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Iatroduction

T cthe pest decade the rising prices of both oll and gas have
changed the way coal is viewed as the fuel of choice in new industrial/
commercial boilers. In addition, pollution regulations have changed
the way the combustion process is carried out and cleaned up. This
paper examines the penetration of fluidized bed cowbustion, z new boiler
technology, inte the industrial beiler market.

The Industriel Boiler Market

a. dl Fired

We define the industrial/commercial boiler as one not primarily
built for the purpose of generating pewer. In addition we will refer to
the commercial/industrial segment as the industrial market in chis paper.
Using data from a government sponsored survey,> Table 1 lists the disiri-
butlon by size of the oil fired industrizl boiler pepulation in the U.S.
Moat of the total capacity lies in the size range of 1.5 to 250 MM Btu/hr.
The number of units is quite large at over 100,000 boilers. In terms of
oil uae, the tabtle shows that gbout 3 million Ebl/day (bpd) are consumed
at 507% capacity utilizarion. The fmpact of potential szles on the coal
market is inferred from the cozl equivalent of about 270 million tons per
vear (TFY).

Coal can be delivered to an industrial user f£or under $2/MM Btu
while o0il costs over $5/milllon Btu. This 15 the driving force for
selection of coal firing over oil firing for a new facility. 1In some
inetances, the case can be made for installation of a coml fired boiler
as a substitution for or retrofit to an existing operating oil burnming
unit on the basis of rapld payback.

b. Gas Fired

The digeribution of gas fired umits is given in Teble 2. BHere
too, the preponderance of the fuel usage is in the 1.5-250 MM Btu/hr range.
The coal equivalent is 300 MM TPY at 50% utilization of capacity. There
is some tilt to very large gas fired units and it is assumed this is due
to the use of gas turbines in corbimed eycle cogeneration applications.
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The price of gas has been controlled at & low level relative
to oil and few substitutions of coal for gas have taken place. However,
the realities of the markecplace are being felt and gas prices are
catching up to oil prices. The gis fired boiler market will soon show
economic incentives £0 convert to cosl firing similar te those of the o0il
fired markert.

c. Coal Fired

The dsta for coal-fired units is showm in Table 3. Thera would
be no change in totei coal use as fluidized dDed combustors become more
common. The cost of FBC and other cosl-fired units are roughly the
same. However, there may be incentives to switch from pulverized coal-fitred
or stoker coal-fired units to fluidized bed umits for reasors of fuel
avallability and emee of weeting emission standards. Thesa advantages
of fluidized bed firing will be discussed below.

Impact_on Cosal Sales

If fluidized bed combuetion can make significant inroads in
“he industriel boiler market, it will noticeably impact the overall
coal industry. Table 4 shows the tonnage mined and used over the last
several years. We are now wining ebout 850 millien TPY. The potentisl
avgilable from industrial sales is 2 500 millien TPY increase or some
607.

Fluidized Bed Combustion (FBC)

In FBC processes,coal is burned in a bed of noncozl solids
such as sand, limestone, ash, or alumipa. The combustion process is
carriad out below 1700°F typlcally at 1550°F and & long residence time
is provided to ensure complete burnout. Table 5 lists a set of
advantages of FBC. Since the combustion temperature is relatively low,
nitrogen fixation is minimal. NO_ emissions from FBC are nearly alweys
below 0.6 1b‘MM Btu end typically 0.4 1b/MM Brtu. At the low temperatures
employed, fouling and siagzing mre not enceuntered. As a result of the
long re=idernce time combugrtion, volatile matter content is not a critical
fuel cheracreristic. Therefore low~vol fuels can be employed. As & flame
does not have to be susteined, low hesting value foels such as high ash
cozls and waste sludges can be burned. The low temperature of the FBC
bed is ideal for the capture of sclfur by limestone; F3C can be run wich
high suifur coels while complying with emission ragulztions. The used
limestone is dry and cam be disposed of with the ash. There is no sludge.
The sysctem is readily admptable to industrial scale. The coal feed does
not have to be finely ground, =nd coal in the stoker size range is a typical
feed. The ability of various units to handie ccal uander 35 mesh varies.
Tha finer sizes gensrally contribute ro carbon losses. Flue gag particulates
are cleaned up with a2 baghouse.

