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TECHNOLOGY OVERVIEW 

Roger LeGassie 
U.S. Department of Energy 

Thank you- 

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

I 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 it should be. That's telling me 
we are moving in the right direction. This is the 
type of program we in the Department of Eqergy.can 
be proud to be a part of. 

As you have heard, I am here today representing 
the Department's Assistant Secretary for Fossil 
Energy, 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 b.een 
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. 

 his conference comes at a particularly adpro- 
priate time. We stand today at a pivotal point..ln 
our history. Our nations 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 708, then their subsequent doubling again last 
year have told us that our energy problem is real, 
that its economic and national security ramifica- 
tions are severe, and that there is no quick. fix. 

At the same time, we are ,entering .a new decade -- a decade where fundamental changes will have to 
be made in the way we use energy and in the fuels 
we must 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 
government. 

These changes are not ~ o i n g  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 alone for foreign oil -- 
that's $10 million an hour, every hour. of every 
day. And with that money flows jobs and the 
ability to maintain control of our economic 
future. 

The situation facing us is compounded by the 
fact that the world's largest producer of oil, the 
,Soviet Union, ii expected to become a net importer 
of oil during this decade. That's a 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 rigs are operating today than ever 
before. But the picture is rather clear. World 
potential for producing oil will soon begin to 
decline. 

That means if the consuming nations do not take 
concerted and strong actions in the very near 
future to substitute alternative energy ,supplies 
for oil, . import prices considerably higher than 
today's could become a reality. 

We don't have the luxury of making unilateral 
decisions about oil. To find a common ground that 
serves ,all of our interests is a step-by-step 
process that requires a lot of patience and coop- 
eration. 

. The effort among the industrialized consuming 
nations began at the Tokyo summit 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 sessions are setting the 
framework for an international response to our 
energy problems. Import ceilings have been set. 
And it ii now the responsibility of individuals 
like us -- in each country -- to go about finding 
the mechanisms and the technology 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 worldwide, so too can be the 
solutions. 

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

As I have said, we have completed an eventful 
decade. Not only did it display the realities of 
the energy problem, but it also revealed several 
hints of potential solutions. From a technology 
standpoint, one of those solutions is fluidized 
bed combustion. 

In the early' 19706, we saw fluidized beds 
progress from bench scale engineering concepts to 
the fabrication of actua'l commercial hardware. 

From where I stand, that is the measure of 
success -- hardware that is ready to operate in a 
commercial environment, that can hold its OM in a 
marketplace where regulations must. be met, permits 
obtained, and in which an, investment must be 
attractive before it is made. 

It is hardware in which the private sector has 
sufficient confidence -- technologically, economi- 
cally and environmentally -- to begin. moving 
forward on its om. It is a success measured by 
commitments from manufacturers to produce and 
warrant equipment. It is a success measured by the 
confidence of users that the technoloy is advan- 
tageous to own and that it can function dependably. 

You will be hearing about some of these suc- 
cesses during the next three days -- developments 
resulting from both government programs and private 
sector initiatives worldwide. 

You will be hearing about our commercial proto- 
type unit at Georgetown University in Washington, 
D.C. Silce 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 are about ready to begin operating a second 
commercial prototype at the Great Lakes Naval 
Training Center near Chicago. And two more units 
-- these designed specifically to burn anthracite 
or anthracite 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 made to the coal 
feed system. 

And you will be hearing about activitiei and 
recent successes in the United Kingdom, the Federal 

Republic of Germany, the Peoples Republic,of. China, 
India, and in the Scandanavia countries. 

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

So where do we go from here? I prefer to view 
this conference not as simply a recitation of 
success stories, but as a guidepost to the work 
that still needs to be done. And there is still, 
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 government's role 
should be in building industries' confidence in 
these units. As you know, we issued a solicitation 
last year for firms to come 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 government'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 submnitted proposals to extend 
them to June 1. This will enable us to gauge more 
precisely whether this is something we in govern- 
ment 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 I'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 l'ast fall was a sig- 
nificant milestone in achieving the materials 
durability that e l l  be needed for PFBIcombined 
cycle operations. 

And we .are preparing to move ahead with con- 
struction of a 13-megawatt fully-integrated PFB 
pilot plant with Curtiss-Wright, beginning probably 
by next spring. 

It is in.the pressurized fluid bed work where 
some of our most active and beneficial interna- 
tional activities are taking place. At Grime- 
thorpe, England we are preparing for firing the 
first coal and beginning "hot" shakedown later 
this year. As a precursor to this work, the 
project is currently performing "link tests" at the 



Leatherhead facility, and it was there that we 
recently completed 1000-hour test with General 
Electric and Stal-Lava1 cleanup systems and cas- 
cades. This test achieved favorable results and 
confirmed our conclusion that the technology is 
ready to move ahead. 

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

In all, I think we have a 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 have the luxury of failure as an option. 

With the technical expertise, along with the 
marketing ingenuity and the international 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 Energy 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 1970s 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. like to 
speak to you this morning concerning.. 
DOE s . fluidized-bed program, in gen- 
eral, a basic talk that I 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. I am sure that many in the 
room know the.se advantages; but for the 
interest of those who may not, I 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 NOx 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. We are also attempt- 
ing to develop and are in the process 
of, at this time, d.eveloping 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 last 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. 



Fron theee projects we have devel- 
oped a series of design development 
goals for the fluidized-bed program, 
an$ this is bas ica l ly  where &e see our- 
selves going. We feel that we must 
develop a fuel f l e x i b i l i t y  multi-fuel 
fir* capabi l i ty  and a high c ~ u s t i o n  
cfficiencp and overall plaat  efficiency. 
Of course, it must be w f t h i n  envirqn- 
mental compliaace at all times. Vork 
on r e l i a b i l i t y ,  safety, ease of mainten- 
ance for the p l a t ,  a rapid start-up 
and shutdown f o r  the larger unlts so 
that they are comparable with the exist-  
ing utilftAes, atad p o d  load following 
tamdown capabilftfes i n  also required. 

Fiwre 2 8h0ppg & 8-IP of the 
AFBC facilities that DOE has available 
to  it plus those that &re available in 
private indnmtry. These are the sites 
that are available now to addres-s the 
issues, As you can see, there is a 
large nuder of sitee that are in the 
rage of 10 square feet or less .  We 
are now beginuing to get in place zhs 
larger units,  the d-s, wh&ch will 
give US an expanded data base at the 
next step YP around the 100 t o  
1,000 square oot range. 

We Bwe a group of fac i l i  tfes that 
are egpebla of  addreasSng all phases of 
S E X  work, the AFB atility p b s e ,  the 
dFB industrial plume which ate repre- 
qstd by tbe demonstration units, tech- 
nology muppbtt bars units, and unit6 to 
aupport the pressurized fluid1 zed-bed 
work. 

I, would like to now give you n 
brief ovamieta of the activity in each 
of these areas. 1 have intended this 
to  he a very brief overview and hoge 
you will attend the various sessions 
that will follow which will cover each 
of these projects in detail. 

The Mrsr unit, as memtioaed by 
Mr. LeGasaSey is the Georgetown unit 
whic;b .had bea operating since August 
of 19791 It produce 100.,000 pwnde en 
honp of satatat& steam at 25.0 -paig with 
the capability to go to 625 psig. To 
data, it has urceeded 1,600 hours of 
o eration and hen ~ o d w c e d  a durn of 
88,000 pounds per hour of steam. 

Figure 3 is a 1 ayout eft &ha * h i p -  
merit a t  .Ceoqg&omi. Of $narrl inte&qt 
. is the fact :that i * nt -1bem o s t o k e  
merbed. fbed Wmtsr far e'P feed ansf a 
gravSty f l a w  fadbed linp tune fedd 8.8- 
tam. Ffguke 4 gWes y0Q4 a better idea 
sf the werull War eappnmts af the 
faeiltfp. ihe ficiuty uttriZ%$t. a bag- 
house, ar' du$t coileetioa . 
' 

The ijext facilitfr' i a  at Great fidkes 
=it be- bul'lt by Cokbuation ' Ibk i r -  
. Pi te 3 1s an m i b t t s 3 n s e p t  T of Ehc d f  'e as it w i l l  lo& &ice it 5s 
c'apletc. mf! are $n thef .wtruct i f+  
phsil- rfght 'now. The bprilbiag @$mil Ld 
up,, ' bd'ltr f s in 'plaqd, d tlira"t 
boiler. ldtre Lo cuw oq k+ ' m$ Yls 
opcri.Cycmal 3h 'Sahae. o f  3 9 9 .  +- , - --.  - * -. 

AhqZBer -oh$$ prdjeet 3s' the 
man Emad+ 'Qfl &zi:er ~ r q ~ i $ i  :*hi+ 
hverki.p.cea uaimA* a f lulbi~ad-bed 
boilmr' t o  heie  e e fee3 rpcIrIr''Par4 3 
reg4sry. In the studies that &h 
dursug Phase I, it was ,detemed thut, 
in fact, veryi mfficiqmt: h-t traaufur 
wal arcormflliehiea~ and the, p$gc$as wae 
viqble Ero* a c&i beating erw@bt. 
K w w e ~ : ,  the pru155ea beewe me pf 
logistics. ' ~&catt& a$ t& @at 
of u d t a .  that would be qb3r+-  $a' s 
rafinerp; $0 to 90 a t e ,  the& a 

.qpiry sesioua prokXer sd* coil &4 1-he- 
dtmc trant@aktstf on. When the. overall 
econo&cs iavolved --red, ft 
appeared that t h i s  process wad not ~ C D -  
n o u l ~ a l l y  feasibLa for a tsfuefg appli- 
icetion and therefore DOE chose not ta  
proceed w i t h  the demonstration unit. 

3 - BEOM- UMASfTY AFB WUTY MODEL 
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D ~ E  has, as Mr. LeGesie m n t h e d ,  
twa autkareite pmdeeta underway. The 
entb~aaite , c u b  prdjeck at ~ k f a  w i l l  
prw1d.e 20,POO povsds an hour of steam 
to an indus'trial park. That faci l i ty  
1s in the ~ondtruceion pbame now and 
w i l l  be starting up in April af 1981. 

The 'lJflkes-Barre facility w i l l  pro- 
vide 104,000 pound~ per Botv of heating 
ateam to ttne amtown area af the City 

Wilkear Barre. me facility is iq 
the f h a l  design stages and constrtrction 
will he start; th28 fa11 w i t h  opera- - 
tion in late 19 3 1. 

Tke uti&t$y pmgram fnc1.4des the 
Rivesville unit wh2CB has urn completed 
a ZOO-hour run af ter  U a p  sewera1 
Dbdclificatians to the fuel Eihd systea, 
which haa. been one of the ma j a r  prublema 
eacounttvd at Uvesullle. That was a 
very aucceirshl rum, and ho Mar pro%- 
1- d t e d .  Currently, Rive#ills 
is in a Wntemhce woluetton phase 
1aaWtq at the detdls of what h a p p e d  
and w h a t  Was t4e e;rtaet perfo-ce of 
the &t. One thing t o  note, tbe titack 
duri-ag tbia rua was clear at 'all times; 
and it &@ear? the unit had better than 
99 percent efficiency in the hot electro- 
etatie precipitator. So fxrrm that, it 
&@pars  that S P  my yet  be an accepta- 
ble  approach t o  stack gas cleanup for 
fluid5zed bed. 

Figure 6 reprksents a model 05 the 
AFB-CTIU which was under construction 
t o  be wed as a compQneet test fac i l i ty  
far AFB. Shwn are the bunker syetem 
out back am well &a the equipment as it 
wap to be located in the building. It 
inc-Ludd a three-cell stacked bailer 
with a .multi-clone primary cleanup and 
a baghoase for final eleauup. Figure 7 
III~OWS the buildilrg as i t  now appears 
w i t h  the unloading facility located out 

available to indnstry a t  chdir request. 

u ~ t , ~  ret ufe h k  b&%&ly a t  the 
pm*, %%a 1s , where Wt s 

&mp&aadr' Eo'r the fp$ $'%.a w$&& @%. S O W  
a*, t-&e a d d ~ ~ ~ ~ W g e  .err W e e k @  



~ m i . ~ i + i i  &t'~on ma ot. durse high- 
c d w s Q % e  e#E&c&pey; a W 'ex -la- 
Mtx*c bs% '+le:b%, i M& inibed 
b t  st~t*&.Ev rete, .f&& c&& f b d  
& d , - 8& mti- 
&%If& f * ~  gas '*&i%if.e &&&&a3 eye??= 
syB8tcmq * 

The v&&otls. facb@&iw. g h w  3.n 
f twe  .a: prB w p %  ye+ lr* w&laP$t m 
us -< %i! w&kp.es M d S f  *k3 a 
plant has ~.wfJ&Med desdig. @tW. 
The& L-13 Chi Wmetbae E46 f t$, 
~e g e o ~ e a ~ ~  jwe ts, brcissOigu, *f so.@@: @m g$#$tt:f* . GeJwral :z%&*ie .rnB**3*1e P m W 3  *e 
sot. ggs 'tgr,@m~b: XyOXk, &Id. the --& 
?ra*rc; Bib-*= 'Sea& , daj,t. .g4x 
pmgqm pWed aty_:=@w 5n %&@re; 9. 
ye ~ ! 1 ~ ~ . * e ' x " a @ r Q i  ,=*& eIIi3r 
~ a c ~ l ~ ~  e m&s. Q&e,&ll &&d 

a M6e' pi- -pn$Qcs, +kw w$$w E9;%1 .&ti hd= (Srfhethwpa. d.sa. p+* 
t$ere t#e ~$11 w i;nga a repom- &mop- 
s t t a t a n  aft . mi6 $dl3 l$& ia,i%'e W 
HV ?: and Be 0paItdofmd en 

e. &we. IS%% rim 

FiB" 10 @haw8 the 'Gur&%ms m X  
pjtlof p me,, rQrwm~tion df qhich is 
to be&a sh~rt&y, S t  w 3 l l  be abut txm 
*eats to c@erafonc 

The iatemati~nal projects include 
the IRA Grimethorpe, as mentbned,, where 
the XKlE objcct4va is tq' work ria f ie  
International her- Agency to  build 1 7. 

and upexate a PFB -facilPty t t p  obtrixl I- 
data on prdf o t p  puilnrs fnelud5ng em- 
bustion ~haraeteristics, emissitins, and 

1 
turbAne matmi@gr. The CURL fagilfty 5 

t 
is being operated now with the objeetlve i 
of sypportiag tIm'' ,IU project: and defh- 
in PFB kombusf ipn cbfget&kiqti's oxi a f i 
p i  at neala, win, these fac i l i t i e s  
w i l l  be di'sscusbie~ more in d&a%l at 

4, 
5' 

3 late* sbs~ton'~,.  b i  

;It, 
r *  

fa .summaryr looking st our' achieve- 
ments to date, there are the i>&ustrial 
dmnstratfons; we have d-atrated 
pwcessi f l q i b i J $ t y  on a larger tlumb,er 
of cpslg and t e £ u ~ e  qter ia le  and the 
u t i l f t y  c o q ~ e p t  has been denwnstrated 
a t  kivesvilIe= the area ef technol- 
ogy baee, thee  is a modest b e e  avail- 
able to WE right -, and we are m ~ d -  eliy to expand both the design data 
avai able and she data base. 



FMuever, it is hat a11 Buccess. 
There are some problems that remain to 
be addre'ssed and a fkw gf them inclade 
the following : Demons.kration of low- 
tern reliabilf ty - indusxry rwtinuee 
to state they want to s'ee a unit that 
can start up and run for a year. We 
need to reditee the oq5plexftjr of the 
fuel feed system especially on the 
larger units. The long-term perform- 
ance of materials in th* fluidized bed 
has yet to be demonstrated in the 
10-2Q,00Q heur range. ?hare i s  a need 
t o  contiBue t o  develop. a firm data base 
for desfga and scaleup fn the area of 
heat trhsfer, combustfan a£ ficiency, 
and d ; ~ a & o m .  There is a need to 
develop htethods for utilb.atioa of t%e 
spent-bed matesfals. On a system basis, 
a defin3tiua of the best p&er geiiera- 
tiou and cogenexatfofl systeras, Tor first 
generation commercial plaqt;s is required. 
From an 'economic &tadpoint, confirma- 
tion of t sconwaic advantager of 
fluidi ed bed on a demonstration scale 
i s  nee 8 ed. 

The DOE is inte~ested in your ideas, 
pour discoveri+s, and 'your concerns. We 
look forward to thds eonferenee as e 
£0- t o  exchange ideas,  define poten- 
tial problems that  t-emafn, and identlfy 
P means t o  solve these problas .  We of 
M E  thank you %or participating. Hay 
the conference be bebef f cia1 to  us all, 



IaTIqN& COAL B P r n  
COAL RE-m E - S T ~ ~  

sw ORCHARD U&Lt%WIHAM GLWCE(SHTRL GL52 4RZ WTEIl SCZNGDW 

X t  i s  a &reat p- pleasure fo r  w to Be 
heri ep%ddng t;o you C o w  rsrpresentlag #g 
United Kingdom betor% such a dhkinpiehed 
$t~the~iqg. h* ,t))q 1977 Cwrferencg, Dr. W. Q. 
Kaye presented & i ~  ov<emiew but, tmforlamtely , 
he ie-o* k$, WiGh $oy tqw aa~ he ia amow the 
bulb fields M Holbmd m&rq the &or 
p ~ ~ q b W m  tro 4 w o s i u m  on ~ e w  Coal ~ e c h m l o g y  

th$@ wltm H g r t s l ,  '@%$e@$m. (I sl3alld haye 
bough* s h ~ a  i n  the :Hilton). 

k s d e  hfs'bes* vi- t& YOP tw d i  Joe 
QSb-on, David Ddnkpn a d  Jack mm* MY 
P @ w w d q  f rom PCB, J* H*lW Wd fi.- 
paberter, -me 1~1th #IQ wd b* prsrentitw 
p a g e  ~n dpiafied mrk fn @3eh we,  in t h e  

ems- $a'Wl$-t ok $he Nati.onal CQaL 
B m W ,  b e  been i n d u e d .  

me, x F p t e  of IiU I w ' k  two >yeam 
ago h a  -#d%>#uidiaM b w l ~ a ~ ~ ~ m i  'h#d eirivsdl. 
$h qwOdot,  wk ,T sot: W l  ~ - e C m t .  
h e *  are now ewe n i ~ e  m n j i w ~ a  i p  U.K. who 
wrr. tu offer on q a6rmnereial bwig  i 
$lufdSei@ bdd W i l w  or eurngee. m p e w  18 
hot lm* but me p a e ~  ~f a e v ~ l ~ m m t  ks B U C ~  that 
@ W ~ r d  + yaars mch has barn l e m k  and much 
a c a ~ l $ e h e d .  

We, in t h e  National C o d  eaFtI, like to feel 
3ht w& are at the  forefronk of this developttl8etit 
though *e mrk o f  the Coal Reeearch 
$~Waliahmat and the Coal  UtfliiiatOon Research 
Laboratory, but it i s  a great encwwgement km us 
that so many British f irms hre now inve~ting theip 
opm rkaewtee iR dwalwmarlt ad yr.ducLlurr. 

L& me now very briefly look over the U . K .  
scene, starting f f h t l y  w i a  gre~surised fluidiasd 

beds. 

You wYI. barn abouut t he  cankinuing work 
w b i ~ h  a&e8 & in  ,.We CURL laboratory'fras me 
m a r  by R-md Hoy and Alan Roberts, 'but what 
el mare 4mpbr~ant you will hew tbis afternQm 
&nut the D A  prpjeet at Grueehoype and, as an 
engineer, ma of M e  p i ~ t u r e a  which brings home 
tp me the r&JL%y o f  *a ady@t,ages of ,EM& 
t e c w i o g y  i s  e picture o f  that 86 blW* boiler 
W F ~ Y & & ~  qnr pie* on a Low loader. This 

i i a  n w  near ta ooplmfssianfqg. 

Anow& p-mJedt @out which we e h a l L  h e w  
m o m  i n  the f i t w e  fs  We Wit$& Columbia HgdFo 
soh,m$ whPbh fs be* de8ignd by C o d  
moeessing u-ltqwt& .lpe f f i t iow C a d  Boakd'er 
o*iaat%on mr a&UM kn&wh~, ) .  This +I a 
MOT e d  v A w  tbt-ematfro prpsgdt r5nB we '* 
c&$deht &at 1% fill l d ,  CQ mom ,of the same 
type and Is-@. 

$ow t o  abnaapherie pressure developments- 
& if me* aW those In tke wdf#cl who do not 
lmwl the diIfepwle~, stay tuned to t h i s  ahm 
thmqh till FriW and w i l l  lawn.  

'Startinn rXr=k w&kh the larger end of the 

~llpplrlng he& t o  the 
$@ provie& we 

B r i k i l  B'&&& - isation w i t h  vatvast amount 
of  -iilforhlaq&=ai3 ng a Nde range of he&-, 
smk af *ie%.sb riWan&e we d#ht not hava 
pomsfde~rd t@* as $#Pils a. taw yeam -0. I: do 
net think kIit39 he$ectr$ed c-1 duag ye* Wwh. 
One of the ~ 4 m s n ~ l & ~  m x p r a s ~ i m ~  &P *is is, of 
cowse, the $e*~pa% ir)stallation gy Babqock 
~ n t e m a t i o d  C-ion at central Ohio 
PsyEhfatirto ~aepft&. 

Installa%ion .of We h u h  prassure Mitchell 
coil boiler wi* output of 30 KWth and 'd0 bar 
i s  n m  vlrmally complete and though evmte in khe 
British Steel Corpora%ion hava delayed its 
completion, o ~ l d  con%irissioning tests have been 
carried out. 



Tha Enmw Equipment r e - f i t  a p t a n  an sr 
small iMusWial water tub& boflatr hrrrr be- 
insk&led and ptuwed. 

'Ehare- is a *E of other projects fn the 
early. a'w5g~ ~ C e r g t ~  wf'th a m&er of 
nrapufawem, M a  BUEh being the retrofi#ing 
of a high pwasium 54,W kgm. @ t e a  bailer 
ppHim .was In&talZ& s fen y!?m ago, of1 fised 
but plfkh an e~re to pnmible Rtwe coavergion 
t~ -1 Wd fTd&l~& bid* S U b j m t  to 
watt~*actbrg fwd-, &at h&we h b  arrtvwl. 

The mu1 rerweal fire tube boPLarel fbr 
tbe t m t a e  i ~ r  rnhau~ J am t%at&) ~8Finhw3,es 
at Marden ,(a hot: w a b r  boiler) ' and me 0-1- 
tio%l# a* Antleii U&i$a Sadzw at BuQ:+me 
cont€nued to operake, for a Past M yewe. 
Be . o f  ~ S B  t* ha@, be& the c?Q 4qiler 
~ cite fc@ t w ' y e a ~ k  md h a  ,6rhrrle3j I314 I d .  
Beth e v e  be- wed test &~~&mlLaiona, not 
6pk fro? !wmlng,,d3ff*$ e d a  but a d o  f ~ r  
tw diT$eW--mthwla of stwrbup. 1 1 ~ i a  w i l l  
hear more of t h i s  w~rk in T h w d a y  rsomin&ta 
&e~iif.on on Wemtkng experiebce fr& Jahn ElWkey. 

This paf.treular v&t:$.cal fire tubs bcdXar 
has been ti&- bb Vospw Thorrlgcfof't 

WbWeain,, a divipiw of s h r p b u i l & ~ s  
mid e~l~mwcnlwl gmtromes bP ar'wnd 6 Wth Ieteam 
or hat m-1, at p r m ~ e ~  ef aa?pund 10 bw are 
h e W . ~ ~ ~ ! A $ k b .  me' Fkrst of hw 'now 
been dblivwed t o  a , d t e  in hdw- It in 
e?epe&@ k+k dmqt hmll a dmkn wilJ be 
i n ~ h l l e d  b~ the  the rear. w h i l e  other 

are deveh iw7  s h t  similar 
ds8*. The m e  Fluddfgre -1 
pm&e  ate^ W e  boiler for a&& at abart 
3 WV Chemd 6s now ;tnstdked at a Eactoqy In 
York&i* fm p ~ f w  kri&s. Y m  w i l l  h m  
ehia aev~lopwant: from Michael V i e  on Thursday 
morniw. 

On the ho'rf~ontd f i re  tube boiler a number 
of people are mckive using 'ramrenkimdl and 
'UncWd~Iti-1' d e S i & ~ ~ ,  A l a  ~ ~ W a t i d  
~ ~ m c b  58 #a Northern Engineering b d u s t r i d ~  
berhaps ?till b a W p  *eogfiisd & fn4iufbal 
wee v $ ' W  suoh as J a b  !lbomgaon, 
In ternat id  Coglbuetfon,Cocbane and Qark 
C b @ h n ,  q e  QP f w  aT th&& boi lere -&-e no# 
s a d  for lm#laMon In Mzes up to  about: 6 bWm 
for eteam ar hot mter an8 ~ulll kd i t~ ta l led  
trarards $be e M  of the mar aPtec substantial 
proving in one of mTts warrufkcturing wrk8. 

Energy Equipment: have &o sold their system 
for installation in thPee Robey boiler@ and the 
first af  these is now on test  in their works. 
Similar equipment, haa been sold for inshllation 
in a bailer in Hungary. 

Parkinson Cowan GWB Ltd. have also aold 
three boilers at 2 MW them& each for 
inatallation later this sear or early next ye&. 

On more umconventLoria3 lines Che v-8~ 
H ~ F l z b r r h l  Open H e t b  boil-  *oh is :- into 
rrur boiler k s t  house at CRE MSI -* (P&A 
at 5 PW at 10 b e g  %hq<BaQqp>ek 
(Pack& Boile*~l bmpo b ~ i - 1 ~  &a i~ go- 
k n b  .the teak hmse erne t--in A w a t .  m a  
latter & s W ,  though imitfelly af: 8 W the& M 

rhwmwlar, lhes the potsnUaL of going up t o  
Me-1 in Unit an8 ~ U S S L ~ ~  .pHSHlWe8 

af40 ba'. 

F X 3 y ,  I. must nrwtLm me suce-e~f3f'nl 
J d k b n  b o i k  fn the m, Fm rfiilak-this i~ a 
Brit ish q v w i & ,  $he Elufd be6 t-m 5s 
based u ~ m  w&k.b~ the N&timtaI C a d  Bawd 
1~cerrBB;1. tn +OW-& Bailers! *ugh ~-lrsti#a 
Sys!te~as' LM4 -8 boaer w U 1  be d@eer~b& %n 
the WFP by W&a WFhwls on Thursday diemo~n, 

8-BrQm f W$,& q I** oxervieai, I m0S.t 
qufcey lMk at .We q 4 0 S . l ~  sane and tn 
part3:eu;l& ice field 9 Qvt* a. bkt of 
en- i s  &npLJt hsCE Pbr d q i n g  and a b v . 1 ~ ~ 5 p  
hoz gasre6 fMm a flNCTis& ha can. k used Eor 
*ir pr~rg&. Again J&n EUgRLey, this t ime  on 
Th* d b m m  (busy day J e h )  w i l l  am= 
the work in m q e  datmfl. 

'ppp g ~ b a  -rC arq . p e w  wbll asWIiWed 
an8 by &their operating exgerienca have sk- &a 
favmrabl* a~moinbs. 43. Wor$l!ley h p a  auld 
five and Pm* h e  em, on oPdef. Ail of tbese 
w e  Yibrma QLl*uf8, of 5 ,m, gnerm RJqment 
have alsa m;lP three (two in a s  UrK. a d  me & 
France). 

A t  We lwer and of the dirtrct d* market 
the 15 MW thermal ~ l g  drYfSlat plaat at the sanent 
works has been very sucmesfu~ ia &pwlng s 
s h t a n t i a l .  saving wer the fnrr~er oil  fired 
~ ~ e .  

/ 

I have, b-se of the time factor, left out 
refersnce to the w k  on C a i U q g a  cbbw.tion, 
refemnee W the .mppmt sad atmot  ,wek done 
for m w  dr8wgsetfpm bpl W$h fmgormt, mrawmi 
as corroeim wd e r ~ ~ i o l l ,  orj fluid bed ga~ifi~ation 
ta ~r~gduce r gas for fwrnfv In fbmacm- m gas 
tufbXh,e~, gtc . 

