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AJSTRACT

A oew combustion technology bas been developed
fa the last decade that permits the burning of low
quality coal, and other fuels, while maintaining
stack ewissions within State and Federal EPA
Llimits.

. Low quality fuels can be burmed directly in
fluldized~buds while takiog advantage of low
furnace temperatures amd chemical activity withia
the bad to lisit SOy and N0, emissions. The »xcel-
fent ot transfer characteristics of the fluldized
bl Laloue veenult in o eedanect Jon of toetal weat
teomites vt L Fegalvemmnt . Tests an bunds oper-
At lng a2 pressures of ame (o len atmspheres, ot
tempoeratures as high as 1600°F, and with gas
velocitics in the vicinity of four to twelve feet
per second, have prowvea the coucept. The progress
that has been made in the developwment of fluidized-
bed combustion teckmology and work curreatly under-
way are discussed.

I. COMBLLIION IX A FLUIDIZED BED

Our organization has been iavolved in com
bustion teclmology since 1906, and, through the
decades, has designed wany first-of-~fts-kind
facilicies for industry, to burn waste or by~
rroduct fuels, in addition te fossil fuels.

tne of the more prosising technologies which
will enable the use of low grade fuers in an
environmeatal Iy acceptable manner is atwmospheric
pressure flanidized-bod combust faon.

Rirvvt~contact heat trantfler Fluidized-fed
Combust ion {FRCY invelves the burning of fuels in
A bed of inert granular waterial (ash, lioestone
wr dolusite), vhich has been held in suspension
by the injertion of air through a distributfon grid
at the witom of the bed. Combustion within the
flnidized-bed is very intense with high volumetric
heat refease. and very high heat transfer rates
are vbtained with fmmersed heat exchange surface.
As a resu't, Furmace size as well as the amount of
hweat transtfer suclface amd ence, cost, §s reduced.

Fluidized=beds have been used for decades in the
chemical industry te cnhance reaction rates, but
their use in steam generators is a new concept. in
varly 1965, i started a harduare development propram
to preve that flufidization could be applied to coal
buyrning. With funding from DUF’s predecessor agency,
the 0ffice of Coal Research, we desfgned and buile
in Alexandria, Virginia, the vorld's first fluidized
bed hoiler ian late 1965.

Tests at our laboratory, as well as those per-
formed in later vears by others, on beds several
feet in size and several feet deep, opervating at
temperatures around 1600CF, and with gas velocities
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in the four to twelve feet per second range have
proven the concept. Tests bave also demonstrated
a capability of burning low-grade fuels, and

_transferring heat at average ratcs scvoral llmes

those expected in couventional beilers.

1. FUELS USED

7uel types are unlimited. Unlike 2 convention~
al ccol-fired boliler, ash prcoerties are not a
signiifcant factor here. Also, the bed temperature
is too low for the ash to soften. It is a uni-
wersal machine in that the same basic desten
applics Ffor all fuelis. Al tacls are burmed st o
ol relense rate cquivl. ot o 100,000 ftu/per
square oot of ctfevtive projected radiant sarfoce
(EPRS).

111. OPERATION

Stact-up of the combustor requires heating a
portion of the bed to a temperature hot enough
to ignite the fuel wsed. After ignition, the
temperature of the bed rises rapidly until the
system achieves thermal equilibrium.

Operating characteristics of the ped dictate
an optimm design tespevature range of 1500 -
1600°F, with excess oxygen at about J percent. At
these conditions, about 50 percent of the heat
released by the burning fuel is absorbed in the
tumersed tubes.

Solid and liguid fuels burr rapidly. The rate
is so high that at any point In time & sample of
bed material wwwld analyze at about 2 percent
carbon.

Fiveside corrosion is avoided, because the
sodium, potassiue and vanadium in the fuels, it
released, are picked up by the bed particles.

V. RIVESVILLE

The Department of Encrgy (DOE) financed 30 M
demonstration unit at Rivesville, Yest Virginia
ranks as the largest of the world's prowing
family of operativnal test instsllations. Xi*uated
at a Monongahels Power Company pgenerating statfon,
the systems were designed, and their coastruction
sypervised by Pope, Fvans and Robbins /PER). The
boiler proper was built by Foster Yheeler.

The Rivesville unit features an arvav of four
cells, with overall dimensions of 12 ft wide by
39 ft long by 20 ft high. It burns 14 tons/hr of
coal to raise 300,000 1bs of steam per hour at
1300 psig and 925°F for power genevation bv the
Pover Company.

The steam output capacity of the Rivesville
unit would more than satisfy most industrial uscrs.
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The central stat ion installations will have to
wait for a larger desastration wit, now planned
for the early 1S%0°s.

V. POLLUTION CONTRUL

Tests performed by federal agencies om our
pilot wmit established that both NCy and SO,
emissions werc held below federal EPA emission
standards for new piants. Test data showed
enissions well under i.70 1b S05/108 Btu while
burning coal with 4.8 percent sulfur; and
readings of 0.11 to 0.17 1bs per 106 Bra.

The solid fuel fed to the combustor is
normally crushed, not pulverized, to a /4 - 3/4
ionch size. A good fraction of the ash remaias
in the fluidized-bed where it is drawm off, or
if carried out with the products of combustion,
is separable in a cyclone collector. However,
in order to comply with current pollution coatrol
regulations, the use of bag-house filters, or
electrostatic precipitators are required.

Sulfur dioxide in the tluidized-bod is con-
trolled by the use of lirestone as bed material.
The bed is kept reactive either by the addivion
of fresh limestone, in a once -throux' system, or
by repeneration to recover sulfur Jioxide in
useful concentrations.

