA's strong interest in
coal.

This interest will not diminish in the
future. Although TVA has embarked upon the
nation's largest nuclear power plamnt construc-
tion program, we will continue to burn massive
quantities of coal for many years to come. In
the mid 1990's, when the final nuclear reactor
is placed in service, our total system capacity
will be approximately 44,400 MW. Of this figure
nuclear will provide 45.6 percent, or nearly
half of the system capacity. Coal will come in
second with 37.2 percent, znd the rest of our
capacity will be provided by hydro and combus-
tion turbine generation.

Even though coal will not be our main
generation source in the future, we will conti-
nue to use a substantial amount of coal. There-
fore, TVA is heavily committed to developing
new coal technologies that will enable us to
augment or replace existing coal-fired steam
plants. One coal technology that offers
reliable, efficient, and envirommentally
acceptable operation is Atmospheric Fluidized
Bed Combustion (AFBC).

Like other developing coal techmologies,
AFBC is nor new. The concept of a fluidized
bed has been employed extensively in the
petrochemical industry for many years. Other
industries with steam requirements in the range
of 150,000 pounds per hour are also beginning to
use fluidized bed concepts.

However, the concept of using AFBC for
large-scale urility use is relatively new. The
major thrust of AFBC development for utility use
to date has been in bench-scale studies, re-
search, and hot/cold AFBC modeling. This
research hae resulted in a degree of progress.
The 30-MW Rivesville AFBC unit, for example,
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demonstrated that AFBC could generate electricity.

Since Rivesville was a converted steam plant,
however, it did not have the capability of experi-
menring and testing new AFBC designs as they
became available. Nor did the Rivesville AFBC
unit provide much in the way of data collection
on its operation. The EPRI-supported Babcock
& Wilcox 6' x 6' AFBC unit was a significant
advancement on both counts since it permitted the
inclusion of design changes and provided much
needed operating and performance data. Even with
the success of this unit, it became apparent that
a larger plant having the capability of retrofitting
design changes was needed to test new hardware and
to resolve uncertainties concerning plant operation.
After all, it would be a very difficult task to )
scale up from a small prototype with a 36 sq. ft.
bed to a full-scale utility power plant having
literally thousands of square feet of fluid-bed
area.

TVA's 20-MW AFBC pilot plant will address
uncertainties concerning peripheral hardware
systems and plant operation. By late 1981, TVA
will have a 20-MW AFBC pilot plant and is consid-
ering constructing a 200-MW AFBC demonstration
plant that would commence operation in late 1985.
These two plants would be the culmination of
research and development that dates back to 1974
when TVA first became interested in AFBC develop-
ment. At that time, load forecasts indicated a
need for additional generation in the late 1980's
and 90's. Also, it became apparent that some of
TVA's aging coal~fired units, some of which have
been in service since the early 1950's would need
to be replaced. Furthermore, AFBC appeared to be
a cost effective way to both use the high sulfur
coal (of which the Tennessee Valley regiom has
tremendous treserves) and to protect the enviromment.

In 1976, TVA's involvement in AFBC went into
full swing with a project authorization to prepare
a conceptual design of a 200-MW AFBC demonstration
plant. Preliminary conceptual design wvas
completed in mid-1978 and information from this
design work aided in the development oif design
specifications for the 20-MW pilot planmt.

Followon contracts have been placed with three
boiler manufadturers to prepare a final conceptual
design for the 200-MW demonstration planc. Design
completion is slated for late this year. In
addition, TVA has a contract with Combustion
Engineering, who is subcontracting with Lurgi, to



prepare a conceptual design of a second generation
AFBC plant.

Inirial funding for the 20-MW AFBC pilot plant
design and fabrication was authorized in April 1979
by the TVA Board of Directors. In September of
that same year, the Board of Directors authorized
construction and operation of the pilot plant.

Because of TVA's large gemerating capacity and
its engineering capability, TVA is in a unique
position to demonstrate and develop AFBC for large
scale commercial use on the TVA system and possibly
by the utility industry.

TVA's 20-MW AFBC Pilot Plant

At the rigk of repeating what my colleague
Roy Lumpkin will say in his presentation, I will
now turn our attention directly to the TVA pilot
plant project.

TVA's 20-MW AFBC pilot plant will be located
on the Shawnee Steam Plant reservation near
Paducah, Kentucky. Site preparation for the
pilot plant has just begun this month with
initial construction to begin this summer and
fall. Plant start-up and testing should begin
by the latter part of 1981 or early 1982.

As I mentioned earlier, the AFBC pilot plant
will be used to resolve many of the uncertainties
concerning full-scale AFBC development.
the plant will be used to test and evaluate control
equipment and procedures, to investigate key
systems for performance and reliability, and to
train personnel in operating and maintenance
procedures. Testing at the pilot plant will
involve a cooperative effort between TVA and
Electric Power Research Institute. Since AFBC
is a completely different type of coal combustion
process, it will obviously require different
modes of operation than a2 conventional steam plant.
Like any generating facility, a commercial-sized
AFBC must be able to respond to changes in
electricity demand. Start-up, turn-down, load
control, shutdown procedures, and the safety
related systems will be tested and developed.

One area of uncertainty in AFBC development
that will hopefully be alleviated by work at the
pilot plant will be the testing of coal/limestone
feed gystems. Supplying these materials to a small
unit 1s no significant problem, but in full-scale
units with thousands of square feet of bed area,
the distribution is something of a mechanical
nightmare. To date, no feed system has been proven
to be reliable and durable enough to withstand the
torture of prolonged plant operation. Because of
the large uncertainty involved, the development of
adequate feed systems i1s a must for any
commercial-sized AFBC unit.

The pilot plant itself will be highly
flexible and able to operate under a wide variety
of operating conditions; consequently, it is
necessary to monitor these conditions. A
sophisticated data acquisition and computer system
will be installed to completely monitor all aspects
of the pilot plant operation.

Specifically,
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The 20-MW AFBC pilot plant will not generate
electricity. It is not a commercial plant, and
thus, no turbogenerator is currently planned.
Instead the steam produced by the pilot plant will
be routed through a surface condensor. This will
allov us to simulate actual utility load demand.
It will provide us with operating experience and
will enable us ‘to scale up to commercial scale
units.

TVA's 200-MW AFBC Demonstration Plant

As I stated, TVA is also considering
constructing a 200-MW AFBC demonstration plant.
If approved by the TVA Board of Directors, the
Present plans call for the 200-MW AFBC demonstration
plant to go into operation during late 1985.
Unlike the 20-MW AFBC pilot plant, the demonstration
Plant would be operated as a commercial plant; that
is, tt's job would be to produce electricity for
the TVA power system.

When steam from the 200-MW AFBC boiler goes
to the turbogenerator, it would be the culmination
of nearly 10 years of work. We are mow at the
half-way point in that decade of AFBC development.
In 1976, TVA authorized the preparation of concep-
tual designs of a 200-MW AFBC demonstration plant.
Combustion Engineering, Babcock & Wilcox, and
Fluidized Combustion Company were contracted to
provide both a preliminary conceptual design and
cost estimate. Phase I conceptual design took
two years to complete.

Babcock & Wilcox chose a top-supported
stacked-bed arrangement of four main beds and
a separate carbon burnup bed. - B&W's feed systems
mixes coal and limestome, pneumatically tramsports
and splits the mixture, and injects the mixture
into the beds through the grid plate.

Combustion Engineering chose a “ranch-style"
design in which all beds are on a single elevation
supported from the bottom. A top-supported hood
above the beds collects and directs the hot gases
to the convection pass. The feed system is based
on the Fuller-Kinyon solids pump which introduces
a8 coal-limestone mixture intc a dense-phase
pneumatic transport system and then splits and
feeds the mixture into the bed through the grid.

Fluidized Combustion Company's steam generator
is a top-supported stacked-bed arrangement of four
beds. Coal is fed from above the beds with
spreader-stokers whereas limestone is fed by a
gravity feed.

Despite the differences in the three Phase I
conceptual designs, the cost per kilowatt for
each design was comparatively similar.

Phase I preliminary design for the 200-MW
AFBC demonstration plant was completed in mid-1978.
In early 1979, TVA authorized three contractors to
complete final conceptual designs (Phase II) by
the final months of 1980. These designs will be
finished at the end of 1980.



These designs are well underway at this
time. Combustion Engineering, Babcock & Wilcox,
and Babcock Contractors, Inc., were the three
contractors chosen for the design contracts.

The objectives of the Phase II conceptual
design are to refine previous designs and to
provide additional information needed for ongoing
environmental evaluations and to make decisioms
on how to proceed to demonstration plant construc-—
tion and operation. Each contractor will: prepare
cost estimates; determine the probability of
successful operation of the 200-MW plant and
its inherent risks; define major problems and
areas requiring additional research and development;
prepare detailed schedules for all proposed Phase III
activities; establish a conceptual desiga of the
200-MW AFBC boiler and related systems; and finally,
determine the structural steel requirements for boiler
and related equipment to permit structural steel
procurement.

Design of the 200-MW AFBC boiler and
related systems is geared to the following
gpecifications:

Gross Turbogenerator Rating, MW 200
Continuous Rating, pounds of steam

per hour 1,325,000
Turbine Throttle Pressure o 2,450
Superheat/Reheat Temperature, ¥ 1,000

Also, each contractor is to keep in mind the
relationship between their particular design of
the 200-MW demonstration unit and the design of
a steam gemerator in the 600- to 800-MW size range.
This will hopefully ensure the feasibility of
the design of the larger units.

Following the completion of Phase II
conceptual designs, TVA will make a decision on
whether or not to proceed with Phase IIL. If
approved by the TVA Board of Directors, detailed
design and site preparation will begin in the
summer of 1981.

Pnvironmental and Technical Support Work by TYA

Because of the size of the AFBC demonstration
plant, it is necessary for additional work to be
performed. Preparation of environmental impact
gtatement (EIS) and completion of the necessary
technical support work are required. Secondly,
it is necessary that technical support work be
finished in several different areas. First let's
address the preparation of the EIS.

It 1is a new experience for TVA to have to
prepare an EIS on a coal-fired plant. The last
large coal-fired steam plant that TVA built,
which was Cumberland Steam Plant, was completed
in 1973, and no EIS was required. Another
significant point is that this will probably be
the first EIS written for a fluidized bed unit.

Even for those of us at TVA who have had the
fortune of preparing an EIS in the past, there are
other changes and requirements that make this EIS
unique. For one thing, the final version of the
EIS is to be concise. EIS's in the past were
often multi-volumed publicarions that vere as
complicated as the projects that they attempted
to explain.
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Work on the demonstration plant EIS is well
underway at this time. We have completed a
description of the process itself, an extensive
description of the site, and the background
information needed for screening possible sites.
While no firm decision has been made on site
selection, the Shawnee Steam Plant reservation
has been named the "preferred site." The Shawnee
site will be the scope of the most detailed portiom
of the EIS, but the final selection of a site
will not be made until the envirommental work has
been completed and the envirommental constraints
of the Shawnee and other candidate sites are made
known. )

We have performed the first formal step in
the EIS process by holding a scoping meeting to
determine what will be covered in the EIS. A
public meeting was held in Paducah, Kentucky, to
outline our EIS plans to other agencies,
individuals, citizens, and groups who were in
attendance at that meeting. Questions, suggestioms,
and comments submitted at this meeting and in
writing have been tabulated, summarized, and
will be appropriately addressed in the EIS.

The draft of the demomstration plant EIS will
be completed in September of this year. That draft
will be submitted for review and comment to
interested individuals, groups, and agencies.
TVA evaluates the comments it receives, the EIS
will be finalized. Incidentally, more than 18
subgroups within TVA are involved in the writing
of the demonstration plant EIS. After the final
EIS is released to the public, the TVA Board of
Directors will be asked to approve construction
of the 200-MW plant.

After

It is obvious that a large plant, such as
the 200-MW demonstration plant, will have some
impacts upon the environment during comstruction
and operation. However, because of the inherent
environmental benefits of AFBC, we believe it
can easily meet the New, Source Performance
Standards as set by the Environmental Protection
Agency. We feel that the envirommental benefits
of this techmology will outweigh any associated
impacts.

Technical Support

One point that I have made several times in
this discussion is the need for additional techmical
research and development on AFBC. While our
projects continue to reach maturity, we are at the
same time addressing some of the technical problems
related to AFBC. As I have mentioned previously,
one of the problems with AFBC is in the develop-
ment of coal/limestone feed systems. We hope to
get some answers to these problems in a program
that we have recently initiated that iavolves
the testing of a Fuller-Kinyon feed pump at an
existing TVA steam plant. TVA has awarded the
Fuller Company a turnkey contract to build a
coal-feed test facility at the Watts Bar Steanm
Plant. Construction will be completed in six
months with a six-month testing period to follow.

The Watts Bar coal-feed test will be the
only large scale demonstration of a feed system
that is applicable to the 200-MW AFBEC demonstration
plant. Also, since the 20-MW pilot plant will use
a Fuller-Kinyon pump, the test facility will
provide the added advantage of proving the



effectiveness of the pump and splitter prior to
construction. Clarence K. Andrews, of TVA's

FBC staff, will provide more details on coal-feed
systems in his presentation.

Other technical support includes work with
the Oak Ridge National Laboratory. In a program
with the Department of Energy, TVA and ORNL are
working together on a number of task programs
that use an AFBC bench-scale combustor to test
coal and limestone, a cold flow model for
slumping tests, modeling and simulation, materials
research, and other miscellaneous technical support
activities.

TVA is now investigating the recycling of
elutriated particulates from the AFBC process
that includes fly ash and unburned carbon. The
idea is to devise some way to recycle the elutriated
solids back into the main bed rather than using a
separate carbon burnup cell. General Atomic
was chosen for the investigation because of its
experience in recycling and burning graphite.

While the major thrust of AFBC development
by TVA is of the "bubbling bed" type of atmospheric
fluidized bed combustion, TVA is also keeping track
of other fluidized bed concepts. These include
alternates to first generation (bubbling bed) AFBC
such as pressurized fluidized bed combustion,
intermediate pressurized fluidized bed combustionm,
and second generation AFBC (circulating bed).

Scenario for the Future

Following a complete demonstration of AFBC
in a large-scale mode, full-scale units in the
range of 600- to 1,000-MW range may be -built by
TVA in the mid- to late 1990's. AFBC will not
replace existing conventional coal burning in
steam plants but it will offer an excellent
alternative for new plants as load forecasts
indicated. This near-term alternative may offer
an interim method of producing bulk power from
coal to carry us to the day when advanced
technologies come into widespread commercial
availability.

44



The contents of this paper do not necessarily reflect the views
and policies of the Tennessee Valley Authority, nor does mention of

trade names, commercial products, or companies constitute endorsement
or reccmmendation for use.
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FLUIDIZED BED COMBUSTION - AN EVOLUTIONARY
‘IMPROVEMENT IN ELECTRIC POWER GENERATION

Kurt E. Yeager

Electric Power Research Inst.

INTRODUCTION .

Over the past year major technical ad-
vances in the commercial application of
fluidized bed combustion (FBC) have occur-
red. These advances are particularly dra-
matic for the electric utility industry
where FBC represents an evolutionary im-
provement in coal utilization providing re-
duced fuel sensitivity and simplified e-
mission control capabilities. Both Atmos-
pheric FBC and Pressurized FBC may .fill
important roles in the electric utility in-
dustry: AFBC to lower the cost of elec-
trity generated from the conventional
steam-electric power plant; PFBC for the
high efficiencies available from the more
complex combined-cycle power plants.

Sixty years ago the use of pulverized
coal combustion was pioneered in the elec-
tric utility industry. This. evolution in
coal-burning technology was set in motion
by a number of considerations which par-
allel the issues of today. ‘The then gen-
erally applied stoker furnace was not well
suited to these new conditions. Specifi-
cally, utilities needed much larger fur-
naces, fuel conservation became more signi-
ficant and the use of coal fines, pre-
viously considered a waste, was econom-
ically desired. 1In addition, pulverized
coal firing was considered environmentally
superior because it could reduce smoke and
ground level concentrations of particulate
matter.

As we move into a new era with greatly
expanded needs for coal-fired power gene-~
ration, EPRI and the utility industry are
accelerating the development and appli-
cation of fluidized bed combustion as a
further evolutionary improvement in coal
utilization to meet the new requirements
of today. The improvements which excite
this utility interest include reduced sen-
sitivity to fuel quality thus permitting
the use of a much broader fuel supply,
from anthracite .to municipal refuse, with-
out suffering large loses in efficiency and
reliability in a single boiler design.
Second, less cost sensitivity to unit size
in a period when load growth and siting
restrictions may prefer smaller rather
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than larger furnaces.

A third primary advantage of FBC that
may lead to the displacement of pulverized
coal boilers is environmental performance.
The invention of pulverized coal boilers
occurred at a time when all that was ex-
pected of a furnace was to burn out carbon.
Today, environmental requirements for the
control of sulfur and nitrogen oxides add
substantially to the complexity and cost
of current power plants and have adversely
impacted plant reliability. By comparison,
our experiments with fluidized combustion
of coal confirm that it is possible to
economically control sulfur and nitrogen
oxides without parasitic post-combustion
cleanup devices. ’

Thus, fluidized combustion of coal -

_provides a promising response for today's

new requirements on power production.
Development has successfully progressed
from the process confirmation stage to
engineering prototype making commercial
utility scale systems a distinct possi-
bility within this decade.

It is our position that utility FBC
boilers in the U.S. will have to be cap-
able of the following performance with an
average bituminous coal:

o Combustion Efficiency Over 99%
o Thermal Efficiency >90%
o Sulfur Dioxide 90% removal

with Ca/s <1.5
Less than 0.4
1bs/106Btu o
2400 psi/1000°F
/1000°F or
higher

>1% per minute
Low corrosion
and erosion to
allow > 15 year
life

The purpose of EPRI's R&D is to develop
the process flow sheet and the needed
hardware to achieve these objectives.