There Is much &ing on -yet al l  the time 
we can see new ideas to try, near developments to 
F E U 8  

8111 Elaye concluded his 1977 owruie~r by 
swing that fluiaimed bed combustion had arrived. 
I have come back into research and development 
after pny years fp technical marketing. I can 
see tlmt fluid be8 roaibuation hea amivrjd, but 
mureaver, I can see that it cgn, w3th the t'fght 
fZmcia1 st;rucWe, be sold on a C O m w ~ i E a l  b u t s  
m d  I baliwe that in U.K. we should be in 61 
d m  &o& g08390ll t o  do =Ma8 0f British 
o w l ,  British idsa~ 8md B r i t f  sh eqdpment. 



I mst,  bowever, md on a souib+e note and 
set fluidised bed c ~ s t i o n  in pempective 
-inst the world energy sihatim. If we 
da not  speedkly dwrelop fie new kechniquee of 
coal burning, and I bel3eve f lu id i s@ be* to be 
a most importank one, and persuade people to 
revert t;o coal fir+*, thus relieving the 
gmsmires on a gre-esriorrs world of1 slhmtion, 
the results for a e  idustrierlisud western world 
m a ~ r  be horrendpus - 

Fig. 3 Fluldised be$ boil boiles by 
l@3 Boilers 17.R. 
Hatiwlal Cml Board  gmjw* 

Fig. 2 Fluidised bed retrofit to Central 
Ohio Psychiatric Hospital 
Babcocg I n t e r n a t i d  



F i g .  4 Babcock bo i l er  for proposed retrofit 
cmvoreion f r o m  o i l  t o  f luidised bed 
coal firiw U.K. 

Fig. .6 Clonsast 2.8 IN vve~ticaX fhkKdFstl8 bga 
rteam bai 1 er 
rational Coal  B o d  profeat 



rig. s SC-~ZQ w%idn -emrr) 
Eng,fne%rSng t-hiwt hwf zwbl  
shill 

pig. 9 B g u i m t  ~ M , Q ~ P &  be4 
e w ~ i t i b n  in st J yw bWw 
seem boiler for Hi30 ette 

FIL. 20 CWB Bailer with development 
f lu id i s ed  bed 
3oinb P m * k i ~ ~ u u ~ ~  C w a n / N C B  project 



F i g .  13 YdmstrJn hUer Camgang 
FwrysbUrg. mGM@m 4 9 0 9  

F i g .  14 G.P. Worsley 5 fl~idised bed 
for  grass dryers 
Joint G.P. WorsLey/m prodeck 



Fig* 16 G-P ,  Yorsley 115 W fluid bed furnace for 
clw dryer 



ovm'vlw o r  ~3~p1qg~sa  B B ~  cdmb~qti-ori 
P r s g m m e  of ehe Federal W b l i c  of Bepmny 

14°F ' >  

4 
. . 

'me b y i e  gual 09 me ' b W~*R ea rlufai~ea bed aombustion (PFEC) 
gmpame of tbe B B @ ~ F ~  p +qr$ij, :-eepial advantqges with ~eepp?c't GO 
mans Zs Mh d e v ~ 1 o g m t  af 

t 
~ ~ a I  pmtwkion ,  cxrmbus5Yon eHL- 

Prslltph tag qqntrbute &B a , :crdwq, g e m e t ~ f c  aise a$, $f eo@f pee 
enex;,$gr *@ply for o w  ca with r# P;w 'ttlfb2w, $0- thermal l texamp 
nomie& favourable of 8- tu.tal plant (Fig .  1, and 2 I .  
acaepmble MW. 

! 
The development of wit ahlp tachno- 

1ogfa.s fom 3nc~saseB and more ePTi *&en* 
ut i l~za%iun  of coal g l a ~ s  an imgo~tmt 
role l i t h b  $his g o a & ~ m ,  , a@ c0&2 ia 
the only do#&sC f c g~5m.w energy ~oyrae  
whish is &vafl&BLe in 1mke quaf %%lea 
in Gemmp. 

&cordshgly, ab-t half OF Mr6 &Q- 
vemqa9 fun@ for  non-rmqlep energy 
~ea.e&G'h if$ beSng cm&uned fqv coal ~ e -  
a*#&. -Ih the ama of dbwt eombq&ion 
of coal, fop Mat and ppwe~ $$mrat50ns 
the bffart;8 ape aonc,enb~ated an the fnr 
PI?QVW~@F~~$ 0f CQI~V~~% bm POWqP l a c s  
f ith r&$e& to @nv3zvomueatal ~ 9 0  I ecCibn 
and ad-& %ecMfloghs wwch ombine  
high ~ ~ ~ ' ~ , C $ P H O Y ,  tlCiLbati0l'i o f  1W gade 
caM d 3  etzvSmrm~&allg atre 'pt,&L+ ape- 
ration. Bere, Zlugdizqd bed &mWziiqo 
(FEE) Pepsesntw *he 11Pgea.at r e a  of ds- 
velopment . 

Befare snterlng into 8 ~ 9 S l s  of-oui! 
flutdis@ bed kolttb,uerpion Pepe.wch qe- 
velppment pmrpame x w m d  iL@ t5 ~turr 
UIRP~ZB some @wit ~dvqtages of 

- The furnace temperature is @p$ l o w  .m$ 
.unifdm. Cdneeauantlg, NO, f bPW&ion 9s 
Law. 

- Beotisa SO - W s ~ i m  can b~ redued bjr 
the additi%n of limestone or dolomite, 
an expensive qnd efficiency n o n s d n g  
flue g m  de~ulphu~isation p2mt is no* 
required. 

- Heat transfer caef f icient s are high. 
2hi8 means, that the heat-exchanger 
areas and cor&equenfly the boile~e cm 
be ml l er  than in pulverized fuel 
firing. 

- how wade fuela can be use& 

Fig ,  f ; 50, *Gaacantrat5on aa a fmatlan of 
ex$ea$ 

Se~&oua dWeIapm&nf prob lems ,have to 
be OP$F&W& h the case of P m .  !I%e~~.f.ozre 
atmQ..8$bgx'ie, Pl~iq3==d beg pgM,wt $On [AFBC 5 
w a s  h w p o ~ a t e 3  in our  PBd pearparch prxr- 
p y n e  be@U!+ Pb can be devel.loped fo'p pm- 
aerojal apghc& iaq *thin a aomide~ably 
&W~%T - b a e  t,m =Em a d i t f  an s re- 
Ls$i*X$ afibple ,ci@~ep& i b  fawurable SOT 
amall plarktar, such aa incIu&~Aal. hoilew 
and mall power station units, wh*re a 
complex technology leads to oomgaratively 
high fnvestment cobta. 



Fig .  2: NO -concentaation as a function o f  P i g .  3: ~ i o w  scheme 
cxzess air 35 m! Fluidized Bed Combustian 

Plant 
In the Federal  Republic of Germany a 

c o m s i ~ r a b l e  papt of *he prima* e n e r a  A newly c o n a t ~ ~ t d  second plant with a ther- 
demand is being consumed in industrial ma1 capacity of 6 MW, located in Reckling- 
boilers. In this area primrily oil and hausen, entaped into operatution in 1979. 
natural gas are b e h g  u e d  at the present If produces saturated steam whlch is fed 
time. The bevelopraent of Am,C can reduce i n t o  a district heating system. Its flow 
Che dependence on these energy so.uTces, scheme (Pig. 4 )  shows that f o r  this amall 
aa this technologp offers similar advan- un i t  a bimphr technology aspeoisllg w i t h  
tages -1~3th respect tn automatic operatbn respect to coal prepmation and feeBing has 
and environmental prokection. been applied. C o a l  and limestone are eon- 

veyed by a screw feeder i n t o  the fluidized 
The projemts an aonventi~nal AFBC bed. 

as executed Ln the Federal Republic o f  
Germany cover a range ~f ,$herma1 capa- Both p~ojects are being performed by 
cities from 6 EIW to 124 MW. Rubrkohle All  in urnperation with the Deut- 

sche Babcock group and the consortium 
AFBC-Pro j ects  Thyssen Engineering, Standard Kesael, 

respectively. Details o f  these projects 
A t  the power" station in Msseld~rf-  will be presented Later during this conc 

Flingern an ex i s t ing  boiler waa converted f arence . 
from travelling grace firing t o  fluidized 
bed combustion. This glmt, with a thermal 
capamity o f  35 MW, has bean in operation 
since the second half of 1979. It produces 
supegheaf ed steam of 17 b w  pressure and 
400 c which is supplied to the s t e m  SF- 
stem of the power station. The superheater 
is located above the bed. Fig. 3 shows the 
flow scheme of t h i s  pla,llt. A premixed coal 
and limestone mixture is Eed pneumatically 
into the bed. The produced heat is trans- 
ferPed to in-bed-heat-transfer-~urfaces 
and to tube banks outsicle 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 t o  imprevs combustion efficiency, 

F i g .  4:  Flow scheme 6 MW - AFBC Plant 

31 



An additional plant wFth a t h e m 1  
capae'ity of about 124 MW w i l l  be aonsWyc- 
wad. 5?i Hameu. me contracbop is the $l+k- 
'tir$k$t&tswe~ke Wesesltal h b ~ ,  & @aal uki- 
l-itg. m$ boiler w i l l  be wgUna b ~ !  tBe 
Ve+eini&e Keasalwerke AQ, whf ch $180 awp- 
ligd t W &  bailer far W = - P l a n t  Qrime- 
tbb-e. Th%s plant will kiave a gaFt 'or the 
aupa~heater w5$hln the be&, ma FBC b 0 i l e ~  
6t Hsmeln w i l l  erupplJ! ateam %P ebiDbined 
heab and pm@r pneration. 

PB$C-Ppaj ects 

As already mena loned , pr.eqewiaed 
fluidized bed combustion has by fap greater 
potentJal than atmpheri .c  fl,uidf zed be@ 
eambiz&ion. F i g .  5 shows the O l d  scheme 
D* -the ,?F!BC p;Cank oonaept -@hioh promises 
the hiaest  eTPic5ency. ALp is%. pbb88ed t.0 
the PluiGsed be& via We compressor of 
a gas bwbtne. Coal a d  limea$one ape fed 
grmixed in- t b  fluidbe&. bed. ma, eo-m 
bustion gaaas leave the cpbut%t.qr with a 
temperature of abou* 850 C, are ddeuated 
in suitable equipment and then geqned to 
the gas turbine. Heat fa  tran&fprl.ed t o  
'the watestesnn cimlUtt from heat exchan- 
ger w i t h h  the combusWr and from the waste 
h&C' of the gwturb'ine. Beca~dfng t o  pre- 
l m n a r y  sludiea this concept. sill mve an 
,&ificf en07 of abou* 39 $ based on the lower 
heakhg value, 

Fig. 5: Pressurized Fluidized Bed Carbustlo31 
with Combined Cycle 

The problem areas which have to be 
solved before commercial application can 
be divided into  probleme of the  combustion 
process and it8 optimization and into pro- 
blems which arise by the combination with 
a gas turbine. 

!€be r l r s t  problem w e &  is Being in- 
vestigated eriehisl the fr-wock sf tbs 
well-know TEA-Ppojeet. me crmetFuction 
of the PFBG plant Zn &imethorpe, IJK, is 
nearly complete and cold ~0nm~9aaion5ng 
is being perfomped. I* fa snv5~~ged  k o  
start the experimental pragramm zn emly 
1963 
Ee~many is one al" the three wtners in 
thia project. This project w i l l  be grs- 
sented Ln deta i l  later during thia con- 
f ereme. 

Our nrrbional projecte h hhe PFBC 
area are .eoprcen$rated an Problems come-  
tedwitB the combination of the PFBC with 
a gas turbine.  

A poodeot whiah is beQng oarrfed ~ u t  
by a -ameortium of Be~gbaa-Forsohung &&If 
and Vereinigte Keasslwerge AQ CPRWl an& 

daals with a piloteplant orfth a 
t h e m 1  capacity of about 32 MW for testing 
t h i s  emb5nation. In t$e o~fginal concept 
it wae @n*sagea to use an s l e c t m t a t i c  
grecfpitator fop hot gas cle-g ak a 
preBsure of 4,'5 &ar. 

During the enginee~fng: evaluation it 
became claiw, that thfs system cannot be 
used without special dev~lopment devoted 
t a the dea b e d  gag corn&* ions. Theref ore, 
a different concept f o r  this plant is now 
w d e ~  mpm3dder&tian CHg. 6 ) . It is naw 
p l r n B I d  to used %bee $%age cwlcne ,&as 
ale&. m. cumensate far the reUt3vd- 
ly high dusk load in Che gab  after the 
cycbqes, a special 8ust; resistant turbine 
w i l l  be used, which was r4,eveloped fox ener- 
w recovery af%er flufdised bed cat  CP- 
The preseure in the conibuator will be rai- 
sed t o  About 8 ba*, 

Fig. 6: Flow  heme o f  the AqW-Plant 



R. HoLigbaus 
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As it carnot be expected that the above - The classical or stationary Pluiaized 
concept offers the apthum ecommical and bed with a relatively wel l -defhed 
technical solution , Surther work I s  being aurfate of the f luidized bed and only 
done in the development of high temperatu- a small carry-auc o f   solid^. 
-/high pressure gas cleaning equipment. - The circulating f lu id i sed  bed with a 
Two projects of the University of Easen very b5gh carry-over, which results in 
deal, in labomtory bcale, with electro- a very intensive internal and external 
static p~ecipitatora and high temperatwe reaycling of solids. 
rabr ie  filtesa . Up to naw the results in- 
dicate that oper+tion of an electrostatic In F i g .  8 the flow s2heme of an atmo~phe- 
precipitator w i t Q  pressures &ove 7 b w  is ric cirewlat3ng fluSd9ze8 combustion plant 
possible at: 850 C and that f i l t e ~  p t e -  is illust~etsd. Tn tbe recycling cyclone 
rials for temperatures up to 1.000 C can the two heat camierer, flue gas and solids, 
be mnuf"actumd. With this I n  mind regard- are sepamf ed. Heat is extracted from the 
less of the dlfficultiea we encduhter in flue gas, in a waste heat boile.er and from 
the developmen; oP high temperature elea- the sol5 ds fn a Iluidiqed bed heab exchan- 
trostatic grecApita6ors at I* pressU?es, gep. Becau~s the Re&& transfer *om the 
it is atilr our opinian that  this c a n c ~ p t  two heat carriers ean be influenced sega- 
offers 'a prohlaing paas ib i l i fg  for higher ~ a t s l ~ l ,  the eont~od and gar% Load behaear 
pressures. merefore, a design study for of this ouncep% is more favou~abZe than 
an eleckroststic precipitator b a ~ e d  on that o f  the stationary i l u i d i z e d  bed. Ad- 
the results bf the experinthts at t he  Uni- ditional advantages of the ci~culating 
versitg of Esssn was s t a r t e d  in January fluidized bed are  
lg80. - img~ovemenoe with respect t o  SO and NOx 

P9~aUe l  to the experbents at the emissions achieved by f iner gm$ned sor- 
University of zssen, Ktm f s performing bent and ataged combustfan, 
laboratory scale experhents to fmprove - consideraB1.~r ~mallsr bed meas than in 
the efficiency o f  the tornado ~ycLme,  elasai&al f l u i  dised bed, shahling la~g@r 

=pacities per unit, 
It; c a n  be expected that the optimym - Combustion and heat tpesf  ex oan be ae- 

technical and economio solution for the parrated, enabling a very senaik5vs EQn- 
problems of the combination o f  p~esswi- trol ~f hea! transfer. 
eed fluidized bed c~mbu8t.ion ~ 5 t h  B gas 
turblne wL11 be a mmpromise between 
highly e f f i c i e ~ t  gas eleanfng and highly  
dust re8i stant gae turbipea . Therefore, 
it appeapa s e n s i b l e  t o  develop both tech- 
nalogies, ,- ia planned in our programme. 

1 . r  

mrmlta 
1 

P W  
41R kA 

- w 

Fig. 8.: Flow Scheme of a Ciraulatfng 
Fluf df  s ed Bed Combus tian Plant 

In LUnen,at the Versinigte Alumhiurn- 
werke  (TAW) a circulating f luidized bed 
plant with a thermal capacity oP 77 will 

Pig. 7: Baaf o Flu id  Bed Combustion %atems be constructed. It w 1 1 1  serve for beating 
molten salta in the f lu id ized  bed heat 

Beoaueiel o f  bhe apeaial. ad~&&ctge~ exchangers and for praducing procsas 
found in fast sp aireulating f ~ u i d i a e d  steam. The molten salt will be wed as 
bed oomb.ustion, we have ~ b e e n t l y  adtled the heat carrier POP $he Bayer hgctr.olieing 
thia oanaepk to OUP pesea~ch programme. process, The projeot stsrted in early 1980. 
Bf &. 7 campwss the diffemnt staten n f  
fluidized bed. 
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3 .  b%eeh 

A d&fyr 9tXlq for a ,250 (kh) c h -  
CUM-. z q g a e a  WI w i q e ~  lo~@tea an 
Dui- "$Uo &&sd in w.Bb. 

. . 
I& ~ I B  inkmiled %Ha+ Mils A p i c  W U Z  be 

Wed. Par' eom4F.fwd beet an& W e  pner%tf on, 
The Imae8 e k l  lie fed & d p  b R e he&%- sy- 
&teat &f '9 &;pr aE Drz&sbwg. Bmau- o$ 
$bm 1diStpm We atlwz@%q&& of the sir6iu- 

e4 bed p~Me&pls w e  of ape- 
&* &$35ww% sli*m*.tt@ 

f waul8 like to mention a f u ~ t h e ~  po- 
Ore* station conceg?t in whfah khe conven- 
tional fltdcliaed bed plwa an i r a p o r b n t  
role, As $8 ,&om in the fxow eoheme 
(Ng. 9) the $oncdpt is oha~aakerlzed by 
the Y0.1lming 

- combination of fluidized bed eon4ustion 
Idth guly&d.zed ~ O a l  f%Ping. 
The flue 8 of the FBC mi ch Q& be 
aperated &h l o w  paqe ca@l is pasped 
*a the gtalveriz&d £Uel b w r s ,  Bp do- 
i* th i s  in a guitabls NO i f o m -  
b 2 0 ~  can be r e ~ d k e i  c o ~ ~ a e i t i f i y .  - co&in&k$on of .AEc8C with gn open ey'cls 
g# turb5Ae. - The aiP oswng f p ~ n  th& 
eomgressor af the %as turbine 5s pm- 
b & W  h $he Tn-bed tlxbe b w k  bef ox* 
enter5 ng the cmbus tion chmibsr. fn 
tMa vay a par6 of the energy mioh 
3s ~ t s @ p l i s d  t o  bhs Hdtupbhe  is provi- 
ded by coal. me riak of smsion and 
O O P ~ P B ~  oh of $he turbines blades ky 
pustladkn exhkuert gases is e k W a t e 8  
in khfs methad. - the flue gas d e a u l p h i z i o  plant f a  
incorporated into the natural draf t  
oo~ling f o w e ~ .  The pme& plant doesn't 
nwd, a  tack. Itl this way, no reheating 
of t,Rb desulphuriesd flu!$ gae ail1 be 
necesa m y ,  thus inereaaing the efficisn- 
c;y or the power station. 
A power station af thb type wfth a elec- 
tric capacity of 220 .MW, is under ~dnatruc- 
tipn B$ bhe lbataberg~bke AQ. 

The Fig. 10 lists tbl major  pmjeots  that 
the Fadefal Republie of Germmy has under- 
taken, 

The total coat o f  a l l  FB~-&odecte 
irrelu4ing the develcrpmnt hot &era cleaning 
and dust-reelstant twoines amounts bo 
824 Hio. DK for r1~6~e $bin 400 Mio. US-DoL- 
lar).  The goveFmeqta1 faulda for these pro- 
jects a m u n t a  $0 asbut 315 Mio. DM (03. more 
than 150 Hie. US-Dcrllatr). 

This sum is,, an indimeion sf the Sm- 
portmce t,h& my government attaahea to 
tllese developmenea . 
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F ig .  10: FBC-Projects i n  t h e  Federal 
Republic of Germany 



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 1960fs, 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, Tsinghu'a University installed a 
fluidized-bed combustion boiler for her 
Experimental Power Plant, and that boiler 
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 niajor insti- 
tutions conducting research work. Shanghai 
Boiler Works, Dungfang Boiler Works, and 
Kuangchow Boiler Works, etc. , are the chief 
FBC boiler designers .and manufac:tur'ers. 
Extensive research work has been done on the 
fluidized bed operating parameters selection, 
combustion of low-heating value fuels, 

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 bv Mouminy! Petroleum Com- ., - 
pany, Fushuen Designing Institute of 
Petroleum, Tsinghua University, etc. 
This boiler burns shale fines with a 
heating value of 1,,034 Kcallkg as fuel; 
the steam pressure is 13 kg/cm2 and the 
superheated steam temperature is 250°C. 

This is the first demonstration 
fluidized-bed combustion tioiler 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 
Chins for power genetstion. It is 
designed by the staff of Tsinghua Uni- 
versity and commissioned in July 1969, 
its steam pressure is 24 kg/cm2 and a 
superheated steam temperature of 390°C. 
The main fuel used i.s anthracite from 
the Beijing district; a mixture of low- 
grade bituminous coal and coal washery 
waste with a heating value of 2,500 Kcallkg 
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 ,OOO°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. 



3. 130 TonsIHour 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 coal 
washery waste with a heating value of 
1,500 Kcallkg. The immersed surface 
has an inclination of lSO 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. 

Figure 1 -- 130 T/h Fluidizei-~ed Boiler 

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 burn 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-temperature 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 

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: 

where Uh, U are the superficial air 
velocities d$ring combustion and cold 
condition; ph, .pc 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 (~cal/m~h) (2-3.3) 
x lo6 

Superficial bed air velocity (mlsec) 2.8-4:2 
c 

Fuel particle size (mm) 
lignite 30 
other fuels 
Q > 4,000 Kcallkg < 35 
Q = (2,000-4,000) Kcallkg 8 
Q < 2,000 Kcallkg < 6 

Q = lower heating value of the fuel. 

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 mm/h. As the boiler capacity 
increases, side water walls are insuf- 
ficient :or heat absorption and in-bed 
heat transfer surface must be employed. 
The erosion rate of the in-bed gurfaces 
is very fast, nearly 1.3 x 10 mmlh. 
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 intensive 
disturbance of the bed particles, unsat- 



i s f a c t o r y  arrangement of t h e  immersed 
in-bed snr faces  can cause l a r g e  tempera- 
t u r e  d i ~ f e r e n c e s  wi th in  t h e  f l u i d i z e d  
bed. Figure 2 shows t h e  r e l a t i o n  
between t h e  in-bed temperature d i f f e r -  
ence along t h e  tube  leng th  when t h e  tube 
i s  placed a t  15O t o  t h e  h o r i z o n t a l .  

F igure  2 -- Rela t ion  Between Transverse 
Temperature Difference and Length 
of t h e  Bed 

3'. Combustion of Low-Heating Value Fuels  -- 
Fuels  with d i f f e r e n t  hea t ing  values 
a f f e c t  t h e  in-bed hea t ing  s u r f a c e  a r e a .  
Figure 3  shows t h e  r e l a t i o n s h i p  between 
t h e  hea t ing  sur face  a rea  and t h e  f u e l  
hea t ing  fa lue  of  some b o i l e r s .  When 
f u e l  hea t ing  va lue  i s  l a r g e r  than 
3,000 Kcal/kg, t h e  curve gradua l ly  
f l a t t e n s  o u t ,  a s  t h e  f u e l  hea t ing  va lue  
drops t o  l e s s  than 1,500 Kcallkg, t h e  
curve drops abrup t ly .  For  most b o i l e r s ,  
t h e  a d a p t a b i l i t y  f o r  f u e l  hea t ing  v a r i -  
a t i o n  i s  a  very important problem f o r  
FBC burning of low-grade f u e l s .  The 
work on improving t h e  a d a p t a b i l i t y  of 
low-grade f u e l s  i n  some Chinese f l u i d i z e d -  
bed b o i l e r s  i s  under i n t e n s i v e  s tudy.  

Figure 3  -- Rela t ion  Between In-Bed Surface 
Area and Fuel  Heating Value 

For l a r g e  s i z e ,  low-heating va lue ,  and 
high ash content  f u e l  p a r t i c l e s ,  t h e  
ash c r u s t  hampers t h e  d i f f u s i o n  of gases;  
t h e r e f o r e ,  it i s  hard t o  burn ou t  t h e  
i n s i d e  carbon. For example, no matter  
how long it s t a y s  i n  t h e  f l u i d i z e d  bed, 
t h e  th ickness  of burned o u t  s c a l e  f o r  
hard s tone  coa l s  i s  only about 1 . 5  mm. 

For ash- r ich  and heavy f u e l ,  it i s  easy 
t o  form "cold s lag"  a t  t h e  bottom of 
t h e  f l u i d i z e d  bed. This w i l l  d i s t u r b  
t h e  normal opera t ion  of t h e  b o i l e r ,  and 
it i s  necessary t o  discharge t h i s - s l a g  
f o r  smooth opera t ion .  The a i r  d i s t r i b u -  
t o r  should be designed t o  induce movement 
of t h e  bed m a t e r i a l s  and improve t h e  
a v a i l a b i l i t y  of t h e  FBC b o i l e r  opera t ion .  

Improvement of t h e  Combustion Ef f ic iency  -- 
I n  China, f u e l s  of wide-size d i s t r i b u -  
t i o n  a r e  used i n  f luidized-bed b o i l e r s .  
Sometimes, t h e  amount of p a r t i c l e s  of 
s i z e s  l e s s  than 1 mm exceeds 40 percen t .  
The c a r r y  over of t h e  f i n e s  by t h e  f l u e  
gas ,  many f u e l  p a r t i c l e s  e l u t r i a t e  ou t  
without adequate combustion, r e s u l t s  i n  
a  g r e a t  amount of unburned carbon l o s s  
i n  t h e  f l y  ash.  I n  1971, Tsinghua Uni- 
v e r s i t y  d id  research  work on f l y  a s h  
carbon burn-up i n  a  low s u p e r f i c i a l  
v e l o c i t y  f l u i d i z e d  bed (carbon burn-up 
c e l l ) .  For low v o l a t i l e  con ten t  f u e l s ,  
t h e  t o t a l  combustion e f f i c i e n c y  a t t a i n e d  
90 percen t .  P r e s e n t l y ,  t h e  f l y  ash 
burn-up f l u i d i z e d  bed used i n  China 
opera tes  a t  a  s u p e r f i c i a l  a i r  v e l o c i t y  
of 0.6-1.4 m/sec. According t o  publ i-  
c a t i o n s ,  high bed temperature and more 
excess  a i r  w i l l  be b e n e f i c i a l  t o  t h e  
improvedent of combustion e f f i c i e n c y .  
Owing t o  t h e  low h e a t  load of f l y  ash  



burning . i n  a  f l u i d i z e d  bed, t h e  super- 
f i c i a l  v e l o c i t y  can be r e l a t i v e l y  low. 
I t  has a l s o  been shown t h a t  bottom f l y  
ash r e i n j e c t i o n  can improve combustion 
e f f i c i e n c y .  Therefore,  it i s  q u i t e  s a f e  
when t h e  bed temperature i s  only 50-100°C 
higher  than t h a t  of normal bed. Accord- 
ing t o  the  research  f ind ings ,  no s i g -  
n i f i c a n t  improvement of combustion 
e f f i c i e n c y  i s  observed f o r  f l y  ash r e i n -  
j e c t i o n  i n t o  a  high s u p e r f i c i a l  v e l o c i t y  
FBC bed. 

When feeding h i g h - v o l a t i l e  con ten t  f u e l s , '  
the  evo lu t ion  of v o l a t i l e  mat$er i s  
excessive near  t h e  feeding p o i n t s .  
There i s  a  g r e a t  amount of unburned 
v o l a t i l e  l o s s  due t o  t h e  s t a r v a t i o n  of 
oxygen near  t h e  feed p o r t .  By proper  
arrangement, a  combustion e f f i c i e n c y  of . 
94-98 percent  can be a t t a i n e d  with f u e l s  
of high v o l a t i l e  con ten t .  