Figure 1 is a diagram of a fluidized bed combustion boiler.
in this unit, cosl is burned in a fluldized bad of limestone at 1550°F.
The coal is stoker grade and 1s fed over the beé by stoker spreaders.
Limesrone in the bed reacts with 50, so that the flue gas is desulfurized.
As the tewperature is lower than Chise of other combustion sysiems, the
driving force for heat rransfer is less. However, this is more than
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compensated for by the increased heat transfer of the bed solids to the
steaxn tubes immersed in the bed.

FBC Syastems in The Market Today

A ouwber of FBC gystems and manufacrurers are vylng for market
share and sales right mow. These are surveyed below with a2 brief
deseription of the design feactures of each. Many of the units are in
operation or undsr construction in their first commercial application.

8. Fopter Wheeler Boiler Corp. - Livingston, N.J.

Figure 1 is a schematic of a Foster Wheeler FBC beiler. Coal
is fed to a bed of limestone using a spreader stoker feeder. The system
uses in-bed tubes and is equipped for reinjection of fly ash to improve
burnout. Recent changes t¢ the Georgetoyn boiler pictured included
addition of refractory to the freeboard and revision of the fly ash
reinjection system., The boller hewy been operating in an urban setting

since 1979 meecing all emission requirements., Boiler efficiency has
been about 807.

U.5. and Canadisn szles are presented in Table 6. 1In additionm,
some 250,000 pph has been gsold overseas. Foster Wheeler is actively
marketing its units from 40,000 pounds per hour of steam (pph) to
600,000 pph,

b, Johnston Boiller Co. - Terrysburg, Michigan

& Johnston packaged fire tube FBC unic 1s shown in Figure 2.
The fluidized bed can be either sand or limestome dezpending om whether
desulfurizacion is required. Coal is fed just below the top of the bed
and means are provided for carbon reinjection from the settling chamber.
A 40,000 pph unit in Ohio has some 10,000 hours of operatiom behind it
and it being run with one operaror provided by the boiler owmer.

Table 7 is & listing of sales and Installarions in the U.S.
to dete. About 900,000 pph has been sold. Jolmstorn offers fire tube
packagad vnits from small sizes to 50,000 pph. Water tube units are
being offered up te 70,000 pph based on the design of 2 successfully

operating 10,000 pph unit in England; two small wumits have so far beasn
aold in the ¥.8.

Additional FBC units sold by other vendors are listed in
Table 8,

c. Struthers Wells Corp. - Winfield, Kansas
Bartelle Laboratories - Columbus, Chio

A variation on conventional FBC oparations is the deliberate
eurrairment of bed material overhead. Heatr is rthen extracted from the
bed solids and the solids are raturned to the bed. The Battella -
Struthers system shownt in Figure 3 is an example of rhis operation
variously called circuiating bed, entrained bed, or fast fluidized bed
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¢ombustion. Coal is fed into the combustor sectiom waich contains a
conventional £luldized bed and & circulating solids component. The
circulating solids, typically sand, ate taken overhead wirh ash and fine
limestone. They are then separated from the ash and limestons in a
primery cyclone and dropped into a second fluidized bed contzining heac
transfer surface. The cooled agnd is then returnsd to the combustion
zone. Separation of heat transfer and copbustion functions gives the
potential for greater flexibility of operaticms.

Using Battelle technology, sStruthers Walls Corp. designed and
built a 50,000 pph unit for Conesn dediecated to steam production for heavy

oil recovery. The unit has been opersting s:.nce winter, 1981 and has
logged over 2000 hours.

Struthers iz offering units for enmhanced oil recovéry,
cogeneration using hor air, and process heaters with commereial terms.
Battelle is currently licensing this technology for industrial boilers.

d. Curriss-Wright Corp. - Woodridge, New Jersey ‘
E. Keelar Boiler Co. - Williamsport, Pa

Curtiss~Wright is operating a 20,000 pph unit desigmed to burn
anthracite culm. A gimplified flow diagram of the system ix shoum in
Figure 4. The fluidized bed contains steam generating surface and provision
for reinjection of ¢yclone fines for enhanced carbon burnup. A4s a
considerable amount of waste s0lids are generated from the low heating i
value fuel, & fluidized bed ash cooler is added to maintain high thermal TN
efficlency. The boiler cen operate efficiently using 3100 Btu/lb fuel. ?
The unic started up in fall, 1981 and has logged 3,500 hours.