© Nitrogen Oxides

0 Steam Conditions

© Load Following
o0 Tube Life

ATMOSPHERIC FLUID BED COMBUSTION

Over the past year EPRI efforts in



Kurt E. Yeager
Page 2

atmospheric fluid bed combstuion (AFBC)
have focused on testing a 6 ft x 6 ft

(2 MWe) pilot unit with Babcock and Wilcox
incorporating bed recycle. The results
have shown that recycle of bed material
will be applicable for utility AFBC de-
signs. This has successfully eliminrated

a major factor restricting utility appli-
cations; i.e., the need for large quan-
tities of limestone to maintain adequate
sulfur oxide sorption. In addition,

this test facility incorporates a large,
18 ft. freeboard which has permitted car-
bon burnup within the furnace thus elim-
inating the need for an auxiliary carbon
burnup cell. NOx formation has also been
significantly reduced relative to pulver-
ized coal combustion. A final area of
process improvement achieved this year has
been at least a fourfold reduction in coal
feed points within the bed, thus simpli-
fying the fuel supply and control problem
in large scale fluidized beds.

Based on these promising process re-
sults, the utility industry and its boiler
suppliers have agreed that a cost effective
utility-scale AFBC design is likely, but
important hardware issues remain that
should be resolved in an engineering pro-
totype in the 20 MWe size range. These

-hardware issues involving feeding and con-
trolling the process reliably result from
the specific utility requirements for large
boiler size, high efficiency, rapid load
following, high superheat and reheat,

_stringent emission standards and a pre-
mium on availability. Recognizing these
requirements, TVA has taken the lead for
the utility industry, with EPRI support, in
implementing a 20 MWe engineering prototype
at the Shawnee power station. This proto-
type being built by Babcock and Wilcox
will in turn provide the technical basis
for a 20 MWe commercial scale demonstra-
tion also planned by TVA., EPRI's R&D pro-
gram is aimed at making it possible (and
desirable) to start construction of a 600
MWe AFBC boiler in 1990 after operating
this 200 MWe demonstration by 1987.

In addition to this aggressive devel-
opment of classical fluid bed technology
operating at low gas velocities in the 4
to 12 foot per second range, EPRI is also
exploring higher velocity, circulating bed
designs. These are under development in
differing forms by several manufacturers
including Lurgi and General Electric.
Lurgi test results have been particularly
impressive in producing high combustion
efficiencies as well as very high lime-
stone utilization for up to 95% SO; remov=-
al. Furthermore, this system has shown it-
self capable of reducing NOy emissions to
the 100 ppm range. This encouraging tech-
nology is now in active engineering evalu-
ation for the United States under license
with Combustion Engineering.
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PRESSURIZED FLUID BED COMBUSTION

In pressurized fluid bed combustion,
attention during the past year focused on
resolving the key hurdle which the tech-
nology must pass for commercial utility
consideration, i.e., achieving practical
gas turbine reliability. During this
year, 1000 hour reliability testing of
turbine components and hot gas cyclones
has been successfully completed under
joint DOE/EPRI sponsorship at the PFBC
pilot facility of the British Coal Utili-
zation Research Laboratory (CURL). A
second successful EPRI project activity
has been the screening of promising ad-
vanced hot gas cleanup devices on a large
PFBC simulator operated by Westinghouse.
This project has demonstrated extended
operation of ceramic bag filter units at
15000F and 11 atm while maintaining a
particulate collection efficiency of 99.5%,
This may provide the means to achieve a
much larger reliability margin for PFBC
gas turbine systems. This has encouraged
PFBC/combined cycle prototyves of suffi-
cient size to incorporate actual rotating
gas turbine machinery. A proposed near
term commercial approach is the develop-
ment of a coal-fired gas turbine for re-
powering existing power plants. This
could be the simplest and most rapid PFBC
utility application.

The next critical development step,
from the user standpoint, is the demon-
stration of extended operation of complete
PFBC gas turbine/hot gas cleanup combi-
nations at a sufficiently large scale to
permit engineering extrapolation to util-
ity service. Both the International Ener-
gy Agency (IEA) Grimethorpe PFBC test
facility and the Curtiss-Wright PFBC pilot
sponsored by DOE may provide the necessary
vehicle for achieving this development
milestone. EPRI has also recently initi-
ated a joint project with Brown-Boveri and
Babcock and Wilcox to perform engineering
evaluations- and design of alternative PFBC
combined cycle power plants. This effort,
together with the successful achievement
of gas turbine/hot gas cleanup reliability
is intended to provide the basis for ac-
tive utility industry participation in
large scale PFBC demonstration .and commer-
cialization programs. American Electric
Power (AEP) has provided much of the ini-
tiative in bringing this technology for-
ward for serious utility consideration.

ADVANCED COAL TECHNOLOGY ANALYSIS

In order to judge the ccmmercial po-
tential of both Ar~" -=d PFBC f-r utility
use, they must be considered not only in
terms of conventional zower plant design
but other advanced options as well. The
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following comparison is therefore offered
as an example showing their relative mer-
its and the status of the "horse race” in
which they are involved.

The conditions assumed are as fol-
lows:

- Plant location - Kenosha, Wisconsin

= Capacity factor - 70% (1000 MW capa-
city)

= Coal-Illinois bituminous:
ash, 10,000 Btu/lb

- Environmental control requirements

SOx - 90% removal

Particulate - 0.03 1b/MBtu

NOx - 0.6 lb/MBtu

Water guality - Zero discharge

Solid waste - RCRA "special waste"

requirements

= Plant Availability - 75% or greater

4% S, lé6%

00000

The 1979 EPRI Technical Assessment
Guide (TAG) was used as a basis for this
comparison; it was updated where appro-
pPriate by more recent, published EPRI R&D
results,

All options can meet the environ-
mental control requirements specified,
with the gasification combined cycle (GCC)
having the highest inherent capability for
SOx control without process modifications.
Both the GCC and PFBC should inherently
control to 0.2 lb/MBtu of NOx while the .
advanced PC and AFBC should control to 0.3
1b/MBtu or better. Although the GCC has
excellent air pollution contrel potential,
the possibility that toxic and/or carcin-
ogenic hydrocarbons will be produced under
the reducing conditions present in the pro-
cess may make workplace control as well as
control of wastewater and solid wastes in-
herently more expensive and, at this time,
more risky than for the other options.

The following results for the four
advanced coal options are assembled in de-
creasing order from best to lowest for
each criterion. The baseline for com-

parison is present-day, conventional super-'

critical PC/FGD.

A. Capital Cost $/kw
1. PFBC $700
2. AFBC $710
3. GCce $765 **g15
4. Baseline $804
5. Adv. PC/FGD $800
B. Busbar Costs (mills/xWh-30 yr lev-
elized)
l. PFBC 58
2. Adv. PC/FGD 59
3. GceC 60
4. AFBC 61
S. Baseline 64
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C. Net Heat Rate (Btu/kWh) and Net Effic-
zency (%) .
(adv. Pc/FGD 8460 40
1. (Gce 8465 **8980 40 **3g
(PFBC 8467 40
5. Baseline 9450 36
4. AFBC 9650 35
D. Water Consumption (gal/hr/Mw)
l. (PFBC 490
3. (GceC 490 ** 523
2. (Adv. PC/FGD 507
4. AFBC 620
5. Baseline 675
E. Limestone (tons/hr/1000 Mw)
1 (Gce 0
*  (Adv. PC/FGD 10 Regenerable FGD
3. Baseline 76
4. AFBC 132
5. PFBC 145 Dolomite
F. Solid Waste (dry tons/hr/1000 MwW)
1 (Gce 70
¢ (Adv. PC/FGD 70
3. Baseline 170
4. PFBC 185
5. AFBC 193
G. Land Requirement(acres/1000 MwW/30 yrs)
1. ece 750
2. Adv. PC/FGD 1050
3. PFBC 1150
4. - AFBC 1450
5. Baseline 1650
H. Auxiliary Environmental Control Cost
(¢ of piant capital cost)*
l. GCC 14
2. AFBC 21
3. PFBC 24
4., Adv. PC/FGD 33
5. Baseline 35
NOTE: * Does not include heat rejection

control
** Lower temperature (20000F) gas
turbine capability

A number of considerations evolve
from this comparative analysis. A sum-
mary of several of the more striking are
summarized as follows.

The several technologies considered
all have potential merit for improving
coal-fired power production relative to
present conventional pulverized coal
plants. The present economic and techni-
cal base is inadequate to either eliminate
any of these advanced options or identify
one as clearly superior. They all should
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be developed to the point of proving or alternatives are also undergoing vigorous
disproving their potential benefits. It development in the "horse-race" for the
is again emphasized that the information coal-fired power plant market of the
summarized here represents a performance 1990's and beyond. Thank you and Good
forecast based on the current technical Luck.

status of each option for a specified set
of conditions. Developments can be postu-
lated for each option which could further
improve its performance and relative merit.

Improvements in the environmental,
cost and efficiency performance of the ad-
vanced coal options relative to current
pulverized coal practice are likely but
are generally in the range of 10%, with
the exception of NOx emission control
where a 50-70% improvement is possible for
every option. The improvements are gener-
ally within the range of development un-
certainty and could also erode completely
during the further course of development.
Therefore, a decision to apply any of
these options commercially is more likely
to be made on the basis of confidence in
availability and operability, siting flex-
ibility and fuel flexibility. These are
all factors which should favor fluidized
bed combustion.

From a practical standpoint, the po-
tential improvement in plant availability
. is at least 2 to 3 times larger than im-
provement in efficiency, and the R&D risks
are probably smaller and less costly.
Accordingly, power plant cycle development
and improvement should place corresponding
priority on availability. This importance
1s reflected in an implicit improvement
factor incorporated in advanced coal op-
tions relative to current practice, i.e.,
minimization of auxiliary environmental
control. The payoff is primarily reduced
complexity and failure modes which, in
turn, tend to improve availabilty and op-
erability. !

CONCLUSION

In conclusion, fluid bed combustion
offers promise of providing a substantial
but evolutionary improvement in the utili-
zation of coal for electric power pro-
duction. Flexibility to burn alternative
fuels with minimum performance and reli-
ability penalty has been established.

The stringent emission standards existing
and proposed in the United States should
be met without complicated and parasitic
post—-combustion cleanup devices. These
significant improvement opportunities have
fostered major utility industry develop-
ment efforts for both APBC and PFBC. 1In
the final analysis, however, the utility
market potential of these technologies
will depend primarily on demonstration of
power plant reliability and availability
advantages over the alternatives. As we
move forward we must remember that these
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CONCLUSIONS OF THE EPA FLUIDIZED-BED
COMBUSTION PROGRAM

D. Bruce Henschel

Industrial Environmental Research Laboratory
U. S. Environmental Protection Agency
Research Triangle Park, N. C. 27711

Summar

The purpose of this pager is to. summarize
the current conclusions of the U. S. Environ-
mental Protection Agenci's (EPA's) Industrial
Environmental Research Laboratory, Research
Triangle Park, NC (IERL-RTP), concerning the
ability of atmospheric and pressurized fluidized-
bed combustion systems to meet currently iden- -
tified environmental requirements. In summary,
based upon aveiiable data, it is anticipated
that both atmos?heric and pressurized systems
should be capable of meetina the recently revised
New Source Performance Standards §NSPS) covering
air emissions of sulfur dioxide (S07), nitrogen
oxides (NOy), and particulates from electric
utilitz steam-generating units. NSPS for indus-
trial boilers have not yet been ro?osed by EPA;
however, fluidized-bed boilers should be able to
meet the industrial boiler standards as well,

if these standards are not significantly more’
stringent, or are less stringent, than the stand-
ards covering utility steam generators. The EPA
standards should be achieved in fluidized-bed
combustion systems in a manner which is economi-
cally competitive with the alternative of a
conventional boiler with flue gas desulfuriza-
tion; the ?reatest economic uncertainty concerns
the control of particulates at elevated tempera-
tures and pressures in pressurized combustors.
Additional data from large fluidized-bed combus-
tors, representative of commercial-scale
systems, are necessary to confirm these
conclusions. .

Solid residues from atmospheric and pres-
surized fluidized-bed combustors, in general,
should not be considered as "hazardous® wastes
under the Resource Conservation and Recovery
Act {RCRA; based upon RCRA procedures as cur-
rently de fned. However, the properties of
leachate from the residue will necessitate some
attention in the design of a “sanitary landfill®
under'RCRA, for disposal of the residues as non-
hazardous wastes. o -

Introduction

In parallel with the efforts by the U. S.
Department of Energ*. the Electric Power Research
Institute (EPRI), the Tennessee Valley Authority

TVA), and other organizations to develop
luidized-bed combustion technology, EPA is con-
ducting a contract research and development pro-
gram aimed at complete environmental characteri-
zation of the tec nolog{. The EPA program has
been described previously (References 1,2).
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. Objectives of the EPA fluidized-bed combus-
tion program are to identify any potential
environmental problem areas, and to develop any
necessary environmental control technology,
while the fluidized-bed combustion process is
under development. Identify1n? any problem
areas as early as possible during the develop-
ment ?hase should allow any necessary environ-
mental controls to be 1ntegrated into the process
on the most timely and cost-effective basis.:

. _Results from the R& program are intended
primarily to ensure the availability of an ade-
quate research data base to_enable the develop-
ment of standards and guidelines by EPA's regula-
tory offices, and to enable the issuance of
permits for fluidized-bed boiler plants by EPA's
permitting offices. The results are also to

-assist the-developers and builders of fluidized-

bed boilers in the selection and application of
control alternatives.

. The EPA program currently consists of seven
groaect; with a variety of contractors. Many of
he projects are discussed in detail in other
papers presented at this conference by the indi-
vidual contractors. For further reference, some
of the published reports ?enerated by EPA con-
tractors since the Fifth International Confer-
ence are listed as References 3 through 20.

Emission Sources and Applicable Federal Legis-
Tation

There are four major general sources of

emissions from fluidized-bed boiler plants.
These sources are: (1) the storage, handling,
and feeding of coal and sorbent; ?2’ the steam
cycle (e.g., cooling tower drift, 1iquid efflu-
ents from boiler blowdown, and feedwater treat-
ment): (3) stack gas emissions; and (4) emissfons
of sofi residue, in the form of bed material
#spent sorbent, with some coal ash) withdrawn

rom the combustor, and in the form of carry-over
(largel{ flyash, with some elutriated spent

sorbent) that is removed from the flue gas by
the particle control devices.

Emissions resulting from the solids storage
and handling system, and from the steam cycle,
are not unique to fluidized-bed combustion, but
should be reasonably_t*pical of any coal-fired
combustion system driv ng a steam turbine.
Accordingly,” subsequent discussion will focus
on the stack gas and solid residue emission
sources.
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The stack ?as emissions will be covered by
agplicab]e requlations developed by EPA under
the Clean Air Act, as amended. There are a -
number of re?uirements under this Act which can
affect the ultimate siting and control levels
for a fluidized-bed boiler plant. The specific
type of regulation of most meaning for the dis-
cussion in this paper is the NSPS, which speci-
fies acceptable emission concentrations from
new or substantially modified sources, and which
is based on best available control technology.
Revisions to the NSPS for large uti]it{ steam

enerators (larger than 73 MWt), promulgated in
979, are: for S02, an absolute maximum emission
of 1:2°1b S05/108 Biu heat Input (520 ng/J), with
at least 90 percent SO2 reduction required so
long as tge emissions remain between 0.6 and

1.2 1b/10% Btu (260 and 520 ng/J), and at least
70 percent reduction required_so fong as emis-
sfons. do not exceed 0.6 1b/106 Bty $ 60 ng/J);
for NOy, 0.6 lb/go Btu 5260 ng/J) for most
coals, 0,5 1b/10° Btu 52 g ng/ or subbitumi-
nous coals, and 0.8 1b/10°0 Btu 340.n$/J) for
some lignites in some_furnaces; and, for par-
ticulates, 0.03 1b/106 Btu 513 ng/df. These
standards are based upon a 30-day rolling aver-
age. Utility-scale fluidized-bed boiler plants
would have to be designed in order to achieve
these emission standards; however, the operators
of the initial plants may applg for a commercial
demonstration permit allowing 85 percent SO;
removal instead of 90 percent, under the philoso-
phy that, without previous experience in the
design and operation of utility-scale fluidized-
bed plants, the goal of 90 gercent may not be
achieved in the initial installations. Under
the revised utility NSPS, the first 400 to

3,000 MWe of cumulative installed atmospheric
fluidized-bed boiler capacity, and the first
400 to 1,200 MWe of pressurized capacity, may

be issued such commercial demonstration permits.
NSPS for industrial boilers are currently under
development.

. The solid residue generated by the process
can have the following environmenta] effects:
fugitive air emissions from disposal sites, in
the form of wind-blown dust, which would be
covered under the Clean Air Act; rainwater perco-
lation through the disposal piles into the soil
and groundwater, which would be covered under
RCRA; and rainwater runoff into surface water
systems, which would be covered under the Clean
Water Act and RCRA. Under RCRA, EPA has recently
promulgated criteria for determining whether a
residue is to be considered “hazardous" for the
purposes of the Act; EPA must promulg;ge standards
covering the generaiion and the treatment/storage/
disposal of "hazardous” wastes. If a waste is
not hazardous, it would, in general, be disposed
of in a "sanitary landfill" in accordance with
solid waste management plans developed by the
individual states. EPA has promulgated some cri-
teria defining "sanitary landfills," and has pro-
po;gd (but not yet promulgated) additional
criteria.