5 .  Desu l fur iza t ion  with Limestone -- I n  
1973, Tsinghua . U n i v e r s i t y  began t h e  
research  o; t h e -  absorpt ion of SO2 by 
l imestone i n  a  f l u i d i z e d  bed. The 
e f f i c i e n c y  of SO2 absorp t ion  i s  d e t e r -  
mined by t h e  concent ra t ion  of CaO i n  
the  o u t e r  s h e l l .  By experiment, t h i s  
r e l a t i o n  may be expressed a s :  

where q i s  the  absorp t ion  e f f i c i e n c y  of 
SO2 i n  f l u e  gas ,  percen t ;  W i s  t h e  con- 
c e n t r a t i o n  of CaO i n  t h e  ged,  percen t ;  
H i s  the  bed h e i g h t ,  meters;  and V i s  
s u p e r f i c i a l  a i r  v e l o c i t y  i n  the  bed, 
meters per  second. 

Figure 4  shows t h e  t e s t i n g  r e s u l t .  This 
empi r ica l  equat ion shows t h a t  t h e  kind 
and s i z e  of limestone has exh ib i ted  no 
in f luence  on s u l f u r  dioxide absorpt ion.  

The f r a c t i o n ,  6 ,  of CaO absorp t ion  i n  
t h e  o u t e r  s h e l l  of l imestone p a r t i c l e s  
(calcium u t i l i z a t i o n )  with d i f f e r e n t  
s i z e s  of l imestones from t h e  Tanl i  d i s -  
t r i c t  of Be i j ing  has been determined. 
Figure 5 shows t h e  r e s u l t .  Limestone 
p a r t i c l e s  with d i f f e r e n t  s i z e s  have 
n e a r l y  t h e  same depth of s u l f a t e  pene-. 
t r a t i o n .  I t  i s  about 32.5 pm f o r  Tanl i .  
l imestone.  The f r a c t i o n  of calcium' 
u t i l i z a t i o n ,  [, i s  not  inf luenced by 
t h e  type of coa l  o r  s u p e r f i c i a l  velo-  
c i t y .  I t  a l s o  shows t h a t  when t h e  par- 
t i c l e  diameter i s  l a r g e r  than  3  mm, t h e  
calcium u t i l i z a t i o n  i s  very poor. The 
s u l f u r  contents  of coa l s  used i n  the  
experiment a r e  q u i t e  d i f f e r e n t ,  Hebi 
coa l  has 3  percent  s u l f u r ;  and Shangsi 
coal  i s  8  percent  s u l f u r .  

Figure 4 -- Rela t ion  Between SO, Absorption 
Ef f ic iency  and t h e  Concentra,tion 
of React ive Surface Layer of,  
the  Limestone Granule i n  the4,Bed 

, , 

6 .  U t i l i z a t i o n  of Ash and Spent Bed Mater ia l  -- 
China focused much a t t e n t i o n  t o  t h e  
u t i l i z a t i o n  of t h e  ash and s l a g  from 
f luidized-bed b o i l e r s .  Low c o m b ~ s ~ i o n  
temperature and low carbon content  ' o f  
t h e  ash and s l a g  enable good u t i l i z a -  
t i o n s .  The methods of u t i l i z a t i o n  .@re 
d i f f e r e n t  f o r  each d i s t r i c t .  I t : . i s  
being used a s  an a d d i t i v e  f o r  cement t o  
improve cement's co lor  and s t r e n g t h .  
I t  has been used t o  make b r i c k s ,  t i l e s ,  
and medium-sized b locks ' '  f o r  b u i l d i n g  
cons t ruc t ions .  The e x t r a c t i o n  of vana- 
dium from south  China s tone  coa l  ash  
has a l ready  been achieved. Use of 
f l u i d i z e d  bed f o r  c a l c i n a t i o n  of l i g h t  
cons t ruc t ion  m a t e r i a l s  has a l s o  been 
success fu l .  

CONCLUSION 

The rap id  progress  of f luidized-bed b o i l e r s  
i n  China has made p o s s i b l e  t h e  use of a  wide 
v a r i e t y  of energy resources.  China has a l s o  
acquired many hours of opera t ion  experience 
i n  f luidized-bed b o i l e r s .  The s tudy of l a r g e  
f luidized-bed b o i l e r s  has a l ready  begun. I t  
w i l l  p lay  an important r o l e  i n  t h e  moderni- 
z a t i o n  of China 's  FBC development. 

The au thor  acknowledges wi th  g r a t i t u d e  t o  
those organ iza t ions  i n  China f o r  t h e  permis- 
s i o n  of us ing  t h e i r  experimental .  r e p o r t s  and 
d a t a .  



Figure 5 -- Fraction of CaO Absorption Outer 
Shel l  of Limestone P a r t i c l e s  
(Calcium U t i l i z a t i o n )  Ve.rsus 
Granule S ize  



TVA'S AFBC PROJECTS 

Michael D. nigh, Acting Director 

Energy Demonstrations and Technology 
Tennessee Valley Authority 

demonstrated that AFBC could generate electricity. 

Each year, the Tennessee Valley Authority 
(TVA) bums an average of 36 million tons of 
coal in 12 central station steam plants. This 
coal-fired generation produces 17,796 MW or 
nearly 60 percent of our total system capacity 
of 29,867 MW. Nuclear and hydro plants provide 
a total of 30 percent of the system's capacity 
with the rest consisting of combustion turbines 
and imported power. From these 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 plant construc- 
tion program, we will continue to burn massive 
quantities of coal for mtmy years to come. In 
the mid 19901s, 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, and 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 environmentally 
acceptable operation is Atmospheric Fluidized 
Bed Combus tion (AFBC) . 

Like other developing coal technologies, 
AFBC is not. 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'tn 
use fluidi'zed bed concepts. 

However, the concept of using AFBC for 
large-scale utility use is relatively new.' The 
major thrust of AFBC development for utility use 
to date has been in bench-scale studies, re- 
search, and hotlcold AFBC modeling. This 
research has resulted in a degree of progress. 
The 30-MW Rivesville AFBC unit, for example, 

. Since ~ivesville was a converted steam plant, 
however, it did not have the capability of experi- 
menting 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 region has 
tremendous reserves) and to protect the environment. 

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 was 
completed in mid-1978 and information from this 
design work aided in the development of design 
specifications for the 20-MW pilot plant. 
Followon contracts have been placed with three 
boiler manufacturers to prepare a final conceptual 
design for the 200-MW demonstration plant. 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. 

Initial 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 generating 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 risk 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 ~ B C  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. Specifically, 
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 a 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 systems. Supplying these materials to a small 
unit is 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 is 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. 

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 wil- 
be routed through a surface condensor. This will 
allow us to simulate actual utility load demand. 
It will provide us with operating experience and 
w%ll enable us to scale up to commercial scale 
units. 

TVA's 200-MW AFBC Demdnstration Plant 

As I stated, TVA is also considering 
constructing a 200-MW AFBC demonstration plant. 
If approved by the TVA Board of Dfrectors, 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, ft's job would be to produce electricity for 
the TVA power system. 

When steam from the 200-MW AFBC boildr goes 
to the turbogenerator, kt would be the culmination 
of nearly 10 years of work. We are now at the 
half-way point in that decade of AFBC development. 
In 1976, TVA authorized the preparation of concep- 
tual desfgns of a 200-MW AFBC demonstration plant. 
Combustion Engineering, Babcock 6 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 
mhes coal and limestone, pneumatically transports 
and splits the mixture, and injects the mixture 
into the beds through the grid plate. 

Combustion Engineering chose a "ranch-style" 
desfgn in which all beds are on a single elevation 
supported from the bottom. A top-supported hood 
abwe 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 
a coal-limestone mixture fnto 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 f egd. 

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 11) 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 Eabcock Contractors, Inc., were the three 
contractors chosen for the design contracts. 

The objectives of the Phase 11 conceptual 
design are to refine previous designs and to 
provide additional information needed for ongoing 
environmental evaluations and to make decisions 
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 I11 
activities; establish a conceptual design 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 
specifications: 

Gross Turbogenerator Rating, MW 200 
Continuous Rating, pounds of steam 
per hour 1,325,000 

Turbine Throttle Pressure 2,450 
Superheat/Reheat Temperature, F 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 generator 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 I1 
conceptual designs, TVA will make a decision on 
whether or not to pro'ceed with Phase 111. If 
approved by the TVA Board of Directors, detailed 
design and site preparation will begin in the 
summer of 1981. 

Environmental and Technical Support Work by TVA 

Because of the size of the AFBC demonstration 
plant, it is necessary for additfonal work to be 
performed. Preparation of environmental impact 
statement (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 is 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 publications that were as 
complicated as the projects that they attempted 
to explain. 

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 portion 
of the EIS, but the final selection of a site 
will not be made until the environmental work has 
been completed and the environmental 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, suggestions, 
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 demonstration plant EIS will 
be completed in Septeniber of this year. That draft 
will be submitted for review and comment to 
interested individuals, groups, and agencies. After 
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. 

It is obvious that a large plant, such as 
the 200-MW demonstration plant, will have some 
impacts upon the environment during construction 
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 environmental benefits 
of this technology will outweigh any associated 
impacts. 

Technical Support 

One point that I' have made several times in 
this discussion is the need for additional technical 
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 involves 
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 Steam 
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 AFBC 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 combustion, 
and second generation AFBC (circulatfng 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 commerctal 
availability. 



The contents of this paper do not necessarily reflect the views 
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FLUIDIZED BED COMBUSTION - AN EVOLUTIONARY 
IMPROVEMENT IN ELECTRIC POWER GENERATION 

Kurt E.  eager 

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. In 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 

than larqer 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 
o Nitrogen Oiides Less than 0.4 

lbs/l06~tu 
o steam Conditions 2400 p s i / l ~ ~ O O ~  

/1000°~ or 
higher 

o Load Following >1% per minute 
o Tube Life 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. 

ATMOSPHERIC FLUID BED COMBUSTION 

Over the past year EPRI efforts in 
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atmospheric fluid bed comhstuion (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 eliminated 
a major factor restricting utility appli- 
cations; i.e., the need for large quan- 
tities of limestone to maintain adequate 
sulfur oxide sorp tiori. In addition, 
this test facility incorporates a large, 
18 ft. freeboard which has permitted car- 
bon burnup within the furnace thus elin- 
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 vel'ocities 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% SO2 remov- 
al. Furthermore, this system has shown it- 
self capable of reducing NOx 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. 

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 s9stems. This has encouraged 
PFBC/combined cycle prototypes 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 qas 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 comer- 
cialization programs. American Electric 
Power (AEP) has provided much of the ini- 
tiative in bringing this technoloqy for- 
ward for serious utility consideration. 

ADVANCED COAL TECHNOLOGY ANALYSIS 

In order to judge the commercial po- 
tential of both AT': 7nd PFBC f c r  utility 
use, they must be considered not only in 
terms of conventional power 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: 4% S, 16% 
ash, 10,000 Btu/lb - Environmental control requirements 
o SOx - 90% removal 
o Particulate - 0.03 lb/MBtu 
o NOx - 0.6 lb/MBtu 
o .Water quality - Zero discharge 
o Solid waste - RCRA "special waste" 

requirements - Plant Availability - 75% or greater 
The 1979 EPRI Technical Assessment 

Guide (TAG) was used as a basis for this 
comparison; it was updated where appro- 
priate 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 
lb/MBtu or better. Although the GCC has 
excellent air pollution control 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. GCC $765 **815 . 
4. Baseline $804 
5. Adv. PC/FGD $800 

B. Busbar Costs (mills/kWh-30 yr lev- 
elized) 

1. PFBC 58 
2. Adv. PC/FGD 59 
3. GCC 6 0 
4. AFBC 61 
5 .  Baseline 64 

C. Net Hea.t. Ra:t.e . (.Btu/kWh) and Net Eff ic- 
'i'e'n'c' ' : (:% ) 

(Adv. Pc/FGD 8460 40 
1. (GCC 8465 **8980 40 **38 

(PFBC 8467 4 0 
5. Baseline 9450 36 
4. AFBC . 9650 35 

D. Water. Cohsumpti,on (gal/hr/MW) 

1. (PFBC 490 
3. (GCC 490 ** 523 
2. (Adv. PC/FGD 507 
4. AFBC 620 
5. Baseline 675 

(GCC 0 
(Adv. PC/FGD 10 Regenerable FGD 

3. Baseline 7 6 
4. AFBC 132 
5. PFBC 145 Dolomite 

F. ,so.l'i:d' Waste (dry tons/hr/1000 MW) 

(GCC 70 
l' (Adv. PC/FGD 70 
3. Baseline 170 
4. PFBC 185 
5. AFBC 193 

G. Land i?equ'i:rem'ent(acres/1000 MW/30 yrs) 

1. GCC 750 
2. Adv. PC/FGD 1050 

1150 3. PFBC 
4. . AFBC 1450 
5. Baseline 1650 

H. P;uxi'l'i'ary ~nvi;rbnm~rital Control cost 
( %  of plant capital cost)* 

1. GCC 14 
2. AFBC 2 1 
3. PFBC 2 4 
4. Adv. PC/FGD 33 
5. Baseline 3 5 

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 



Kurt E. Yeager 
Page 4 

be developed to the point of proving or 
disproving their potential benefits. It 
is again emphasized that the information 
summarized here represents a performance 
forecast based on the current technical 
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 lo%, 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 deve'lopfient 
and inipro.venient' 'sliou'ld pla'c'e' 'c'o'r:re's'pon:&i:ng. 
priority tin' ava'i'lab'i'l'ity. This importance 
2s 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 evoPutionary improvement in the utili- 
zation of coal for electric power pro- . 
duction. Flexibility to burn alternative 
fuels with miniinurn 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-comhrlst.ion clea~iup devices. These 
significant improvement opportunities have 
fostered major utility industry develop- 
ment efforts for both AFBC and PFBC. In 
the final analysis, however, the utility 
marlcct potential of these Lechiloluyies 
will depend primarily on demonstration of 
power plant reliability and availability 
advantages over the alternatives. As we 
move forward we must remember that these 

alternatives are also undergoing vigorous 
development in the "horse-race" for the. 
coal-fired power plant market of the 
1990's and beyond. Thank you and Good 
Luck. 
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Summary 

The purpose o f  t h i s  pa e r  i s  t o  summarize 
t h e  c u r r e n t  conclus ions o f  !he U. S. Environ- 
mental P r o t e c t i o n  Agenc I s  (EPA's) I n d u s t r i a l  
Environmental Research {aboratory  , Research 
T r i a n  l e  Park, NC (IERL-RTP), concern in t h e  
a b i l  i Z y  o f  atmospheric and p ressur i zed  !l " id ized-  
bed combustion systems t o  meet c u r r e n t l y  iden- 
t i f i e d  environmental requirements. I n  summary, 
based upon a v a i l a b l e  data, i t  i s  a n t i c i p a t e d  
t h a t  bo th  atmos h e r i c  and-pressur ized s stems 
should be capable o f  meet1 n t h e  recentyy rev! r e d  
New Source Performance ~ t a n % a r d s  NSPS) cover ing  
a i r  emissions o f  s u l f u r  d i o x i d e  ( !$ 02), n i t r o g e n  
ox ides (NO,), and p a r t i c u l a t e s  f rom e l e c t r i c  
u t i l i t  steam- enera t ing  un i t s .  NSPS f o r  indus- 
t r i a l  t o i l e r s  !ave n o t  e t  been r o  osed b EPA; 
however, f 1 uidized-bed { o i l e r s  s i o u f d  be a i l  e t o  
meet t h e  i n d u s t r i a l  b o i l e r  standards as we l l ,  
i f  these standards a r e  n o t  s i g n i f i c a n t l y  more . 
s t r i n g e n t ,  o r  a re  l e s s  s t r i n g e n t ,  t h a n  t h e  stand- 
ards cover ing  u t i l i t y  steam generators. The EPA 
standards should be achieved i n  f l u i d i z e d - b e d  
combustion systems i n  a manner which i s  economi- 
c a l l y  compet i t i ve  w i t h  t h e  a l t e r n a t i v e  o f  a 
convent ional  b o i l e r  w i t h  f l u e  gas desul f u r i z a -  
t i o n ;  t h e  r e a t e s t  economic u n c e r t a i n t y  concerns 
t h e  con t roy  o f  p a r t i r u l  a tes  a t  .e levated tempera- 
t u r e s  and pressures i n  p ressur i zed  combustors. 
A d d i t i o n a l  data f rom l a r g e  f l u i d i z e d - b e d  combus- 
t o r s ,  r e p r e s e n t a t i v e  o f  commercial-scale 
systems, a r e  necessary t o  c o n f i r m  these 
conclusions. 

S o l i d  res idues f rom atmospheric and pres- 
s u r i  zed f 1 u i  d i  zed-bed combustors, i n  general, 
should n o t  be considered as "hazardous" wastes 
under t h e  Resource Conservat ion and Recovery 
Ac t  RCRA), based upon RCRA procedures as cur-  
r e n t  { y def ined. However, t h e  p r o p e r t i e s  o f  
leachate f rom the res idue  w i l l  necess i ta te  some 
a t t e n t i o n  i n  t h e  des ign o f  a " s a n i t a r y  l a n d f i l l "  
under RCRA, f o r  d isposal  o f  t h e  res idues as non-' 
hazardous wastes. 

{ 

I n t r o d u c t i o n  

Ob jec t i ves  o f  t h e  EPA f l u l d l r e d - b e d  combus- 
t i o n  program are  t o  i d e n t i f y  any p o t e n t i a l  
environmental problem areas, and t o  develop any 
necessary environmental c o n t r o l  techi io l  ogy , 
w h i l e  t h e  f l u i d i z e d - b e d  combustion process i s  
under develo ment. I d e n t i f y i n g  any problem 
areas as earyy as p o s s i b l e  d u r i n g  t h e  develop- 
ment hase should a1 low any necessary env i ron-  
menta l  c o n t r o l s  t o  be i n t e  r a t e d  i n t o  t h e  process 
on t h e  most t i m e l y  and COST-e f fec t i ve  basis. 

Resul ts  f rom t h e  R&D program.are in tended 
p r i m a r i l y  t o  ensure t h e  a v a i l a b i l i t y  o f  an ade- 
quate research data base. to  enable t h e  develop- 
ment o f  standards and guide1 i n e s  by EPA's regula-  
t o r y  o f f i c e s ,  and t o  enable t h e  issuance o f  
pe rmi ts  f o r  f l u i d i z e d - b e d  b o i l e r  p l a n t s  by EPA's 
p e ~ i t t i n g  o f f i c e s .  The r e s u l t s  a re  a l s o - t o  
ass1 s t  t h e  developers and b u i  1 ders o f  f 1 u i d i  zed- 
bed b o i l e r s  i n  t h e  s e l e c t i o n  and a p p l i c a t i o n  o f  
c o n t r o l  a l t e r n a t i v e s .  

The EPA program c u r r e n t l y  c o n s i s t s  o f  seven 
p r o j e c t s  w i t h  a v a r i e t y  o f  con t rac to rs .  Many o f  

he p r o j e c t s  a r e  discussed i n  d e t a i l  i n  o t h e r  
papers presented a t  t h i s  conference by t h e  i n d i -  
v i d u a l  contractors .  For  f u r t h e r  reference, some 
o f  t h e  publ ished r e  o r t s  generated by EPA con- 
t r a c t o r s  s ince  t h e  F i f t h  I n t e r n a t i o n a l  Confer- 
ence a re  l i s t e d  as References 3 through 20. 

Emission Sources and Appl i c a b l e  Federal Legi  s- 
l a t i o n  

There a re  f o u r  major  general sources o f  
emissions f rom f l u i d i z e d - b e d  b o i l e r  p lants .  
These sources are: (1) t h e  s t o r a  e handl ing, 
and feed ing  o f  coa l  and sorbent; 721 t h e  steam 
c y c l e  (e.g., c o o l i n g  tower d r i f t ,  l i q u i d  e f f l u -  
en ts  f rom b o i l e r  blowdown, and feedwater t r e a t -  
p e n t ) .  63) s tack gas emissions; and (4)  emissions 
o f  s o l i  residue, i n  t h e  form o f  bed m a t e r i a l  

I spent sorbent, w i t h  some coal  ash) withdrawn 
rom t h e  combustor, and i n  t h e  form o f  ca r ry -over  

( la rge1  f l yash ,  w i t h  some e l u t r i a t e d  spent 
sorbentf . t h a t  i s  removed . f rom t h e  f l u e  gas by 
t h e  p a r t i c l e  c o n t r o l  devices. 

I n  p a r a l l e l  w i t h  t h e  e f f o r t s  b t h e  U. S. ' Emissions r e s u l t i n  f rom t h e  s o l i d s  s torage 
Department o f  Ener t h e  E l e c t r i c  {over Research and hand l ing  system, an! f rom t h e  steam cyc le,  
I n s t i t u t e  (EPRI), 8' e Tennessee V a l l e y  A u t h o r i t y  a r e  n o t  unique t o  f l u i d i z e d - b e d  combustion, b u t  
ITVA , and o t h e r  o rgan iza t ions  t o  develop should be reasonably t y p i c a l  o f  any c o a l - f i r e d  

1 uidized-bed combusti on techno1 ogy, EPA i s  con- combustion system d r i v i n  a steam tu rb ine .  
d u c t i n g  a c o n t r a c t  research and develo ment pro- Accord1 ngly ,  subsequent %iscuss ion  wi 11 focus . 
gram aimed a t  com l e t e  environmental c i a r a c t e r i -  on t h e  s tack gas and s o l i d  res idue  emission 

sources. z a t i o n  o f  t h e  tec lno logy.  The EPA p r o  ram has 
been descr ibed p rev ious ly  (References 7.2). 
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The stack as emissions w i l l  be covered by 
a p l i c a b l e  reguyat ions developed by EPA under 
t t e  Clean A i r  Act, as amended There a re  a 
number o f  requirements under t h i s  Act  which can 
a f f e c t  t h e  u l t i m a t e  s i t i n g  and c o n t r o l  l e v e l s  
f o r  a  f l u i d i z e d - b e d  b o i l e r  p lant .  The s e c i f i c  
t ype  6 f  r e g u l a t i o n  o f  most meaning f o r  t % e  d i s -  
cuss ion i n  t h i s  paper i s  t h e  NSPS, which speci- 
f i e s  acce t a b l e  emission concen t ra t ions  f rom 
new o r  sugs tan t ia l  l y  mod i f ied  sources, and which 
i s  based on best  a v a i l a b l e  c o n t r o l ~ t e c h n o l o q y .  
Revis ions t o  t h e  NSPS f o r  l a r g e  u t i l i t  steam 

enerators  ( l a r g e r  than  73 MWt), promuygated i" . 
7979, are: f o r  0  an absolute maximum e m i s n o n  
o f  1.2 l b  SO2/1o2 &u heat i n p u t  (520 ng lJ ) ,  w i t h  
a t  l e a s t  90 percent  SO2 r e d u c t i o n  r e q u i r e d  so 
long  as t e emissions remain between 0.6 and 1 1.2 lb110 B t u  (260 and 520 ng/J) and a t  l e a s t  
70 percent  r e d u c t i o n  r e q u i r e d  so i o n  as emis- 
s ions  do no t  excee 0.6 1b1106 B t u  $260 ng/J); l! f o r  NOx, 0.6 1bIbO B t u  260 n J )  o r  most 
coals, 0.5 lb110 B t u  IZ!p ng/!l f o r  subbitumi- 
nous coals, and 0.8 l b  10 B t u  340. n  I J )  f o r  
some l i g n i t e s  i n  some furnaces; and !or par-  
t i c u l a t e s ,  0.03 lb/106 B t u  13 n g / ~ j .  .These 1 standards are based u on a 0-day r o l l i n g  aver- 
age. U t i l  i t y - s c a l e  fyu id ized-bed b o i l e r  p l a n t s  
would have t o  be designed i n  o r d e r  t o  achieve 
these emission standards; however, t h e  operators  
o f  t h e  i n i t i a l  p l a n t s  may apply  f o r  a  commercial 
demonstrat ion permi t  a1 low i  n  85 percent  SO2 
removal ins tead  o f  90 percen!, under t h e  ph i loso-  
phy tha t ,  w i thou t  prev ious ex e r ience  i n  t h e  
design and opera t ion  o f  u t i l  icy-scal e f l u i d i z e d -  
bed p lan ts ,  t h e  goal o f  90 e rcen t  may n o t  be 
achieved i n  t h e  i n i t i a l  i n s i a l l a t i o n s  Under 
t h e  rev ised  u t i l i t y  NSPS, t h e  f i r s t  460 t o  
3,000 MWe o f  cumulat ive i n s t a l l e d  atmospheric 
f l u i d i z e d - b e d  b o i l e r  capaci ty ,  and t h e  f i r s t  
400 . to  1,200 MWe o f  p ressur i zed  capaci ty ,  may 
be issued such commercial demonstrat i  on permi ts .  
NSPS f o r  i n d u s t r i a l  b o i l  e rs  a re  c u r r e n t l y  under 
development; 

The s o l i d  res idue  generated.by t h e  process 
can have t h e  f o l l o w i n g  environmental e f f e c t s :  
f u g i t i v e  a i r  emissions f rom d isposa l  s i t e s ,  i n  
t h e  form o f  wind-blown dust, which would be 
covered under t h e  Clean A l r  Act; ra inwate r  perco- 
l a t i o n  through t h e  d isposal  p i l e s  i n t o  t h e  s o i l  
and groundwater, which would be covered under 
RCRA; and ra inwate r  r u n o f f  i n t o  su r face  water  
systems, which would be covered under t h e  Clean 
Water Act  and RCRA. Under RCRA, EPA has r e c e n t l y  
promulgated c r i t e r i a  f o r  determin ing whether a 
res idue  i s  t o  be considered "hazardous" f o r  t h e  
purposes o f  t h e  Act.  EPA must promul a t e  standards 
c o v e r i n  t h e  and t h e  trea!ment/storage/ 
disposa? o f  ' l h a z a r d ~ ~ s "  wastes. If a waste i s  
no t  hazardous, i t  would, i n  general,  b e  disposed 
o f  i n  a " s a n i t a r y  l a n d f i l l "  i n  accordance w i t h  
s o l i d  waste management p lans developed by t h e  
i n d i v i d u a l  stat$s. EPA has promulg i ted some c r i -  
t e r i a  d e f i n i n  s a n i t a r y  l a n d f i l l s ,  and has pro- 
posed (but  no! y e t  promulgated) a d d i t i o n a l  
c r i t e r i a .  

Su l fu r  D iox ide  Cont ro l  

S u l f u r  d i o x i d e  removals o f  90 percent  and 
h igher  can be achieved i n  b o t h  atmospheric and 

ressur i zed  f l u i d i z e d - b e d  combustion thus  ena- 
g l i n g  compliance w i t h  t h e  r e v i s e d  EPA New Source 
Perfornlance Standard f o r  u t i l i t y  steam generators. 
Thesc removals should be achievable w i t h  reasona- 
b l e  sorbent feed ra tes ,  and i n  a manner which i s  
c a l l y  compet i t i ve  w i t h  t h e  a l t e r n a t i v e  o f  
a  convent ional  b o i l e r  w i t h  f l u e  gas d e s u l f u r i z a -  
t i o n .  However, i n  o rder  t o  achieve h i g h  SO2 

removals economical ly,  f l u i d i z e d - b e d  b o i l e r s  may 
have t o  be o e ra ted  w i t h  increased con tac t  t ime  
between t h e  !O and t h e  sorbent, and w i t h  reduced 
sorbent p a r t i c ?  e size. Increased SO I s o r b e n t  
con tac t  t i ~ e  and reduced sorbent p a r f i c l e . s i z e  
can s i g n i f i c a n t l y  increase sorbent  e f fec t i veness  
i n  SO2 removal, and hence s i g n i f i c a n t l y  reduce 

.so rben t  feed requirements. 