- -y

Custiss-Wright i1s marketing the unit in the U.S. and overseas
for low heating value fuels. In addition they are marketing & line of
atmospheric FBC units using an air cycle cogeneration system. The
cogeneration equipment combines the technology developed for steam
generating atmospheric FBC with Curtiss-Wright's work on pressurized
FRC which alsc uses an alr system.

Dorr-0Oliver worked on the Shemckin boiler as a subsidiary of
Curtise-Wright Corp. but it is now & subsidiary of Kemnecort Corp. Via an
exclugive arrangement with Dorr-Qliver, E. Keelar Co. offers field erected
boilers of the sam= design as the Shamokin unit in sizes of 50,000 ro
200,000 pph. A line of modular shop aseembled units (two shop assemblies
per boiler) is available from 30,000 te 80,00C pph.

2. Combustion Fogingering - Windsor, Commecticut

A schematic of the Combustioo Engineering boilegr installed
at the Grest lLakes Navel Station near Chicago iz given in Figure 5.
The unic is equipped for superheat and has operated a2t rates up to
55,000 pph vhile meeting 211 emission requirements. The c¢coal handling
and feeding system has been revised t0 yield & simpler, more reliable
system and the unit is being operated as &2 four sectiom boiler for
purposes of turndown. The Grezt Lakes unit has logged over 2,000
hours since srarcup.

C. E. is offering units warranted as to steam capaciry,
temperature and pressure. Boilers up ro 500,000 pph can be obrained.
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£. Energy Regources Co. (ERCO) - Cambridge, Massachusstits

ERCO is To start up a 30,000 pph o0il field steamer unit im
fall, 1982. The design of the unit is based upon worx done in thelr
20,000 pph test facility (Figure 6). ERCO's system features a
proprietary underbed feed system which minimizes coal distribution
probiems in the bed.

ERCO is offering its oil fileld steamer units in the U.S.
It also has a8 fire tube system developed for high ash c¢oals which
it will soon be ste=timg up overseas. The fire rube units are for
the 10,000 - 50,000 pph size vange.

E. WVWormser Engipeering Inc., - Woburn, Massaschusetts

The Wormser Grate system, shown in Figure 7, uses a paic of
superpased fluidized beds. Coal is5 burned in a fluidized bed of sand
at & remperature desigmed to give good burnout. The gases then pass
rthrough a fluidized bed of limestone In which desulfurization is
effected. Space 1s efforded for a third sectior which is used for
storage of combustion bed materizl when the umit is in a rurned down
made. The systelm 1e said to be particularly well suited for minimi=zing
NOx emissions by virtue of its staged processing configurationm.

A 70,000 pph unit %3 scheduled for startup in mid-1982 in a ;
Texas beef processing plant. A 20,000 pph retrofit to am existing
oll fired boiler 1s alsc scheduled. Wormser is offering umits up to
100,000 pph.

h. Pyropower Corp. - Ssn Dlego, Celifornia

Pyropawer Corporatiom is an equal shareholder corporation of
Genmeral Atomic and Ahlstrom, who originally developed tha technology.
A schematic of the boiler is showm in Figure 8., The system uses 2
recireulating bed process with no external fluidized bed heat exchange.
A membrane wall combustion chamber and refractory limed cyclome emclose
the recirculating dbed. Hot gases exit to comvection heat cransfer
surface and the unir is suicable for recrofit applicetioms.

Pyropower is constructing a 50,000 pph unit for the oil
field steamer markert. The unit, located near Balersfield, California,
is due to startup at the end of 1982. Ahlstrom has successfully been
operating a 200,000 pph unit fn Finland since 1981. The Fimnish
unir is fueled with peat and wood bur has been used for coal burming
tests. Pyropower is marketing the system ia sizes to 400,000 pph. .

1. Lurgl Corporation - Belmont, Califorpia

Lurgi uses a recirculating fluidized bed as pictured in
Figure 9. Coal is burmed in a fast fluidized bed which is carried
overhead to 8 hot cyclone. The underflow can be routed back ro rthe
bed or to an extermal fluidized bed heat exchanger. The system
pictured in Figure 9 will heat a moliten salt heat tramsfer fluid as

-well as raise steam. Lurgi's boiler design comes from extensive . E

experience In using fast fluidired beds for other industrial i
applications. '
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Although 1o uvnits have been sold in the U.5., th=s plant shoum
in Figure 9 is in startup with & cepacity of 83 Math., Lurgi is offering
boilers in the U.S. in sizes over 50,000 pph.