Sulfur Dioxide Control

Sulfur dioxide removals of 90 percent and
higher can be_ achieved in both atmospheric and
gressurized_quidized-bed combustion, thus ena-

ling compliance with the revised EPA New Source
Performance Standard for utility steam generators.
These removals should be achievable with reasona-
bte sorbent feed rates, and in a manner which is
cally competitive with the alternative of .
a conventional boiler with flue gas desulfuriza-
tion. However, in order to achieve high S0z

removals economically, fluidized-bed boilers may
have to be operated with increased contact time
between the 302 and the sorbent, and with reduced
sorbent particle size. Increased SOg[sorbent
contact time and reduced sorbent particle size
can significantly increase sorbent effectiveness
in SO2 removal, and hence significantly reduce.
sorbent feed requirements.

In traditional dense-phase fluidized-bed
systems, increased SOz/sorbent contact time is
achieved through increased gas residence time in
the bed. Increased gas residence time trans-
lates into a decrease in gas velocity through the,
bed, and/or an increase in bed height. There has
been an incentive for designers to attempt to
minimize gas residence time, in order to maxi-

mize boiler throughput, and to reduce boiler

size and capital cost. However, EPA's studies
suggest that, at high levels of S0 removal

the cost penalty (the increased ca italization
cost) associated with a larger boiler is more
than offset by the reduction in operating costs
associated with the reduced sorbent feed require-
ments. The reduction in sorbent feed require-
ments achievable through increased gas residence
time/reduced sorbent particle size, becomes

more pronounced as the required level of S02
removal increases. -

This point is 1llustrated by an en?ineering
study conducted by Westinghouse for utility-
scale boilers (Reference 10), some results of
which are summarized in Figure 1. Figure 1
presents the cost of electricity as a function
of sorbent cost for an 800 MW atmosgheric fluid-
ized-bed boiler plant operated to obtain 90 per-
cent SOg removal. Projected costs for a conven-
tional Boiler with a scrubber are also plotted
for comparison. The sorbent feed rates shown

in Figure 1 (exgressed as the calcium-to-sulfur
mole ratio, or Ca/S) were projected by Westing-
house using a fairly simple kinetic model based
upon laboratory thermogravimetric kinetic data
for the sorbent/S0p reaction.

The bottom curve for atmospheric fluidized-
bed combustion in Figure 1 was developed assuming
a ?as_residence time of 0.67 second (a gas
velocity of 6 ft/sec, or 1.8 m{sec. and a bed
depth of 4 feet, or {.2 meters). The curve also
assumes a 500 um surface mean sorbent parti-
cle size in the bed (which corresponds to a mass
mean of perhaps 700 ym); the actual size of the
fresh sorbent feed, of course, could be coarser
than this in-bed value. These.values for resi-
dence time and particle size, although not nec-
essarily representing the economic o?timum. are
felt to represent reasonably good selections
for these variables from the standpoint of cost-
effective SOp removal. The values for velocity,
bed depth, and in-bed particle size are, individu-
ally, within the ranges considered in various
design and experimental programs conducted by
other organizations. As indicated on the curve,
for a 0.87 second residence time and a 500 ym
Earticle size, the sorbent feed rate projected

y_the Westinghouse model is a calcium-to-sulfur

mole ratio of 2.9, assuming a sorbent of represen--. ..

tative reactivity.

The top curve for fluidized-bed combustion in
the figure was developed assumin? a gas resi-
dence time of 0.4 second (gas velocity of 10
ft/sec, or 3.0 m/sec, and a bed depth of 4 feet,
or 1.2 meters); sorbent particle size in the bed
was assumed to have a surface mean value of 1000
ym. At this lower gas residence time and larger
particle size, the model projects {somewhat
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pessimistically) that the required calcium-to-
sulfur ratio is 7.0.
The comparison of the top and bottom curves
indicates that--despite the higher annualized
capitalization cost associated with the larger
fluidized-bed boiler represented by the bottom
curve--the reduced sorbent feed requirements for
this boiler result in a several mill/kWh net sav-
ings in the cost of electricity at a typical
sorbent cost of $10/ton (39/metric ton). Even
if sorbent feed reguirements for the smaller
boiler (represented by the top curve) were less -
than the Ca/S of 7.0 projected by the model, the
larger boiler would continue to be ecoriomically
more attractive than the smaller one unless the
model is over-estimating the sorbent requirements
of the smaller boiler by a factor greater than )
two. As shown in Figure 1, the cost of elec- .
tricity from the larger fluidized-bed boiler, with
a Ca/S of 2.9, is projected to be less than that
from the conventional boiler/scrubber at all
but the highest sorbent costs.

Since the sorbent feed requirements projec-
ted by the Westinghouse model play a key role in
this cost comparison, it is important to assess
the reliability of this fairly simple model.

The model has been tested against the available
data Trom experimental fluidized-bed combustors,
and has been found to represent most of the
combustor data very well. Rigorous comparison

of model projections against data at specific
conditions from individual fluidized-bed combus-
tion units is gresented in References 10, 14 and
17. Unfortuna eli, most of the data from atmos-
pheric fluidized-bed combustion facilities are
for SO> removals below 90 percent, since the pre-
vious EPA Eew Source Performance Standard for SOE
(1.2 1b/10° Btu, or 516 ng/J)--which served as the
guideline for most ?revious testing--represents

a percentage removal of only 83 percent with a 4
percent sulfur coal. Accordingly.'the model can-
not be extensively confirmed at vemovals of 90
percent and above. However, EPA is currently
conducting 2 carefully designed matrix of tests
on the 40- by 64-inch (1- by 1.6-meter) atmos-
pheric combustor at Fluidyne aimed at generating
data which can be used to help confim the

model at removals of 90 percent and above, Con-
firmation of the model is ultimately required

on operating fluidized-bed boilers sufficiently
lar?e to_provide data representative of commer-
cial-scale units. ;

Rather than attempting to repeat the rigor-
ous model-versuys-data comparisons in this paper,
a more generalized approach will be employed
which, although less rigorous, provides overall
perspective regardlng how model projections
compare against the mass of SO» removal data
which have been generated to date. Figure 2
presents percentage SO removal at atmospheric
pressure as a function of sorbent feed rate, as
grojected by the Westinghouse model at the condi-
tions of gas residence time {0.67 second) and
in-bed particle size (500 um} felt to be desirable
for effective S0, removal. Curves are shown for
three different Sorbents: carbon limestone,
represgntin? one of the more reactive of the
approximately 25 sorbents tested to date on the
Westinghouse laboratory thermogravimetric analy-
zer; Grove limestone (referred to as 1imestone
1359). one of the less reactive sorbents; and
Greer limestone, representing an intermediate
reactivity. The calcium~to-sulfur feed require-
ments of 2.9 for 90 percent removal, used for the
bottom curve of Figure 1, can be read off the
curve for Greer limestone in Figure 2. Some
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sorbents have been tested which are significantly
less reactive than 1359 limestone; however, such
unreactive sorbents would generaliy not be util-
ized in fluidized-bed combustors, since they
would make the process economically unattractive.
A potential user of fluidized combustor technology
should be able to site his plant in order to have
available, within reasonable distance, alterna-
tive sorbents having a reactivity not substan-
tially less than that of limestone 1359. Accord-
ingly--although the curves in Figure 2 do not nec-
essarily encompass the entire range of sorbent
reactivities that might be considered for commer-
cial fluidized-bed combustion applications--the
curves are felt to illustrate a reasonable range
of commercially achievable reactivities.

These model projections from Figure 2 are
compared against available experimental atmos-
pheric combustor data in Figure 3, which is
adapted from Reference 14. .The u per curve in
Figure 3 is the curve for carbon imestone,
partially redrawn_ from Figure 2; the lower curve
is the curve for 1359 limestone. The data shown
in Fi?ure 3 were obtained from a variety of bench-
and pilot-scale combustors over a wide spectrum
of gas residence times, sorbent particle sizes,
sorbent types, and other combustor conditions;
these data are not limited to data obtained at
conditions near the 0.67 second residence time/
500 ym sorbent size that served as the basis for
the curves from Figure 2. The units from which .
the data were obtained ranged in size from 6 inches

15.2 cm) i.d. to 10 by 10 feet (3 by 3 m) in
cross section.. The data shown in Figure 3 are .
from: the Babcock & Wilcox 3- by 3-foot (0.91- by
0.91-m) unit at Alliance, Ohio; the 6-inch

15.2-cm) diameter atmospheric combustors at

rgonne National Laboratory (ANL) and at the -
National Coal Board {NCB) in Ens and; the 1,5- -
b¥ 6-foot (0.46- bg 1.8-m) Fluidized-Bed Module- °
( BM{ operated by Pope, Evans and Robbins (PER&-
the 1.5- y 3-foot ( -A6- by 0.91-m) unit at NCB;
the 6- b{ -foot (1.8- by 1.8—m2 EPRI/B&W combus-
tor at Alliance; the 10- by 10-foot (3- by .3-m)
B&W Ltd. boiler at Renfrew, Scotland; and the
1.5- by 1.5-foot {0.46~ by 0.46-m) and 40- by
64-inch (1- by 1.6-m) combustors at Fluidyne.

As shown in Figure 3, the mass of data gen-
erally fall within the boundaries of the curves
projected by the model. Some data even suggest

erformance superior to that projected for carbon .
imestone. Those data which suggest performance
poorer than that within the curve boundaries are,
in many cases, either from the small 6-inch
15.2-cm) units, or from the B&W 3- by 3-foot
0.91- by 0.91-m) unit; this unit has a low free-
board and no recycle, so that a high carry-over
rate and a higher-than-normal sorbent feed rate
would be expected. ) .

Figure 3 is not intended as a rigorous con-
firmation of the model, but rather is meant to
11lustrate that, in general, the model projec-
tions do not represent a major divergence from
available data.

The data in Figure 3 suggest that the projec-
tion in Figure 1--that a Ca/S of 7 would be nec-
essarx for a 90 percent SO removal in the boiler
with lower gas residence time--is Frobab] pessi-
mistic. The trend in the data in Figure sug-
gests that a Ca/S much lower than 7 would
probably be adequate.

The previous discussion has considered only
atmospheric fluidized-bed combustion. In general,
the achievement of 90 percent and greater 50;
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removals in pressurized fluidized-bed combustion
has been possible with relatively low sorbent
feed rates (calcium-to-sulfur mole ratios of
1.25 to 2) (References 7 and 16). One reason
for the effectiveness of SO removal in pres-
surized systems might be that pressurized
systems require comparatively deep beds, in
order to accommodate the heat transfer sur-
face necessitated b{ the high volumetric heat
release rate; deep beds inherently result

in gas residence times (generally 1 second

or_ longer) slanificant]y greater than those nor-
mally obtained in atmospheric combustors.
Figure 4 presents expected desulfurization as a
function of sorbent feed rate for a 9 atm

(910 kPa) combustor being fed with 2000 um
mass mean Pfizer dolomite, based upon results
from EPA's 500 1b coal/hr (227 kg/hr) pres-
surized fluidized-bed combustion Miniplant,
and based upon a model developed by Exxon
(Reference 16). Cost projections are pre-
sented in Figure 5 for a utility-scale pres-
surized fluidized-bed combustor, based upon
Westinghouse estimates {Reference 10), analo-
gous to Figure 1. As illustrated in Figure 5,
a pressurized fluidized-bed combustor is
projected to have lower costs of electricity
than a conventional boiler with a scrubber,
over the full range of fluidized-bed Ca/S
ratios (1.25 to 2.0) suggested in Figure 4 for
90 ?ercent S0p removal at gas residence times
of 1 second and longer.

Comparing Figures 1 and 5, it is apparent.
* that the .need to further increase gas residence
time in order to reduce sorbent feed rate in:
pressurized fluidized-bed combustors, is less
critical than in the case of atmospheric
units. In Figure 1, an increase in gas residence
time from 0.4 to 0.67 seconds--an increase of
0.27 seconds--had a significant impact on
projected sorbent feed requirements for atmos-
pheric combustors,.and could be the determining
factor regarding whether or not atmosgheric
fluidized-bed units are competitive with
conventional boilers. However, as sug?ested

in Figures 4 and 5, an increase, from | second

to 3 seconds, in the gas residence time for
pressurized units should have a comparatively
small impact.

The S0z removal performance of both
atmospheric and pressurized fluidized-bed
combustors may be improved by reducing the
mean sorbent particle size, as discussed
previously. As the part1c1e size is reduced
to smaller and smaller values, the particles
will have an increased tendency to elutriate
out of the bed, depending upon the gas velocity.
Even in a fluidized-bed System where the
particle size/gas velocity relationship 1is
such as to maintain basically traditional
dense-phase fluidization, there will be some
carry-over of fine garticles, due to fine
material in the sorbent feed and/or due to
attrition. Recycle, back to the bed, of the
elutriated sorbent fines should resuft in a
reduced mean particle size in the bed, thus
improvin? in-bed capture; fines recirculation
should also result in an increased concentration
of fine sorbent in the freeboard, providing
additional capture after the gases leave the
bed. As the sorbent feed becomes relatively
finer, the quantity of fines being recirculated
will, of course, become_greater.. As the
gart¥c1e size/gas velocify reiationship moves

oward even finer particles, the system moves
out of the traditional dense-phase fluidization

mode and toward more advanced fluidization
concepts--“turbulent" fluidization, “fast’
fluidization, and, in the extreme, entrained-
phase operation. High-recycle operation, and
the advanced fluidization concepts, may prove
to be more effective at S0p removal than is
low carry-over, dense-phasé operation. The

" fine particle size associated with these other
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operating modes, combined with adequate (or per-
haps even increased) gas/solids contact time,
may provide superior 502 capture performance;
further operating data are required concernin
these other modes. It should be re-emphasize
that,for these other modes of operation, the key
variable affecting SO? removal--gas/solids contact
time--no longer translates into gas residence
time in the bed, as it does for traditional dense-
ghqse fluidization. The previous discussion in
his paper has been based upon the low carry-over,
dense-phase case.

Thus, high levels of sorbent attrition or
carry-over are not necessarily bad, so long as the
carry-over is recycled and so long as a stable
system can be maintained without excessive sorbent
feed rates. Attrition and recycle might result
in effective sorbent utilization and high 502
removals. The capture of SO2 in the freeboard,
which may be achieved with high-recycle s*stems.
may be important for boiler designs in which coal
is fed above the bed; with above-bed coal feed,
some of the SO% may be released above the bed,

q:d ?$nce may have no residence time in the bed
itself.

Nitrogen Oxides Emissions

N1trogen oxides emisgions are character-
istically below 0.5 1b/10° Btu heat input

(210 ng/J) for lar?e atmos her1g fluidized-bed
combustors, and below 0.4 1b/10° Btu (170 ng‘J)
for pressurized units. - These emissions may be
reduced further through the use of two-stage com-
bustion and other NOy control ogtions which are
just starting to be explored. Thus both atmos-
pheric and gressurized systems appear capable

of meet1n§ he current EPA New Source Perform-
ance Standard for NO, emissions from utility
boilers, of 0.5 1b/136 Btu 521 ng/J) for sub-
bituminous coals and 0.6 1b/10°% Btu (260 ng/J)
for other coals. .

As discussed below, many NO, emission
measurements from experimental ccmbgstors are
below the values (0.5 and 0.4 1b/10° Btu)
indicated above. However, the data are so
scattered, and our understanding of the variables
which control NO, emissions is so limited, that
it would be d1ff*cult to guarantee that a given
fluidized-bed combustor would never exceed

those levels on a 30-day rolling average.

uUntil recently, NO, emissions from fluidized-
bed combustors were of Yimited concern.

Fluidized combustor NOy emissions are inherently
lower than the EPA emission standard (which is
based upon emissions from conventiona boi1ers¥;
hence no major effort had previously been initi-
ated to reduce the fluidized-bed NOy emissions
further. However, a number of combustion modi-
fication technigues are being tested for conven-
tional boilers (e.g., low-NOy burners, and staged
combustion) which could enabfe greatly reduced
NOy en1ss1ong from conventional systems (as low
as"0.2 1b/10° Btu, or 86 ng/J). Even pressurized
fluidized-bed combustion systems--which fre-
quentlx show emissions below 0.2 1b/10° Btu--do
not achieve that level universally. Therefore,
it is important that studies be conducted con-
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cerning the applicability of combustion modifi-
cation techniques for reducing NOy emissions from
fluidized-bed combustors so that ¥luid1zed-bed
combustion can continue to be competitive with
conventional boilers in future years, if the low
NO, emissions from conventional units are indeed
acﬁigved: EPA has conducted some preliminary
testing in this regard.

Available data from exﬂerimentaI atmospheric
fluidized combustors, 6 inches (15.2-cm) in diam-
eter and larger, are shown in Figure 6. The
units represented in Figure 6 include most

of the units represented in Figure 3. The NOy
data from the Argonne 6-inch (15.2-cm) untt
include only those data for which the unit was
operating with a sorbent bed.

The bulk of the emission data within the
t{picaI expected operating temperature range for
the primary combustion cells--1500 to 1600°F, o
815 to 871°C--1ie between 0.2 and 0.6 1b N0,/10
Btu (86 and 260 ng/J), expressed as NOp. - This
emission is no greateg than the current emission
standard of 0.6 1b/10° Btu (260 ng/J). Many of
the data goints on Figure 6 which exceed the
current standard were obtained at bed tempera-
tures representative of those which mi

r ght be .
expected in a carbon burnup cell--2000°F (1094°C)

and above.