In t r a d i t i o n a l  dense- hase f l u i d i z e d - b e d  
systems, increased ~ ~ ~ / s o r ! e n t  con tac t  t ime  i s  
achieved through increased gas res idence t ime i n  
t h e  bed. Increased gas res idence t i m e - t r a n s -  
l a t e s  i n t o  a decrease i n  gas v e l o c i t y  through t h e  
bed, a n d l o r  an increase i n  bed height .  There has 
been an i n c e n t i v e  f o r  des igners t o  attempt t o  
minimize gas res idence t ime, i n  o rder  to 'maxi -  
mize b o i l e r  throughput,  and t o  reduce b o i l e r  
s i z e  and c a p i t a l  cost.  However, EPA's s tud ies  
suggest tha t ,  a t  h i  h  l e v e l s  o f  SO2 .removal, 
t h e  cos t  pena l t y  ( tRe increased ca i t a l  i z a t i o n  
c o s t )  associated w i t h  a l a r g e r  b o i f e r  i s  more 
than  o f f s e t  by t h e  r e d u c t i o n  i n  opera t ing  cos ts  
associated w i t h ' t h e  reduced sorbent feed r e q u i r e -  
ments. The r e d u c t i o n  i n  sorbent feed r e q u i r e -  
ments achievable through increased gas res idence 
t imel reduced sorbent  p a r t i c l e  size, becomes 
more pronounced as t h e  r e q u i r e d  l e v e l  o f  SO2 
removal increases. 

Th is  p o i n t  i s  i l l u s t r a t e d  by an en i n e e r i n g  
s tudy conducted by Ves t in  house f o r  u t i y i t y -  
sca le  b o i l e r s  (Refere"ce go), some r e s u l t s  o f  . . 
which a re  summari.zed i n  F i g u r e  1. F i g u r e  1 
presents t h e  c o s t  o f  e l e c t r i c i t y  as a f u n c t i o n  
o f  sorbent cos t  f o r  an 800 MW atmos h e r i c  f l u i d -  
ized-bed b o i l e r  p l a n t  operated t o  o g t a i n  90 per-  
cen t  SO removal. P ro jec ted  costs  f o r  a  conven- 
t i o n a l  goi!er w i t h  a sc rubber -a re  a l s o  p l o t t e d  
f o r  comparison. The sorbent  feed r a t e s  shown 
i n  F i g u r e  1 (ex ressed as t h e  ca lc ium- to -su l fu r  
mole r a t i o ,  o r  &/s) were p r o j e c t e d  by Westing- 
house us ing a f a i r l y  s imple k i n e t i c  model based 
upon l a b o r a t o r y  thermograv imetr ic  k i n e t i c  data 
f o r  t h e  sorbentlS02 reac t ion .  

The bottom curve f o r  atmospheric f l u i d i z e d -  
bed combustion i n  F i g u r e  1 was developed assuming 
a as res idence t i m e  o f  '0.67 second (a gas 
ve?oci ty  o f  6  f t l s e c  o r  1.8 m sec, and a bed 
depth o f  4  f e e t ,  o r  1.2 meters(. The curve a l s o  
assumes a 500 pm sur face  mean sorbent  p a r t i -  
c l e  s i z e  i n  t h e  bed (which corresponds t o  a mass 
mean o f  perhaps 700pm); t h e  ac tua l  s i z e  o f  t h e  
f resh sorbent feed, o f  course, cou ld  be coarser  
than  t h i s  in-bed value. These.values f o r  r e s i -  
dence t ime and p a r t i c l e  s ize,  a l though no t  nec- 
e s s a r i l y  rep resen t ing  t h e  economic o timum, a r e  
f e l t  t o  represent  reasonably good seyect ions 
f o r  these v a r i a b l e s  f rom t h e  s tandpo in t  o f  cos t -  . 
e f f e c t i v e  SO2 removal. The values f o r  v e l o c i t y ,  
bed depth, and in-bed p a r t i c l e  s i z e  are, i n d i v i d u -  
a l ' l y ,  w i t h i n  t h e  ranges considered i n  var ious 
des ign and experimental programs conducted by -.-. --. - 
o t h e r  o r  an iza t ions .  As i n d i c a t e d  on t h e  curve, 
f o r  a  0.87 second res idence t ime and a 500 

a r t i c l e  s ize,  t h e  sorbent  feed r a t e  p r o j e c t e d  
!y t h e  Westi nghouse mode! i s  a  ca lc ium- to -su l fu r  
mole r a t i o  o f  2.9, assuming a sorbent  o f  represen- 
t a t i v e  r e a c t i v i t y .  

The t o p  curve f o r  f l u i d i z e d - b e d  combustion i n  
t h e  f i g u r e  was developed assumin a gas r e s i -  
dence t ime o f  0.4 second (gas veyoc i t y  o f  10 
f t l s e c ,  o r  3.0 mlsec, and a bed depth o f  4  f e e t ,  
o r  1.2 meters); sorbent  p a r t i c l e  s i z e  i n  t h e  bed 
was assumed t o  have a su r face  mean.value o f  1000 

At  this lower gas res idence t ime and l a r g e r  
1:;ticle s ize,  t h e  model p r o j e c t s  (somewhat 
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p e s s i m i s t i c a l j y )  t h a t  t h e  r e q u i r e d  ca lc ium-to-  
s u l f u r  r a t i o  1s 7.0. 

The comparison o f  t h e  t o p  and bottom curves 
i n d i c a t e s  tha t - -desp i te  t h e  h igher  annual ized 
c a p i t a l i z a t i o n  cost  associated w i t h  t h e  l a r g e r  
f l u i d i z e d - b e d  b o ~ l e r  represented by t h e  bot tom 
curve-- the reduced sorbent feed requirements f o r  
t h i s  b o i l e r  r e s u l t  i n  a severa l  mi l l /kWh ne t  sav- 
i n g s  i n  t h e  cos t  o f  e l e c t r i c i t y  a t  a t p ica1  
ro rben t  c o s t  o f  $lO/ton ($9/metr ic  tony. Even 
i f  sorbent  feed r e  uirements f o r  t h e  sma l le r  
b o i l e r  (representea by t h e  t o p  curve) were l e s s  
than  t h e  Ca/S o f  7.0 p r o j e c t e d  b t h e  model, t h e  
l a r g e r  b o i l e r  would cont inue t o  i e  economical ly 
more a t t r a c t i v e  than t h e  sma l le r  one unless t h e  
model i s  over-est imat ing t h e  sorbent  requirements 
o f  t h e  smal l e r  b o i l e r  by a f a c t o r  g rea te r  than  
two. As shown i n  F igure  1, t h e  c o s t  o f  e lec -  
t r i c i t y  f rom t h e  l a r g e r  f l u i d i z e d - b e d  b o i l e r ,  w i t h  
a Ca/S o f  2.9, i s  p ro jec ted  t o  be l e s s  than  t h a t  
f rom t h e  conventional b o l l  e r l sc rubber  a t  a1 1 
b u t  t h e  h ighes t  sorbent costs. 

S ince t h e  sorbent feed requirements p ro jec -  
t e d  by t h e  Westinghouse model p l a y  a key r o l e  i n  
t h i s  c o s t  comparison, i t  i s  impor tant  t o  assess 
t h e  r e l i a b i l i t  o f  t h i s  f a i r l y  s imple model. 
The model has teen  t e s t e d  a a i n s t  t h e  a v a i l a b l e  
da ta  f rom experimental f l  u i l i z e d - b e d  combustors, 
and has been found t o  represent  most o f  t h e  
combustor data very we1 1. Rigorous comparison 
o f  model p r o j e c t i o n s  a a i n s t  data a t  s p e c i f i c  
c o n d i t i o n s  f rom i n d i v i l u a l  f l  uidized-bed combus- 
t i o n  u n i t s  i s  resented i n  References 10, 14 and 
17. un fo r tuna te1  most o f  t h e  data f rqm atmos- 
p h e r i c  f l u i d i z e d - k d  combustion f a c l l  i t i e s  a re  
f o r  SO removals below 90 percent,  s ince  t h e  pre- 
v ious  PA ew Source Performance Standard f o r  SO 1 (1.2 l b I 1 0  Btu, o r  516 ng/J)--which served as t i e  
g u i d e l i n e  f o r  most rev ious  tes t ing - - represen ts  
a percenta e removay o f  o n l y  83 percent  w i t h  a 4 . 
percent  s u y f u r  coal. Accordingly, t h e  model can- 
n o t  be ex tens ive ly  conf i rmed a t  removals o f  90 
percent  and above. However, EPA i s  c u r r e n t l y  
conduct ing a c a r e f u l l y  designed m a t r i x  o f  t e s t s  
on t h e  40- by 64-inch (1- by 1.6-meter) atmos- 
p h e r i c  combustor a t  F lu idyne  aimed a t  generat ing 
d a t a  which can be used t o  he lp  c o n f i r m  t h e  
model a t  removals o f  90 .percent and above: Con- 
f i r m a t ~ o n  o f  t h e  model 1s u l t i m a t e l y  r e q u l r e d  
on opera t ing  f l  uidized-bed b o i l e r s  s u f f i c i e n t l y  
l a r  e t o  p rov ide  data represen ta t i ve  o f  commer- 
c ia? -sca le  un l t s .  

Rather than  at tempt ing t o  repeat  t h e  r i g o r -  
ous model-versus-data comparisons I n  t h i s  paper, 
a more general i zed  approach wi 11 be employed 
which, a l though l e s s  r igorous,  p rov ides  o v e r a l l  
pe rspec t i ve  regard ing how model p r o j e c t i o n s  
compare aga ins t  the  mass o f  SO2 removal data 
which have been generated t o  date. F igure  2 
presents percentage SO2 removal a t  atmospheric 
pressure as a f u n c t i o n  o f  sorbent  feed  r a t e ,  as 
e r o j e c t e d  by t h e  Westinghouse model a t  t h e  condi- 

Ions o f  gas res idence t ime 0.67 second) and 
in-bed p a r t i c l e  s l z e  (500 umf f e l t  t o  be d e n r a b l e  
f o r  e f f e c t i v e  SO2 removal. Curves a re  shown f o r  
t h r e e  d i f f e r e n t  sorbents: carbon l imestone, 
r e p r e s e n t i n  one o f  t h e  more r e a c t i v e  o f  t h e  
approxinateYy 25 sorbents t e s t e d  t o  date on t h e  
Westinghouse.1aboratory thermograv imetr ic  analy- 
zer .  Grove l ~ m e s t o n e  ( re fe r red  t o  as l ~ m e s t o n e  
13541, one o f  the  l e s s  r e a c t i v e  sorbents; and 
Greer l imestone, r e  r e s e n t i n g  an in te rmed ia te  
r e a c t i v i t y .  The cayc ium-to-su l fur  feed r e  u i r e -  
ments o f  2.9 f o r  90 percent  removal, used ?or t h e  
bot tom curve o f  F lgure  1, can be read o f f  t h e  
cu rve  f o r  Greer l imestone i n  F1gur-e 2. Some 

sorbents have been t e s t e d  which are s i g n i f i c a n t l y  
l e s s  r e a c t i v e  than 1359 l imestone; however, such 
unreac t i ve  sorbents would genera l l y  n o t  be u t i l -  
i z e d  i n  f l u i d i z e d - b e d  combustors, s ince  they 
would make t h e  process economical ly u n a t t r a c t i v e .  
A p o t e n t l a l  user o f  f l u i d i z e d  combustor technology 
should be a b l e  t o  s i t e  h i s  p l a n t  i n  order  t o  have 
a v a ~ l a b l e ,  w i t h i n  reasonable distance, a l t e r n a -  
t i v e  sorbents hav ing a r e a c t i v i t y  no t  substan- 
t i a l l y  l e s s  than t h a t  o f  l imestone 1359. Accord- 
ing ly- -a l though t h e  curves . in  F igure  2 do no t  nec- 
e s s a r i l y  encom ass t h e  e n t i r e  range o f  sorbent 
r e a c t i v l t i e s  tRat  inight be,conr idered f o r  commer- 
c i a l  f l u ~ d i z e d - b e d  combustion app l i ca t ions - - the  
curves a re  f e l t  t o  i l l u s t r a t e  a reasonable range 
o f  commercial ly achievable r e a c t i v i t i e s .  

These model p r o j e c t i o n s  f rom F i  u r e  2 a r e  
compared a a i n s t  a v a ~  1 ab le  experimenPa1 atmoi- 
p h e r i c  com%ustor data i n  F i g u r e  3, which i s  
adapted f rom Reference 14. The u per  curve i n  
F igure  3 i s  t h e  curve f o r  carbon Timestone, 
. p a r t i a l l y  redrawn f rom F igure  2; t h e  lower  curve 
i s  t h e  curve f o r  1359 l imestone. The data shown 
i n  F igure  3 were obta ined from a v a r i e t y  o f  bench- 
and p i l o t - s c a l e  combustors over a wide spectrum 
o f  as res idence t imes, sorbent p a r t i c l e  sizes, 
s o r j e n t  types, and o t h e r  combustor cond i t i ons ;  
these data are no t  l i m i t e d  t o  data obta ined.at  
c o n d i t i o n s  n e a r T e  0.67 second r e s ~ d e n c e  t ~ m e /  
500 sorbent s i z e  t h a t  .served as t h e  bas is  f o r  
t h e  curves f rom F i g u r e  2. The.uni ts  from which 
t h e  data were obta ined ranged i n  s i ze  from 6 Inches 
(15.2 cm) i.d. t o  10 by 10 f e e t  (3 by 3 m i n  
cross sect ion.  The data shown i n  F igure  4 are 
from: t h e  Babcock & Wilcox 3- by 3 - f o o t  (0.91- by 
0.91-m) u n i t  a t  A l l i a n c e ,  Ohio; t h e  6- inch 

15 2 cm diameter atmospheric combustors a t  A rgonne . -  b a t i o n a l  Laboratory  (ANL and a t  t h e  
Na t iona l  Coal Board NCB) i n  En 1 and; t h e  1.5- 
b 6 - foo t  (0.46- b 1.8-m) ~ l u i i i z e d - ~ e d  Module 
(FBMI operated by $0 e Evans and Robbins (PER 
t h e  .5- by 3 - f o o t  (6.46- by 0.91-m) u n i t  a t  N i b  
t h e  6- b 6 - f o o t  (1.8- by 1 . 8 4 )  EPRI/B&W combus: 
t o r  a t  ~ y l i a n c e ;  t h e  10- by 10- foo t  (3- by 3-m) 
B&W Ltd. b o i l e r  a t  Renfrew, Scotland; and t h e  
1.5- b 1 5 - foo t  0.46- b 0.46-m) and 40- by 
64-incK (i- by 1.b-m) com{ustors a t  F lu idyne.  

As shown i n  F igure  3, t h e  mass o f  data gen- 
e r a l l y  f a l l  w i t h i n  t h e  boundaries o f  t h e  curves 
p r o j e c t e d  by t h e  model. Some data even suggest 
performance super io r  t o  t h a t  p ro jec ted  f o r  carbon 

imestone. Those data which suggest perfomlance 
poorer  than t h a t  w i t h i n  t h e  curve boundaries are, 
i n  many cases, e i t h e r  from t h e  small  6 - inch  
15.2-cm) u n i t s ,  o r  f rom t h e  B&W 3- by 3 - foo t  
0.91- by 0.91-111) u n ~ t ;  t h i s  u n i t , h a s  a low f ree-  

board and no recyc le,  so t h a t  a h ~ g h  carry-over  
r a t e  and a higher-than-normal sorbent feed r a t e  
woul d be expected. 

F igure  3 i s  n o t  in tended as a r igo rous  con- 
f i r m a t i o n  o f  t h e  model, b u t  r a t h e r  i s  meant t o  
i l l u s t r a t e  tha t ,  i n  general,  t h e  model p ro jec -  
t i o n s  do no t  represent  a rnajor divergence f rom 
a v a l l  a b l e  data. 

The data i n  F igure  3 suggest t h a t  t h e  p ro jec -  
t i o n  i n  F i g u r e  1 - - tha t  a Ca/S o f  7 would be nec- 
essar  f o r  a 90 percent  SO2 removal i n  t h e  b o i l e r  
w i t h  {over gas res idence t i m e - - j s  robably  pess i -  
m i s t i c .  The t r e n d  i n  t h e  data i n  p lgure  3 sug- 
gests  t h a t  a Ca/S much lower  than 7 would 
probably be adequate. 

The prev ious d iscuss ion  has considered on ly  
atmospheric f l u i d i z e d - b e d  combustion. I n  enera l ,  
t h e  achievement o f  90 percent  and g rea te r  302 
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removals i n  pressur ized f l  u id ized-bed combustion 
has been poss ib le  w i t h  r e l a t i v e 1  low sorbent 
feed r a t e s  ca lc ium- to -su l fu r  Inofe r a t i o s  o f  
1.25 t o  2 )  [References I and 16). One reason 
f o r - t h e  e f f e c t i v e n e s s  o f  SO2 removal i n  pres- 
su r i zed  systems might  be t h a t  p ressur i zed  
systems r e q u i r e  comparat ive ly  deep beds, i n  
o rder  t o  accommodate t h e  heat  t r a n s f e r  sur- 
face  necessi ta ted b t h e  h i g h  vo lumet r i c  heat 
re lease  ra te ;  deep Ceds i n h e r e n t l y  r e s u l t  
i n  as res idence t imes (genera l l y  1 second 
o r  7 o n g e r ) s i  n l f i c a n t l y  g r e a t e r  than those nor- 
mal l y  o b t a i n e l  i n  atmospheric combustors. 
F i g u r e  4 presents expected d e s u l f u r i z a t i o n  as a 
f u n c t i o n  o f  sorbent feed r a t e  f o r  a 9 atm 
(910 kPa) combustor be ing f e d  w i t h  2000 
mass mean P f i z e r  dolomite, based u on r e s u l t s  
f rom EPA's 500 l b  c o a l / h r  (227 kg/Rrl res -  
su r i zed  f l u i d i z e d - b e d  comb~lst ion M in ip fan t ,  
and based u on a model developed by Exxon 
(Reference f6). Cost p r o j e c t i o n s  are pre- 
sented i n  F i  u r e  5 . f o r  a u t i l i t y - s c a l e  pres- 
su r i zed  f l u i l i z e d - b e d  combustor, based upon 
Westinghouse est imates Reference lo ) ,  analo- I gous t o  F i g u r e  1. As i l u s t r a t e d  i n  F i g u r e  5, 
a pressur ized f l u i d i z e d - b e d  combustor i s  
p r o j e c t e d  t o  have lower  cos ts  o f  e l e c t r i c i t y  
than  a convent ional  b o i l e r  w i t h  a scrubber, 
over  t h e  f u l l  range o f  f l u i d i z e d - b e d  Ca/S 
r a t i o s  (1.25 t o  2.0) suggested i n  F i g u r e  4 f o r  
90 e rcen t  SO2 removal a t  gas res idence t imes 
o f  f second and longer. 

Comparing F i  ures 1 and 5, i t  i s  apparent. 
t h a t  t h e  need t o  Tur ther  increase gas res idence 
t i m e  i n  o rder  t o  reduce sorbent  feed r a t e  i n  
p ressur i zed  f l  uidized-bed combustors, i s  1 ess 
c r i t i c a l  than i n  t h e  case o f  atmospheric 
un i t s .  I n  F i g u r e  1, an increase i n  gas res idence 
t i m e  from 0.4 t o  0.67 seconds--an increase o f  
0.27 seconds--had a s i g n i f i c a n t  impact on 
p r o j e c t e d  sorbent feed requirements f o r  atmos- 
pher i c  combostors, and cou ld  be t h e  d e t e q i n i n g  
f a c t o r  regard ing  whether o r  n o t  atmospheric 
f l u id i zed-bed  u n i t s  a re  compet i t i ve  w i t h  
convent ional  b o i l e r s .  However, as sug es ted  
i n  F igures  4 and 5 an increase, f rom f second 
t o  3 seconds, i n  t h e  gas res idence t ime f o r  
pressur ized u n i t s  should have a comparat ive ly  
small  impact. 

The SO2 removal performance o f  bo th  
atmospheric and p ressur i zed  f l u i d i z e d - b e d  
combustors may be improved by reducing t h e  
mean sorbent  a r t i c l e  s i z e  as discussed 
prev ious ly .  i s  t h e  s i z e  i s  reduced 
t o  sma l le r  and sma l le r  values, t h e  p a r t i c l e s  
w i l l  have an increased tendency t o  e l u t r i a t e  
ou t  o f  t h e  bed, depending upon t h e  gas v e l o c i t y .  
Even i n  a f l u i d i z e d - b e d  system where t h e  
p a r t i c l e  s i ze lgas  v e l o c i t y  r e l a t i o n s h i p  i s  
such as t o  ma in ta in  b a s i c a l l y  t r a d i t i o n a l  
dense-phase f l u i d i z a t i o n ,  t h e r e  w i l l  be some 
carry-over  o f  f i n e  a r t i c l e s ,  due t o  f i n e  
m a t e r i a l  i n  t h e  sorgent  feed and/or due t o  
a t t r i t i o n .  Recycle, back t o  t h e  bed, o f  t h e  
e l u t r i a t e d  sorbent f i n e s  should r e s u l t  i n  a 
reduced mean a r t i c l e  s i z e  i n  t h e  bed, thus  
i n p r o v i n  in-ped capture; f i n e s  r e c i r c u l a t i o n  
shou!d ayso r e s u l t  i n  an increased concen t ra t ion  
o f  f i n e  sorbent i n  t h e  freeboard, p r o v i d i n  
a d d i t i o n a l  capture a f t e r  t h e  gases leave tRe 
bed. As the  sorbent  feed becomes r e l a t i v e l y  
f i n e r ,  t h e  q u a n t i t y  o f  f i n e s  being r e c i r c u l a t e d  
w i l l ,  o f  course, become. rea te r .  As t h e  

a r t i c l e  s i ze lgas  ve loc iqy  r e l a t i o n s h i p  moves 
!award even f i ngr. p a r t i c l  es, t h e  syste" "over 
ou t  o f  t h e  t r a d i t i o n a l  dense-phase f l u i d i z a t i o n  

mode and t fward more advanced f!uidi;atio! 
concepts-- t u r b u l e n t "  f l u i d i z a t i o n ,  f a s t  
f l u i d i z a t i o n ,  and, i n  t h e  extreme, ent ra ined-  
phase operat ion. High-recyc le operat ion,  and 
t h e  advanced f l u i d i z a t i o n  concepts may prove 
t o  be more e f f e c t i v e  a t  SO2 removaf than  i s  
low carry;over, dense-phase operat ion. The 
f i n e  p a r t i c l e  s i z e  associated w i t h  these o t h e r  
opera t ing  modes, combined w i t h  adequate ( o r  per- 
haps even increased) as /so l ids  con tac t  time, 
may r o v i d e  s u p e r i o r  !02 capture performance; 
f u r t i e r  opera t ing  data a re  r e q u i r e d  concern in 
these o t h e r  modes. It should be re-emphanze% 
t h a t , f o r  these o t h e r  modes o f  operat ion,  t h e  key 
v a r i a b l e  a f f e c t i n g  SO removal--gas/sol ids con tac t  
t ime--no l o n  e r  t r a n s f a t e s  i n t o  gas res idence 
t ime i n  t h e  zed? as i t  does f p r  t r a d i t i o n a l  dense- 
phase f l ' u i d i z a t i o n .  The prev ious d iscuss ion  . i n  
t h i s  pa e r  has been based upon t h e  low carry-over ,  
dense-piase case. 

Thus, h i g h  l e v e l s  o f  sorbent a t t r i t i o n  o r  
ca r ry -over  a re  n o t  necessar i l y  bad, so long  as t h e  
carry-over  i s  recyc led  and so l o n g  as a s t a b l e  
system can be mainta ined w i thou t  excessive sorbent 
feed rates.  A t t r i t i o n  and r e c y c l e  mi h t  r e s u l t  
i n  e f f e c t i v e  sorbent u t i l i z a t i ? n  and Righ SO2 
removals. The capture o f  SO2 i n  t h e  freeboard, 
which may be achieved w i t h  h igh- recyc le  systems, 
may be impor tant  f o r  b o i l e r  designs i n  which coal  
i s  f e d  above t h e  bed- w i t h  above-bed coal  feed, 
some o f  t h e  SO may be r e 1  eased above t h e  bed, 
and hence may fave  no res idence t ime i n  t h e  bed 
i t s e l f .  

N i t rogen  Oxides Emissions 

N i t r o  en ox ides ernis ions  a r e  character-  
i s t i c a l l y  %elow 0.5 lb /10g B t u  heat  i n p u t  
(210 ng/J) f o r  l a r  e atmos h e r i  f l u i d i z e d - b e d  
combustors, and besow 0.4 !b/106 B t u  (170 ng J )  
f o r  p ressur i zed  un i t s .  These emissions may 6 e 
reduced f u r t h e r  through t h e  use o f  two-sta e com- 
b u s t i o n  and o t h e r  NOx c o n t r o l  o t i o n s  whicR a r e  
j u s t  s t a r t i n g  t o  be explored. fhus bo th  atmos- 
p h e r i c  and p ressur i zed  s stems appear capable 
o f  meet in  t h e  c u r r e n t  E ~ A  New Source Perform- 
ance ~ t a n i a r d  f o r  NO emissions f rom u t i l i t y  
b o i l e r s ,  o f  0.5 l b / l &  B t u  21 n /J  f o r  sub 
bituminous coa ls  and 0.6 1b)lOg B?U 1260 n g / ~ j  
f o r  o t h e r  coals. 

As discussed below, many NOx emission 
measurements from ex e r imenta l  comb s t o r s  a re  8 below t h e  values (0.g and 0.4 lb /10  Btu)  
i n d i c a t e d  above. However, t h e  da ta  a r e  so 
scat tered,  and our  understanding o f  t h e  v a r i a b l e s  
which control.NOx emissions i s  so l i m i t e d ,  t h a t  
i t  would be d i f f i c u l t  t o  guarantee t h a t  a g iven 
f 1 uidized-bed combustor would never exceed 
those l e v e l s  on a 30-day r o l l  i n g  average. 

U n t i l  r e c e n t l y ,  NO emissions f rom f l u i d i z e d -  
bed combustors were o f  f i m i t e d  concern. 
F l u i d i z e d  combustor NOx emissions a re  i n h e r e n t l y  
lower  than  t h e  EPA emission s tandard which i s  
based upon emissions f rom convent i  ona 1 b o i l e r s )  ; 
hence no major e f f o r t  had p r e v i o u s l y  been i n i t i -  
a ted t o  reduce t h e  f l u i d i z e d - b e d  NOx emissions 
f u r t h e r .  However, a number o f  combustion modi- 
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c e r n i n g  t h e  appl i c a b i l  i t y  o f  comhustion modi f i -  
c a t i o n  techniques f o r  reduc in  NO emissions f rom 
fl uidized-bed combustors so t 8 a t  f l u i d i z e d - b e d  
combustion can cont inue t o  be compet i t i ve  w i t h  
convent ional  b o i l e r s  i n  f u t u r e  years, i f  t h e  low 
NO emissions from convent ional  u n i t s  are indeed 
acfiieved, EPA has conducted some p r e l i m i n a r y  
t e s t i n g  i n  t h i s  regard. 

A v a i l a b l e  data f rom ex e r imenta l  atmospheric 
f l u i d i z e d  combustors, 6  incRes (15.2-cm) i n  diam- 
e t e r  and l a r g e r ,  a re  shown i n  F igure  6. The 
u n i t s  represented i n  F i g u r e  6 i n c l u d e  most 
o f  the  u n i t s  represented i n  F i  u r e  3. The NOx 
data from t h e  Argonne 6- inch (75.2-cm) u ? ~ t  
i n c l u d e  o n l y  those da ta  f o r  which t h e  u n i t  was 
opera t ing  w i t h  a sorbent bed. 

The b u l k  o f  the  emission data w i t h i n  t h e  
t pica1 expected o e r a t i n  tem e r a t u r e  ranae f o r  
t f e  primar): combusfion cef ls--P500 t o  1600 F, 06 
815 t o  871 C - - l i e  between 0.2 and 0.6 l b  NO (10 
B t u  (86 and 260 ng/J), expressed as NO ~ f i i s  
emission i s  no greate than  t h e  cur ren f ' im iss ion  S s tandard o f  0.6 lb/10 B tu  (260 ng/J). Many o f  
t h e  data p o i n t s  on F i g u r e  6 which exceed t h e  
c u r r e n t  s tandard were obta ined a t  bed tempera- 
t u r e s  represen ta t i ve  o f  those which m iyh t  be 
expected i n  a carbon burnup ce l l - -2000 F (1094OC) 
and above. 