j. Stone and Webster Engineering Corp. - Baston, Massachusetts
Foster Wnegcler Boiler Corp. ~ Livimgston, New Jersey

The Stone apd Websrer solids cireulating boiler concept is
picturad in Figuwe 10. Solids are drawn off the bottom of the bed,
entrained by air upwards throogh 2 water wall riser and returned to
the bed, Fine limesrome is used for desulfurization and is removed
froe the unit with ash through che overhead system. Stome and Webster

and Poster Wheeler are offering the system in sizes ranging upwards of
50,000 pph.

application ro Powexr Generstion -

The fluidi=ed bed combustion concept can be applied to power
generaring systems. Ioward that end, Tennessee Valley Authority (IVA)
and Electric Power Research Inscirute (EPRI) have spomsored a <9C,000 pph
unit to specifically rest FBC operatioms and systems required for that e
application. The unit is locared atr TVA's Shaumee station near Paducah,
Rentucky and has accumlazted Several humdred hours of operating time.

Conclusions

The porentinl merket for fluidized ted combustion systems
is very lgrge. There are, and will contipue to be, incentives CO Te-
place gas and oil fired units with coal fueled units. A mumber of
fluidized bed combustion systems are available. The marketplace will
decide which fits best into each applicarion and which is the most
cost effective.

1
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TABLE L

Distriburion by Size of Oi] Fired Industrial Boilers

Total 1 Coal

Size Nuzber Capacicy HH( ) Equivalem:(z)

MM Bru/hr - of Uoits MM Bru/hr Bbl/day MM tops/yr

1.5 - 23 93,083 551.4 1.10 105-0
25 - 250 11,254 663.4 1.33 126.3
250 - 500 31 114.3 0.23 21.8
>500 78 74,1 0.15 14.1
Total 104,756 1403.2 2.81 267.2

1. Based on 50Z load facror and 6.0 MM Bru/Bbl

Z_. Based on 30% load factor amd 23 MM Bou/ton

Source: Reference 1




TABLE 2

I-Inu

Distribution by Size of Gas Fired Industrial Boilerzs

Total (1) coa1¢? .
Size MNumber Capacity MMM - Equivalent
MM Btu/hr of Units MMM Btu/br Cubic ft/day MM toms/yr
1.5~ 25 112,099 "598.4 7.2 114.0
25 - 250 10,860 677.6 8.1 129.0
250 - 500 339 112.6 0.4 21.4
500 ~ 1500 103 77.1 0.9 14.7
>1500 40 _172.8 _2.1 32.9 i
Total 123,441 1638.5 18.7 312.0

1. Based on 50% load facror and 1000 Btu/ft3

2. Based on 50Z load factor and 23 MM Btu/ton

Source: Reference 1 -
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TABLE 3

Distribution by Size of Coal Fired Industrial Boilers

Total Coal 1
Size Numbet Capacity Equivalent

MM Bru/ht of Units MMM Btu/hx MM Toos/yr
1.5 - 25 28,558 122.9 23.5
25 - 250 5,383 _ 405.4 77.2
250 - 500 338 108.5 20.7
>500 : 97 99.6 18.9
Total 34,376 736.4 140.2

1. Based on 50% load factor and 23 MM Bru/ton

Spurce: Raference 1
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IABLE 4

TU. 5. Cozl Industry Production and Consumption

Production Consumption
Millions Milliouns S
Year of Tons/Year of Tons/Year '
1874 776 _ 742
1980 824 789
1981 302 844
1982 880 868
2000 2000V

1. Requires an average annual growth rate of 4.7%.

Source: Trade Licerature
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TABLE 5

Advantages of Fluidized Bed Combustion

Low combustion temperature (1500-1700°F)
- Low Nox

= No fouling or slagging

Foel flexibility
- Low vol fusls -~ pet coke, anthracite
- Low heating value fuels ~ high ash, sludges

Sulfur capture by limestone
— No stack gas scrubber
— No sludge, dispoze with ash

Adaprable to industrial scale

Smzl]l rather than pulverized coal
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FOSTER WHEELER FTLUIDIZED BED STEAM GENERATOR
. GEORGETOWN UNIVERSITY
160,000 1bs./hr 675 psig. Design Pressure
Saturated Steam

Figure 1
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COMIUSTION ENGINEERING FBC BOILER
Figure 5
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