Lar?e atmospheric fluidized-bed combustors
exhibit Tower *and less variable) NOC, emissions
than do small laboratory units. This fact is
demonstrated in Figure 7 (Reference 14), where
the data from Figure 6 are re-plotted as a func-
tion of unit size. The bars in Figure 7 repre-
sent the range of NOy emission data from the
indicated units in the 1500-1600°F (815-871°C) .
temperature range. The.range shown for the
Argonne 6-inch {15.2 cm) unit reaches levels
higher than those shown in Flgure 6, since Figure
7 includes some results from Argonne tests.with
non-sorbent beds not included in Figure 6. As
illustrated in Figure 7, all of the emission data
higher than 0.6 1 {105 Btu (260 ng/J) in the
typical primary cell temperature range, resulted
from the two smallest experimental units. Most
of the variability, causing the data scatter in
Figure 6, also results from the smaller units.
Emission data from the two largest atmospheric
boilers (the EPRI/B&W 6- by 6-foot, or 1.8- by
1.8-meter unit, and the Renfrew un{t) hold con-
sistently within the range of 0.15 to 0.45 1b/106
Btu (65 to 190 ng/J). This range is felt to be
more representative of the emission levels and
variability that might be expected from commer-
cial-scale atmospheric units.

As shown in Fi?ure 6, emissions of NOy
from_atmospheric units are generally above the
level that would be predicted from thermodynamic
equilibrium considerations, based upon the reac-
tion of atmospheric nitrogen and oxygen. One
ex?lanation for this fact is that, a Brimany
cell bed temperatures, probably 80 to 80 percent
of the observed NO, results, not from fixation
of the atmospheric nitrogen and oxygen, but

from oxidation of a portion of the organic
nitrogen compounds in the coal.

NOx emissions from pressurized fluidized-
bed combustors are represented by Figure 8, which
presents all of the data that have been coflec-
ted on the 500 1b coal/hr (227 kg hr) pressurized
Miniplant combustor (Reference 16). _As indicated,
sume of the data are below 0.1 1b/106 Bty
(43 ng/J), although a few measurements are as

high as 0.4 1b/106 Btu (170 ng/J;. The_fact that
so much of the data are below 0.2 1b/106 Btu

(86 ng/J) gives rise to a hope that--if NOx .
emissions from pressurized units decrease with
increasing unit size in the same manner as shown
in Figure 7 for atmospheric combustors--
pressurized units larger than the 1.8 MWt Mini-
plant might reliably achieve 0.2 1b/10° Btu with-
out combustion modifications.

Efforts have been made to correlate NOy
emissions against combustor variables for both
atmospheric and pressurized fluidized-bed combus-
tors (Reference 18). There does agpear to be
some correlation suggesting that N0, decreases
with decreasing temperature, decreasing excess
air, and increasing gas residence time. However,
the correlation is not sufficiently stron? to
suggest that these variables might be utilized
as an effective means of NOy control.

. EPA has conducted some preliminary testing
in order to assess-whether N0, emissions from both
atmospheric and pressurized ffuidized-bgd combus-
tors can be reduced by means of combustion modi-
fications, In limited testing on the 100 1b
coal/hr (45 kg/hr) atmospheric combustor at EPA's -
laboratories in the Rgsearch Triangle Park, emis-
sions below 0.2 1b/10° Btu (86 ng/J) were
achieved through the use of two-stage combus-
tion. In these runs, the primary combustion air
flow to the base of the bed contained about
5 percent excess air; the-remaining air (to bring
the total to 20 percent excess) was injected
ust above the bed. Tests on a 28 1b coal/hr
il3 kg/hr; ?regsurized combustor at Exxon (Ref-
erence 16) indicated that NOx emissions could
be reduced by about 50 ?ercent through the use of -
two-stage combustion, with the primary air being.
75 to 90 percent of stoichiometric, and with
secondary air (raising the total to 15 to 30-
gercent excess) being 1n}1‘ected into the bed, near
he top. Reductions in NOx of 30 to 50 percent
were achieved on the Exxon combustor through ammon-
ia injection, when the ammonia was injecte
near the top of the bed, Simulated flue gas
recirculation tests yielded no significant NO,
reductions.

Thus potential does apgegr to exist for
obtaining reductions in fluidized-bed combustor
NO, emissions through the application of combus-
tion modification techniques. However, substan-
tia] additional work is necessary in order to
confirm and optimize the initial results.
Furthermore, additional studies are necessary

in order to determine the effect of combustion
modifications on other aspects of the combustor
system (e.g., two-stage combustion could increase
emissions of other pollutants, decrease combus-

“tion efficiency, and create corrosion concerns).

Particulate Emissions

Particulate control, adequate to reliably
meet the current New Source Perfogmance Standard
for utility boilers of 0.03 1b/10° Btu (13 ng/Jd),
has yet to be demonstrated on both atmospheric
and pressurized fluidized-bed combustors. How-
ever, adequate control .should be possible at
atmospheric pressure through suitable design and
op?ra ion of conventional particle control tech-
nology.

For atmospheric fluidized-bed combustors,
control of particulate emissions should be .simi-
lar to control from conventional boilers burn-
ing Tow-sulfur coal. Cyclones alone will not be
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adequate; control will probably include one or
more stages of cyclones followed by an electro-
static precipitator or a fabric filter. Electro-
static precipitators will have to be designed and
o?erated considering the high resistivity of the
fluidized-bed flyash (and Tow flue gas S0p/S03
content).. Fabric filters may be subject to such
problems as: bag blinding (the flyash in some
cases exhibits caking properties); bag fires (if
sufficient residual carbon remains in the flyash
entering the filter); and base attack {resulting
from the high pH of the lime-containing flyash).
However, it would be anticipated that, by care-
ful selection of design and operat1n3 conditions
following further experience on fluidjzed-bed
combustors, these conventional particle control
devices should grovide sufficient removal and
operating relfability.

Most experimental experience on atmospheric
units to date has been with cyclones, on rela-
tively small combustors. Fabric filters (and, in
the case of the 30 MW Rivesville boiler, an
electrostatic precipitator* have been installed
as the final stage of particle cleanup on the
large atmospheric combustors that are now in
or near operation. However, extended test data
from these final-stage devices are not yet
availabte.

Particie control at high temperature and high
ressure, capable of meetiga the emission standard
n pressurized fluidized-bed combustion systems,
- {is sti11 in 3-developmental stage. Fairly promis-
ing results were observed in the Miniplant where,
'durin? extended testing. .three stages of conven-
tional cyclones at hi? temperature/pressure
reduced flue gas Joadings to as low as 0.03 1b/106
Btu {13 ng/J) with a mass mean particle size
of 1 to 2 um {Reference 16). Good results
-were ‘also-obtained on:the iniglant with an
experimental ceramic filter. Other options con-
sidered by various investigators include
* advanced cyclone designs, granular bed filters,
- and high temperature/pressure electrostatic
precipitators.

It {s conceivable that pressurized systems
might utilize particle control at atmospheric
pressure, in addition to high temﬁerature/pres-
sure controls, in order to meet the particulate
emission standard. The high-pressure controls

. will have to remove enough of the particulate to
protect the gas turbine from erosion; this
requirement will grobably translate into removing
virtually all of the particulate larger than 5 to
10 ym. However, even when all particles above
5 ,m are removed, the mass loading in the gEes-
surized off-?as may still exceed 0.03 lb{l Btu
(13 ng/J). [If, indeed, the environmental require-
ments are more stringent than the gas turbine
erosion requirements, then a decision will have
to be made regarding whether to achieve the
additional particle removal, required by environ-
mental regulations, using high temperature/pres-
sure controls, or whether to install an atmos-
Eheric-pressure control device following the gas

uyrbine. (The very high.levels of high tempera-
ture/pressure particle control, once thought nec-
essary in pressurized systems in order to pro-
tect the gas turbine from corrosion, may not be
required; recent tests indicate that much of the
corrosion-causing alkali is present in the gas
phase at turbine inlet temgeratures. so that
alkali corrosion may have to be handled in some
manner other than through efficient particle
removal.)
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S011d Residue

Solid residues from atmospheric and pres-
surized fluidized-bed combustors will require
some care in handling and disposal. The resi-
dues will, in general, probably not be con-
sidered "hazardous" under the Resource Conserva-
tion and Recovery Act (RCRA). However, the char-
acter of the leachates will require specjal atten-
tion in the design of a “sanitary landfill"
under RCRA for disposal of the residues as non-
hazardous materials.

Extensive laboratory leaching tests have been
conducted on residues from a wide variety of
experimental fluidized-bed combustors (Refer-
ences 5, 8 and 19), Field cell studies are just
beginning. When the residues are shaken in a
flask containing distilled, de-ionized water as
the leaching medfum, the primary gotent1a1 prob-
lem areas appear to be the following (Refer-
ences 5, 19 and 21). :

° The pH of the leachate at equilibrium is in
the range of 8 to 13, which is above EPA's
National Secondar Dr1nk1ng Water Regulation
(NSOWR) range of 6.5 to 8.5.

° Total dissolved solids (TDS) in the leachate
at equilibrium are in the range 1000 to 4000
mg/z, above the NSOWR level of 500 mg/z.

° Sulfate_concentrations at equilibrium are
generally in the range 1000 to 2000 mg/%,
above the NSDWR of 230 mg/%.

The above factors result grimar11y from the spent
sorbent which {is present in the.residue. Note
that the equilibrium concentrations observed in
laboratory “shake” tests of this type probably
represent the worst case that could be expected .
in an actual disposal site. Heat release,
resulting from hydration of the calcium oxide
fraction of the spent sorbent upon initial

exposure to water, is another potential problem
area; this heat release could necessitate some
care in handling the residue, but is not expec-
ted to be a major environmental concern.

Suylfide and total organic carbon are below detec-
tion Timits in the leachates, and are not expec-
ted to be problems. None of the 15 trace
metals--for which some form of drinking water
standard/regulation/criterion exists--exceeds

that concentation in the leachate, when distilled
water is the leaching medium; trace metals are dis-
cussed in greater length later.

The residues will, in general, probably
not be found to be "hazardous" under RCRA,
according to the RCRA procedures recently prom-
ulgated. Four criteria have been established
to determine whether a material is to be con-
sidered “hazardous”: toxicity, ignitability,
reactivity, and corrosivity. A laboratory leach-
ing test, referred to as the Extraction Pro-
cedure, has been proposed for determ1n1n? whether
a material is "hazardous" due to the toxicity
criterion. The Extraction Procedure employs
an acetic acid solution as the leaching medium;
a material is considered "hazardous”" due to
toxicity if the leachate contains any one of
eight trace metals (or certain other materials)
at a concentration greater than 100 times the
National Interim Primary Drinking Water Requ-
latfon (NIPDWR). Six fluidized-bed combustion
residues (including both atmospheric and pres-
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surized spent bed materials and flyash/carry-
over materials) have been tested by Westinghouse
according to the txtraction Procedure (Refer-
ence 22). None of the eight trace metals
exceeded the threshold of 100 times the NIPDWR
for any of the residues; hence the residues
tested were not “hazardous" due to toxicity.
The other three criteria (ignitability, reac-
tiyit{ and corrosivity) are not considered at
this {me to apply to fluidized-bed combustion
residues (Reference 21). -

Although fluidized combustion residues in
general do not appear to be "hazardous," it is
possible that, in some limited specific cases,
residues from an individual plant may be found
to be “hazardous" according to the Extraction Pro-
cedure (depending upon the specific coal burned
or the specific sorbent used). However, it
would be expected that the number of cases where
the residues might be "hazardous" would be small,
since in the six residues tested with the Extrac-
tion Procedure, the concentrations of the eight
trace metals were, in all cases, more than an
EEESEROf magnitude less than 100 times the

If fluidized-bed combustion- residues are
not "hazardous,” they will not have to compl
with the regulations being developed under RCRA
to cover the generation and disposal of "hazard-
ous" wastes. However, even if they are not
“hazardous," the residues will in general
(depending upon state requirements} still have
to be discarded in a "sanitary landfill," in
accordance with RCRA provisions. One require-
ment proposed for "sanitary landfills" is that
they ‘should -not degrade groundwater to cause con-
taminant levels in excess of the NSDWR. The
fact that fluidized-bed residue leachate exceeds
the NSDWR for pH, TDS and sulfate does not, of
course, indicate that a landfill composed of the
residue would necessaril¥ raise groundwater con-
centrations above those levels. The actual
impact on the groundwater concentrations will
depend upon a large number of site-sgec1f1c
parameters. However, the fact that the leachate
exceeds the NSDWR does indicate that a potential
groundwater contamination threat might exist, and
this possibility will have to be considered in
the design and operation of the disposal facility.

Under the Clean Water Act (CWA), EPA is
responsible for development of effluent limi-
tation guidelines and new source performance
standards for liquid effluents from steam elec-
tric plants and other industrial categories.
Runoff from a solid residue disposal site would
generally be covered by any such effluent stand-
ards which are developed. The current guidelines
and standards for conventional power plants
snecify. among other things, that effluents from
the plants should be maintained in the pH range
of 6.0 to 9.0. Since fluidized-bed residue
leachates frequently have pH levels higher than
9, some effluent control technology could be
necessary, depending upon the specific circum-
stances. In addition, under CWA, EPA is consid-
ering the need for effluent standards covering
129 substances commonly referred to as the

ﬁrlorit pollutants,” which were -defined as
the result of a judicial consent decree. The
priority pollutants include primari]* complex
organic compounds, but also include 13 trace
metals. EPA js screening a variety of effluents
for these pollutants; the current minimum con-
centration being quantified is 10 parts per
billion (ppb). "The 13 trace metals are gen-
erally present in fluidized-bed residue Teachate
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in concentrations of 10 to 100 ppb or less when
distilled water is the leaching medium. The
fact that the metals are present above 10 ppb in
some cases does not necessarily mean that
effluent controls may be required.

Other Potential Pollutants

. The previous discussion of air pollutant
emissions and solid residue focuses on those
pollutants for which standards or regulations of
some type already exist or are being considered.
However, in a more anticipatory role, EPA is
also addressing potential pollutants which may
become of concern in the future. Comprehensive
qnalyses--inc]uding chemical and bjological test-
ing--are being conducted, or are planned, on the
large fluidized-bed combustion units which are
currently in operation or under construction.
These comprehensive analyses will consider up
to 850 different potential pollutants. This
tist of substances to be considered at this stage
has been made deliberately long in-an effort to
ensure that no potential problem pollutant is
overlooked,

In order to assess the results from such-
extensive comprehensive analyses, the observed
emissions for the substances identified are
compared against conservative emission goals,
which have been developed independently for
each of the 850 substances based upon fairly sim-
ple application of available health and ecolo-
gical effects data. If the observed emission
exceeds the independent goal level for a specific
substance, then that substance warrants further
consideration in the R&D effort.

Complete com?rehensive analysis results are
currently available from only one. fluidized-

bed combustion facility, the pressurized Miniplant.
Briefly, the key conclusions from this comprehen-
sive analysis are: -

° The fraction of the fl¥ash/carry-over smaller
than 10 ym, gave a positive result on the
Ames test for mutagenicity. This result
suggests that the 10 ym flyash is mutagenic,
and hence possibly carcinogenic. Similar
positive Ames results have been observed
on flyash from conventional boilers, so that
this effect may be associated with coal com-
bustion in general, and thus not necessarily
a reflection on fluidized-bed combustion in
particular. EPA is conducting further tests
to confirm and explain this result.

® Certain trace metals in the bed material,
the flyash and the leachate from the bed
material and fl{ash, exceeded - the con-
servative health/ecological emission goals
mentioned previously. This result does
not necessarily indicate a problem, since
the goal levels are so conservative.
The results suggest only that further analy-
ses are required as part of EPA's R&D program.
For example, if the element Se is identified
in the analyses (b{ spark source mass
spectrometry, which does not indicate the
compound form of Se), it is assumed in apply-
ing the goal levels that all of Se is present
as the most toxic Se compound that is
included in the list of 3850 substances.
Since the Se is probably actually gresent as
a much less toxic species, this method of
data interpretation really indicates only
that further analyses are necessary to
define the compound form of the Se, so that
the actual level of environmental hazard can
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be assessed more accurately.

° Organié substances did not exceed the
goal levels in any streams.

Conclusions

Both atmospheric and pressurized fluidized-
bed combustors should be able to meet the current
revised NSPS for large utility steam generators.
Specifically: : :

1. 507 removals of 90 percent and higher can
probably be achieved in both atmospheric
and pressurized combustors at reasonable
sorbent feed rates, and in a manner eco-
nomically competitive with the alterna-
tive of a conventional boiler with flue
gas desulfurization. However, in order
to achieve these removals, the combus-
tors may have to be designed and opera-
ted wit sufficientlﬁ long gas/sorbent
contact time and with suitably small sorb-
ent particle size. In general, pressur-
ized systems inherently are designed with
relatively long gas/sorbent contact time;
this fact is one major reason for the
improved S0, removal efficiencies of
pressurized systems.

2. NOy emissions are characteristically

befow 0.5 1b/10° Btu 5210 ng/Jd) for .
large atmospheric flu dizeg-bed combustion
units, and below 0.4 1b/10° Btu 5170 ng/J)
for pressurized units. These emissions
may be reduced further through the use
of two-stage combustion and other NOy
control options. Although these emis-
sions are below the current revised
NSPS for utility steam generators, the:
are above the Tevels that-may ultimate y
be achievable in conventional boflers
employing combustion modification
techniques.

3. Flue gas particulate control to meet
environmental requirements must yet be
demonstrated, but should be possible
at atmospheric pressure through suitable
design of conventional particle control tech-
nology. The technical performance and costs
of high temperature/pressure controls for
gressqr1zed systems are uncertain; however,

he high-pressure particulate control

required to protect the gas turbine (from
erosion) may be less than that reauired to
meet the revised utility NSPS of 0.03 1b/106
Btu (13 ng/J), so that some of the particle
control in ?ressurized systems may be accom-
plished at low pressure, following the turbine.