Lar  e atmospheric f l  uidized-bed combustors 
e x h i b i t  7ower and l e s s  v a r i a b l e )  NOx emissions 
than  do sma l l .  1 aborator  un i t s .  Th is  f a c t  i s  
demonstrated i n  F ~ g u r e  3 (Reference 14), where 
t h e  data f rom Figure 6 are r e - p l o t t e d  as a func- 
t i o n  o f  u n i t  s ize. The bars i n  F i g u r e  7 repre-  
sen t  t h e  range o f  NO emission data f rom t h e  
i n d i c a t e d  u n i t s  i n  t f i e  1500-1600°F (815-871°C) 
temperature r a n  e. The range shown f o r  t h e  
Argonne 6- inch 715.2 cm) u n i t  reaches l e v e l s  
h igher  t h a n  those shown i n  F i  u r e  6, s ince  F j  u r e  
7 inc ludes  some r e s u l t s  from 4rgonne t e s t s  w i i h  
non-sorbent beds n o t  inc luded  i n  F i g u r e  6. As 
i l l u s t r a t e d  i n  F i  u r e  7, a l l  o f  t h e  emission data 
h i g h e r  than  0.6 18/106 B tu  (260 ng/J) i n  t h e  
t y p i c a l  p r imary  c e l l  temperature range, r e s u l t e d  
f rom t h e  two sma l les t  experimental u n i t s .  Most 
o f  t h e  v a r i a b i l i t y ,  causing t h e  data s c a t t e r  i n  
F i g u r e  6, a l s o  r e s u l t s  from t h e  sma l le r  u n i t s .  
Emission data from t h e  two l a r  e s t  atmospheric 
b o i l e r s  (the.EPRI/B&H 6- by 6-?oat, o r  1.8- by 
1.8-meter u n i t ,  and t h e  Renfrew u n i t )  h o l d  con- 
s i s t e n t l y  w i t h i n  t h e  r a n  e o f  0.15 t o  0.45 lb/106 
B t u  (65 t o  190 ng/J). T8 is  range i s  f e l t  t o  be 
more r e  r e s e n t a t i v e  o f  t h e  emission l e v e l s  and 
v a r i a b i P i t y  t h a t  might  be.expected f rom commer- 
c i a l - s c a l e  atmospheric un i t s .  

As shown j n  F i g u r e  6, emissions o f  NOx 
from atmospheric u n i t s  are g e n e r a l l y  above t h e  
l e v e l  t h a t  would be p r e d i c t e d  f rom thermodynamic 
e q u i l i b r i u m  considerat ions,  based upon t h e  reac- 
t i o n  o f  atmospheric n i t r o g e n  and oxy en. One 
ex l a n a t i o n  f o r  t h i s  f a c t  i s  t h a t ,  a! r imary  
c e y l  bed temperatures, probably  80 t o  60 percent  
of t h e  observed NO, r e s u l t s ,  n o t  f rom f i x a t ~ o n  
of t h e  atmospheric n i t r o g e n  and oxygen, b u t  
f rom o x i d a t i o n  o f  a  p o r t i o n  o f  t h e  o rgan ic  
n i t r o g e n  compounds i n  t h e  coal.  

NO emissions f rom p r e s s u r i z e d . f l u i d i z e d -  
bed comgustors are represented by F i g u r e  8 which 
presents a l l  o f  t h e  data t h a t  have been c o l l e c -  
t e d  on t h e  500 l b  c o a l l h r  (227 k h r )  p ressur i zed  
M i n i p l a n t  combustor (Reference 18( As ind ica ted ,  
some o f  t h e  data a r e  below 0.1 l b l i 0 6  B t u  
(43  ng/J), al though a few measurements a re  as 

h igh  as 0.4 lb/106 B t u  (170 ng/J . The f a c t  t h a t  
so much o f  t h e  data are below 0. 1 lb/106 B t u  
(86 ng/J) i v e s  r i s e  t o  a hope t h a t - - i f  NOx 
emissions %om pressur ized u n i t s  decrease w i t h  
inc reas ing  u n i t  s i z e  i n  t h e  same manner as shown 
i n  F igure  7 f o r  atmospheric combustors-- 
pressur ized u n i t s  1arger . than t h e  1.8 W t  M i n i -  

ou t  combustion mod1 f i c a t i  ons. 
! p l a n t  might  . r e l i a b l y  achieve 0.2 lb /10 B t u  w i th -  

E f f o r t s  have been made t o  c o r r e l a t e  NO, 
emissions.against combustor v a r l a b l e s  f o r  bo th  
atmospheric and ressur i zed  f l u i d i z e d - b e d  combus- 
t o r s  (Reference P8). There does a pear t o  be 
some c o r r e l a t i o n  suggest ing t h a t  NI, decreases 
w i t h  decreasing temperature, decreasing excess 
a i r ,  and inc reas ing  gas res idence time. However, 
t h e  c o r r e l a t i o n  i s  n o t  s u f f i c i e n t l y  s t r o n  t o  
suggest t h a t  these v a r i a b l e s  might  be u t i f i z e d  
as an e f f e c t i v e  means o f  NOx con t ro l .  

5  percent  excess a i r ;  t h e  remaining a i r  ( t o  b r i n g  
t h e  t o t a l  t o  20 percent  excess) was i n j e c t e d  

3 u s t  above t h e  bed. Tests on a 28 l b  c o a l l h r  
13 k g l h r  pressur ized combustor a t  Exxon (Ref- 

erence 161 i n d i c a t e d  t h a t  NOx emissions cou ld  
be reduced by about 50 percent  through t h e  use o f  
two-sta e combustion, w i t h  t h e  pr imary a i r  be ing 
75 t o  98 percent  p f ~ s t o i c h i o m e t r i c ,  and w i t h  
secondary a i r  r a i s i n g  t h e  t o t a l  t o  15 t o  30 
percent  excess I being i n j e c t e d  i n t o  t h e  bed, near' 
t h e  top. Reductions i n  NOx o f  30 t o  50 percent  
were achieved on t h e  Exxon combustor through amon- 
i a  i n j e c t i o n ,  when t h e  ammonia was i n ' e c t e d  
near t h e  t o p  o f  t h e  bed. s imu la ted . f iue  gas 
r e c i r c u l a t i o n  t e s t s  y i e l d e d  no s i g n i f i c a n t  NOx 
reduct ions.  

Thus p o t e n t i a l  does appear t o  e x i s t  f o r  
o b t a i n i n g  reduct ions i n  f l u i d i z e d - b e d  combustor 
NOx emissions through t h e  a p p l i c a t i o n  o f  combus- 
t i o n  mod1 f i c a t i o n  techniques. However, substan- 
t i a l  a d d i t i o n a l  work i s  necessary i n  o rder  t o  
c o n f i r m  and op t im ize  t h e  i n i t i a l  r e s u l t s .  
Furthermore, a d d i t i o n a l  s tud ies  a re  necessary 
i n  order  t o  determine t h e  e f f e c t  o f  combustion 
m o d i f i c a t i o n s  on o t h e r  aspects o f  t h e  combustor 
system (e.g., two-sta e combustion cou ld  increa.se 
e ~ i s s i o n s  o f  o t h e r  poy lutants ,  decrease combus- 
t i o n  e f f i c i e n c y ,  and c r e a t e  c o r r o s i o n  concerns). 

P a r t i c u l a t e  Emissions 

P a r t i c u l a t e  c o n t r o l ,  adequate t o  r e l i a b l y  
meet t h e  c u r r e n t  New Source Per fo  ance Standard 
f o r  u t i l i t y  b o i l e r s  o f  0.03 l b / l 0 ~ ~ t u  (13 ng lJ ) ,  
has y e t  t o  be demonstrated on bo th  atmospheric 
and p ressur i zed  f l u i d i z e d - b e d  combustors. How- 
ever, adequate c o n t r o l  should be poss ib le .a t  
atmos h e r i c  pressure through s u i t a b l e  design and 
operagion of convent ional  p a r t i c l e  c o n t r o l  tech- 
no1 ogy. 

For  atmospheric f l u i d i z e d - b e d  combustors, 
c o n t r o l  o f  p a r t i c u l a t e  em1 s s i  ons should be .s imi-  
l a r  t o  c o n t r o l  f rom convent ional  b o i l e r s  burn- 
i n g  l o w - s u l f u r  coal.  Cyclones a lone w i l l  n o t  be 
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adequate; c o n t r o l  w i l l  probably  i n c l u d e  one o r  
more stages o f  cyclones fo l lowed b an e l e c t r o -  
s t a t j c  p r e c j p j t a t o r  0 r .a  f a b r i c  f i f t e r .  E l e c t r o -  
s t a t i c  p r e c i p i t a t o r s  w i l l . h a v e  t o  be designed and 
o e ra ted  cons ider in  t h e  h i g h  r e s i s t i v i t y  o f  t h e  
fyu id ized-bed f l .yast (and low f l u e  ps SO IS03 
content) .  Fabr i c  f i l t e r s  may be s u t j e c t  go such 
problems as: bag b l i n d i n g  ( t h e  f l y a s h  i n  some 
cases e x h i b i t s  cak ing p roper t ies ) ;  bag f i r e s  ( i f  
s u f f i c i e n t  r e s i d u a l  carbon remains i n  t h e  f l y a s h  
e n t e r i n g  t h e  f i l t e r )  ; and base a t tack  ( r e s u l t i n g  
f rom t h e  h i g h  pH o f  t h e  l ime-con ta in ing  f l yash) .  
klowever, i t  would be antScipated t h a t ,  by care- 
f u l  s e l e c t i o n  o f  design and o p e r a t i n  c o n d i t i o n s  
f o l l o w i n g  f u r t h e r  experie?ce on f l  u is ized-bed 
combustors, these conventional p a r t i c l e  c o n t r o l  
devices should r o y i d e  s u f f i c i e n t  removal and 
opera t ing ,  re1  iag.11 ity. 

Most experimental experience on atmospheric 
u n i t s  t o  date has been w i t h  cyclones, on r e l a -  
t i v e l y  small  combustors. F a b r i c  f i l t e r s  (and, i n  
t h e  case o f  . t h e  30.MW R i v e s v i l l e  b o i l e r ,  an 
e l e c t r o s t a t i c  r e c i p i  t a t o r )  have been i n s t a l  l e d  
as t h e  f i n a l  stage o f  p a r t i c l e  cleanup on t h e  
l a r g e  atmospheric combustors t h a t  a re  now i n  
o r  near operat ion. However, extended t e s t  data 
f rom these f i n a l - s t a g e  devices a re  n o t  y e t  
ava i lab le .  

P a r t i c l e  c o n t r o l  a t  h igh  temperature and h igh  
pressure, capable o f  meet in  t h e  emission s tandard 
i n  p ressur i zed  f l  uidized-be! combustio" systems, 
i s  s t i l l  i n  gi developments! stage. F a i r l y  promis- 
i n g  r e s u l t s  were observed i n  t h e  M i n i p l  an t  where, 
d u r i n  extended . t e s t i n  , t h r e e  stages o f  conven- 
t i o n a q  cyclones a t  h ig8 temperature lpressure 
reduced f l u e  gas loadings t o  as low as 0.03 l b l 1 0 6  
B tu  (13 ng/J) w i t h  a mass mean p a r t i c l e  s i z e  
o f  1  . t o  2 um (Reference 16). Good r e s u l t s  
were a l s o  obta ined on t h e  M i n i  l a n t  w i t h  an 
experimental ceramic f i l t e r .  E t h e r  op t ions  con- 
s ide red  by va r ious  i n v e s t i g a t o r s  i n c l u d e  
advanced cyc lone designs, g ranu la r  bed f i l t e r s ,  
and h i g h  temperature/pressure e l e c t r o s t a t i c  
p r e c i p i t a t o r s .  

It i s  conceivable t h a t  p ressur i zed  systems 
might  u t i l i z e  p a r t i c l e  c o n t r o l  a t  atmospheric 
pressure, i n  a d d i t i o n  t o  h i g h  tem era tu re lp res -  
sure c o n t r o l s ,  i n  o rder  t o  meet tRe p a r t i c u l a t e  
emission standard. The h igh-pressure c o n t r o l s  
w i l l  have t o  remove enou h o f  t h e  p a r t i c u l a t e  t o  
p r o t e c t  t h e  gas t u r b i n e  Prom eros ion.  t h i s  
requirement w l l l  r obab ly  t rans1  a t e  { n t o  removing 
v i r t u a l 1  a l l  o f  1 he p a r t i c u l a t e  l a r g e r  than  5 t o  
10 pm. nowever, even when a l l  p a r t i c l e s  above 
5 ,m a re  removed, t h e  mass l o a d i n  i n  t h e  es- 
su r i zed  o f f -  as may s t i l l  exceed 8.03 1b1166 B t u  
(13 ng lJ ) .  !f , indeed, t h e  environmental yequire- 
ments a re  more s t r i n g e n t  than  t h e  gas t u r b i n e  
e ros ion  requirements, then  a d e c i s i o n  wi 11 have 
t o  be made regard ing whether t o  achieve t h e  
a d d i t i o n a l  a r t i c l e  removal, r e q u i r e d  by env i ron-  
mental regu la t ions ,  us ing  h i g h  tem era tu re lp res -  
sure c o n t r o l s ,  o r  whether t o  i n s t a l l  an atmos- 
fher lc-pressure c o n t r o l  dev ice  f o l l o w i n g  t h e  gas 

urbine. (The very h i g h  l e v e l s  o f  h i g h  tempera- 
t u r e l p r e s s u r e  p a r t i c l e  c o n t r o l ,  once thought nec- 
essary i n  pressur ized systems i n  o rder  t o  pro- 
t e c t  t h e  gas t u r b i n e  from corros ion,  may n o t  be 
requi red;  recen t  t e s t s  i n d i c a t e  t h a t  much o f  t h e  
corros ion-causing a l k a l i  i s  present  i n  t h e  gas 
phase a t  t u r b i n e  i n l e t  temperatures, so t h a t  
a l k a l i  c o r r o s i o n  ma have t o  be.handled I n  some 
manner o t h e r  than  txrough e f f i c i e n t  p a r t i c l e  
removal. ) 

Sol i d  Residue 

S o l i d  res idues  f rom atmospheric and pres-  
su r i zed  f l u i d i z e d - b e d  combustors w i l l  r e q u i r e  
some care i ?  h a n d l i n  and d i s  osal. The r e s i -  
dues w i l l ,  i n  generag, probably  n o t  be con- 
s ide red  "hazardous" under t h e  Resource Conserva- 
t i o n  and Recovery Ac t  (RCRA). However, t h e  char- 
a c t e r  . o f  t h e  leachates wj11 1 r e q u i r e  s p e ~ i a ; ~  a t ten -  
t i o n  i n  t h e  d e s ~ g n  o f  a  s a n i t a r y  l a n d f i l l  
under RCRA f o r  d isposa l  o f  t h e  res idues as non- 
hazardous mate r ia l s .  , 

Extensive l a b o r a t o r y  leach ing  t e s t s  have been 
conducted on res idues  f rom a wide v a r i e t y  o f  
experimental f l  u i d i  zed-bed combustors (Refer- 
ences 5, 8 and 19). F i e l d  c e l l  s tud ies  are j u s t  
beginning. When t h e  res idues are shaken i n  a 

. f l a s k  c o n t a i n i n  d i s t i l l e d , . d e - i o n i z e d  water as 
t h e  leach ing  ne%lum, t h e  pr imary p o t e n t i a l  prob- 
lem areas appear t o  be t h e  f o l l o w i n g  (Refer- 
ences 5, 19 and 21). 

" The pH o f  t h e  leacha te  a t  e q u i l i b r i u m  i s  i n  
t h e  ran  e o f  8 t o  13, .whjch i s  above EPA1s 
~ a t i o n a q  Secondary Dr ink1  n Water Regulat ion 
(NSDWR) range o f  6.5 t o  8.q. 

O Tota l  d i sso lved  s o l i d s  (TDS) i n  t h e  leachate 
a t  e q u i l i b r i u m  are  i n  t h e  range 1000 t o  4000 
mgle, above t h e  NSDWR l e v e l  o f  500 mgla.. 

O S u l f a t e  concen t ra t ions  a t  e q u i l i b r i u m  are  
genera l l y  i n  t h e  r a n  e 1000 t o  2000 mg l l ,  
above t h e  NSDWR o f  2!0 mgla. 

The above f a c t o r s  r e s u l t  p r i m a r i l y  f rom t h e  spent 
sorbent which i s  present  i n  the - res idue .  Note 
t h a t  t h e  e q u i l i b r i u m  concentrat ions observed i n  
l a b o r a t o r y  "shake" t e s t s  o f  t h i s  t y p e  probably  
represent  t h e  worst  case t h a t . c o u l d  be expected 
i n  an ac tua l  d i sposa l  s i t e .  Heat release, : 

r e s u l t i n g  f rom h y d r a t i o n  o f  t h e  c a l c i u m ~ o x i d e  
f r a c t i o n  o f  t h e  spent sorbent  upon i n i t i a l  
exposure t o  water, i s  another  p o t e n t i a l  problem 
area; t h i s  heat re lease  cou ld  necess i ta te  some 
care i n  hand l ing  t h e  residue, b u t  i s  n o t  expec- 
t e d  t o  be a major  environmental concern. 
S u l f i d e  and t o t a l  .organic  carbon a re  below detec- 
t i o n  l i m i t s  i n  t h e  leachates, and a re  n o t  expec- 
t e d  t o  be problems. None o f  t h e  15 t r a c e  
meta ls - - fo r  which some form o f  d r i n k i n g  water  
s tandard l re  u l  a t i o n l c r i t e r i o n  e x i  sts--exceeds 
t h a t  conceneation i n  t h e  leachate, when d i s t i l  l e d  
water i s  t h e  leach ing  medium; t r a c e  metals a r e  d is -  
cussed i n  g rea te r  l e n g t h  l a t e r .  

The res idues w i l l ,  i n  general,  probably  
n o t  be found t o  be "hazardous" under RCRA, 
accord ing t o  t h e  RCRA procedures r e c e n t l y  rom- 
u l  gated. Four c r i t e r i a  have been e s t a b l  isRed 
t o  determine whether a m a t e r i a l  i s  t o  be con- 
s ide red  "hazardous : t o x i c i t y  i g n i t a b i l  i t  
y e a c t i v i  t y  , and c o r r o s i  v i  t . h 1 aboyatory { iach- 
i n  t e s t ,  r e f e r r e d  t o  as t i e  E x t r a c t i o n  Pro- 
ce%ure, has been proposed f o r  determi n i  n  whether 
a m a t e r i a l  i s  "hazardous" due t o  t h e  t o x y c i t y  
c r i t e r i o n .  The E x t r a c t i o n  Procedure employs 
an a c e t l c  a c i d  s o l u t i o n  as t h e  leach ing  medium; 
a m a t e r i a l  i s  considered "hazardous" due t o  
t o x i c i t y  i f  t h e  leachate con ta ins  any one o f  
e i g h t  t r a c e  metals ( o r  c e r t a i n  o t h e r  m a t e r i a l s )  
a t  a  concen t ra t ion  g rea te r  than  100 t imes t h e  
Nat ional  I n t e r i m  Pr imary D r i n k i n g  Water Regu- 
l a t i o n  (NIPDWR). S ix  f l u i d i z e d - b e d  combustion 
res idues ( i n c l u d i n g , b o t h  atmospheric and pres- 
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su r i zed  spent bed' m a t e r i a l s  and f l y a s h l c a r r  - 
over  m a t e r i a l s  have been t e s t e d  by ~ e s t i n g $ o u s e  I accord ing t o  t e  E x t r a c t i o n  Procedure (Refer- 
ence 22). None o f  t h e  e i g h t  t r a c e  metals 
exceeded t h e  th resho ld  o f  100 t imes t h e  NIPDWR 
f o r  any o f  t h e  residues; hence t h e  res idues 
t e s t e d  were n o t  " h a z a r d o u s y u e  t o  t o x i c i t y .  
The o t h e r  t h r e e  c r ! t e r i a  ( i g n i t a b i l  it?, reac- 
t i y i t  and c o r r o s ~ v i t y  a re  n o t  considered a t  
t h i s  !:me t o  apply t o  f 1 uidized-bed combustion 
resi,dues (Reference 21 ). 

Although f l u i d i z e d  c o m b p t i o n  r e s i i u e s  i n  
general do no t  appear t o  be hazardous, i t  i s  
p o s s i b l e  t h a t ,  i n  some l i m i t e d  s p e c i f i c  cases, 
res idues  f rom an i n d i v i d u a l  p l a n t  may be found 
t o  be "hazardous" accord ing t o  t h e  E x t r a c t i o n  Pro- 
cedure (depending u  on t h e  s  e c l f i c  coal  burned . 
o r  t h e  s p e c i f i c  s o d e n t  used!. However, i t  
would be expected t h a t  t h e  number o f  cases where 
t h e  res idues might be "hazardous" would be small ,  
s i n c e  i n  t h e  s i x  res idues t e s t e d  w i t h  t h e  Ext rac-  
t i o n  Procedure, t h e  concentrat ions o f  t h e  e i g h t  
t r a c e  meta ls  were, i n  a l l  cases more than  an 
o rder  o f  magnitude l e s s  than 106 t imes  t h e  
NIPDWR. 

I f  f l  u i d i z ~ d - b e d  combusti on res idues a r e  
n o t  "hazardous, they w i l l  n o t  have t o  compl 
w i t h  t h e  regu la t ions  being developed under RFRA 
t o  cover t h e  generat ion and d isposa l  o f  "hazard- 
:us" wastes. However, even i f  they a re  n o t  

hazardous," t h e  res idues w i l l  i n  enera l  
e  ending upon s t a t e  requ i  rementsy s t 1  1  have !: ge discarded i n  a  " s a n i t a r y  l a n d f i l l ,  i n  

accordance w i t h  RCRA prov is ions.  One requ i re -  
ment proposed f o r  " s a n i t a r y  l a n d f i l l s "  i s  t h a t  
t h e y  should n o t  degrade groundwater t o  cause con- 
taminant  l e v e l s  i n  excess o f  t h e  NSDWR. The 
f a c t  t h a t  f l u id i zed-bed  res idue  leachate exceeds 
t h e  NSDWR f o r  H, TDS and s u l f a t e  does not,  o f  
course, ind icaee  t h a t  a l a n d f i l l  composed o f  t h e  
res idue  would necessar i l  r a i s e  groundwater con- 
c e n t r a t i o n s  above those f e v e l  s. The ac tua l  
impact on t h e  roundwater concen t ra t ions  w i l l  
depend upon a  Yarge number o f  s i t e - s  e c i f i c  
parameters. However, t h e  f a c t  t h a t  !he leachate 
exceeds t h e  NSDWR does i n d i c a t e  t h a t  a  p o t e n t i a l  
groundwater contaminat ion t h r e a t  m igh t  e x i s t ,  and 
t h i s  p o s s i b i l i t y  w i l l  have t o  be considered i n  
t h e  design and opera t ion  o f  t h e  d isposal  f a c i l i t y .  

Under t h e  Clean Water Ac t  (CWA) , EPA i s  
respons ib le  f o r  development o f  e f f l u e n t  l i m i -  
t a t i o n  u i d e l i n e s  and new source performance 
s t a n d a r l s  f o r  l i q u i d  e f f l u e n t s  f rom steam e lec -  
t r i c  p l a n t s  and o t h e r  i n d u s t r i a l  categor ies.  
Runof f  f rom a  s o l i d  res idue  d i s  osal  s i t e  would 
g e n e r a l l y  be covered by any s u c l  e f f l u e n t  stand- 
ards which a re  developed. The c u r r e n t  g u i d e l i n e s  
and standards f o r  convent ional  power 1  ants  
s  e c i f y ,  among o ther  th ings ,  t h a t  e f f y u e n t s  f rom 
t ! e  p l a n t s  should be mainta ined i n  t h e  pH range 
o f  6.0 t o  9.0. Since f l u ~ d i z e d - b e d  res idue  
leachates f r e q u e n t l y  have pH l e v e l s  h igher  than  
9, some e f f l u e n t  c o n t r o l  technology cou ld  be 
necessary, depending upon t h e  s  e c i f i c  circum- 
stances. I n  add i t i on ,  under C W ~ ,  EPA i s  consid- 
e r i n g  t h e  need f o r  e f f l u e n t  standards cover ing  
/29 substances common!y r e f e r r e d  t o  as t h e  

r i o r i t  p o l l u t a n t s ,  which were d e f i n e d  as 
t 6 e  r e s u f t  o f  a  j u d i c i a l  consent decree. The 
p r i o r i t y  p o l l u t a n t s  i n c l u d e  p r i m a r i l  complex 
o r  an ic  com ounds, b u t  a l s o  i n c l u d e  f 3  t r a c e  
mejals. E P ~  i s  screening a  v a r i e t y  o f  e f f l u e n t s  
f o r  these p o l l u t a n t s ;  t h e  c u r r e n t  minimum con- 
c e n t r a t i o n  being q u a n t i f i e d  i s  10 p a r t s  p e r  
b i l l i o n  (ppb). The 13 t r a c e  meta ls  are en- 
era1 l y  present  i n  f l  u id ized-bed res idue  Peachate 

i n  concentrat ions o f  10 t o  100 ppb o r  l e s s  when 
d i s t i l l e d  water i s  t h e  leach ing  medium. The 
f a c t  t h a t  t h e  metals are present above 10 ppb i n  
some cases does n o t  necessar i l y  mean t h a t  
e f f l u e n t  c o n t r o l s  may be required. 

Other P o t e n t i a l  P o l l u t a n t s  

The p r e v i o u s ~ d i s c u s s i o n  o f  a i r  p o l l u t a n t  
emissions and s o l ~ d  res idue  focuses on those 
p o l l u t a n t s  f o r  which standards o r  r e g u l a t i o n s  o f  
some type .a l ready  e x i s t  o r  a re  being considered. 
However, I n  a  more a n t i c i p a t o r y  r o l e ,  EPA i s  
a l s o  addressing p o t e n t i a l  p o l l u t a n t s  which may 
become o f  concern i n  t h e  fu tu re .  Comprehens~ve 
ana lyses- - inc lud i  n  chemical and b i o l o g i c a l  t e s t -  
~ n g - - a r e  being c o n b c t e d ,  o r  are planned, on t h e  
l a r g e  f l u i d i z e d - b e d  combustion u n i t s  which are 
c u r r e n t l y  i n  opera t ion  o r  under const ruct ion.  
These comprehensive analyses wi 11 consider  up 
t o  850 d i f f e r e n t  p o t e n t i a l  p o l l u t a n t s .  Th is  
l i s t  o f  substances t o  be considered a t  t h i s  stage 
has been made d e l i b e r a t e l y  l o n g  I n  an e f f o r t  t o  
ensure t h a t  no p o t e n t i a l  problem p o l l u t a n t  i s  
over1 ooked. 

I n  o rder  t o  assess t h e  r e s u l t s  from such 
extens ive comprehensive analyses, t h e  observed. 
emissions f o r  t h e  substances i d e n t i f i e d  are 
compared aga ins t  conservat ive emission goals, 
which have been developed independently f o r  
each o f  t h e  850 substances based u  on f a i r 1  sim- 
p l e  appl i c a t i o n  o f  a v a i l a b l e  h e a l t i  and ecofo- 
g i c a l  e f f e c t s  data. I f  t h e  observed emission 
exceeds t h e  independent goal l e v e l  f o r  a  s p e c i f i c  
substance, then  t h a t  substance warrants f u r t h e r  
cons idera t ion  i n  t h e  R&D e f f o r t .  