Four studies are now being undertaken by EPA
to develop alternate plans for calcium sulfate
(Caso0y) disposal. We have used it as a soil
conditioner to grow successful crops of peanuts
and corn.

To encourage wide-spread use of riC, DOE is
co-fundinp demonstration units for process steam
and for direct and indirect heating of other
fluids. One of these, which we are designing, is
a 100,000 pph unit at Georgetowm University in
Washington, D.C., to prove that coal can be burned,
in an urban area, without polluting. This is a
two cell, rather simple unit designed for in-
dustrial/insticutional use. We are using a
spreader to feed the coal. Note that we are
burning a coal with 3#I sulfur. For California
area coals and to meet Bay area emission standards
of 0.6 1b/XMBtu, about a 702 sulfur reduction is
necessary - limestone requirements would be in
the range of I# of limestone for 8% of coal.
Current major AFBC projects are being tunded by
DOE and the State of dhio. DOE §ix not carrving
the entire hurden of FBC facilities' sponsorship
in the United States. EPA is funding a test umnit
at Exxen Research in Linden, New fersey. Exxon's
aini-plant has a broad range of operating
capabilities; pressures up to 10 awm, and bed
depths of 20 fr. It completed shakedown in 1976,
and has accumulated 1,100 hours of operating time,
including a 10 day sustained run.

The Flectric Power Research fnstitute (FEPRI)
in Palo Alto is sponsoring an FBC test unit too,
with Babcock § Wilcox at fts Alliance. Ohio
research center. That facility, capable of burn-
ing 3,000 1bs of coal per hour was recently put
into its fnitial phase of test operation.

Topether with B & W (U.K.), Combustion Systems
Led. of Great RBritain designed and constructed at
Renfrew, Scotland, what's clafmed to be the

largest FBC unit runnfog in Furepe today,  Started
up in Jdunc, 1975, the 10 =q I't atmexpheric
pressure combustor (a convertoed stoker-type, water

tube heller) produces 23,000 th/hr of xteam,

American Electric Power G, Is pursuing the
pressurized FBC system which ctilizes gas turbfnes
as the main electric power producer. A small
pilot plant at Leatherhead, England, which has
been operating since the late 1960's, has de-
veloped most of the technology on wvhich the
company bases its system.

Meanwhile, the National Coal Board is
shepherding a §25 million project of the Inter-
national Energy Authority. Tlis calls for
construction in England, of a pressurized F8C
pilor plant by 1980. The unir is expected to
operate at 20 atm and yield about 20 M. Else-
where in Europe, West Germany’s state-owmed coal
rioing and energy company announced a cooperative
anreement with the Goal Boarnd.

Also, back in the United States, by 198071981,
an elevated=pacstnre unit should alse be tumiong
out 13 M, from an expacsion turbine, fed both
by combustion off-gas and air, heatod in the oils.
DOE avarded a $25 million contrict for the 13 MM,
plant to Curtiss-Wrirht Corp.

DOE is also planning a pair of facilities to
check on the compatibility and possible wodifi-
cations of various FBC system components. An
atwmospheric pressure system rated at about one-
third of the capacity of the Rivesville instal-
lation, will be built at DOE's Enerey Research
Center at Morpantown. West Virpinia, and a similar
size high pressure boiler will be constructed at
its Argonne, Illinois laboratory. DOF expects
both of the units to be onstream in the early
1980°s.

V1. EXPECTED BEXEFITS

Fluidized-bed combustion is expected to make
it possible to build industrial, process and
utility combustors within the next scveral years
that will produce the following benctits:

I. Lo grade focls, including petroleam cokee,
municipal waste, biomass amd wood chips can be
cfficiently and ecconomical by burmal, meeting clean
Air criteria, withoot the nse of stk pas oloan-
up svstems.

2. Sulfur dioxide emissions are reduced by
the limestone bed, and N0, ecnissions are reduced
by the low combustion temperatures.

3. Smaller in size and lower in cost than
presently aviilable combustor tvpes, capable of
burning high-sultfur tucls within clean air
standards. The technical factors that make this
possible are the higher heat release rates and
higher heat transter rates.

4. Plant space and construction time savings,
due to shop fabrication of the component cell
sections with expedted increase in equipment
qualicey.

5. Solid fuels of higher ash content may be
evonomically burned, since crushing §s limited.



6. Requireaents for pulverizers are
climinated since it 1s nuot necessary to reduce the
size uf the coal belou % fach.

7. Slagging probleas are eliminated stiuce the
«ambust ion tesperature s maintained below the ash
furion tesperature, -

8. Independently controlled mmltiple modules
should result in high operational availability aed
the ability te "stay on-line" if 2 mechenicael
failure occurs in a wmodule. B

9. Modular design minimizes capacity scale-up
problems.

New Federal EPA regulations are ocow being
debated. We anticipate a reduction in wew source
performance standards to .03f of particulate per

. 106 Bru, and to 0.6# of NOx for 106 Btu. For
sulphur, the battle rages between 80-90Z sulphur
removal. A comproaise wiil be reached.

the Energy bill, still stalled in Congress,
has provisions for sandatory coal conversion that
have becn agreed to by both the House and the
Senate.  All new boiler plants with capacity over
100.000.C00 Btu must burn coal as the primary fuel.

The options now available to industrial steam
users are few. So called compliance coal, low in
sulphur, will lose its designation with the anew
EPA regulations requf ‘*ug sulphur reduction.

In summation, :t is apparemt that Califormia
must learn to live with coal for the next 50 - 75
years, if it wishes to saintain its standing in
the economic community.

Since Amory Lovins has blessed FBC by includiag
it in the category of "soft technologies”, I
recomeand it to California.
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