The solid residue from fluidized-bed com-
bustors may require some care in handling and
disposal. The levels of pH, total dissolved
solids, and sulfate in the leachate are t¥ﬁ -
cally above drinking water regulations. e
residue should not normally be found to be “haz-
ardous” under RCRA, according to the RCRA test
grocedures recently promulgated. However, the

eachate Rroper;ies will necessitate some atten-
tion in the design of a "sanitary landfill"

for dis?osal of the residue as a non-hazardous
material.
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PLENARY SESSION ~ 2
FLUIDIZED BED COMBUSTION
DEVELOPMENT AND COMMERCIAL STATUS SUMMARY

Session Chairman:

Steven I.

Freedman

Department of Epergy

This conference had six technical sessions that

wvere occurring in parallel and we realize that it’

was difficult to attend all the sessions that ome
wished to attend. We do expect to have the proceed-
ings printed soon for distribution to all of you.

The purpose of the first panel this morning is
to present to ‘the meeting as a whole, the results
of the conference as seen from people with varying
perspectives and we will get a comprehensive view
of what was going on in the various technical
sessions from an appropriate variety of viewpoints.
We have technologists, users, researchers and
people with international interests in the tech~
nology. With that, I will turn the microphone over
to Raymond Boy, who has been the technologist in
fluidized bed combustion and he will let us know
what he knows now, on Friday, that he didn’t know
on Tuesday. :

H. Raymond Hoy =- The Technologist
National Coal Board
Leatherhead, United Kingdom

It has been an interesting session =-- our
eastern friends have caused us to rewrite the
history of atmospheric fluidized bed combustion —-
but the most notable feature, however, is that we
are seeing the beginnings of- commercialization of
the fluidized combustion system, at least.those for
the industrial steam raising in plant sizes up to
about 100,00 pounds per hour of steam. The list of
commercial and field test units that are either on
order, in service or shortly to be im service is
impressive. We have people like Johnson Boiler
with orders for 15 boilers; Poster, Wheeler and
Babcock, who have their first commercial installa-
tions and their field test installations along with
Combustion Engineering and, on the other side of
the water, there will, by the end of this year, be
about 30 installations either in use or at an
advanced etate of construction. In the Federal
Republic of Germany, there are some two major ones
nov in use and another large ome on its way. This
list seems rather small compared with the 2,000
they talk about in China. There are areas for
further development and this is particularly so for
the utility application and I don’t think there is
any cause for complacency in relation to the other
applications either. I think the Tennessee Valley
Authority’s 20 megawatt pilot plant will be a
significant contribution to developing the tech-
nology for the utility field. I would expect by
now, however, that in the industrial steam raising
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field, application of the development of the
technology would proceed from experience gained
from the commercial and the field test units and,
from this point of view, you see your sort of
technology analysis groups, which include anything
from the people who actually monitor the results to

"those who create the mathematical models will have

an important part to play.

Turning now to the development of the areas for
the atmospheric pressure fluidized bed combustor,
the various detailed things that have cropped up
are roughly as follows. 1 think that in the area
of coal distribution and feeding, the development
of the overbed system for large coal, and the
direct firing system for the crushed coal, there
have been very notable advances since our last
meeting, and these promise to go a long way to
overcoming some of the criticisms that are justi-
fiably leveled against the fluidized combustion. I
think it is important, however, to remember that a
system of firing can have an impact on the design
of the combuster and it is importamt, I think, to
consider the nature of the coal that is being
fired. Coal does vary. It must be a great problem
to those who are developing the mathematical models
to have a variable feed-stock. The coal ash varies
both in quantity and in its nature, and in our
endeavors to reduce the cost of coal feeding, we
can end up with projecting large pieces of stone
into the bed and, therefore, it is very important
to take into account in the design of the bottom
end of the bed the means for removing oversized
material. There 1is always a great incentive to
improve the efficiency of the sulfur retention and,
during the course of the meeting, we’ve had some
interesting developments in the way of using
additives and, at the same time, there seems to be
a plea for better methods of predicting the behav-
ior of the additives. In the endeavors to improve
combustion efficiency, ve also have the scope, I
think, to improve the sulfur retention efficiency.
The Alliance plant in particular has demonstrated
that, by making better use of the freeboard and
recycling, there is significant scope for improving
both sulfur and retention efficiency and combustion
efficiency. We are faced with a greater challenge
it seems as far as NO, emission is concermed. I
think it is inevitable when a new technology comes
along that the protagonists of the old technology
will do their best to make life difficult. We hear
of these burners which can reduce the NO; emission,
thereby increasing the target that we’ve got to
meet with fluidized combustion; and so we hear
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about tvo-stage combustion. Indeed, in order to
" achieve efficient two-stage combustion, this can
possibly face us with some problems too. The other
technological 1issues that crop up in relation to
atmospheric pressure fluidized combustion concern
the removal of the solid residues. What can we do
about that to make it a simpler means and cost
less? Then the other side that is mentioned these
days is the question of design of tube banks to

minimize the stresases.

As far as fluidized combustion 1is concerned, it
is a title covering a range of systems —— there’s
no unique system -- in the similar applications and
many versions will continue to emerge to meet
specific requirements. I think a feature of this
conference has been the solids circulation type of
equipment.
that. At times this does seem to offer consider-—
able advantages where there are a wide range of
fuels to'be burmed, particularly from the point of
view of having a wide range of ash content or
mostly moisture coatent, ash content and size
consist. In the question of materials,. I think
since the last conference, the amount of operating
time for materials testing must be quite counsider-
able. I did a rough check; I think we must be
covered on the various rates, something like 15,000
hours between us on the point of view of obtaining

_ data on materials and I get the impression there is

cause for cautious- optimism. . We-were .a .bit sur- -

.prised to find, after. our intial .thoughts on
fluidized combustion and all its bemnefits,
there could be corrosion problems, and I-think we
can see that we do have the materials that are
likely ‘to give the sorts of life we want. ' But,
above all, this needs to be proved. I think there
i8 significant confidence to proceed anyways at the
moment and 1 hope there won’t.be any delay in
authorizing the beginning of the longer term tests
go that there are no excuses later on which would
reduce the rate of the assimilation of this know-
ledge into commercial plants.

. Now I turn to the pressurized fluidized combus-
tion and I think as far as pressurized fludidized
combustion is concerned, it has been quite a
notable year or so. I think that the data obtained
on the rigs has given us greater optimism as to the
possibility that the combustion gases can be
cleaned to the extent that is necessary. Gas tur-
‘bines operate satisfactorily that have reasonably
‘low inlet temperatures, say about 1400°F, perhaps
even 1500°F, and it should be possible to get good
1life out of the blades. But again, this is some=-
thing that will need to be proved, and the sooner
we can have gas turbines of a reasomable size
operating with pressurized fluidized beds, the
sooner we shall know whether we can exploit to the
full, the combustion system. Now, as far as
pressurized fluidized combustion 1s coancerned,
there is a lot of work remaining in making sure
‘that the cyclones perform satisfactorily and to
their optimum conditions. I think it is one thing
to have a train of cyclones working under optimum
conditions on the test rigs and another thing to
make sure that they are ‘going to do this fn the
field, particularly if there are parallel groups
of themes And there 1is a need, of course, for

that ’

X

We have had an interest, ourselves, in '

. ence and thank them for inviting me.
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development of instrumentation which will detect
vhen the cyclones are not functioning properly, so
that the necessary corrections can be adopted.

" In the interest of time, I will not dwell at
great lengths upon the various other aspects of
development for pressurized fluidized combustion.
It is a system, of course, which achieves high
combusation efficiency and the sulfur reteantion
efficiency and NO, emission levels are a slighe
improvement over the non-pressurized. But, again,
there is scope for improvement, just as there is
scope for improvement in the ability to use a wider,
range of coal, from the point of view of minimizing.
coal preparation costs. 1 think wve have obtained a
lot of data for operation under the steady states
and the main means now is to obtain more informa—
tion on the ways to improve start-up, load follow-
ing abilities, and data for the transient condi-'
tions.

It has been a very worthwhile occasion and I°d
like to congratulate the organizers of the confer-
Let me take
this opportunity to remember some of those who have
contributed greatly to the technology,.but didn‘t
quite finish the course, im particular, there is
Douglas Blliott, who started in the game before
most of us, although he didan’t know he had at that
time; and then across in the United States, the
pioneering team of Pope, Evans and Robbins had John
Bishop; who was a great engineer; and:I1°d just like.
to pay my respects to them.. Thank you for inviting
me- and congratulations on ‘a "good :conference.’

Steven I. Preedman - Session Chairman

Our next speaker i3 Manville Mayfield from the
Tennessee Valley Authority, who will address us
from the perspective of the group that is engaged
in building a utility scale plant. With expcecta-
tions of building their 200 and them, hopefully, at
a later date, a full 800 megawatt scale commercial
plant. He should have some very good insights as
to what benefits his group has obtained from this
conference to aid them in their endeavor.

Manville Mayfield — The Utility User
Tennessee Valley Authority
Chattanooga, Tennessee

Looking at the viewpoint of commercialization
and the development of fluidized bed combustion
from the utility standpoint, it seems pretty clear
that from a commercial standpoint, obviously,
furcther development 1s going to be necessary. The
use of the pilot plant demonstratiom concepts where-
you‘re talking about 10X scale-ups, seems to be the-
prudent route and the direction that will probably
be followed by utility industry. Obviously, from
the conference, there 18 considerable interest in
both pressurized fluidized combustion and atmos=-
pheric fluidized bed combustion. The atmospheric
fluidized bed combustion offers the advantages of
simplicity; while the pressurized fluidized bed
combustion offers cycle efficiency and size reduc-
tion as gome of its major advantages. Nevertheless,
I think that with the need in the U.S. and in the
world, to burn coal more efficiently, we need to
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pursue the commercialization of fluidized bed
technology as rapidly as is practical and prudent.
We, representing at least ome utility, has set this
as a goal, to provide our management with the
option of using fluidized bed combustion as an
alternative for future generating capacity.

When I look back at the progress that has been
made since the Fifth International Conférence two
years ago, it-is pretty obvious that some rather
major improvements and developments have taken
place. As Raymond Hoy mentioned, there have been
some considerable commitments on the part of indus-
trial and utility users for additional facilities,
pilot plants, industrial scale units and major
improvements in the R & D sector. Another obvious
point is the interest and activity- that has been
evidenced by the people who have attended this con-
ference in the international sector, certainly in
the United Kingdom and Germany. In other parts of
the world, particularly in the Peoples Republic of
China, it was very obvious that there is a great
deal of work going on and that there 1s a lot of
international interest in‘this field. I°d like to
take just a moment and discuss what 1 view as the
major issues that apply to the utility application
of fluidized bed combustion. The first point that I
would like to make is that equipment performance
and long term reliability is an important need and
one that has got to be addressed in the operation
of pilot plant and test scale facilities. Kurt
Yeager,
pointed out the importance of unit availability;
and certainly this is an important factor when you
consider the utility needs and the performance
requirements of a utility boiler. Design optimiza-
tion is another area of considerations such as use
of carbon burp-up cell vs. recycle, velocity, dust
loading, bed depth. These factors still have not
been completely optimized and need further work
towards their development. Methods of control is
another area load following, instrumentation,
the type of instrumentation, vhether you use
bed-slumping or whether you go to multiple beds for
control -- seems to be an area that has to be
addressed further. Raymond Hoy mentioned materials
of construction. I think certainly the results are
encouraging and promising, but I think we have to
keep this area in froat of our attention and make
sure that we are developing the information needed
to properly select materials for this use. Then,
of course, the other multitude of information that
the engineering designer needs for such factors as
heat transfer, controlled emissions, combustion
efficiency, recycle rates, coal and limestone
particle size —- these are all important factors
that we need better information developed on.

-~ I would like to take just a moment and mention
the subject of what I call the advanced atmospheric
fluidized bed combustion concept, basically the
fast circulating beds: Designs of such systems for
utility applications haven’t been fully developed.
The approaches offer sowme rather important and in-
teresting possibilities for utility boiler designs.
The improved sulfur catcher, lower NOyx emissions
possible with two-stage combustion, the ability to
turn down these units, improved combustion effi~
ciency — all offer attractive possibilities and I

in the keynote address that he presented, -
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think should be pursued as rapidly and effectively
as possible. We need better information on the
economics of this approach, and there are studies
underway to help determine and get a better handle
on this factor.

I’d like to now just go through a series of
comments that. various people £from our group have
picked up and noted as being possible points of
interest that have come out of this conference.
Raymond Hoy mentioned soae of these, so 1°1ll prob-
ably be repeating some of his comments. Certainly
the question of two—stage combustion to improve
NOy control -that was noted by Battelle seems to
be a significant point. The fact that fluidized
bed spent sorbent will likely not be classified as
a hazardous waste material certainly is important
to the utility iadustry. Westinghouse reported
high corrosion rates on the pressurized fluidized
combustion rig, bp: on the other hand, Curtis-
Wright reported acceptable rates. So, I think the
jury is still out in this area, but there are very
encouraging results from the data that I have seen
on the performance and the applications of direct
fired turbines using a pressurized fluidized bed
combustor. Curtis-Wright .reported that they
believed to have worked out an acceptable control
scheme for their PFBC system. This is certainly an
important area that needs careful review. The
concept for fast circulating beds reported. by
Battelle which has improved load following capa-
bilities is noteworthy. In the area of modeling,
the assupmtions are still being questioned and
debated in the technical papers. It seems very
obvious that additional experimental data is needed
to verify the results of these models. A good
example are things like coal devolitization, flue
models, bubble growth and similar type mathematical
calculations. The use of ceramic bag filters for
PFBC, apparently received a very good rating and
looks like it may be an acceptable route. It
certainly has had some encouraging results and
offers the possibility of an acceptable way of hot
gas clean-up. I think it was significant that some
of the speakers noted that atmospheric fluidized
bed combustion appears to meet all of the projected
emission standards that have been set forth and
that the ability to meet those that may be promul-
gated in the future by improved performance in
these units seems to be a particular matter. There
is some concern for the use of slumped beds as a
load following technique. I think this needs
further consideration. The possibility of caking
or of a layer on the top of a slumped bed is going
to, 1 think, require some further technology devel-
opment or operating means to prevent this from hap-
pening 1if this technique 1s used. Fluidyne reported
that, depending on the coal type used, it wmay or
may not be necessary to use recycle as a means for
achieving high combuation efficiency. Apparently
the coal types — some coals are very fast burniag
and achieve high combustion efficieancy, while
others seem to be slower burning and require re~
cycle to get the sufficient combustion time == vary
greatly. John Stringer indicated that he felt very
strongly that the test data on corrosion that we
have seen on the 2000-4500 hour time frame should
be extrapolated to longer times with considerable
caution. He was urging 10,000 hour or longer time



M. Mayfield

frames for corrosion testing. Battelle work for
TVA showed that ‘there was significantly less
corrosion from fluidized bed combustion ash thea
compared to that of a conventional pulverized coal
fired boiler. It would certainly seem obvious that
ASTM and ASME test procedures and standards need to
be developed so that the comnvection pass can be
properly designed to withstand the erosion charac-
teristics of the higher dust loadings that we are
talking about with recycled configuratioms. I
thought anothar significant point was the Fluidyne,
and this has been confirmed by a considerable
number of sources, information that one feed point
per 18 square feet seems to be adequate to achieve
good distribution of the coal and still achieve a
minimum of coal feed piping. This could be very
significnat and 18 certainly an improvemeat over
the 9 square feet that was reported in previous
conferences. -

Steve, I guess I want to say that I think this
has been an excellent conference. . I think there
has been a lot of work done and we’re proud to be
part of it.

Steven I. Freedman-- Session Chairman

Thank you for your kind remarks. The third
speaker is Davic McKee from DuPont. The industrial
gsector 1is ome sector that could very well be the
take=off in the fluidized bed market and it is
wvorthwhile, on a personal and industrial basis, to
hear the remarks from the industrial operator.

David McKee —- The Industrial Operator
- E. I. DuPont Company
Wilmington, Delaware

I’m with the engineering department of E.I.
DuPont and part of a group that is involved with
the technical assessment of evolving technology as
it affects our business. In this respect 1 have
been involved in fluidized bed technology for close
to ten years. We do not have any fluidized bed
boilers within our corporate limits; however we
have been using fluidized bed techmology im our
process reactors for over 25 years and have been
following the development of fluidized bed tech=-
nology, in the U.S. and abroad, om a coantinuing
basis for many years. So I think we are in a
position to stand off at a distance and observe the
work that you’re doing and hopefully give you some
intelligent comments.

DuPont’s interest 1s broader tham just the
development of coal fired fluidized bed boilers. We
have interest in using coal as a firing mechanism
for process heaters as well, and in a minor sense,
we are interested in combined cycle co-generation.
Our primary interest is in atmospheric units al=-
though we are keeping abreast of your pressurized
developments. To put things in perspective, we at
DuPont, last year used about 337 coal to generate
our steam load. If the present world situation and
energy situation continues, by the end of the
decade, we probably will be using coal to generate
75% of our steam load. So we’ve made a commitment
as a corporation that coal 1is the fuel of the
future for raising steam. As you‘re well aware,
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the chemical industry depends heavily on petroleum
gnd natural gas as a feedstock. For many of our
products depend on the carbon-hydrogen molecules
for their manufacture. As a result, we're strongly
in favor of any technology that protects those
petroleum and natural gas resources for their end
use a8 a feedstock as opposed to a boiler fuel.
Within our plants {n this country and abroad, we
have a very large boiler operation. We have about
every type of conceivable design still in opera-
tion, from riveted drum, hand-fired stokers, all
the way up to very large sized pulverized coal
fired units. Our smaller size range is probably in
the 10,000 pound per hour range, our largest is in
the million pound per hour range. So we have quite
an extensive population to look at. Our steam
pressure 1s varied from atmospheric at 212°F all
the way up to 1500 pounds per square inch at 950°F.
So we are looking primarily to satisfy the market
that is in the 100,000 or maybe as -low as 80,000
pounds per hour up to the 450,000 and 500,00 pounds
an hour range. This is where a majority of our
steam generating equipment 1is sized.