Complete com rehensive ana lys is  r e s u l t s  a re  
c u r r e n t l y  a v a i l  ab!e f rom on ly  one f l u i d i z e d -  
bed combustion f a c i l i t y ,  t h e  pressur ized M i n i  l a n t .  
B r i e f l y ,  t h e  key conclus ions from t h i s  compre%en- 
s i v e  ana lys is  are: 

O The f r a c t i o n  o f  t h e  f l y a s h l c a r r y - o v e r  smal ler  
than 10 ,m, gave a  p o s i t i v e  r e s u l t  on t h e  
Ames t e s t  f o r  muta e n i c i t  . Th is  r e s u l t  
suggests t h a t  t h e  70 urn f&ash i s  muta enic, 
and hence p o s s i b l y  carc inogenic .  ~ i m i q a r  
p o s i t i v e  Ames r e s u l t s  have been observed 
on . f l yash  f rom convent ional  b o i l e r s ,  so t h a t  
t h i s  e f f e c t  may be associated w i t h  coal  com- 
bus t ion  i n  general,.and thus n o t  necessar i l y  
a  r e f l e c t i o n  on f l  uidized-bed combustion i n  
p a r t i c u l a r .  EPA i s  conduct ing f u r t h e r  t e s t s  
t o  con f i rn i  and e x p l a i n  t h i s  r e s u l t .  

O C e r t a i n  t r a c e  inetals i n  t h e  bed mate r ia l ,  
t h e  f l y a s h  and t h e  leachate f rom t h e  bed 
m a t e r i a l  and f l  ash, exceeded t h e  con- 
s e r v a t i v e  heal  t ~ l e c o l o g i c a l  emission goals 
mentioned prev ious ly .  This  r e s u l t  does 
no t  necessar i l y  i n d i c a t e  a  problem, s ince  
t h e  goal l e v e l s  are so conservat ive. 
The r e s u l t s  suggest o n l y  t h a t  f u r t h e r  analy- 
ses a re  requ i red  as p a r t  o f  EPA1s R&D program. 
For  example, i f  t h e  element Se i s  i d e n t i f i e d  
i n  t h e  analyses ( b  spark source tilass 
spectrometry, whicx does n o t  i n d i c a t e  t h e  
compound form o f  Se), i t  i s  assumed i n  apply- 
i n g  t h e  goal l e v e l s  t h a t  a l l  o f  Se i s  present  
as t h e  most t o x i c  Se com ound t h a t  i s  
inc luded  i n  t h e  l i s t  o f  150 substances 
Since t h e  Se i s  probably  a c t u a l l y  presGnt as 
a  much l e s s  t o x i c  species, t h i s  method o f  
data i n t e r p r e t a t i o n  r e a l l y  i n d i c a t e s  o n l y  
t h a t  f u r t h e r  analyses are necessary t o  
d e f i n e  t h e  compound form o f  t h e  Se, so t h a t  
t h e  ac tua l  l e v e l  o f  environmental hazard can 
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Figure 5. [Effect of sorbent feed requirements on cost of 900 MW 
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plant with scrubber (adapted from cost projection$ by Westinghouse). 
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This conference had six technical sessions that 
were occurring in parallel and we realize that it 
was difficult to attend all the sessions that 'one 
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 Hoy, 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,OO pounds per hour of steam. The list of 
commercial and field test units that are either on 
order, in service or shortly to be in service is 
impressive. We have people like Johnson Boiler 
with orders for 15 boilers; Foster, 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 state of construction. In the Federal 
Republic of Germany, there are some two major ones 
now in use and another large one 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 

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. I 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 important, 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 is always a great incentive to 
improve the efficiency of the sulfur retention and, 
du.ring 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, we 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 freebuard 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 NOx emission is concerned. 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 NOx emission, 
thereby.increasing the target that we've got to 
meet with fluidized combustion; and so we hear 
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about two-stage combustion. Indeed, i n  order t o  
achieve e f f i c i e n t  two-stage combustion, t h i s  can 
possibly face us with some problems too. The other 
technological issues that  crop up i n  re la t ion  t o  
atmospheric pressure f lu id ized  combustion concern 
the removal o f  the  solid residues. What can we do 
about t h a t  t o  make i t  a s impler  means and c o s t  
less?  Then the other side that  i s  mentioned these 
days i s  t he  question o f  design o f  tube banks t o  
minimize the  s t resses .  

As far as f lu id ized  combustion i s  concerned, it 
i s  a t i t l e  covering a range o f  systems -- there's 
no unique system -- i n  the  similar applications and 
many v e r s i o n s  w i l l  con t inue  t o  emerge t o  meet 
s p e c i f i c  requirements. I think a feature o f  t h i s  
conference has been the so l ids  c ircula t ion  type o f  
equipment. Wc have had an i n t e r e s t ,  ourselves,  i n  
that .  At times t h i s ,  does seem t o  o f f e r  consider- 
able advantages where there are a wide range o f  
f ue l s  t o  he burned, particularly.  from the point o f  
view o f  having a wide range o f  ash con ten t  or 
most ly  mo i s ture  c o n t e n t ,  ash con ten t  and s i z e  
consist .  In the  question o f  materials ,  I th ink  . 
since the l a s t  conference, the  amount o f  operating 
time for materlals tescing must be qui te  consider- 
ab le .  I did a rough check;  I t h i n k  we must be  
covered on the various r a t e s ,  something l i k e  15,000 
hours between us on the point o f  view o f  obtaining 
data on materials and I get the  impression there i s  
cause for  cautious optimism. We were a b i t  sur- 
prised t o  f i n d ,  a f t e r  our i n t i a l  thoughts  on 
f luidized combustion and a l l  i t s  b e n e f i t s ,  that  
there could be corrosion problems, and I th ink  we 
can see  t h a t  we do have t h e  ma ter ia l s  t h a t  a re  
l i k e l y  t o  give the  sor ts  o f  l i f e  we want. But, 
above a l l ,  t h i s  needs t o  be proved. I think there 
i s  s ign i f i can t  confidence t o  proceed anyways a t  the  
moment and I hope t h e r e  won't be any delay  i n  
authorizing the  beginning o f  the  longer term t e s t s  
so that  there are no excuses la t e r  on which would 
reduce the rate o f  the  assimilation o f  t h i s  know- 
ledge in to  commercial plants. 

Now I turn  t o  the pressurized f lu id ized  combus- 
t i o n  and I th ink  as fa r  as pressurized f ludidized 
combustion i s  concerned,  i t  has been q u i t e  a 
notable year or so. I th ink  that  the  data obtained 
on the r ig s  has given us greater optimism as t o  the 
p o s s i b i l i t y  t h a t  t h e  combustion gases can be  
cleaned t o  the  extent  that  i s  necessary. Gas tur-  
bines operate s a t i s f a c t o r i l y  that  have reasonably 
low i n l e t  temperatures, say about 1400°F, perhaps 
even 1500°F, and it should be possible t o  get good 
l i f e  out o f  t he  blades. But again, t h i s  i s '  some- 
thing' that  w i l l  need t o  be proved, and the  sooner 
we can have gas t u r b i n e s  o f  a reasonable s i z e  
operat ing  w i t h  pressur ized  f l u i d i z e d  beds ,  t h e  
sooner we shal l  know whether we can exploi t  t o  the  
f u l l ,  t h e  combustion system. Now, as  f a r  as  
pressur ized  f l u i d i z e d  combustion i s  concerned,  
&here i s  a l o t  o f  work remaining i n  making sure 
that the  cyclones perform s a t i s f a c t o r i l y  and t o  
the i r  optimum conditions. I think it i s  one thing 
to' have a t ra in  o f  cyclones working under optimum 
conditions on the t e s t  r ig s  and another thing t o  
make sure that  they are going t o  do t h i s  i n  the 
f i e l d ,  particularly i f  there are parallel groups 
o f  them. And t h e r e  i s  a ,need,  o f  course ,  f o r  ' 

development o f  instrumentation which w i l l  detect  
when the  cyclones are not functioning properly, so 
t h a t  t h e  necessary  c o r r e c t i o n s  can be  adopted. 

In the  in t e res t  o f  t ime,  I w i l l  not dwell a t  
great , lengths upon the various other aspects o f  
development for  pressurized f lu id ized  combustion. 
I t  i s  a s y s t em,  o f  course ,  which ach ieves  h igh  
combustion e f f i c i e n c y  and t h e  s u l f u r  r e t e n t i o n  
e f f i c i e n c y  and NOx emission l eve l s  are a s l i gh t  
improvement over the non-pressurized. But. again, 
there i s  scope for  improvement, just  as there i s  
scope fo r  improvement i n  the a b i l i t y  t o  use a wider 
range o f  coal ,  from the point o f  view o f  minimizing 
coal preparation costs .  I th ink  we have obtained a 
l o t  o f  data fo r  operati.on under the  steady s ta t e s  
and the  main means now i s  t o  obtain more informa- 
t i o n  on the ways t o  improve start-up, load follow- 
ing a b i l i t i e s ,  and 'data fo r  the transient  condi- 
t ions.  

I t  has been a very worthwhile occasion and I'd 
l i k e  t o  congratulate the organizers o f  the  confer- 
ence and thank them for  inv i t i ng  me. Let me take . 
t h i s  opportunity t o  remember some o f  those who hove 
contributed greatly t o  the technology, but didn' t  
qui te  f i n i s h  the  course, i n  particular,  there  i s  
Douglas E l l i o t t ,  who started i n  the  game before  
most o f  u s ,  although he didn't know he had a t  that  
t ime; and then across i n  the  United S ta t e s ,  the  
pioneering team o f  Pope, Evans and Robbins had John 
Bishop, who was a great engineer; and I'd just  l i k e  
t o  pay my respects t o  them. Thank you fo r  inv i t i ng  
me and congra tu la t ions  on a good con fe rence .  

Steven I .  Freedman - Session Chairman 1 

Our next speaker i s  Manville Mayfield from the  
Tennessee Valley Authority, who w i l l  address us 
from the  perspective o f  the  group that  i s  engaged 
i n  building a u t i l i t y  scale plant. With expcecta- 
t i ons  o f  building the i r  200 and then,  hope fu l l y ,  a t  
a la t e r  date ,  a f u l l  800 megawatt scale commercial 
plant. He should have some very good ins igh t s  as 
t o  what b e n e f i t s  h i s  group has obtained from t h i s  
conference t o  aid them i n  the i r  endeavor. 

Manville Mayfield -- The U t i l i t y  User 
Tennessee Val ley  Authority 
Chattanooga, Tennessee 

Looking a t  t he  viewpoint o f  commercialization 
and the  development o f  f lu id ized  bed combustion 
from the  u t i l i t y  standpoint, it seems pretty clear 
t h a t  from a commercial s t a n d p o i n t ,  o b v i o u s l y ,  
fur ther  development i s  going t o  be necessary. The 
use o f  t he  p i lo t  plant demonstration concepts where 
you're ta lk ing  about 10X scale-ups, seems t o  be the 
prudent route and the d irec t ion  that  w i l l  probably 
be followed by u t i l i t y  industry.  Obviously, from 
the  conference, there i s  considerable in t e res t  i n  
both pressurized f lu id ized  combustion. and atmos- 
pheric f lu id ized  bed combustion. The atmospheric 
f lu id ized  bed combustion o f f e r s  the advantages o f  
simplici ty4 while the pressurized f lu id ized  bed 
combustion o f f e r s  cycle e f f i c i e n c y  and s i ze  reduc- 
t i o n  as some o f  i t s  major advantages. Nevertheless, 
I th ink  that  with the  need i n  the  U.S. and i n  the  
world, t o  burn coal more e f f i c i e n t l y ,  we need t o  



M. Mayfield # 

pursue the commercialization of fluidized bed 
technology as rapidly as is practical and prudent. 
We, representing at least one 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 Conference 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- 
tria1,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 is a lot of 
international interest in this field. I'd like to 
take just a moment and discuss what I 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, in the keynote address that he presented, 
pointed out the importance of unit availability; 
ahd 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 burn-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, whether 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 front 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 informatio,n 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 some rather important and in- 
teresting possibilities for utility boiler designs. 
The improved sulfur catcher, lower NOx emissions 
possible with two-stage combustion, the ability to 
turn down these units, improved combustion effi- 
ciency -- all offer attractive possibilities and I 

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 sone of these, so I'll prob- 
ably be repeating some of his comments. Certainly 
the question of two-stage combustion to improve 
NOx 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 industry. Westinghouse reported 
high corrosion rates on the pressurized fluidized 
combustion rig, but 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, I think, require some further technology devel- 
opment or operating means to prevent this from hap- 
pening if this technique is used. Fluidyne reported 
that, depending on the coal type used, it may or 
may not be necessary to use recycle as a means for 
achieving high combustion efficiency. Apparently 
the coal types -- some coals are very fast burning 
and achieve high combustion efficiency, 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 
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frames f o r  c o r r o s i o n  t e s t i n g .  B a t t e l l e  work f o r  
TVA showed t h a t  t h e r e  was . s i g n i f i c a n t l y  less 
c o r r o s i o n  from f l u i d i z e d  bed combustion ash then  
compared t o  t h a t  of a conven t iona l  pu lve r ized  c o a l  
f i r e d  b o i l e r .  It would c e r t a i n l y  seem obvious t h a t  
ASTM and ASME t e s t  procedures  and s t a n d a r d s  need t o  
b e  developed s o  t h a t  t h e  convec t ion  pass  can b e  
p roper ly  designed t o  wi ths tand  t h e  e r o s i o n  charac- 
t e r i s t i c s  of t h e  h igher  d u s t  load ings  t h a t  we a r e  
t a l k i n g  a b o u t  w i t h  r e c y c l e d  c o n f i g u r a t i o n s .  I 
thought ano ther  s i g n i f i c a n t  p o i n t  was t h e  Fluidyne, 
and  t h i s  h a s  b e e n  c o n f i r m e d  by a c o n s i d e r a b l e  
number of sources ,  in fo rmat ion  t h a t  one feed  p o i n t  
per  18  s q u a r e  f e e t  seems t o  b e  adequate  t o  ach ieve  
good d i s t r i b u t i o n  of t h e  c o a l  and s t i l l  ach ieve  a 
minimum of c o a l  f eed  piping.  Th i s  cou ld  b e  v e r y  
s i g n i f i c n a t  and is  c e r t a i n l y  a n  improvement over  
t h e  9 s q u a r e  f e e t  t h a t  was r e p o r t e d  i n  p rev ious  
con£ erences .  

Steve,  I guess  I want t o  s a y  t h a t  I t h i n k  t h i s  
has  been a n  e x c e l l e n t  conference.  . I t h i n k  t h e r e  
has  been a l o t  of work done and we're proud t o  b e  
p a r t  of  i t .  

Steven I. Freedman - S e s s i o n  Chairman 

Thank you f o r  y o u r  k i n d  remarks .  The t h i r d  
speaker  is  Davic McKee from DuPont. The i n d u s t r i a l  
s e c t o r  i s  one s e c t o r  t h a t  cou ld  ve ry  w e l l  be  t h e  
t a k e - o f f  i n  t h e  f l u i d i z e d  bed m a r k e t  and  i t  i s  
worthwhile,  on a pe r sona l  and i n d u s t r i a l  b a s i s ,  t o  
h e a r  t h e  r e m a r k s  f rom t h e  I n d u s t r i a l  o p e r a t o r .  

David McKee -- The I n d u s t r i a l  Operator  
E. I. DuPont Company 
Wilmington, Delaware 

I ' m  w i t h  t h e  e n g i n e e r i n g  d e p a r t m e n t  of  E.I.  
DuPont and p a r t  of a group t h a t  is  involved w i t h  
t h e  t e c h n i c a l  assessment  of evo lv ing  technology a s  
i t  a f f e c t s  our  bus iness .  I n  t h i s  r e s p e c t  I have 
been involved i n  f l u i d i z e d  bed technology f o r  c l o s e  
t o  t e n  years .  We do n o t  have any f l u i d i z e d  bed 
b o i l e r s  w i t h i n  our  c o r p o r a t e  l i m i t s ;  however we 
have been us ing  f l u i d i z e d  bed technology i n  o u r  
p rocess  r e a c t o r s  f o r  over  25 y e a r s  and have been 
fo l lowing  t h e  development of f l u i d i z e d  bed tech- 
nology, i n  t h e  U.S. and abroad,  on a con t inu ing  
b a s i s  f o r  many y e a r s .  So I t h i n k  we a r e  i n  a 
p o s i t i o n  t o  s t a n d  o f f  a t  a d i s t a n c e  and obse rve  t h e  
work t h a t  you're doing and hopefu l ly  g i v e  you some 
i n t e l l i g e n t  comments. 

DuPont ' s  i n t e r e s t  i s  b r o a d e r  t h a n  j u s t  t h e  
development of c o a l  f i r e d  f l u i d i z e d  bed b o i l e r s .  We 
have i n t e r e s t  i n  us ing  c o a l  a s  a f i r i n g  mechanism 
f o r  p rocess  h e a t e r s  a s  w e l l ,  and i n  a minor sense ,  
we a r e  i n t e r e s t e d  i n  combined c y c l e  co-generation. 
Our primary i n t e r e s t  is i n  a tmospheric  u n i t s  a l -  
though we a r e  keeping a b r e a s t  of your p r e s s u r i z e d  
developments. To put  t h i n g s  i n  p e r s p e c t i v e ,  we a t  
DuPont, l a s t  yea r  used about 33% c o a l  t o  g e n e r a t e  
our  s team load.  I f  t h e  p r e s e n t  world s i t u a t i o n  and 
e n e r g y  s i t u a t i o n  c o n t i n u e s ,  by  t h e  end of  t h e  
decade, we probably w i l l  b e  us ing  c o a l  t o  g e n e r a t e  
75% of our  s team load. So we've made a commitment 
a s  a c o r p o r a t i o n  t h a t  c o a l  i s  t h e  f u e l  of  t h e  
f u t u r e  f o r  r a i s i n g  steam. As you're w e l l  aware, 

t h e  chemical i n d u s t r y  depends h e a v i l y  on petroleum 
and n a t u r a l  g a s  a s  a f eeds tock .  For many of our  
p roduc t s  depend on t h e  carbon-hydrogen molecules  
f o r  t h e i r  manufacture. As  a r e s u l t ,  we're s t r o n g l y  
i n  f a v o r  o f  any  t e c h n o l o g y  t h a t  p r o t e c t s  t h o s e  
petroleum and n a t u r a l  g a s  r e s o u r c e s  f o r  t h e i r  end 
u s e  a s  a f eeds tock  as opposed t o  a b o i l e r  f u e l .  
Within our  p l a n t s ' i n  t h i s  c o u n t r y  and abroad,  we 
have a v e r y  l a r g e  b o i l e r  opera t ion .  We have about  
every type  of conce ivab le  des ign  s t i l l  i n  opera- 
t i o n ,  from r i v e t e d  drum, hand-f i red s t o k e r s ,  a l l  
t h e  way up t o  v e r y  l a r g e  s i z e d  p u l v e r i z e d  c o a l  
f i r e d  u n i t s .  Our s m a l l e r  s i z e  range  is probably i n  
t h e  10,000 pound per  hour range,  o u r  l a r g e s t  i s  i n  
t h e  m i l l i o n  pound per  hour range. So we have q u i t e  
a n  e x t e n s i v e  p o p u l a t i o n  t o  l o o k  a t .  Our s t e a m  
p r e s s u r e  is  v a r i e d  from atmospheric  a t  2 1 2 ' ~  a l l  
t h e  way up t o  1500 pounds pe r  s q u a r e  inch  a t  950°F. 
So we a r e  looking p r i m a r i l y  t o  s a t i s f y  t h e  market 
t h a t  i s  i n  t h e  100,000 o r  maybe a s  low a s  80,000 
pounds pe r  hour up t o  t h e  450,000 and 500,OO pounds 
an hour range. T h i s  is  where a m a j o r i t y  of our  
s team g e n e r a t i n g  equipment is s i z e d .  

Z am s u r e  you' a r e  aware t h a t  w i t h  today's envi- 
ronment, t h a t  we're f aced  w i t h  a l o t  of ha rd  deci-  
s i o n s  i n  i n d u s t r y ,  and when you add t h e  complexi- 
ties of inc rementa l  p r i c i n g  of n a t u r a l  gas ,  t h e  
Fue l  Use Act,  t h e  emerging new s o u r c e  performance 
s t a n d a r d s  f o r  i n d u s t r i a l  u n i t s ,  e v e r  changing waste  
d i s p o s a l  r e g u l a t i o n s  and t h e  ever  changing inves t -  
ment t a x  a n d  money m a r k e t  s i t u a t i o n s ,  i t  i s  n o  
wonder t h a t  we i n  t h e  i n d u s t r i a l  community c l a i m  t o  
b e  conse rva t ive .  At t imes ,  we've been s a i d  t o  b e  
s l i g h t l y  t o  t h e  r i g h t  of A t t i l a  t h e  Hun. We're 
s k e p t i c a l ,  we're slow t o  r e a c t ,  when we make l a r g e  
d e c i s i o n s  f o r  new steam generat , ing f a c i l i t i e s .  To 
pu t  our  b u s i n e s s  d e c i s i o n  making p rocess  i n  per- 
s p e c t i v e ,  we d o n ' t  t h i n k  we make d e c i s i o n s  any  
d i f f e r e n t l y  t h a n  any o t h e r  corpora t ion .  But f o r  
t h e  b e n e f i t  of t h o s e  of you who may n o t  b e  aware 
of how we do i t ,  l e t  me run  through t h e  c r i t e r i o n  
we use. The bottom l i n e  is  always economics, 'when 
t h i n g s  a r e  economical and i n  t h e  b e s t  i n t e r e s t  of 
t h e  c o r p o r a t e  p r o f i t s  p o s i t i o n ,  t h e n  we make a n  
investment .  You a l s o  must r e a l i z e  t h a t  we a r e  i n  
t h e  b u s i n e s s  t o  make chemical  p roduc t s  and steam 
r a i s i n g  happens t o  b e  a n  e s s e n t i a l  s e r v i c e  t h a t  
e n a b l e s  us t o  reach  t h a t  end goa l .  Many of our  
p r o c e s s e s  run  24 hours  a day, seven  days a week, 
365 days a year .  We do n o t  have a l o t  of i n s t a l l e d  
s p a r e  capac i ty .  We cannot  a f f o r d  an unexpected 
b o i l e r  ou tage  t h a t  can b r i n g  a whole p l a n t  down. 
J u s t  one shutdown of some of our  p r o c e s s  l i n e s  can 
qu ick ly  d e s t r o y  t h e  p r o f i t  p i c t u r e  f o r  t h a t  l i n e  
f o r  t h e  whole year .  So, our  management i s  r a t h e r  
h a r d - n o s e d  a b o u t  how we e v a l u a t e  t h e  t e c h n i c a l  
a s p e c t s  o f  power p r o d u c i n g  equ ipment .  We're 
w i l l i n g  t o  t a k e  r i s k s  w i t h  chemical p rocesses ,  t h a t  
i s  our  b u s i n e s s ;  bu t  when i t  comes t o  investment  i n  
power f a c i l i t i e s ,  i t  i s  a n  unders tood f a c t  t h a t  
t h o s e  f a c i l i t i e s  a r e  r e l i a b l e  and p r e d i c t a b l e .  So 
we a r e  e v a l u a t i n g  t h e  technology t o  look a t  t h e  
des ign ,  o p e r a t i n g  c h a r a c t e r i s t i c s ,  a b i l i t y  t o  meet 
t h e  environinental  r e g u l a t i o n s  and load  changing 
c h a r a c t e r i s t i c s .  I n  g e n e r a l ,  most of our  power 
producing equipment exper iences  load  swings i n  t h e  
neighborhood' of 4 t o  1 on many of our  b a t c h  type  
i n s t a l l a t i o n s .  We a r e  look ing  a t  i t  from a number 
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of viewpoints ;  c e r t a i n l y  o p e r a t i n g  and maintenance 
c o s t s  a r e  p a r t  of t h e  p i c t u r e .  So f l u i d  bed 
b o i l e r s  must compete on an economic a s  w e l l  a s  an 
o p e r a t i o n a l  b a s i s  wi th  conven t iona l  technology. We 
have a l o t  of exper ience  w i t h  c o a l  burning. We 
know how c l i n k e r s  a r e  formed. We have exper ienced 
f i r e s  i n  h o p p e r s  and  h a v e  gone  t h r o u g h  a l l  t h e  
problems i n  c o a l  handl ing systems: co ld  c o a l ,  wet 
c o a l ,  f i r s t  i n  t r a n s p o r t  l i n e s ,  e t c .  W e  hope t h e  
d e s i g n s  t h a t  a r e  e v o l v i n g  w i l l  u s e  t h e  b e s t  o f  
t h o s e  t e c h n o l o g i e s  t o  m i n i m i z e  t h e i r  i m p a c t  on  
f l u i d i z e d  bed technology. It is  my assessment  of 
t h e  l i t e r a t u r e  and t h e  work r e p o r t e d  today t h a t  t h e  
t e c h n i c a l  power is  o u t  t h e r e  t o  do t h e  job. 1 , h a v e  
no doubt  t E a t  you can b u i l d  a r e l i a b l e  b o i l e r  t h a t  
can make steam a s  w e l l  a s  a conven t iona l  c o a l  f i r e d  
u n i t .  I d o n ' t  t h i n k  we a r e  t h e r e  y e t ,  we need  
proven r e l i a b l e  s e r v i c e  i n  an i n d u s t r i a l  environ- 
ment t o  put  us  i n  t h e  p o s i t i o n  of being a buyer. 
By t h a t ,  I mean 8300 hours  of cont inuous o p e r a t i o n  
wi th  load  swinging c a p a b i l i t y .  I t h i n k  i n  t h e  nex t  
f i v e  years , '  we a r e  going t o  b e  the re .  By then ,  
t h e r e  w i l l  be  some u n i t s  on l i n e  long enough t h a t  
we can make some eva lua t ions .  

To summarize what I have heard  h e r e ,  I can say  
t h a t  I was s u r p r i s e d  t o  hea r  of t h e  a c t i v i t y  i n  
China. I was s u r p r i s e d  by t h e  magnitude of t h e  
e f f o r t .  I t h i n k  I need more in fo rmat ion  t o  dec ide  
what t h e  2000 u n i t s  f i g u r e  r e a l l y  means. But, i t  
was encouraging t h a t  t h e r e  i s  a long term commit- 
ment i n  t h a t  country. I t h i n k  our  second genera- 
t i o n  f l u i d  bed u n i t s  a r e  s t a r t i n g  t o  appear. We 
have gone through o u r  f i r s t  i t e r a t i o n s  and have 
l e a r n e d  some things .  Now we a r e  s t a r t i n g  t o  put 
our  thoughts  t o g e t h e r  and coming up w i t h  a second 
g e n e r a t i o n  t h a t  i s  more r e l i a b l e .  I am encouraged 
by t h e  work abroad i n  F in land ,  Denmark and England. 
I t h i n k  a meeting of t h i s  s o r t  is e s s e n t i a l  t o  g e t  
peop le  toge the r .  I am s u r e  t h a t  t h e  conversa t ions  
which occur  i n  t h e  h a l l s  and over  t h e  b a r s  a r e  a s  
important  and t h a t  i s  what we need t o  make t h i s  
technology go forward. The t r e n d s  I see coming a r e  
good. We a r e  evo lv ing  toward u n i t s  t h a t  r e a l i z e  
t h a t  deeper  beds  have c e r t a i n  i n h e r e n t  advantages  
such a s  lower v e l o c i t i e s .  Improved carbon u t i l i z a -  
t i o n  h a s  b e e n  k e y n o t e d  a s  a g o a l  which  must b e  
achieved. The h igher  s u l f u r  r e t e n t i o n s  with  lower 
cal.cium t o  s u l f u r  molar r a t i o s  i s  t o  o u r  advantage. 

I t h i n k  we a r e  s e e i n g  a merging of our  e f f o r t s  
and we a r e  g e t t i n g  a d i r e c t i o n .  W e  can s e e  t h e  
g o a l  l i n e  a l i t t l e  more c l e a r l y  t h a n  f i v e  y e a r s  ago 
and I t h i n k  we a r e  going t o  b e  i n  t i m e  t o  meet t h e  
market s i t u a t i o n .  Our economics a r e  d i f f i c u l t  t o  
a s s e s s  a t  t h i s  time. We need b e t t e r  economics from 
t h e  vendors  t o  make t h e  ha rd- l ine  d e c i s i o n s  which 
we need t o  make. The work t h a t  Exxon and Westing- 
house have done i n  t h e  p a s t  i s  q u i t e  h e l p f u l  i n  
d e s c r i b i n g  t h e  economics a s  we know them; but  as i n  
any evo lv ing  technology,  you never  know what t h e  
c o s t s  w i l l  b e  u n t i l  you g e t  t h e  m a n u f a c t u r i n g  
f a c i l i t i e s  s e t  up and you a r e  mass producing. I am 
s u r e  t h e  c o s t s  w i l l  come down w i t h  t ime,  bu t  i t  i s  
e n c o u r a g i n g  t h a t  t h e  e a r l y  e s t i m a t e s  make t h i s  
technology compet i t ive  bo th  from an investment  and 
an o p e r a t i n g  s t andpo in t .  Its advantages  f a r  out- 
weigh its disadvantages .  It is  r i p e  f o r  development 
and I ' m  hopefu l  t h a t  your e f f o r t s  succeed. 