I am sure you are aware that with today’s eavi-
ronment, that we’re faced with a lot of hard deci-
sions in industry, and when you add the complexi-
ties of incremental pricing of natural gas, the
Fuel Use Act, the emerging new source performance
standards for industrial units, ever changing waste
disposal regulations and the ever changing invest-
ment tax and money market situations, it is no
wonder that we in the industrial community claim to
be conservative. At times, we’ve been said to be
slightly to the right of Attila the Hun. We’re
skeptical, ve’re slow to react, when we make large
decisions for new steam generating facilities. To
put our business decision wmaking process in per-
spective, we don’t think we make decisions any
differently than any other corporation. But for
the benefit of those of you who may anot be aware
of how we do it, let me run through the criterion
we use. The bottom line is always economics, when
things are economical and in the best iaterest of
the corporate profits position, then we mnake an
investment. You also must realize that we are in
the business to make chemical products and steam
raising happens to be an essential service that
enables us to reach that end goal. Many of our
processes run 24 hours a day, seven days a week,
365 days a year. We do not have a lot of imstalled
spare capacity. We cannot afford an umexpected
boiler outage that can bring a whole plant down.
Just one shutdown of some of our process lines can
quickly destroy the profit picture for that line
for the whole year. So, our management is rather
hard-nosed about how we evaluate the technical
aspects of power producing equipment. We’'re
willing to take risks with chemical processes, that
i8 our business; but when it comes to investment in
power facilities, it is an understood fact that
thoge facilities are reliable and predictable. So
we are evaluating the technology to look at the
design, operating characterisctics, ability to meet
the envirommental regulacions and load changing
characteristics. In general, most of our power
producing equipment experiences load swings in the
neighborhood of 4 to 1 on many of our batch type
inscallations. We are looking at it from a number
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of viewpoints; certainly operating and maintenance
costs are part of the picture. So fluid bed
boilers must compete on an economic as well as an
operational basis with conventional technology. We
have a lot of experience with coal burning. We
know how clinkers are formed. We have experienced
fires in hoppers and have gone through all the
problems in coal handling systems: cold coal, wet
coal, first in transport lines, etc. We hope the
designs that are evolving will use the best of
those technologies to minimize their impact on
fluidized bed technology. It is my assessment of
the literature and the work reported today that the
technical power is out there to do the job. I have
no doubt that you can build a reliable boiler that
can make steam as well as a conventional coal fired
unit. I don’t think we are there yet, we need
proven reliable service in an industrial environ-
ment to put us in the position of being a buyer.
By that, I mean.8300 hours of continuous operation
with load swinging capability. I think in the next
five years, we are going to be there. By then,
there will be some units on line long enough that
we can make some evaluations.

To summarize what 1 have heard here, I can say
that 1 was surprised to hear of the activity in
China. I was surprised by the magnitude of the
efforte I think I need more information to decide
what the 2000 units figure really means. But, it
was encouraging that there 1is a long term commit-
ment in that country. I think our second genera-
tion fluid bed units are starting to appear. We

have goune - through our first iterations and have -

learned some things. Now we are starting to put
our thoughts together and coming up with a second
generation that is more reliable. 1 am encouraged
by the work abroad in Finland, Denmark and England.
1 think a meeting of this sort is essential to get
people together. 1 am sure that the conversations
which occur in the halls and over the bars are as
important and that is what we need to make this
technology go forward. The trends 1 see coming are
good. We are evolving toward units that realize
that deeper beds have certain inherent advantages
such as lower velocities. Improved carbon utiliza-
tion has been keynoted as a goal which must be
achieved. The higher sulfur retentions with lower
calcium to sulfur molar ratios 1s to our advantage.

I think we are seeing a merging of our efforts
and ve are getting a direction. We can see the
goal line a little more clearly than five years ago
and I think we are going to be in time to meet the
market situation. Our economics are difficult to
assess at this time. We need better economics from
the vendors to make the hard-line decisions which
we need to make. The work that Exxon and Westing-
house have dome in the past is quite helpful in
describing the economics as we know them; but as in
any evolving techmology, you never know what the
costs will be until you get the manufacturing
facilities set up and you are mass producing. I am
sure the costs will come down with time, but 1t is
encouraging that the early estimates make this
technology competitive both from an investment and
an operating standpoint. Its advantages far out-
wveigh its disadvantages. It is ripe for development
and I°m hopeful that your efforts succeed.
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-energy.

Thank you.
Steven 1. Freedman - Session Chairman

Thank you, Dave. Our next speaker is Dr. Vagﬁ
Kollerup from B. W. Damp, who will give us his
impressions from the Scandinavian vievpoint.

Vagn Kollerup — The Scandanavian Viewpoint
B. W. Damp
Virum, Denmark

I shall try to give my impression as seen from a
Scandinavian viewpoint. We have learned at this
conference that fluidized bed combustion is a
systen that works. The main interest that we have
in that system is due to the fact that for the
firet time, we have a system that can buran all
solid fuels and this is of special interest to
countries where we have to import most of our fuels
from varying parts of the world. We get coal from
Australia, Africa, Canada, Poland and Russia and
this fuel 18 of varying qualities. If you build
plants for cosl burning, it 1is difficult to find
one that will burp all these fuels. Here the
fluidized bed will win. We have seen that Finland
is building commercial plants using the FB system.
It burns wood waste, bark waste, and will also burn
coal. In Sweden, they have built plants for
burning household waste and wood waste. In Denmark,.
plants have been built for burning coal and wood
waste. Both of those plants are used for district
heating systems. ’

How does the future look? 1 would tell .you how
the energy situation is in our country. -All our
energy consumption is imported from outside — 99%.
The house heating portion is about 402 of all our
It 1is produced in oil fired plants. How
can we replace o0il in this area? We have a so
called heating plan for the whole country; it shows
that in 15 years, the district heating system will
be raised 50%. In Denmark, there are 400 of these
stations and the installations are in the five to
ten megawatts range, some a little larger. Here we
see a8 great opportunity to use the fluidized bed
system. The first station we have built is a five
megawatt unit and we have an order for a ten
megawvatt unit. Those stations are built 4in a
completely commercial way. There is no outside
support from anyone.

My conclusion is that development of atmospheric
fluidized bed plants in large scale will take some
years and demand risk-willing capital. The smaller
scale test and pilot plants make scaling possible
to sites which are suitable for district heating
plants and smaller.power stations. The result of
the system’s low emission rate is that they can be
placed near towns and allows the use of coal and
wood waste without environmental problems.

Thank you.
Steven I. Preedman - Session Chairman
Continuing with our panel, Professor Shigekatsu

Mori from the Nagoya Institute of Technology will
give use the viewpoint from Japan and Asia.
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Shigekatsu Mori -- The Asian Viewpoint
Nagoya Institute of Technology
Nagoya, Japan

Every country in Asia has a different situation.
I would like to focus on the Japanese situation oun
the development of fluidized bed combustion proj-
ects. There are probably many people looking at my
country as one of their best markets. In 1976 only
two million tons of domestic coal were supplied in
Japan and about 60 million tons were imported.
About 96% of the imported fuel was metalurgical
coal. Just 2.5 willion tons of steam coal were
imported.
coal will be used by power generation- plants and
more coal will be used in industrial boilers. This
estimate may increase in the future. This 1s one
area of potential for the development of FBC.
Among our neighboring countries, we can find five

major coal producers: the U.S., U.S.S.R., China,
Australia, and India. Most of the steam coal will
be imported from these countries, however, it 1is

difficult to identify the types and amounts of coal
which will be imported in the future. New processes
which have the flexibility to use any type of coal
should be developed in Japan. The flexibility of
FBC is recognized as its greatest advantage.

The environmental regulations in Japan must be
the most restrictive in the world. The development
target for NOy emission control from fluidized
."bed .combustion is recognized to be just 50ppm in
Japan. Just a few years ago, this level seemed
impossible to achieve by FBC. In the-last few

years, progress has .been made and this target has’

almost ‘been reached. The next step is the SOy
control problem and the ash utilization problem
both originating from the waste disposal problem.
- This is the reason why the limestone once-thru
process was not available in Japan. We should
develop a regeneration process and also nev sor-
bents will be required. These should be developed.
The problem for ash disposal 1s more critical. If
20 willion tons of steam coal 1is imported, this
means at least 2 million tons of coal ash is also
imported into our limited country. The problem of
accumulation of ash is very critical. Utilization
of this ash is a problem for any industry using
coal fired technology in Japan.

Today we are uader counstruction of a pilot plant
of five megawatts. Our program is a little behind
your country. ‘We would like to.exchange more
information fith your country through meetings of
this type. 1 hope that at the next confernece,
more papers will be presented from Japan.

_Thank you.
Steven I. Freedman - Session Chairman

It is good to know that not .only is there an
energy crisis worldwide, but that the solutions to
this crisis are also worldwide. The next speaker
is Dr. Johano Batsch from KFA, wvhere he 18 involved
in the German fluidized bed combustion program. We
have heard about several of the operating units
and it would be valuable to hear the benefits he
has obtained from this conference.

In 1990 more than 15 million tous of
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Johann Batsch -~ The Contineatal Viewpoint

Kernforschungsanlage
Julich, Pederal Republic of Germany

1 believe that 1 have to confine myself to the
German viewpoint. As 1 alredy mentioned in my
paper on Tuesday, it is the main inteantion of our
energy research program to promote the development
of technologies which can coatribute to the future
supply of energy for our country in economically
favorable and enviroanmeatally acceptable ways. '
Technologies which can reduce dependence on oil
and natural gas take high priority in this pro-
gram. In this respect technologies for increased
efficiency and utilization of coal are of special
importance. Coal is the only doumestic ‘energy
source which 1s available 1ian large quantities
in Germany. The development of coal gasifica-
tion and liquificationm processes can make coo-
tributions only on a long term basis. Improvements
and developments in the area of direct combustion
is necessary to make progress on a short term
basis. ’

A considerable amount of the primary energy
demand in our country is being consumed in the
generation of process heat and low temperature heat
for space heating. In this area, oil and gas are
being used at the present time. Atmospheric FBC
enables the increased use of coal for these pur-
poses because this technology enables ome to burm
coal in small units and is enviroomentally accep-
table with automatic operation. 1t has been shown
during this conference that the commercial applica-
tion of AFBC is possible in the near future. At
least commercialization is anticipated for smaller
units used for heat generation. ' Some facilities
of this size are already in operation in this
country and in Europe. The difficulties encount=~
ered in the operation of these plants are maianly
due to conventional parts. The fluidized bed
combustion itself works satisfactorily in these
plants. Increasing combustion efficiency seems
to be the only technical problem which must be
overcome for the FBC process. The successful work
in APBC in China has to be mentiomed at this
point.

The prior technology of circulating fluidized
bed combustion will gain special importance in the
future. The reasons for this are: 1) The advan-
tages of CFBC with respect to enviroumeatal protec-
tion are greater with this techmology. .2) Some
problems in conventional FBC can be avoided with
the circulating FBC. 3) Combustion efficiency is
improved. &) The bed area per megawact .is reduced.
5) Sensitive -control of heat transfer is possible.
In these ways, the CFBC seems to have a wider range
of applications than does conventional FBC. Circu-
lating f£luidized bed combustion can be. developed in
a shorter timé than pressurized fluidized bed
combustion because there are no problems with
feeding solids into a pressure vessel. There is
already a lot of experience with .CFBC in large
chemical process plants. FPor combined heating and
power generation, CFBC seems to be an attractive
option, the added efficiency of PFBC is of minor
importance. There is a zrowing international
interest in this technology.
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This conference has explored the use of pres-
surized fluidized bed combustion in power genera-
tion where the higher efficiency makes better use
of coal where it 1s expensive.
that much work 1s still to be done both on the
combustion process itself as well as the auxiliary
equipment used in this system. We have heard that
progress has been made with respect to hot gas
clean=up. There 1s also progress in gas turbine
development. Although these results are promising,
much remains to be done before a solution to these
problems can be reached. 1t seems important to
pursue this work as efficiency will be valuable in
the future when costs of fuel will rise.

Thaok you.
Steven I. Freedman - Session Chairman

The last speaker will be Bill Reid. Bill

It has been shown

Reid has been active in the technology devel- -

opment of all of the coal combustion technologies.
As the coal combustion developer, he can give us
some perspective on this latest technology and how
development is progressing.

W. T. Reid == The Coal Combustion Developér
Consultant
Columbus, Ohio
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It seems that on fluidized bed combustion, we
are on the very bottom of the learning curve. That
curve started about a quarter milliom years ago
when Peking man found he could get fire from wood.
We know that if we put a lump of coal 4in with
oxygen and raise the temperature enough the stuff
burns. . We don’t use all the technology we should
in putting that into some practical application.
The stokers of today were all invented in the early
part of the 19th ceatury. It wasn’t uatil the
1920°s that it was realized how ‘coal burned in a
fuel bed. About 1934 the definitive work on how
carbon and oxygen react was done at MIT. There are
three steps included. What we don’t know today is
how fluidized combustion reactions work iaternally.
We have dome all our development on an’ empirical
engineering basis. In sitting in on the combustion
phenomenon sessions held here, I was upset to find'
only two papers that I heard with any real know-
ledge of what the combustion systems were that they
were working with. I would suggest to the develop=-
mental people that you read some of the older
literature, like the Institute on Puel or the ASME
Transactions. You may see some glimmer of ideas
that have not occurred to you as yet.
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"THE CUSTOMER SPEAKS"
PANEL DISCUSSION

Shelton Ehrlich .
Electric Power Research Institute
Palo Alto, California

{Mr. Ehrlich spoke using slides which are included
here in figures.)

When Arnold asked that I serve on this panel, I .

said, "Yes, but under one condition == that you let
me make 8 few introductory remarks because the
panel, in my view, represents three very distinct
interest areas and I want to have an opportunity to
distinguish betrween those areas. Hopefully the
audience, in listening to the different user
viewpoints will appreciate that some of the differ-
ences expressed result from differences in needs
and not necessarily in technological viewpoints.

The first difference 1°d like to illustrate is
the difference between the industrial user, the
person who needs steam and some by~product power,
and the utility user (Figure l). Obviously,
large difference in the users’ needs makes for
different set of technical specifications for
boiler. The profound difference in size between
typical industrial fluidized-bed boiler and even
small utility scale FB boiler can be a difference
in kind, not just degree (Figure 2). The bottonm
line on this is that the industrial steam user puts
capital costs first and efficiency second in his
priorities. They are both, of course, very import-
ant. On the other hand an electric utility might
put efficiency (fuel costs) of the plant as the
first priority; the cost of electricity being the
bottom line for them. Probably, this arises from a
difference in the method of financing - equity
capital vs. borrowved money. So, I think the indus-
trial user and the utility user of steam generating
equipment will require different things from the
developer of a nev combustion techmology.

Now, there is a question that we’re always asked
at EPRI and I°m sure everyone involved in flui-
dized-bed combustion has been asked -- (Figure 3)
which 1is better, AFBC or PFBC? I have one stock
answer: Both? (Pigure 4) Again, there is a
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very profound difference in the two technical
approaches. A conventional pulverized cosl power
plant (Figure 5) simply consists of a boiler plant
and a turbine plant. An atmospheric fluidized bed
would replace (Figure 6) the boiler plant, giving,
basically, a conventional, Rankine cycle steam

-electric power plant (Figure 7) in which the steam

supply is provided by an AFBC and the air pollution
function 1is performed by the limestone in the bed
instead of an FGD unit. Now, no matter what
happens in the development of combined cycle
generation ~- no matter how effective it ig =-
large sectors of the electric utility industry, for
some long time, will insist on making .their elec~
tricity with the standard kind of electric power
plant and that will be the market for AFBC’s.

Now let’s look (Figure 8) at the pressurized
fluidized bed combustion system. It 1s somewhat
complicated because it‘s got a very profound need
to clean the gas and in the Figure 8 we show"
cyclones to do this cleaning. .

of £
out
and

First, at the combustion outlet, we start
with lots of dust and the first cyclone takes
some and then the next one takes out more dust,
as it gets to the turbine, hopefully, it is not
equivalent to the Arizona road dust test. (A
photograph of an Army tank in a dust cloud was
shown.) In order to make the turbine survive, we
have to get all the way down to practically pure
gas. So, we have a system, in combined cycle PFBC,
uniquely different from the AFBC system. The
second difference I want you to understand is that
the electric ‘utility industry which will use
steam-electricity power plants for a long time and
may use many combined cycle power plants will
probably use both if they are both developed.
There isn’t any need to say which, AFBC or PFBC, is
better =~ they both are.

Thank you.
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FIGURE 5:
'_I'HE CONVENTIONAL P.C. BOILER POWER PLANT
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FIGURE 7: THE AFBC-BOILER POWER PLANT
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Steven 1. Preedman
Department of Energy
Germantown, Maryland

The big question that 1°d like to present now,
fror the government’s viewpoint, is =-- How do we
get this npation and the entire world off of the
premium oil and gas fuels onto coal and other solid
fuels and other available fuels? All of these
fuels that are available are, in some regard or
another, & lower grade than oil and gas and are
wmore difficult to handlie, burn and use in general,
including concern for the environment. So the
energy crisis, to a large extent, is a capital
crisis and I thank Arnie for introducing it with
the "E.F. Rutton talks" remark, because the key to
everything is bringing the costs down to the level
vhere the users can use coal and these other
domestically available fuels without incurring an
economic penalty that is beyond what the system can
bare with tolerance. 1 think we should keep in
mind that the fluid bed technology did start as a
low cost boiler: I think it is the entire solids
handling equipment for the coal fired power plant
which needs cost improvement. It is my hope that
we are able to manage this transition from premium
fuels to more difficult to handle fuels still
within the framework of the high standard of living
that we have due to the consequences of our high
energy use per capita, which is the message . that
I’d like to end up on. We’ve shown that things are
technically feasible and we’re on the way to prov-
ing that the things which we can do are practical
and reliable. We’ve just about finished proving
that what we can do is clean. The economic chal-
lenge is the real onme for market penetrationm. I
believe we have the ability to do i1it, but {1t
requires some good work, attention to detail and
knowing vhere the major leverages are and that’s in
the capital costs of the balance of plants.

Thank you.

Robert Statnik
Envirommental Protection Agency
Washington, D.C.

When I was put on a user panel, 1 was trying to
figure out how the EPA was a user, and finally I
decided that we’re 2 user because of the SO, and
NOy reduction potential that 1s associated with
fluidized bed combustion. 1 agree with Steve in
the sense that, whether fluidized bed combustion
makes a significant market penetration or not is
very much dependent upon the economic trade-offs
betveen its competing technologies, that is, SKG,
liquids derived from coal, as well as conventional
‘stoker fired boilers equipped with various types of
flue gas desulfurization or air pollution comtrol
equipuwent. So, in those lines, the regulations
which EPA writes do alter the market economics and,
in & sense, may either create a window in which
fluid combustion can mske & market penetratiom or,
if the EPA makes the regulations too stringent, can
shut the door for FBC market penetration. Along
those lines, there are two regulations, one which
EPA is in the process of writing, and the other
vhich EPA has just recently promulgated that are
going to be importamt. In the utility boiler
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standard of performance, we recognized the evolu=
tionary nature of FBC, especially AFBC, and wrote
an exemption to the 902 sulfur reduction potential
component of that regulation which, with the coop-
eration of the Department of Energy, will apply to
FPB, SRCI and several of the other advanced tech-
nologies. There 15 & limited amount of generating
capacity that can be built which the sulfur reduc-
tion percentage would not be required to be 90 —-
I think 80X reduction would be required, but they
would still be forced to comply with the 1.2 1lb/mil
BTU emission limit.

In the industrial boiler sector, we are current-
ly in the process of evolving an industrial boiler
standard of performance. From some of the prelimi-
nary economic studies we’ve done, depending again
on vhich way we write the regulation, we can either
create a very significant impetus for the inmstalla-
ion of fluidized bed systems or we can limit it. I
think that’s the way 1 would perceive myself as a
user of the FBC technology.

R.C. Read
International Harvester Co.
Chicago, Illinois

Today 1 want to share with you my viewpoint with
regard to coal in general and fluidized bed combus-
tion in articular. International Harvester manufc-
tures a2 wide range of industrial capital goods,
including turbo machinery, agricultural equipment,
construction equipment, and trucks. We are not an
energy intensive coampany; however, ve are very
energy dependent. Small interruptions in the sup-
ply of fuel cause rather significant disruptioms to
our manufacturing operations. This dependency has
reinforced our belief in the necessity to have a
reliable source of fuel. .

Our strategy with regard to management of energy
resources is to concentrate very heavily on using
energy prudently. This emphasis on conservation is
augmented by our belief that deregulation is the
most efficient way to increase fuel supplies.
Notwithstanding the above emphasis on coanservation
and policy, we believe and our internal energy
forecast model shows that coal is the most favored
fuel NOW. Our index of the relative availability
versus cost supports this belief.

If coal is the most desirable fuel, why are we
not retrofitting our present facilities? The rea-
son is quite clear. In our view, the cost to
retrofit is prohibitive. ' Our estimate for retrofit
of existing facilities is in excess of $100 mil-
lion. This investment will not provide one addi-
tional pound of steaming capacity or 12X more
efficient use of emergy. The $100 million is a
lot of capital and would be equivalent to about
$4.5 billion additional sales or an increase of 541
above our record 1979 performance. The difficulty
to recover that capital by the offsetting benefit
in the cost of coal versus the cost of imported oil
is such that retrofitting is not practical.

The problem that we have in embracing fluidized
bed technology to the point of implementation
centers on our perception of the material handling
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system being the weak link. Just Wednesday wve
visited Georgetown, and while it appears that all
of the parts of that system work much better than
they did at Rivesville, I still am concerned that
the pneumatic conveying systems and the bucket hop-
pers are sources of unreliability and in general a
maintenance headache. The material handling system
needs to be simplified. I am not sure how you go
about transporting all that coal and limestone to
and from the fluidized bed combustor; however, the
transportation of natural gas or even No. 6 fuel
oll to the boiler, is not going to preseat anywhere
near the kind of maintenance problems you are
likely to experience with the fluidized bed com-
The point 1is this: 1IH 1is not an energy
intensive industry. We prefer to manufacture
capital goods and not steam. We are dismayed at
this point that FBC as a technology has received
1ip service and favorable nods, but it has very few
hours of ruanning time. I look at Georgetown as the
only example of something that works, albeit
partially. They claim to have 800 hours of running
time. This i3 not representative of expected indus-
trial operating conditioms. I am not sure that even
8,760 hours of Georgetown would be representative
of industrial requirements; notwithstanding their
demand of 100,000 1lbs. per hour of steam.

How do we get there? 1In my view, there are
geveral impediments that should be addressed. 1
believe the country has no emergy policy. We have

"laws that talk about deregulation, use of coal, and
conservation. We talk about conservation, yet we
have no conservation .goal for each sector of -the
economy. We talk about deregulation and have
incremental pricing. It appears that our national
leaders do not really believe we have an energy
crisis. If indeed there were an energy crisis and

. 1f indeed we had an abundant supply of coal, then
coal ought to be the policy that we put forward and
make other things accommodate it. The impediments
to the development of the use of coal are environ-
mental tns and mics. The use of demon-
stration projects to illuatrate the benefits of
emerging coal use technologies are only a partial
answer to stimulating the increased use of coal. A
more efficient stimulus would be via tax credits
for use of abundant fuels and development of
emerging technologies coupled with accelerated
depreciation.

The last point that I have to make 1is this:
If we believe that the development of coal ia the
cornerstone of the emergy policy in the United
States, then we should insist upon and work to
develop the envirommental laws and regulations that
are oot a hindrance but rather an encouragement to
the further use of this abundant resource. - Thank
you very much.

David McKee
E.l. DuPont de Nemours, Inc.
Wilmington, Delaware

1°11 try not to repeat what I said earlier, but
1 think all of us in the user comunity have a lot
of questions and we don’t have a lot of good
ansvers. There are a number of issues that the
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vendors have to pay close attention to as far as
the industrial user is concerned and one of these
iasues 18 maintenance of the equipment. We’re firm
believers in Murphy’s Law, that if it can break, it
will. Looking at the designs of the tube bundles,
1 have some nightmares about how we’re going to
replace those tubes if necessary in service.
Certainly the mechnanical handling equipment that
Ron just mentioned has been a nemesis of coal since
the first day it was shoveled into the furnace.
So, I have the feeling that the vendor should tend
toward simplicity rather than complexity, ninimze
the transfer points, minimze the number of times
you have to pick it up and lay it down and collect
it. But, in general, pay close atteatiom to the
maintenance and the operability characteristics of
the equipmeant. It is important to us.

Paul Bobo .
Mead Corporation
Dayton, Ohio

I am actually with the Mead Corporation, how=
ever, part of my activities relate to Mead Chemical
Systems which is a part of the Corporation. A

, significant portion of our business is the manufac=

ture of pulp and paper and related forrest industry
products, however, we also have substantial busi-
nesses in other areas. We are a highly capital
intensive industry and use large quantities of
energy. We utilize fuels of many types; coal,
natural gas, oil, wood wastes and chemicals which
are converted in the process of  burning.

There i3 an expression that reminds me of the
hesitancy of most of us to utilize new technology;
"Never on Sunday.” However, in this case it is
extended to "or Monday, or Tuesday, or Wednesday,
or etc." Never be the first to use new major
equipment technology seems to be the posture; and
continuing: not very likely to be second, maybe
third, probably fourth, etc.

While 1 realize this 1is a bit exaggerated, I
believe it highlights an attitude that all of you,
in one form or another, have experienced in the
past and will experience in the future in. the
development and marketing of fluidized bed combus-
tion. As a user and as a participant in the
international marketing of new technmology, I am
aware of the frustrations of the vendor and the
needs of the user.

The preceding 1is based upon valid concerns of a

. potential user of fluidized bed combustion. sys-
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tems. I would like to be more specific and identi-
fy some areas that are important to our industry
and require "actual practice validacion." It must
be remembered that we are not in business to
produce steam or electric power, we are in business
to produce other products. Our primary focus from
the standpoint of capital investmeunt, management,
equipment union negotiatioms, training, mainten-
ance, etc. is on the end products and not on steam
and electric power.

1. A wide operating load range capability.
This is very important.
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Fast response to load change. We have many
things that occur in our production pro-
cesses that necessitate this capability.
3. BHigh reliability. While thie could be iden-
tified as "another motherhood item" I would
like to relate to it in further detail, 1f
we have the opportunity to do so later inm
these discussions.

Low maintenance requirements and low number
and length of periodic overhauls. We are a
continuously operating industry with very
fev non-operating days per year.

b

5. Simplicity of maintenance. Our maintenance
people are primary maintenance people for
the pulp and paper equipment and maintain

little expertise in the power areas.

Simplicity of operation. Our power depart-
ment people are basically pulp and paper
people who have moved thru, seniority
provisions, from and to the production
departments.

Capabiltiy of multi-fuel firing. Our in-
dustry 1is utilizing more wood waste in
combination with coal or gas or oil for
economic reasons.

7.

If we
like to expand on some of the points that were
covered. during. this short period.

Thank you.

Bruno Brodfeld )
Stone and Webster Engineering Corporation
Boston, Massachusetts

As an architect engineer, Stonme and Webster is,
in a sense, a&n organization in the middle -- inter-
acting with the users, with the vendors, with the
regulators, with the Department of Energy and its
funding programs. We have had the opportunity to
understand some of the barriers that have been
discussed, and I think if we had to reduce to a
single most important reason why the users hesitate
to adopt on a commercial basis fluidized bed com-
bustion, it 1s the hesitation to be the "first."

The indusry practice is to count on reliability
-and the only way to determine reliability is to
look at pieces of hardware that are already in
operation. So, how do we cross this bridge? One
thing to consider is that we have a techmology that
not ounly the vendors, but a lot of well imformed
people, believe has reached the standard of early
commercialization. On the other hand, we have the
large user community that is hesitant to apply 1it.

To overcome this hesitation, more government
support through well-conceived industrial demon-
stration programs is needed. I think a great dis-
service was done to the commercialization process
by emphasizing the fact that AFB is a commercial
technology at this time and that commercial war-
ranties are being offered to vendors. 1In our view,

have more time during this session, I would-

-
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even if commercial warranties are offered, and
indeed they are offered by some'vendors, the weight
that they carry is comnsiderably less than the
weight carried by warranties for proven commerical
equipment. In the latter case, the warranties have
behind them long-term experience and background.
In the former case, there 1is very little experi-
ence, if any, and very-little -background, if any,
to support the warranties.

How can we call them both commercial warranties
vhen they are so different? "This is more than a
semantics matter; it has to.do with the support
that is still needed from the Department of Energy
and the government. By calling this . technology
commercial at this time, in effect DOE has decided
that there may be no need or justification for fur-
ther support of this technology. We think that this
is a basic mistake. 'In our view, this technology
still needs support. We’re all convinced that it
has potentially great merits for this reason..

We think that support 1s needed in two ways:
first, regulatory support, as Bob was saying
before, EPA can create windows for this techmology.
Second, DOE support through the PON Program for
commercial developmeat and demonstration-should be
resurrected as soon as possible with one additional
provision: In discussing cost-sharing with indus-
trial users, emphasis must be placed not only om
the cost of the AFB facility itself, but also on
-the cost of possible retrofits, should they become
necessary. This is a realistic consideration in
any ‘prudent management approach. We have seen more
than one -case where s major industrial user had
determined. that they ‘believed in this technology.
and their projections for the economics of the
system were favorable. They wanted to participate
in the program, but a -stumbling block, in their
view, was that the cost sharing should have been
applied not only to the cost of the facility
itself, but also to possible retrofits, if any.
This would have given them the assurance that the
risks had been minimized as much as possible.

So, to summarize my comments, if, as a country,
we believe that this technology is good, and that
it will enhance the utilization of coal, we have to
continue to support it, through our regulators and
through the Department of Energy. It is only
through such continued support that we will find
those few industrial organizations that will build
the first major AFB plants in the range of 100,000
to 500,000 1b steam/hour, which will be the con-
vincing place of evidence that the rest of the
industry needs to move forward.

Andrew L. Jacob
American Electric Power Service Corporation
New York, New York

Coal Utilization is nothing mnew to AEP. Last
year almost 84X of our total 100 -billion kilowatts
of generation was from coal. In fact, AEP mined
almost ome—third of our total coal burn of 38 wmil-
lion tons last year. Utilizing our coal resources
most efficiently, with a reasonably minimal envi-
ronmental impact, 1is of prime importance at AEP.
Developing technology to meet this task 1is also
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nothing new to AEP. Since the early 1920°s AEP has
been a pilomeer of new techmology for the utility
industry. When first evaluating FBC systems in
1976, we decided that PFBC offered the potential to
meet our coal utilization goals.

In evaluating any new technology, we as a
utility look at a number of aspects. These include:
current state of the technology, flexibility with
respect to coal type, environmental aspects, system
complexity, operability, potential reliability and
economic projections. A technology that uses a
maximum amount of commercially available hardware
is favored. This is because operability and main-
tainability are extremely important to an electric
utility. Operability requires that a technology
have a fairly wide load coatrol range, at good
efficiency, in order to meet the daily requirements
of the electric load. Systems that are familiar to
our operators and maintenance people simplify plant
operation which leads to greater reliability. New
technology should have a higher efficiency than
curreat technology. This 1is most easily accom~
plished by the direct combuastion of coal. Further-
more, projected capital and operating costs for new
technologies should be less in order to provide a
buffer which may be used up in trying to develop
the technology. Of course, the new technology
should be environmentally suitable.

We believe that the AEP-STAL-Level PFBC Program
considers all these aspects. The state of the
technology has been significantly advanced by the
excellent results from our aexperiments at the DOE
aponsored Leatherhead 1000 hour test. As we learmed
this week, both GE and Curtis Wright experiments
yielded similar results. Our commercial plant
design utilizes a wmaximum amount of commercially
available hardware. Key components such as the
cyclone hot gas clean-up system and GI-120 gas tur-
bine are commercial hardware. The combustor design
has gome through three years of iteration and
has had the benefit of four independent companies
review.. Auxiliary systems are a key consideration
at this point in time. Systems such as coal feed-
ing and ash removal show promise of good perfor-
mance; but in our program, we will be building a
Component Test Facility (CTF) to evaluate their
performance in a totally integrated facility.

AEP and -our partners are looking forward to
coumercialize this technology by 1986 by having in
operation at that time a 170 MW commercial size
PFBC plant. Our test results and those of others
presented during this coaference seem to be favor=
able towards this end. I was particularly pleased
to learn of the good results from the EPRI spon-
sored bag filter tests. These devices will be
important for gsecond generation PFBC’s when we will
pursue even higher efficiencies.

While we have gone very far in the development
of an efficient and economical PFBC plant there are
those who would like to turn the clock back. I am
referring to one concept which proposes to use a
much lower gas turbine ialet temperature, well
below that at which the excellent test results were
achieved. Clearly, there is no technical reason to
take such a step backward at this time. The cost
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and effiency advantages of PFBC with a moderate gas
turbine inlet temperature would mnot be realized
and future technological advances would be substan-
tially delayed. An evaluation of such a concept,
based on each of the aspects I mentioned earlier,
would not support going forward. We, as a utility,
would not be interested in this concept.

In summary, ve believe the technology has made a
quantum jump this past year towards the goal of
commercialization of PFBC by the mid-80‘s and AEP
is proud of its role. With the coatinued efforts
and aid of industry, and government a commercial
size PFBC plant with a moderate inlet temperature
will be realized by the mid-1980's.'

Thank you.