Thank you. 

Steven I. Freedman - Sess ion  Chairman 

Thank you, Dave. Our next  speaker  i s  D r .  Vagn 
K o l l e r u p  f r o m  B. W .  Damp, who w i l l  g i v e  u s  h i s  
i m p r e s s i o n s  f r o m  t h e  S c a n d i n a v i a n  v i e w p o i n t .  

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

I s h a l l  t r y  t o  g i v e  my impression a s  seen  from a 
Scandinavian viewpoint.  We have l e a r n e d  a t  t h i s  
c o n f e r e n c e  t h a t  f l u i d i z e d  bed c o m b u s t i o n  i s  a 
system t h a t  works. The main i n t e r e s t  t h a t  we have 
i n  t h a t  s y s t e m  i s  d u e  t o  t h e  f a c t  t h a t  f o r  t h e  
i i r s t  t i m e ,  we h a v e  a s y s t e m  t h a t  c a n  b u r n  a l l  
s o l i d  f u e l s  and  t h i s  i s  of  s p e c i a l  i n t e r e s t  t o  
c o u n t r i e s  where we have t o  import most of our  f u e l s  
from v a r y i n g  p a r t s  of t h e  world. We g e t  c o a l  from 
A u s t r a l i a ,  A f r i c a ,  Canada, Poland and Russia  and 
t h i s  f u e l  is  of va ry ing  q u a l i t i e s .  I f  you b u i l d  
p l a n t s  f o r  c o a l  burning,  i t  i s  d i f f i c u l t  t o  . f i n d  
o n e  t h a t  w i l l  b u r n  a l l  t h e s e  f u e l s .  H e r e  t h e  
f l u i d i z e d  bed w i l l  win. We have seen  t h a t  F in land  
i s  b u i l d i n g  commercial p l a n t s  us ing  t h e  FB system. 
It  burns  wood waste ,  ba rk  waste ,  and w i l l  a l s o  burn 
c o a l .  I n  Sweden, t h e y  h a v e  b u i l t  p l a n t s  f o r  
burning household waste  and wood waste.  I n  Denmark, 
p l a n t s  have been . b u i l t  f o r  burning c o a l  and wood 
waste.  Both of t h o s e  p l a n t s  are used f o r  d i s t r i c t  
h e a t i n g  systems. 

How does  t h e  f u t u r e  look? I would t e l l  you how 
t h e  energy s i t u a t i o n  is i n  our, .  country.  A l l  our  
energy consumption is  imported from o u t s i d e  -- 99%. 
The house h e a t i n g  p o r t i o n  is  about 40% of a l l  our  
energy. It is  produced i n  o i l  f i r e d  p l a n t s .  How 
c a n  we r e p l a c e  o i l  i n  t h i s  a r e a ?  We h a v e  a s o  
c a l l e d  h e a t i n g  p l a n  f o r  t h e  whole coun t ry ;  i t  shows 
t h a t  i n  15 y e a r s ,  t h e  d i s t r i c t  h e a t i n g  system w i l l  
be  r a i s e d  50%. I n  Denmark, t h e r e  a r e  400 of t h e s e  
s t a t i o n s  and t h e  i n s t a l l a t i o n s  a r e  i n  t h e  f i v e  t o  
t e n  megawatts range,  some a l i t t l e  l a r g e r .  Here we 
see a g r e a t  oppor tun i ty  t o  u s e  t h e  f l u i d i z e d  bed 
system. The f i r s t  s t a t i o n  we have b u i l t  i s  a f i v e  
megawatt  u n i t  a n d  we h a v e  a n  o r d e r  f o r  a t e n  
megawatt  u n i t .  Those s t a t i o n s  a r e  b u i l t  i n  a 
completely  commercial way. There is no o u t s i d e  
suppor t  from anyone. 

My conc lus ion  i s  t h a t  development of a tmospheric  
f l u i d i z e d  bed p l a n t s  i n  l a r g e  s c a l e  w i l l  t a k e  some 
y e a r s  and demand r i s k - w i l l i n g  c a p i t a l .  The s m a l l e r  
s c a l e  test and p i l o t  p l a n t s  make s c a l i n g  p o s s i b l e  
t o  sites which a r e  s u i t a b l e  f o r  d i s t r i c t  h e a t i n g  
p l a n t s  and smal le r  power s t a t i o n s .  The r e s u l t  of 
t h e  system's low emission r a t e  is  t h a t  they  can b e  
placed near  towns and al lows t h e  use  of c o a l  and 
wood was te  without  environmental  problems. 

Thank you. 

Steven I. Freedman - Sess ion  Chairman 

Cont inuing wi th  our  pane l ,  P r o f e s s o r  Sh igeka t su  
Mori from t h e  Nagoya I n s t i t u t e  of Technology w i l l  
g i v e  use  t h e  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 on 
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 million tons of steam coal were 
imported. In 1990 more than 15 million tons of 
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 is 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 is 
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 NOx 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 SOx 
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 new sor- 
bents will be required. These should be developed. 
The problem for ash disposal is more critical. If 
20 million tons of steam coal is 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 under construction of a pilot plant 
of five megawatts. Our program is a little behind 
your country. We would like to exchange more 
information with your country through meetings of 
this type. I 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. Johann Batsch from KFA, wher.e he is 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. 

Johann Batsch -- The Continental Viewpoint 
Kernforschungsanlage 
Julich, Federal Republic of Germany 

I believe that I have to confine myself to the 
German viewpoint. As I alredy mentioned in my 
paper on Tuesday, it is the main intention of our 
energy research program to promote the development 
of technologies which can contribute to the future 
supply of energy for our country in economically 
favorable and environmentally 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 domestic energy 
source which is available in large quantities 
in Germany. The development of coal gasifica- 
tion and liquification processes can make con- 
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. 8 

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 one to burn 
coal in small units and is environmentally accep- 
table with automatic operation. It 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 mainly 
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 AFBC in China has to be mentioned 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 environmental protec- 
tion are greater with this technology. 2) Some 
problems in conventional FBC can be avoided with 
the circulating FBC. 3 )  Combustion efficiency is 
improved. 4) The bed area per megawatt 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 fluidized bed combustion can be developed in 
a shorter time 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. For combined heating and 
power generation, CFBC seems to be an attractive 
option, the added efficiency of PFBC is of minor 
importance. There is a growing international 
interest in this technology. 



J. Batsch 

T h i s  conference h a s  exp lo red  t h e  use  of  pres-  
s u r i z e d  f l u i d i z e d  bed combustion i n  power genera- 
t i o n  where t h e  h igher  e f f i c i e n c y  makes b e t t e r  use  
of c o a l  where it is  expensive. It h a s  been shown 
t h a t  much work i s  s t i l l  t o  b e  done  b o t h  o n  t h e  
combustion p rocess  i t s e l f  a s  w e l l  as t h e  a u x i l i a r y  
equipment used i n  t h i s  system. We have heard  t h a t  

, p r o g r e s s  h a s  b e e n  made w i t h  r e s p e c t  t o  h o t  g a s  
clean-up. There is a l s o  p rogress  i n  gas  t u r b i n e  
development. Although t h e s e  r e s u l t s  a r e  promising,  
much remains t o  be  done b e f o r e  a s o l u t i o n  t o  t h e s e  
problems can b e  reached. It seems important  t o  
pursue t h i s  work a s  e f f i c i e n c y  w i l l  b e  v a l u a b l e  i n  
t h e  f u t u r e  when c o s t s  o f , f u e l  w i l l  ,rise. 

Thank your 

Steven I. Freedman - Sess ion  Chairman 

The l a s t  s p e a k e r  w i l l  b e  B i l l  Re id .  B i l l  
R e i d  h a s  b e e n  a c t i v e  i n  t h e  t e c h n o l o g y  d e v e l -  
opment of  a l l  of t h e  c o a l  combustion t echno log ies .  
As t h e  c o a l  combustion developer ,  h e  can g i v e  us 
sobe p e r s p e c t i v e  on t h i s  l a t e s t  technology and how 
development i s  p rogress ing .  

It  seems t h a t  on f l u i d i z e d  bed combustion, we 
a r e  on t h e  v e r y  bottom of t h e  l e a r n i n g  curve. That 
cu rve  s t a r t e d  about  a q u a r t e r  m i l l i o n  y e a r s  ago 
when Peking man found h e  could g e t  f i r e  from wood. 
We know t h a t  i f  we p u t  a lump of  c o a l ,  i n  w i t h  
oxygen and r a i s e  t h e  temperature  enough t h e  s t u f f  
burns. We don't use  a l l  t h e  technology we should 
i n  p u t t i n g  t h a t  i n t o  some p r a c t i c a l  a p p l i c a t i o n .  
The s t o k e r s  of today were a l l  invented i n  t h e  e a r l y  
p a r t  of  t h e  1 9 t h  c e n t u r y .  I t  w a s n ' t  u n t i l  t h e  
1920's t h a t  i t  was r e a l i z e d  how c o a l  burned i n  a 
f u e l  bed. About 1934 t h e  d e f i n i t i v e  work on how 
carbon. and oxygen r e a c t  was done a t  MIT. There a r e  
t h r e e  s t e p s  included.  What w e  don't  know today is  
how f l u i d i z e d  combustion r e a c t i o n s  work i n t e r n a l l y .  
W e  have done a l l  o u t  development on a n  e m p i r i c a l  
eng ineer ing  b a s i s .  I n  s i t t i n g  i n  on t h e  combustion 
phenomenon s e s s i o n s  h e l d  h e r e ,  I was u p s e t  t o  f i n d  
on ly  two papers  t h a t  I heard wi th  any r e a l  know- 
l edge  of what t h e  combustion systems were t h a t  they 
were working with. I would sugges t  t o  t h e  develop- 
m e n t a l  p e o p l e  t h a t  you r e a d  some o f  t h e  o l d e r  . 
l i t e r a t u r e ,  l i k e .  t h e  I n s t i t u t e  on Fue l  o r  t h e  ASME 
Transac t ions .  You may see some glimmer of i d e a s  
t h a t  have n o t  occur red  t o  you a s  yet .  

W. T. Reid -- The Coal Combustion Developer 
Consu l t an t  
Columbus, Ohio 
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PANEL DISCUSSION 

She l ton  E h r l i c h  
E l e c t r i c  Power Research I n s t i t u t e  
Pnlo Al to ,  C a l i f o r n i a  

[Mr. E h r l i c h  spoke us ing  s l i d e s  which a r e  inc luded  , 

h e r e  i n  f igures . ]  

When Arnold asked t h a t  I s e r v e  on t h i s  pane l ,  I 
s a i d ,  "Yes, bu t  under one c o n d i t i o n  -- t h a t  you l e t  
me make a  few i n t r o d u c t o r y  r e m a r k s  b e c a u s e  t h e  
panel ,  i n  my view, r e p r e s e n t s  t h r e e  very d i s t i n c t  
i n t e r e s t  a r e a s  and I want t o  have a n  oppor tun i ty  t o  
d i s t i n g u i s h  between t h o s e  a r e a s .  Hopefully t h e  
a u d i e n c e ,  i n  l i s t e n i n g  t o  t h e  d i f f e r e n t  u s e r  
viewpoints  w i l l  a p p r e c i a t e  t h a t  some of t h e  d i f f e r -  
ences  expressed r e s u l t  from d i f f e r e n c e s  i n  needs 
and n o t  n e c e s s a r i l y  i n  t e c h n o l o g i c a l  viewpoints.  

The f i r s t  d i f f e r e n c e  I 'd l i k e  t o  i l l u s t r a t e  is 
t h e  d i f f e r e n c e  between t h e  i n d u s t r i a l  u s e r ,  t h e  
person who -needs s team and some by-product power, 
a n d  t h e  u t i l i t y  u s e r  ( F i g u r e  1). O b v i o u s l y ,  a  
l a r g e  d i f f e r e n c e  i n  t h e ' u s e r s '  needs makes f o r  a  
d i f f e r e n t  set of t e c h n i c a l  s p e c i f i c a t i o n s  f o r  a  
b o i l e r .  The profound d i f f e r e n c e  i n  s i z e  between a  
t y p i c a l  i n d u s t r i a l  f lu id ized-bed  b o i l e r  and even a  
s m a l l  u t i l i t y  s c a l e  FB b o i l e r  can b e  a  d i f f e r e n c e  
i n  kind,  n o t  j u s t  degree  (F igure  2 ) .  The bottom 
l i n e  on  t h i s  i s  t h a t  t h e  i n d u s t r i a l  steam u s e r  p u t s  
c a p i t a l  c o s t s  f i r s t  and e f f i c i e n c y  second i n  h i s  
p r i o r i t i e s .  They a r e  bo th ,  of course ,  very import- 
an t .  .On !he o t h e r  hand an e l e c t r i c  u t i l i t y  might 
put  e f f i c i e n c y  ( f u e l  c o s t s )  of t h e  p l a n t  a s  t h e  
f i r s t  p r i o r i t y ;  t h e  c o s t  of e l e c t r i c i t y  be ing  t h e  
bottom l i n e  f o r  them. Probably,  t h i s  a r i s e s  from a  
d i f f e r e n c e  i n  t h e  method of f i n a n c i n g  -- e q u i t y  
c a p i t a l  vs .  borrowed money. So, I t h i n k  t h e  indus- 
t r ia l  u s e r  and t h e  u t i l i t y  u s e r  of  s team genera t ing  
equipment w i l l  r e q u i r e  d i f f e r e n t  t h i n g s  from t h e  
developer  of a  new combustion technology. 

Now, t h e r e  i s  a  q u e s t i o n  t h a t  we're always asked 
a t  EPRI ,And I ' m  s u r e  everyone involved i n  f l u i -  
dized-be8 combustion h a s  been asked -- (F igure  3) 
which i s  b e t t e r ,  AFBC o r  PFBC? I have one s t o c k  
a n s w e r :  Bo th?  ( F i g u r e  4 )  A g a i n ,  t h e r e  i s  a  

v e r y  p r o f o u n d  d i f f e r e n c e  i n  t h e  two t e c h n i c a l  
approaches. A  conven t iona l  pu lve r ized  c o a l  power 
p l a n t  (F igure  5) simply c o n s i s t s  of a  b o i l e r  p l a n t  
and a  t u r b i n e  p l a n t .  An a tmusp l~er ic  f l u i d i z e d  bed 
would r e p l a c e  (F igure  6 )  t h e  b o i l e r  p l a n t ,  g iv ing ,  
b a s i c a l l y ,  a  c o n v e n t i o n a l ,  R a n k i n e  c y c l e  s t e a m  

. e l e c t r i c  power p l a n t  (F igure  7 )  i n  which t h e  steam 
supply i s  provided by a n  AFBC and t h e  a i r  p o l l u t i o n  
f u n c t i o n  i s  performed by t h e  l imes tone  i n  t h e  bed 
i n s t e a d  of  a n  FGD u n i t .  Now, no m a t t e r  what  
h a p p e n s  i n  t h e  deve lopment  of  combined c y c l e  
g e n e r a t i o n  -- no m a t t e r  how e f f e c t i v e  i t  i s  -- 
l a r g e  s e c t o r s  of t h e  e l e c t r i c  u t i l i t y  i n d u s t r y ,  f o r  
some long time, w i l l  i n s i s t  on making t h e i r  e lec-  
t r i c i t y  with  t h e  s t andard  kind of e l e c t r i c  power 
p l a n t  and  t h a t  w i l l  b e  t h e  m a r k e t  f o r  AFBC's. 

\ 
Now l e t ' s  look  (F igure  8 )  a t  t h e  p r e s s u r i z e d  

f l u i d i z e d  bed combustion system. It is  somewhat 
complicated because it's g o t  a  ve ry  profound need ' 

t o  c l e a n  t h e  g a s  and  i n  t h e  F i g u r e  8  we show 
cyclones  t o  do t h i s  c leaning.  

F i r s t ,  a t  t h e  combustion o u t l e t ,  we s t a r t  o f f  
wi th  l o t s  of dus t  and t h e  f i r s t  cyclone t a k e s  o u t  
some and then t h e  nex t  one t a k e s  o u t  more d u s t ,  and 
a s  i t  g e t s  t o  t h e  t u r b i n e ,  h o p e f u l l y ,  i t  is  n o t  
e q u i v a l e n t  t o  t h e  A r i z o n a  r o a d  d u s t  tes t .  (A 
p h o t o g r a p h  o f  a n  Army t a n k  i n  a  d u s t  c l o u d  was 
shown.) I n  o r d e r  t o  make t h e  t u r b i n e  s u r v i v e ,  w e  
have t o  g e t  a l l  t h e  way down t o  p r a c t i c a l l y  pure  
gas.  So, we have a  system, i n  combined c y c l e  PFBC, 
u n i q u e l y  d i f f e r e n t  f rom t h e  AFBC s y s t e m .  The 
second d i f f e r e n c e  I want you t o  unders tand is  t h a t  
t h e  e l e c t r i c  u t i l i t y  i n d u s t r y  which w i l l  u s e  
s t e a m - e l e c t r i c i t y  power p l a n t s  f o r  a  long time and 
may u s e  many combined c y c l e  power p l a n t s  w i l l  
p r o b a b l y  u s e  b o t h  i f  t h e y  a r e  b o t h  d e v e l o p e d .  
There  i s n ' t  any need t o  say  which, AFBC o r  PFBC, is 
b e t t e r  -- they bo th  a r e .  

Thank you. 
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FIGURE 6: THE CONVENTIONAL P.C. BOILER POWER PLANT 
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FIGURE 3: THE PFBC COMBINED CYCLE 
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Steven I. Freedman 
Department of Energy ' 

Germantown, Maryland 

The b i g  q u e s t i o n  t h a t  I 'd  l i k e  t o  p r e s e n t  now, 
from t h e  government's v iewpoint ,  is -- How do we 
g e t  t h i s  n a t i o n  and t h e  e n t i r e  world o f f  of t h e  
premium o i l  and gas  f u e l s  o n t o  c o a l  and o t h e r  s o l i d  
f u e l s  and  o t h e r  a v a i l a b l e  f u e l s ?  A l l  o f  t h e s e  
fuel 's  t h a t  a r e  a v a i l a b l e  are, i n  some regard  o r  
ano ther ,  a  lower g r a d e  than  o i l .  and gas  and a r e  
more d i f  f  i c u l t  t o  hand le ,  burn  and u s e  . i n  g e n e r a l ,  
i n c l u d i n g  c o n c e r n  f o r  t h e  e n v i r o n m e n t .  So t h e  
e n e r g y  c r i s i s ,  t o  a l a r g e  e x t e n t ,  i s  a  c a p i t a l  
c r i s i s  and I thank Arnie  f o r  in t roduc ing  i t  w i t h  
t h e  "E.F. Hutton t a l k s "  remark, because t h e  key t o  
every th ing  is b r i n g i n g  t h e  c o s t s  down t o  t h e  l e v e l  
where  t h e  u s e r s  c a n  u s e  c o a l  a n d  t h e s e  o t h e r  
domes t i ca l ly  a v a i l a b l e  f u e l s  wi thou t  i n c u r r i n g  an 
economic p e n a l t y  t h a t  i s  beyond what t h e  system can 
b a r e  w i t h  tole 'rance. I t h i n k  we should - k e e p  i n  
mind t h a t  t h e  f l u i d  bed technology d i d  s t a r t  a s  a  
low c o s t  b o i l e r .  I t h i n k  i t  is t h e  e n t i r e  s o l i d s  
hand l ing  equipment f o r  t h e  c o a l  f i r e d  power p l a n t  
which needs c o s t  improvement. It is  my hope t h a t  
we a r e  a b l e  t o  manage t h i s  t r a n s i t i o n  from premium 
f u e l s  t o  more d i f f i c u l t  t o  h a n d l e  f u e l s  s t i l l  
w i t h i n  t h e  framework of  t h e  h igh  s t a n d a r d  of l i v i n g  
t h a t  we have due t o  t h e  consequences of our  h igh  
energy use  ' pe r  c a p i t a ,  which is  t h e  message t h a t  
I 'd l i k e  t o  end up on. We've shown t h a t  t h i n g s  are 
t e c h n i c a l l y  f e a s i b l e  and we're on t h e  way t o  prov- 
i n g  t h a t  t h e  t h i n g s  which we can do a r e  p r a c t i c a l  
and r e l i a b l e .  We've j u s t  about  f i n i s h e d  proving 
t h a t  what we can do is  clean.  The economic chal-  
l enge  is t h e  r e a l  one f o r  market pene t ra t ion .  I 
b e l i e v e  we h a v e  t h e  a b i l i t y  t o  d o  i t ,  b u t  i t  
r e q u i r e s  some good work, a t t e n t i o n  t o  d e t a i l  and 
knowing where t h e  major l e v e r a g e s  are and t h a t ' s  i n  
t h e  c a p i t a l  c o s t s  of t h e  b a l a n c e  of p l a n t s .  

Thank you. 

Robert S t a t n i k  
Environmental P r o t e c t i o n  Agency 
Washington, D.C. 

When I was put on  a u s e r  panel ,  I was t r y i n g  t o  
f i g u r e  o u t  how t h e  EPA was a u s e r ,  and f i n a l l y  I 
decided t h a t  we're a u s e r  because of t h e  SOx and 
NOx r e d u c t i o n  p o t e n t i a l  t h a t  is a s s o c i a t e d  w i t h  
f l u i d i z e d  bed combustion. I a g r e e  wi th  S teve  i n  
t h e  s e n s e  t h a t ,  whether  f l u i d i z e d  bed combustion 
makes a  s i g n i f i c a n t  market p e n e t r a t i o n  o r  n o t  is  
very  much dependent upon t h e  economic t r ade-of f s  
between i ts  competing t echno log ies ,  t h a t  is, SNG, 
l i q u i d s  d e r i v e d  from c o a l ,  a s  w e l l  as conven t iona l  
s t o k e r  f i r e d  b o i l e r s  equipped wi th  v a r i o u s  types  of 
f l u e  g a s  d e s u l f u r i z a t i o n  o r  a i r  p o l l u t i o n  c o n t r o l  
equipment. So, i n  those  l i n e s ,  t h e  r e g u l a t i o n s  
which EPA w r i t e s  do  a l t e r  t h e  market economics and, 
i n  a s e n s e ,  may e i t h e r  c r e a t e  a  window i n  which 
f l u i d  combustion can  make a  market p e n e t r a t i o n  o r ,  
i f  t h e  EPA makes t h e  r e g u l a t i o n s  t o o  s t r i n g e n t ,  can 
s h u t  t h e  door  f o r  PBC market pene t ra t ion .  Along 
t h o s e  l i n e s ,  t h e r e  a r e  two r e g u l a t i o n s ,  one which 
EPA i s  i n  t h e  p rocess  of w r i t i n g ,  and t h e  o t h e r  
which EPA h a s  j u s t  r e c e n t l y  promulgated. t h a t  a r e  
g o i n g  t o  b e  i m p o r t a n t .  I n  t h e  u t i l i t y  b o i l e r  

s t a n d a r d  of performance, we recognized t h e  evolu- 
t i o n a r y  n a t u r e  of  FBC, e s p e c i a l l y  AFBC, and wrote  
a n  exemption t o  t h e  90% s u l f u r  r e d u c t i o n  p o t e n t i a l  
component of t h a t  r e g u l a t i o n  which, w i t h  t h e  coop- 
e r a t i o n  of  t h e  Department of Energy, w i l l  apply t o  
FPB, SRCI and s e v e r a l  of t h e  o t h e r  advanced tech- 
no log ies .  There is  a  l i m i t e d  amount of ' g e n e r a t i n g  
c a p a c i t y  t h a t  can b e  b u i l t  which t h e  s u l f u r  reduc- 
t i o n  pe rcen tage  would no t  be  requ i red  t o  b e  90% -- 
I t h i n k  80% reduc t ion  would be r e q u i r e d ,  bu t  they  
would s t i l l  be  fo rced  t o  comply wi th  t h e  1.2 l b f m i l  
BTU emiss ion  l i m i t .  

I n  t h e  i n d u s t r i a l  b o i l e r  s e c t o r ,  we a r e  cur ren t -  
l y  i n  t h e  p rocess  of  evo lv ing  a n  i n d u s t r i a l  b o i l e r  
s t a n d a r d ' o f  performance. From some of t h e  prel imi-  
nary economic s t u d i e s  we've done, depending aga in  
on which way w e  w r i t e  t h e  r e g u l a t i o n ,  we can e i t h e r  
c r e a t e  a  v e r y  s i g n i f i c a n t  impetus f o r  t h e  i n s t a l l a -  
i o n  of f l u i d i z e d  bed systems o r  we can l i m i t  i t .  I 
t h i n k  t h a t ' s  t h e  way I would p e r c e i v e  myself a s  a  
u s e r  of t h e  FBC technology. 

R.C. Read 
I n t e r n a t i o n a l  Harves te r  Co. 
Chicago, I l l i n o i s  

Today I want t o  s h a r e  with  you my viewpoint  w i t h  
regard  t o  c o a l  i n  g e n e r a l  and f l u i d i z e d  bed combus- 
t i o n  i n  a r t i c u l a r .  I n t e r n a t i o n a l  Harves te r  manufc- 
t u r e s  a  wide range  of i n d u s t r i a l  c a p i t a l  goods, 
i n c l u d i n g  t u r b o  machinery, a g r i c u l t u r a l  equipment, 
c o n s t r u c t i o n  equipment , ,and t rucks .  We a r e  n o t  a n  
e n e r g y  i n t e n s i v e  company; however ,  w e  a r e  v e r y  
energy dependent.  Small i n t e r r u p t i o n s  i n  t h e  sup- 
p l y  of f u e l  cause r a t h e r  s i g n i f i c a n t  d i s r u p t i o n s  t o  
our  manufacturing opera t ions .  Th i s  dependency h a s  
r e i n f o r c e d  our  b e l i e f  i n  t h e  n e c e s s i t y  t o  have a  
r e l i a b l e  s o u r c e  of f u e l .  

Our s t r a t e g y  w i t h  regard  t o  management of energy 
resources  is  t o  c o n c e n t r a t e  ve ry  h e a v i l y  on us ing  
energy prudent ly .  Th i s  emphasis on conse rva t ion  is  
augmented by o u r  b e l i e f  t h a t  d e r e g u l a t i o n  i s  t h e  
most e f f i c i e n t  way t o  i n c r e a s e  f u e l  s u p p l i e s .  
Notwithstanding t h e  above emphasis on conse rva t ion  
and  p o l i c y ,  we b e l i e v e  and  o u r  i n t e r n a l  e n e r g y  
f o r e c a s t  model shows t h a t  c o a l  is  t h e  most favored 
f u e l  NOW. Our index of t h e  r e l a t i v e  a v a i l a b i l i t y  
v e r s u s  c o s t  s u p p o r t s  t h i s  b e l i e f .  

I f  c o a l  i s  t h e  most d e s i r a b l e  f u e l ,  why a r e  we 
n o t  r e t r o f i t t i n g  our  p r e s e n t  f a c i l i t i e s ?  The rea- 
s o n  i s  q u i t e  c l e a r .  I n  o u r  v i e w ,  t h e  c o s t  t o  
r e t r o f i t  i s  p r o h i b i t i v e .  Our e s t i m a t e  f o r  r e t r o f i t  
of e x i s t i n g  f a c i l i t i e s  is  i n  excess  of $100 m i l -  
l i o n .  Th i s  investment  w i l l  n o t  p rov ide  one addi- 
t i o n a l  pound of  s t e a m i n g  c a p a c i t y  o r  1% more 
e f f i c i e n t  use  of energy. The $100 m i l l i o n  is  a  
l o t  of c a p i t a l  and would b e  e q u i v a l e n t  t o  about 
$4.5 b i l l i o n  a d d i t i o n a l  s a l e s  o r  an i n c r e a s e  of 54% 
above .our  record 1979 performance. The d i f f i c u l t y  
t o  recover  t h a t  c a p i t a l  by t h e  o f f s e t t i n g  b e n e f i t  
i n  t h e  c o s t  of c o a l  ve r sus  t h e  c o s t  of imported o i l  
i s  such t h a t  r e t = o f i t t i n g  is n o t  p r a c t i c a l .  

The problem t h a t  we have i n  embracing f l u i d i z e d  
bed t e c h n o l o g y  t o  t h e  p o i n t  o f  i m p l e m e n t a t i o n  
c e n t e r s  on our  pe rcep t ion  of  t h e  m a t e r i a l  hand l ing  



system being the weak link. Just Wednesday we 
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 
oil to the boiler, is not going to present anywhere 
near, the kind of maintenance problems you are 
likely to experience with the fluidized bed com- 
bustor. The point is this: IH is not an energy 
intensive industry. We prefer to manufacture 
capital goods and not steam. We are disluayed at 
this point that FBC as a technology has received 
lip service and favorable nods, but it has very few 
hours of running 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 is not representative of expected indus- 
trial operating conditions. I am not sure that even 
0,760 hours of Georgetown would be representative 
of industrial requirements; notwithstanding their 
demand of 100,000 lbs. per hour of steam. 

How do we get there? In my view, there are 
several impediments that should be addressed. I 
believe the country has no energy 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 d,eregulation 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 

. if 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 concerns 'and economics. The use of demon- 
stration projects to illustrate 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 i,s this: 
If we believe that the development of coal is the 
cornerstone of the energy policy in the United 
States, 'then we should insist upon and work to 
develop the environmental laws and regulations that 
are not a hindrance but rather an encouragement to 
the further use of this abundant resource. Thank 
you very much. 

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

I'll try not to repeat what I said earlier, but 
I think all of us in the user comunity have a lot 
of questions and we don't have a lot of good 
answers. There are a number of issues that the 

vendors have to pay close attention to as far as 
the industrial user is concerned and one of these 
issues is 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, 
I 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, minimze 
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 attention to the 
maintenance and the operability characteristics of 
the equipment. 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 is 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 I realize this is 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- 
t.ion. As a user and as a participant in the 
international marketing of new technology, I am 
aware of the frustrations of .the vendor and the 
needs of the user. 

The preceding is based upon valid concerns of a 
potential user of fluidized bed combustion sys- 
tems. I would like to be more specific and identi- 
fy some areas that are important to our industry 
and require "actual practice validation.'' 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 investment, management, 
equipment union negotiations, 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. 



Fast response to load change. We have many 
things that occur in our production pro- 
cesses that necessitate this capability. 

High reliability. While this could be iden- 
tified as "another motherhood item" I would 
like to relate to it in further detail, if 
we have the opportunity to do so later in 
these discussions. 

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

5. Simplicity of maintenance. Our maintenance 
people are ' primary maintenance people fpr 
the pulp and paper equipment and maintain 
little expertise in the power areas. 

6. 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. . - 

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

If we have more time during this session, I would 
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, Stone and Webster is, 
in a sense, an. 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 is 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 technology that 
not only the vendors, but a lot of well informed 
people, believe has reached the standard of early 
commercialization. On the other hand, we have the 
large user community that is hesitant to apply it. 

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. In our view, 

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

How can we call them both commercial warranties 
when 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 is needed in two ways: 
first, regulatory support, as Bob was saying 
before, EPA can create windows for this technology. 
Second, DOE support through the PON Program for 
commercial development 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 on 
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 a 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 lb 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 new to AEP. Last 
year almost 84% of our total 100 billion kilowatts 
of generation was from coal. In fact, AEP mined 
almost one-third of our total coal burn of 38 mil- 
lion tons last year. Utilizing our coal resources 
most efficiently, with a reasonably minimal envi- 
ronmental impact, is of prime importance at AEP. 
Developing technology to meet this task is 'also 



A. L. Jacob 

nothing new t o  AEP. S ince  , the e a r l y  1920's AEP has  
been a  pioneer  of new technology f o r  t h e  u t i l i t y  
indus t ry .  When f i r s t  e v a l u a t i n g  FBC systems i n  
1976, we decided t h a t  PFBC o f f e r e d  t h e  p o t e n t i a l  t o  
meet our  c o a l  u t i l i z a t i o n  goa l s .  

I n  e v a l u a t i n g  any  new t e c h n o l o g y ,  we a s  a  
u t i l i t y  look  a t  a  number of a s p e c t s .  These include:  
c u r r e n t  s t a t e  of t h e  technology, f l e x i b i l i t y  with  
r e s p e c t  t o  c o a l  type,  environmental  a s p e c t s ,  system 
complexity, o p e r a b i l i t y ,  p o t e n t i a l  r e l i a b i l i t y  and 
economic p r o j e c t i o n s .  A t e c h n o l o g y  t h a t  u s e s  a  
maximum amount of commercially a v a i l a b l e  hardware 
is favored.  Th i s  i s  because o p e r a b i l i t y  and main- 
t a i n a b i l i t y  a r e  extremely important  t o  a n  e l e c t r i c  
u t i l i t y .  O p e r a b i l i t y  r e q u i r e s  t h a t  a  technology 
h a v e  a f a i r l y  w i d e  l o a d  c o n t r o l  r a n g e ,  a t  good 
e f f i c i e n c y ,  i n  o r d e r  t o  meet t h e  d a i l y  requirements  
of t h e  e l e c t r i c  load.  Systems t h a t  a r e  f a m i l i a r  t o  
our  o p e r a t o r s  and maintenance people  s i m p l i f y  p l a n t  
o p e r a t i o n  which l e a d s  t o  g r e a t e r  r e l i a b i l i t y .  New 
technology should have a  h i g h e r  e f f i c i e n c y  than  
c u r r e n t  technology. Th i s  is  most e a s i l y  accom- 
p l i s h e d  by t h e  d i r e c t  combustion of c o a l .  Fur ther-  
more, p r o j e c t e d  c a p i t a l  and o p e r a t i n g  c o s t s  f o r  new 
techno log ies  should b e  l e s s  i n  o r d e r  t o  p rov ide  a  
b u f f e r  which may b e  used up i n  t r y i n g  t o  develop 
t h e  t e c h n o l o g y .  Of c o u r s e ,  t h e  new t e c h n o l o g y  
should be environmental ly  s u i t a b l e .  

We b e l i e v e  t h a t  t h e  AEP-STAL-Level PFBC Program 
c o n s i d e r s  a l l  t h e s e  a s p e c t s .  The s t a t e  o f  t h e  
technology h a s  been s i g n i f i c a n t l y  advanced by t h e  
e x c e l l e n t  r e s u l t s  from our  exper iments  a t  t h e  DOE 
sponsored Leatherhead 1000 hour t e s t .  As  we l e a r n e d  
t h i s  week, bo th  GE and C u r t i s  Wright exper iments  
y i e l d e d  s i m i l a r  r e s u l t s .  Our commerc ia l  p l a n t  
des ign  u t i l i z e s  a  maximum amount of commercially 
a v a i l a b l e  hardware. Key components such a s  t h e  
cyclone h o t  gas  clean-up system and GT-120 gas  t u r -  
b i n e  a r e  commercial hardware. The combustor des ign  
h a s  gone  t h r o u g h  t h r e e  y e a r s  o f  i t e r a t i o n  and  
has  had t h e  b e n e f i t  of f o u r  independent companies 
review. Auxi l i a ry  systems a r e  a  key c o n s i d e r a t i o n  
a t  t h i s  p o i n t  i n  time. Systems such a s  c o a l  feed- 
i n g  and ash  removal show promise of good pe r fo r -  
mance; bu t  i n  our  program, we w i l l  be  b u i l d i n g  a  
Component Tes t  F a c i l i t y  (CTF) t o  e v a l u a t e  t h e i r  
p e r f o r m a n c e  i n  a  t o t a l l y  i n t e g r a t e d  f a c i l i t y .  

AEP and  o u r  p a r t n e r s  a r e  l o o k i n g  f o r w a r d  t o  
commercialize t h i s  technology by 1986 by having i n  
o p e r a t i o n  a t  t h a t  t ime a  170 MW commercial s i z e  
PFBC p l a n t .  Our t e s t  r e s u l t s  and t h o s e  of o t h e r s  
p resen ted  dur ing  t h i s  confe rence  seem t o  be  favor-  
a b l e  towards t h i s  end. I was p a r t i c u l a r l y  p leased  
t o  l e a r n  of t h e  good r e s u l t s  from t h e  EPRI spon- 
s o r e d  bag  f i l t e r  tests.  T h e s e  d e v i c e s  w i l l  b e  
important  f o r  second g e n e r a t i o n  PFBC's when we w i l l  
pursue even h i g h e r  e f f i c i e n c i e s .  

While we have gone ve ry  f a r  i n  t h e  development 
of a n  e f f i c i e n t  and economical PFBC p l a n t  t h e r e  a r e  
those  who would l i k e  t o  t u r n  t h e  c lock  back. I am 
r e f e r r i n g  t o  one concept  which proposes  t o  use  a  
much l o w e r  g a s  t u r b i n e  i n l e t  t e m p e r a t u r e ,  w e l l  
below t h a t  a t  which t h e  e x c e l l e n t  t e s t  r e s u l t s  were 
achieved. C l e a r l y ,  t h e r e  is no t e c h n i c a l  r eason  t o  
t ake  such a  s t e p  backward a t  t h i s ,  time. The c o s t  

and e f f i e n c y  advantages  of PFBC w i t h  a moderate g a s  
t u r b i n e  i n l e t  temperature  would n o t  b e  r e a l i z e d  
and f u t u r e  t e c h n o l o g i c a l  advances would be  substan-  
t i a l l y  delayed.  .An e v a l u a t i o n  of such  a  concept ,  
based on each of t h e  a s p e c t s  I mentioned e a r l i e r ,  
would n o t  suppor t  going forward. We, as a  u t i l i t y ,  
would n o t  b e  i n t e r e s t e d  i n  t h i s  concept.  

I n  summary, we b e l i e v e  t h e  technology h a s  made a 
quantum jump t h i s  p a s t  y e a r  towards t h e  g o a l  of 
commercial izat ion of PFBC by t h e  mid-80's and AEP 
i s  proud of i ts  r o l e .  With t h e  cont inued e f f o r t s  
and a i d  of i n d u s t r y ,  and government a  commercial 
s i z e  PFBC p l a n t  w i t h  a  moderate, i n l e t  t empera tu re  
w i l l  b e  r e a l i z e d  by t h e  mid-1980's. 

  hank you. 

Jack  Ape1 
Columbus a n d  S o u t h e r n  Ohio E l e c t r i c  Company 
Columbus, Ohio 

J u s t  a  few. I t h i n k  we're behind schedule .  From 
my own p e r s o n a l  p e r s p e c t i v e ,  le t  me s a y  t h a t ,  on a  
p r i o r i t y  b a s i s ,  f i r s t  of a l l  we expec t  t o  u s e  c o a l  
a s  we a l r e a d y  do. On a  p r i o r i t y  b a s i s ,  I would look 
t o  c o a l  c l ean ing  a s  my f i r s t  p r i o r i t y ,  p r i o r  t o  
combustion. The second p r i o r i t y  i s  dur ing  combus- 
t i o n  and t h i r d  p r i o r i t y  is  a f t e r .  So, f l u i d i z e d  
bed i s  i n  t h e  " d u r i n g  combus t ion"  and  t h a t  i s  
second i n  my p r i o r i t i e s .  Kowever, c u r r e n t l y  a v a i l -  
a b l e  technology does n o t  go f a r  enough on t h e  c o a l  
c l e a n i n g  s i d e ,  s o  combustion r a p i d l y  moves t o  t h e  
f r o n t  i n  t h a t  s t a n d p o i n t -  I 'd  r a t h e r  n o t  spend t o o  
much t ime  from a u t i l i t y  p e r s p e c t i v e  f u r t h e r  than 
t h a t ,  because both Bob and Andy w i l l  have view- 
p o i n t s  s i m i l a r  t o  mine, I'm s u r e ,  a s  f a r  a s  u t i l i t y  
u s e  i s  concerned. But I thought  t h a t  you might b e  
i n t e r e s t e d  i n  t h e  program t h a t  t h e  S t a t e  of Ohio 
h a s  on f l u i d i z e d  bed and how t h a t  came about.  The 
Governor of  t h e  S t a t e  of Ohio, i n  t h e  s p r i n g  of 
1977, was faced  wi th  q u i t e  a few problems: l o s i n g  
c o a l  m a r k e t s ,  t h a t  i s  c o a l  p r o d u c t i o n ,  l o s i n g  
i n d u s t r i e s  t o  o t h e r  s t a t e s .  He formed a  committee ' 

of a  number of peop le  from a wide c r o s s  s e c t i o n  of 
a r e a s  of i n t e r e s t  and charged t h a t  committee wi th  
seek ing  o u t  a l l  of t h e  a v a i l a b l e  t e c h n o l o g i e s  and 
recommending t o  him what Ohio should do. I n  t h a t  
p rocess ,  t h e  committee looked a t  a  wide number of 
t e c h n o l o g i e s  a n d  i t  d i d  recommend t o  him, i n  I 
t h i n k  abou t  t h e  f a l l  of 1977, t h a t  a  demonstra t ion 
of f l u i d i z e d  bed combustion would be  t h e  n e a r e s t  
a v a i l a b l e  o p t i o n  t o  t h e  S t a t e  of Ohio. I t h i n k  by ' 

January of  1978, they  had e n t e r e d  i n t o  a  c o n t r a c t  
wi th  Babcock Cont rac to r s  and they began construc-  
t i o n  o f  a  r e t r o f i t  60 ,000  l b / h r  b o i l e r  a t  t h e  
C e n t r a l  Ohio P s y c h i a t r i c  Hosp i t a l .  That  u n i t  i s  
i n  i ts  f i n a l  c o n s t r u c t i o n  s t a g e s  and i n i t i a l  s t a r t -  
up s t a g e s  r i g h t  now. That doesn't  mean t h a t  i t  is  
t h e  answer, b u t  t h e  Governor f e l t  compelled t o  show 
i n d u s t r y  and pu t  s t a t e  d o l l a r s  i n t o  i t .  From t h e  
s t a n d p o i n t  of where o r  how t o  do i t ,  i t  probably i s  
n o t  i n  e x a c t l y  a n  i d e a l  l o c a t i o n .  It i s  a  r e t r o f i t  
and w h i l e  t h e  economics may n o t  b e  v e r y  good, i t  
does  prove t h a t  you can do a  r e t r o f i t .  I can ' t  
t h i n k  of any more d i f f i c u l t  a  p l a c e  t o  t r y  t o  pu t  a  
b o i l e r  i n  t h a n  t h a t  p a r t i c u l a r  i n s t a l l a t i o n .  It is  
v e r y  c o n s t r a i n e d  a s  f a r  a s  a c c e s s ,  o l d  equipment 
and a c t i v e l y  o p e r a t i n g  equipment r i g h t  b e s i d e  it .  



N e v e r t h e l e s s ,  I ' v e  f o l l o w e d  t h a t  v e r y  c l o s e l y  
throuah t h e  c o n s t r u c t i o n  s t a g e s .  When you s t and  
back and look  a t  i t  through and compare i t  w i t h  
some of  t h e  o t h e r  t echno log ies  -- s u r e  you have t h e  
FB t h e r e , ,  b u t  almost a l l  of t h e  components from a 
power g e n e r a t i n g  s t a n d p o i n t  a r e  f a m i l i a r ,  they  a r e  
n o t  t h a t  d i f f e r e n t ,  and I don't t h i n k  t h a t  r e l i a -  
b i l i t y  is going t o  b e  such a t e r r i b l e  problem. It 
is going t o  b e  a problem -- I s e e  i t  everyp lace  I 
have ' looked  -- g e t t i n g  t h e  necessa ry  o p e r a t o r  l e v e l  
of s k i l l s .  How t o  do t h a t ?  I 've  heard s e v e r a l  
o t h e r  speakers  say  they  want t o  do i t  w i t h  t h e i r  
e x i s t i n g  o p e r a t o r s  a n d  I ' m  n o t  s u r e  t h a t  t h i s  
technology w i l l  t o l e r a t e  t h a t .  I t h i n k  we're going 
t o  have t o  have a whole g e n e r a t i o n  with  a whole 
d i f f e r e n t  a t t i t u d e  toward o p e r a t i o n  and t h e  main- 
t enance  from t h e  former type  of p l a n t  o p e r a t i o n  and 
t h a t ' s  going t o  t ake  time. That 's going t o  be  a 
hindrance.  I'll l e a v e  i t  a t  t h a t .  

Robert E. Uhrig 
Advanced Systems and Technology 
F l o r i d a  Power and L i g h t  Company 
Miami, F l o r i d a  

There  is a r e c e n t  book o u t  e n t i t l e d ,  Q u a l i t y  i s  
Free. The t h e s i s  of t h i s  book i s  t h a t  t h e  c o s t  of - 
f a i l u r e ,  i s  s o  high i n  terms of customer d i s s a t i s -  
f a c t i o n ,  consequen t ia l  damages, inc reased  c o s t  o r  
h e a l t h  and s a f e t y  e f f e c t s  o r  even t h e  s u r v i v a l  of 
t h e  o r g a n i z a t i o n ,  t h a t  you simply can ' t  a f f o r d  a 
d e f e c t i v e  product.  Now without  a rgu ing  t h e  p o i n t ,  
I would i n d i c a t e  t h a t  some of t h e  p u b l i c  s e r v i c e  
commissions a r e  now p e n a l i z i n g  u t i l i t i e s  who have 
expensive,  high-performance systems such a s  n u c l e a r  
and c o a l  p l a n t s ,  t h a t  have low a v a i l a b i l i t y  and low 
r e l i a b i l i t y  performance. I would submit t o  you 
t h a t  f l u i d i z e d  bed s y s t e m s  w i l l  f a l l  i n t o  t h a t  
same ca tegory  once they a r e  commercialized, and 
t h a t  q u a l i t y  and r e l i a b i l i t y  w i l l  be  an e q u a l l y  
i m p o r t a n t  c o n s i d e r a t i o n  t h e r e .  So I ' d  l i k e  t o  
spend my remaining t ime t a l k i n g  about t h e  q u a l i t y  
programs. 

Q u a l i t y  p rograms  b e g a n  b e f o r e  World War I1 
simply a s  a means of meeting customer s a t i s f a c t i o n .  
During t h e  war, we had ' s h i p s  t h a t  broke i n  h a l f ,  
to rpedoes  t h a t  went under t h e  s h i p  o r  sometimes 
over  them, guns t h a t  d idn ' t  f i r e .  So we began what 
i s  c a l l e d  today " f a i l u r e  a n a l y s i s "  -- f i n d i n g  o u t  
what went wrong. We began t o  i d e n t i f y  t h o s e  com- 
ponents  t h a t  f a i l e d  and c o n c e n t r a t e  on improving 
t h e  r e l i a b i l i t y  o f  t h o s e  u n i t s .  We c o n t i n u e d  

through t h e  m i l i t a r y  and space programs wi th  such 
i d e a s  a s  "zero d e f e c t s "  and " e r r o r - f r e e  perform- 
ance," wi th  a s p e c i a l  a p p l i c a t i o n ,  of course ,  t o  
t h e  Apol lo  and S a t u r n  programs, where we had s o  few 
such u n i t s  t h a t  we couldn ' t  t e s t  o u t  enough of them 
b e f o r e  we had t o  put  them i n t o  s e r v i c e .  The u l t i -  
mate a p p l i c a t i o n  was t h e  nuc lea r  power p l a n t s ,  t h e  
n u c l e a r  navy ,  and  now t h e  commerc ia l  n u c l e a r  
program. 

We r e a l l y  h a v e  two k i n d s  of  p rograms  i n  t h e  
q u a l i t y  a rea .  There  is a commercial program, which 
i s  j u s t i f i e d  p r i m a r i l y  because of t h e  c o s t  reduc- 
t i o n s .  Then t h e r e  is  t h e  r e g u l a t o r y  program, where 
t h e  h e a l t h ,  s a f e t y  and w e l f a r e  of t h e  p u b l i c  is  a t  
s t ake .  I ' d  l i k e  t o  c h a r a c t e r i z e  t h e s e  two very  
qu ick ly .  I n  t h e  commercial program, a d e f e c t  o r  a 
non-performance may be  all opt ion.  I n  t h e  rcgula-  
t o r y  program, i t  i s  n o t  a n  optj.nn. I n  t h e  commer- 
c i a l  p rogram,  t h e  e m p h a s i s  i s  p r i m a r i l y  on  t h e  
p reven t ion  of f a i l u r e  with  l e s s  emphasis on t e s t i n g  
and i n s p e c t i o n .  I n  t h e  c a s e  of  t h e  r e g u l a t o r y  
program, i n s p e c t i o n  and t e s t i n g  is  a very c r i t i c a l  
p a r t  of t h e  program. I n  t h e  commercial program, 
you have no independent t h i r d  p a r t y  a u d i t  u n l e s s  
you s p e c i f i c a l l y  r e q u e s t  i t  a s  a means of i d e n t i f y -  
i n g  f a i l u r e .  I n  t h e  c a s e  of a r e g u l a t o r y  program, 
t h e r e  i s  a n  e x t e n s i v e  t h i r d  p a r t y  a u d i t  w i t h  a 
r i g o r o u s  q u a l i t y  a s s u r a n c e  and  q u a l i t y  c o n t r o l  
program developed w i t h i n  t h e  o rgan iza t ion .  I n  t h e  
c a s e  of a commercial program, proof of t h e  program 
simply r e l i e s  upon t h e  performance of t h e  equip- 
ment. I n  t h e  r e g u l a t o r y  program, e x t e n s i v e  d e t a i l e d  
documentation is  needed -- b a s i c a l l y ,  a paper t r a i l  
on a l l  a s p e c t s  of  t h e  program.  F i n a l l y ,  t h e  
p6nalty f o r  non-performance i n  a commercial program 
is u s u a l l y  i n c r e a s e d  c o s t s  o r  customer unhappiness.  
I n  a r e g u l a t o r y  p rogram,  t h e r e  a r e  f i n e s ,  t h e  
r e g u l a t o r y  o r g a n i z a t i o n  can s h u t  down your p l a n t ,  
i n  a d d i t i o n  t o  your probable  i n c r e a s e  i n  c o s t s  and 
unhappy customers.  The d i f f e r e n c e  is  u s u a l l y  a 
f a c t o r  of two o r ,  more o f t e n ,  t h r e e  i n  t h e  c o s t s  of 
t h e  programs. 

I n  conc lus ion ,  I would simply say  t h a t  t h e  FBS 
a r e  h igh  performance systems; they a r e  complex and 
they a r e  expensive and you're going t o  have t o  have 
an adequate  q u a l i t y  program t h a t  i n c o r p o r a t e s  t h e  
p e r t i n e n t  a s p e c t s  of bo th  of t h e s e  systems, what I 
would c a l l  an augmented commercial q u a l i t y  program, 
i n  o r d e r  t o  commercialize f l u i d i z e d  beds. 

Thank you. 



Q: Jack Warden, TRW 

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

A. Jack Apel 

Well, that was part of the overall program that 
the governor had. The Ohio Coal Tax originally 
was passed with a sliding scale on the sulfur 
content of the fuel and the low sulfur coals 
were penalized. That was taken to court and it 
was defeated as a tax. The motleys from that 
would have supported several other demonstra- 
tions and they still will. There is a new coal 
tax in the legislature. Its passage is eminent. 
There are one or two legislators -who have 
questions. The tax is put down as a research 
and development tax hnd the legislature ques- 
tions the research part of it, 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, is to put on 
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 with 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 space. 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. 

Q: (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 is 
reliability. The reliability can be obtained 
on any engineering plant in two different ways. 
One way which is 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 scientific 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 Department of 
Energy, but also the industry gives very 
little cooperation other than lip service, in 

supporting the research. I am sure I am 
speaking for a large number of professors 
sitting here that in order to accomplish this 
concern of reliabilities in marketing, we 
should be given due support, something similar 
to what we had when the space industry began. 

A: 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 nn fluidized bed combustion 
at EPRI. We do as much as we need. Our 
problem today is that we don't know how the 
systeni is going to be configured; we're waiting 
for the empiricists, if you want to call them 
that, to decide whether FB 5s round or square. 
When we figure that out, then there's something 
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 derived by empirical 
means and then people grew to understand them. 

Q: John Caukle, Bud Com?any, Philadelphia, 
Pennsylvania 

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? 

A: Bruno ~rodfeld 

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 it's on the 
threshold of commercialization. It requires 
now, verification, and this is the issue at 
hand. How do you convince industry to get 
involved with this process of verification so 
that then the free forces of the market take 
over? 

Q: 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 
industrialist 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 reasonable 
payback time, in the light of your corporate 
strategy, for the different industrialists? 



Secondly, if you had a retrofit situation where 
the:capital costs were, say 70% of the cost of 
a new installation, would you regard that as a 
better commercial venture than going for a new 
plant? 

A: David McKee 

I'll 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 deprecia- 
tion and the real value of money with time. 
We're finding that 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 unacceptable 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 sensitive. One 
is the ever widening split in price differen- 
tial between oil and coal and whether that is 
really going to happen or not, your crystal 
ball is 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 
split 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 
untts go to oil then to gas, back to oil, then 
back to coal again. So.we8ve 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 
new installation which has another 20 years of 
life in it as far as we're concerned with 
minimum maintenance, we'll look at that one 
pretty hard. Where at the 25 year point on a 
unit, we'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. I 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 

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 indus- 
try, projects seem to get funded when the 
internal rate of return is above 30% and I'm 
not sure where that relates to payback. But 
that is considerably over the cost of oil. 

Q: Earl Oliver, SRI, International 

I 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 is 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? 

A: 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 
NOx regulations in the past. They will probably 
be the ones 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 can 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 tn 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. 
I think the market is highly fluid and whether 
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 a response. I think the first 
part of the question is -- Why don't industrial 
users buy coal fired boilers of any kind? 
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 lb/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 was 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/lb in our instal- 
led cost. They are generally in the range that 
we feel are realistic. If you look at your 
IMR's and your discounted .cash flows and how 
much you can afford to-spend 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 is 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, we've looked so hard at some processes 
that we're find'ing out we are gofng the other 
way -- our steamloads are going down. So 
that's why we haven't been buying some boilers. 

Q: Sven Jansson, STAL-LAVAL 

I'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 I 
think fluidized bed combustion is here, gentle- 
men; it is coming, AFBC and PFBC 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 we see and that is a national type of 
consideration, but it's also a corporate type 
of consideration. Now, when you look at that 
question -- how quickly do we want it to happen 
-- then you've got to ask, how can we make this 
come about quickly. Well, the least effective 
of all ways is to start university programs. 
I'm an R6D man myself, but I have to say this, 
because then you only 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 we necessarily are thinking of today. 

There is a little book which I'd like to recom- 
mend to everyone which is called Murphy's Law 
and Other Reasons whq Things go Wrong, and you 
can pick it up at airports. In it is 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 Kossar, Session Co-Chairman 

I aprpeciate the reference to the book. I don't 
think your comment requires any answer. To try to 
summarize rather briefly, we have bad a rather 
consistent emphasis by the panelists on what the 
Defense Department calls the "ilities" -- rel'ia- 
bility, maintainability, availability. This is 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 some difference. 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 was 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 environment -- and I could say -- also 
in the utility environment. The fluidized bed 
processes are somewhat complicated. Now the answer 
that, I'll 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 one at one 
of these conferences. I'll be frank, I pressed for 
it, but I was disappointed in the number of papers 
that showed, up and even more disappointed in the 
number of participants in the audience. But, the 
manageability of any system, by people, is a key 
part of any of these technologies. Now, I 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 it? I won't try 
to expand on that one, but I can see a long time 
going on if the process is indeed sequential. The 
other point made, that if the government sees a 
role in stimulating this move toward less depend- 
ence on imported fuels, it's going to have to put 
its thinking cap on in a more collected manner 
perhaps than has been done today. 

I thank you all for coming. 
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