Jack Apel
Columbus and Southern Ohio BElectric Company
Columbus, Ohio

. Just a few. I think we’re behind schedule. Prom
my own personal perspective, let me say that, om a
priority basis, first of all we expect to usae coal
as we already do. On a priority basis, I would look
to ‘coal cleaning as my first priority, prior to
combustion. The second priority is during combus-~
tion and third priority is after. So,: fluidized
bed 1s in the "during combustion" and that is
second in my priorities. However, currently avail-
able technology does not go far enough on the coal
cleaning side, so combustion rapidly moves to the
front in that standpoint. 1°d rather not spend too
much time from a- utility perspective further than
that, because -both Bob and Andy will have view-
points similar to mine, I°m sure, as far as utility
use is concermed. But I thought that you might be
interested in the program that the State of Ohio
has on fluidized bed and how that came about. The
Governor of the State of Ohio, in the spring of
1977, was faced with quite a few problems: losing
coal markets, that is coal production, losing
industries to other states. He formed a committee
of a number of people from a wide cross section of
areas of interest and charged that committee with
seeking out all of the available technologies and
recommending to him what Ohio should do. 1o that
process, the committee looked at a wide number of
technologies and it did recommend to him, in I
think about the fall of 1977, that a demonstratiom
of fluidized bed combustion would be the nearest
available option to the State of Ohio. I think by
January of 1978, they had entered into a contract
with Babcock Countractors and they began coastruc=-
tion of a retrofit 60,000 lb/hr boiler at the
Central Ohio Psychiatric Hospital. That unit is
in 1its final comstruction stages and initial start-
up stages right now. That doesn’t mean that it is
the answer, but the Governor felt compelled to show
industry and put state dollars {nto it. From the
standpoint of where or how to do it, it probably is
not in exactly an ideal location. It {s a retrofit
and while the economics may not be very good, it
does prove that you can do a retrofit. I can’t,
think of any more difficult a place to try to put a
boiler in than that particular insctallation. It is
very constrained ase far as access, old equipmeat
and actively operating equipment right beside it.
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Nevertheless, I°‘ve followed that very closely
through the construction stages. When you stand
back and look at it through and compare it with
some of the other technologies =~ sure you have the
FB there, but almost all of the components from a
pover generating standpoint are familiar, they are
not that different, and I don’t think that relia-
bility is going to be such a terrible problem. It
is going to be a problem =~ I see it everyplace I
have 'looked —- getting the necessary operator level
of skills. How to do that? 1I‘ve heard several
other speakers say they want to do it with their
existing operators and I’m not sure that this
technology will tolerate that. 1 think we’re going
to have to have a whole generation with a whole
different attitude toward operation and the main=-
tenance from the former type of plant operation and
that’s going to take time. That’s going to be a
hindrance. 1°11 leave it at that.

Robert E. Uhrig
Advanced Systems and Technology
Florida Power and Light Company
Miami, Florida

There is a recent book out entitled, Quality is
Free. The thesis of this book is that the cost of
failure is so high in terms of customer dissatis-
faction, consequential- damages, increased cost or
health and safety effects or even the survival of
the organization, that you simply can’t afford a
defective product. Now without arguing the point,
I would indicate that some of the public service
commissions are now penalizing utilities who have
expensive, high-performance systems such as nuclear
and coal plants, that have low availability and low
reliability performance. I would submit to you
that fluidized bed systems will £fall into that
same category once they are commercialized, and
that quality and reliability will be an equally
important consideration there. So I’d like to
spend my remaining time talking about the quality
programs.

Quality programs began before World War II
simply as a weans of meeting customer satisfaction.
During the war, we had ships that broke in half,
torpedoes that went under the ship or sometimes
over them, guns that didn’t fire. So we began what
is called today "failure analysis"” -- finding out
vhat went wrong. We began to identify those com-
ponents that failed and concentrate on improving
the reliability of those units. We continued
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quickly.

through the military and space programs with such
ideas as "zero defects" and "error-free perform-
ance," with & special application, of course, to
the Apollo and Saturn programs, where we had so few
such units that we couldn’t test out enough of them
before we had to put them into service. The ulti-
mate application was the nuclear power plants, the
nucleer navy, and now the commercial nuclear
program.

We really have two kinds of programs in the
quality area. There is a commercial program, which
is justified primarily because of the cost reduc=-
tions. Then there is the regulatory program, where
the health, safety and welfare of the public is at
stake. I’d like to characterize these two very
In the commercial program, a defect or a
non-performance may be an option. In the regula-
tory program, it is not an option. In the commer~
cial program, the emphasis is primarily on the
prevention of failure with less emphasis on testing
and inspection. In the case of the regulatory
program, inspection and testing is a very critical
part of the program. In the commercial program,
you have no independent third party audit unless
you specifically request it a8s a means of identify-
ing failure. In the case of a regulatory program,
there is an extensive third party audit with a
rigorous quality assurance and quality control
program developed within the organization. In the
case of a commercial program, proof of the program
simply relies upon the performance of the equip-
ment. In the regulatory program, extensive detailed
documentation. is needed -~ basically, a paper trail
on all aspects of the program. Finally, the
penalty for non~performance in a commercial program
is usually increased costs or customer unhappiness.
In a regulatory program, there are fines, the
regulatory organization can shut down your plant,
in addition to your probable increase in costs and
unhappy customers. The difference is usually a
factor of two or, more often, three in the costs of
the programs.

In conelusion, 1 would simply say that the FBS
are high performance systems; they are complex aad
they are expensive and you’re going to have to have
an adequate quality program that incorporates the
pertinent aspects of both of these systems, what I
would call an augmented commercial quality program,
in order to commercialize fluidized beds.

Thank you.



QUESTIONS/ANSWERS /COMMENTS

Jack Warden, TRW

I°ve got a question for Jack Apel. What is the
current status of your Pickway demounstration
and of the Ohio Coal Tax?

Jack Apel

Well, that was part of the overall program that
the governor had. The Ohio Coal Tax origimally
wvas passed with a sliding scale on the sulfur
content of the fuel and the low sulfur coals
vere penalized. That was taken to court and it
was defeated as a tax. The moneys from that
would have supported several other demonstra=-
tions and they still will. There is8 a new coal
tax in the legislature. Its passage 13 eminent.
There are ome or two legislators who have
questions. The tax is put down as a research
and development tax and the legislature ques-
tions the research part of 4it, because they
don’t think there is more research necessary
and. nobody has really defined for them what
development or demonstration means. But that’s
really what the State of Ohio and the Ohio
Department of Energy means, 1s to put oan
demonstrations. The Pickway demonstration was
one of four projects that were initially
proposed. Here we have an old power plant.
We’ve agreed to shut down two old units that
are about 35MG size in June of 1980 wich EPA
because of lack of controls, and they are at
the end of their economic life as far as the
boiler is concerned. However, the turbine
generators are not in bad shape. There were
six previous units that were in this building
and they are gone. The boilers have been
removed, so there is very wide open apace. The
coal handling system is still there; it uses
Ohio coal and the remaining unit has an emis-
sion limit that would not restrict the coal.
So, it would have a ready supply. In other
words, it’s a Reesville without the problems of
Reesville.

(Name inaudible)

I have a comment and it may be interpreted as a
question. Many of the panelists here mentioned
that the basic problem in the commercialization
of fluidized bed combustion technology 1is
reliability. The reliability can be obtained
on any engineering plant in tvo different ways.
One way which 1is very well known, just operate
it, when it goes wrong, correct it and start
operating again without worrying about how the
wrong occurred or what caused it. The second
aspect of this is to understand, and actually
this was expressed in the morning session, what
goes on in the fluidized bed from the mechanism
point of view, from the scilentific point of
view. A large community of university profes-
sors agree with me, and I°m sure I am speaking
for them, that not only the Departmeant of
Energy, but also the industry gives very
litcle cooperation other tham lip service, in
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supporting the research. I am sure I am
speaking for a large number of professors
gitting here that in order to accomplish this
concern of reliabilities in marketing, we
should be given due support, something similar
to what wve had when the space industry began.

Shelton Ehrlich

I think that EPRI will answer the question
because it does support and so does the Depart=
ment of Energy, but I’m in charge of the
university research on fluidized bed combustion
at EPRI. We do as much as wve need. Our
problem today 1s that we don’t knov how the
system is going to be configured; we’re waiting
for the empiricists, 1if you want to call them
that, to decide whether FB is round or square.
When we figure that out, then there’s somathing
to be modeled. I think that Bill Reid, who
spoke to that issue in the first panel, would
agree with that perspective. In fact, he
outlined the fact that both stokers and pulver—
ized coal combustion were darived by empirical
means and then people grew to understand them.

John Caukle, Bud Company, Philadelphia,
Peansylvania

I have a question for Mr. Brodfeld. You assert
that we’re not at the commercial stage yet in
fluid bed technology. Given the rate of
advancement that we’ve seen, how far down the
road do you see this?

Bruno Brodfeld

I think the comment was made this morning by
Dave McKee which I fully subscribe to that it
would take something like five years, maybe a
few years more to see the plants in operation
in order .to be fully commercialized. But let
me make one point clear, when I say it‘s not
commercial yet, it shouldn’t be taken liter—
ally. It may be in a stage of early commer=—
cialization, which means that 1t’s on the
threshold of commercialization. It requires
novw, verification, and this 1is the issue at
hand. How do you convince indusctry to get
involved with this process of verification so
that then the free forces of the market .take
over?

Doug Willis, National Coal Board

I would like to make one comment. I think that
the present stability of the industrialized
society depends upon the knife edge and that
the knife edge is the energy situation. The
question that I want to ask the hard-nosed
industrialisc is -— well I have two questions
and I°m really concerned about the conversion
from oil to coal, not from one technology to
another -- What do you regard as a reasomable
payback time, in the light of your corporate
atrategy, for the different industrialiscs?



Secondly, if you had & retrofit situation vhere
the capital costs were, say 702 of the cost of
8 pew installation, would you regard that as a
better commercial venture than going for & new
plant?

David McKee

1°11 try to give you one answer. In our
corporation, we’re looking at paybacks a little
.differently these days than we used to. I'm
sure there are many people in the audience who
are used to looking at paybacks in two, three
of four year paybacks for product investment.
With the changing money market and the infla-
tion rate, we‘ve gone away from looking at
NROI‘s on the third year basis as a prime
consideration, and we’re starting to look more
at investors’ methods of return, which involve
discounting cash flows, accelerated deprecie-
tion and the real value of momey with time.
We’‘re finding zhat everybody has a cost of
capital and that differs from company to
company depending on how you do your financing.
But certainly when the investors’ method of
return is greater than the cost of capital, you

have something you might look -at very seri-
' ously, whereas that same project might have
a net return on the third year basis that
is wunacceptable from standard criteria that
you’ve used in the past. So, we’re changing the
way we look at things because: of the market
situation. The predictions that you saw in one
of the paybacks =-- again, this depends on a
couple of things that are very semsitive. Ome
is the ever widening split in. price differen-
tial between o0il and coal and whether that .is
really going to happen or not, your crystal
ball 1s as good as mine, I have the feeling in
the bottom of my stomach though, that the price
of coal is going to start creeping up and that
gplit may not be as wide as we all think it
might be. There’s a lot of speculative infor-
mation you have to rely on to make these long
term commitments for big capital. It’s a tough
job today and I‘m not making light of it. We
have retrofitted coal fired installations more
times than we wish to admit; .we’ve had coal
. units go to oil then to gas, back to oil, then

back to coal again. So we’ve gone the full
circle. That is a site specific question that
depends -somewhat on the usable life of the
equipment. If we are retrofitting a relatively
nev installation which has another 20 years of
life in it as far as we’re concernmed with
minimum maintenance, we’ll look at that one
pretty hard. Where at the 25 year point on a
unit, wve‘re going to look at that very hard
because probably the combustion controls are
outdated, the material handling equipment is
probably in need of great investment. It’s
hard to give a good number for that. 1 think
it needs to be a site specific evaluation.

" Paul Bobo

With regard to the financing of projects in the
company, they necessarily compete with each
other and therefore use of criteria of internal
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rate of return which takes into account the
cost of money, the effect of taxes, and depre=-
ciation is important. If, indeed, you are only
recovering your capital, by mitigating the
taxes and accelerating the depreciation and the
difference in the price of the fuel and you're’
competing against the development of a new
product which is a revenue generator and not a .
cost avoider -- you can see where the diffi-
culty comes in. Typically, however, there is
some insurance you need to buy. In our indue-
try, projects seem to get funded when the
internal rate of return is above 302 and I'm
not sure where that relates to payback. But
that 18 considerably over the cost of oil.

Earl Oliver, SRI, Intermational

1 have a question for the industrial partici-
pants. It’s been stated that there is a
reluctance to go into investment in the new
technologies until they have been well proven.
In this case, I note that the large water tube
boilers are not being built of the conventional
kind either, at this time. It seems there is a
great slump in the market. The question would
be == When the market resumes, will this be
before the FBC 1is ready? Will it be more
competitive at that time? Also, the regulatory
incentives that have.been given by EPA, do you
think they are of any significance compared to
other technologies? .

David McKee

As far as the regulatory incentives, we don’t
see any market change in the regulations
affecting fluidized bed vs. other technologies.
Certainly, the least attention has been paid to
NOy regulations in-the past. They will probably
be the omes that will get the most attention
for coal combustion. - I°ve been involved in
stage combustion of coal and pulverized firing
and other applications and that doesn’t come
without some operating penalties and headaches.
It caen be done and it can be done fairly reli-
ably but it changes your method of operation.
You have people that understand what’s going on
a little better than a fellow that came in off
the street and was made a power operator
yesterday. I don’t think I can really respond
to the first part of your question adquately.
1 think the market is highly fluid and vhether
‘this technology will hit the right window or
not, your guess is as good as mine. I think it
has the best chance of any in the near future.
But we do appreciate the position the boiler
vendors are in. They’re out there raising
capital too. It’s a tough market place.

Arnold Kossar

I°d like .to make 2 response. I think the first
part of the question is =-- Why don’t industrial
users buy coal fired boilers of any kiad?
Maybe I can answer the question this way. We
had an opportunity to buy a boiler and did buy
a boiler recently. It was an 80,000 1lb/hr
boiler. We could have used coal. Coal was



used at this site at one time. And here’s how
the scenario works. To buy the 80,000 lb/hr
gas-oil boiler cost slightly under $1 million.
To put the coal boiler in and to retrofit the
attendant equipment, it would have been
slightly over $5.5 million.

David McKee

I might comment on one other thing. In our
company, our energy conservation efforts have
been tremendous in the last eight years. We’ve
looked at saving a pound of steam and how much
investment we can afford to save that pound of
steam, and it vas closely, if not more closely,
than what it would cost to go out and buy a new
pound of steam with coal. But I think you
heard numbers like $100, $125/1b {n our instal-
led cost. They are gemerally in the range that
ve feel are realistice. If you look at your
IMR’s and your discounted .cash flows and how
much you cae afford to spead to save that pound
of steam, you might be amazed at how much money
you really can spend to do good solid energy
conservation work. I think we’re seeing that
in our company. Our energy requirements per
pound of product have continually dropped over
the last eight years, whereas our productivity
is continuing to climb, and that puts money in
the bank. This 1s a tremendous incentive for
evaluating all your processes and the way you
do things, and we had little increase in our
steam demand. If you look at our future
picture, ve’ve looked so hard at some processes
that we’re finding out we are going the other
way -- our steamloads are going down. So
that’s why we haven’t been buying some boilers.

Sven Jansson, STAL-LAVAL

L°d like to make a general comment and then a
technical comment. Steve Freedman started out
with this discussion by saying that' he wanted
the panel to serve as the wise men looking at
the elephant and I think a lot of what’s been
said here has illustrated that he reached his
goal very admirably. What I hear are lots of
views given by people who have a small part of
the picture, but not necessarily the full
picture. What I would like to say is that 1
think fluidized bed combustion 1is here, gentle-

men, it 18 coming, AFBC and P¥BC are here and
they are coming; there is no way that can be
stopped. Therefore, the real big question here

comes to the following: It is, how quickly do
we want this to evolve and that depends on the
need that ve see and that i3 a national type of
consideration, but it’s also a corporate type
of cousideration. Row, when you look at that
question -- how quickly do ve want it to happen
-= then you’ve got to ask, hov can we make this
come about quickly. Well, the least effective
of all ways is to start university programs.
I’ an R&D man myself, but I have to say this,
because then you oaly look at the little leg or
the little toe of the elephant. What has to be
done is to get some figures in rather quickly
to identify those important problems, not those
that ve necessarily are thinking of today.
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There 18 a little book which I°d like to recom-
mend to everyone which is called Murphy’s Law
and Other Reasons why Things go Wrong, aad you
can pick it up at airports. In it 1is purist
law, and it says, the solution to a problem
changes the nature of the problem, and this is
exactly what we are up against. We’ve got to
find out, therefore, what the problems are.

Arnold Koasar..Sesaion Co~Chairman

I aprpeciate the reference to the book. I don’t
think your comment requires any amswer. To try to
summarize rather briefly, we have had a rather
consistent emphasis by the panelists on what the
Defense Department calls the "1lities" relia~
bility, maintainability, availability. This {s the
key, especially to the industrial people who say,
I°’m out there to build products not steam, and I
can’t afford to have that thing back there in the
corner screw me up either, in terms of coal supply
or operation on line or from a maintenance point of
view because I can’t afford to be down very long
before my profit plan for the year has been shot in
the head. The utility people haven’t said it quite
in those crass terms, but they get at it too,
because they’re controlled. They can’t sell the
product in quite the free market concept that the
industrial people can. So what I find here, though,
is gome differeance. The industrial people who
tend to be less coal dependent are expressing the
concerns in rather stronger terms, I would say,
than the utility people, especially since the

utility people have some familiarity with coal to-

begin with and have learned to live with its prob-
lems of today. I think one point that vas made that
was quite keyed to the bulk of us as technologists,
was that you’ve got to consider the kind of main-
tenance crew that is normally available in the
industrial enviromment -- and 1 could say -—— also
in the utility environmeat. The fluidized bed
processes are somewhat complicated. Now the answer
that, I°1l automate that system for you, just ain’t
enough because, as you know, we had an experience
at Three Mile that showed us that hardware errs
also. We had a session on instrumentation and con-
trol here that was, I think, the first ome at one
of these conferences. 1°11 be frank, I pressed for
it, buc 1 vas disappointed in the number of papers
that showed up and even more disappointed in the
aumber of participants in the audience. But, the
manageability of any system, by people, 1is a key
part of any of these technologies. Now, 1 won’t get
into the argument of whether the equipment is or
isn’t commercial yet. I agree with the last point
made that the technology is at a point where you
need large scale demonstration in order to develop
the confidence, that will take, perhaps, several
levels of demonstration. That’s what worries me a
bit, how many times will it have to be done before
the customer feels comfortable with 1t? I won’t try
to expand on that ome, but I can see