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FLUIDIZED BED COMBUSTION
OF COALS AND ALTERNATIVE FUELS
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Abstract. The 16 MW demomstration plant at Chalmers University of Technology was
designed to burm coal but measures were taken also to allow the use of altermative

fuels.

Results of comparative tests with bituminous coal and alternative fuels, brown coal,
peat, and wood chips, are presented. The combustion characteristics of the various
fuels are illustrated with temperature and heat flux profiles in the freeboard.

It is found that the volatile fuels tend to burn to a large extent above the bed
and secondary air is necessary to complete the combustion. However, -if secondary
air is used, a combustion efficiency close to 100% is easily obtained. Bituminous
coal, on the other hand, does not readily burn with a high combustion efficiency

in the boiler used.

INTRODUCTION

There are two reasons for study-

ing the behavior of various fuels

in a fluidized bed combustor: First,
a comparison of fuels reveals their
combustion characteristics and forms
a basis for design. Second, opera-
tors of industrial and district heat-
ing boilers are interested in being
able to change from one fuel to an-
other as a consequence of the fluctu-
ations in price and availability

of the fuels.

The present study emphasizes the
first aspect and is thus concen-
trated on the combustion chamber
itself. It must be pointed out, how-
ever, that an essential problem re-
lated to the burning of different
fuels is found outside the combus-
tion chamber, namely in the hand-

ling of fuels with greatly different
volumes per unit of heat power and
with different requirements for the
design of storage and transportation
equipment.

The questions of interest in de-
signing the combustion chamber, and
indeed also in operating the boiler,
are such as: How much heat is releas-
ed in the bed and in the freeboard?
How much of the fuel is burned in

the bed? Which ranges of fuel proper-
ties can be tolerated for satis-
factory operation of the boiler?

The present investigation aims at
providing some basis for answering
this type of questiomns by study-

ing the combustion of various fuels
such as bituminous coal, brown coal,
peat, and wood. To a certain degree,
the influence of the size of the

fuel particles is also considered.

An example to illustrate the impor-
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tance of the last aspect is given
in fig. 1, which shows the change
in combustion chamber operation at
constant boiler operation but with
a gradual transition in fuel from
brown coal briquettes with a size
between 0-20 mm to the same fuel
but with a size between 20-40 mm.
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Figure 1. Change in Combustion Cham-

ber Operation with a Gradual Transi-
tion in the Fuel Size Distribution.
Brown Coal, 0-20 - 20-40 mm.

The figure shows how the control
system of the boiler increases the
bed height in order to compensate
for the increased in-bed combustion
resulting from the coarser lumps

of fuel. At the same time, the in-
creased in-bed combustion is accom-
panied by a smaller over-bed com-
bustion which leads to a decrease
in the freeboard exit temperature
and also to a decrease in the secondary’
air supply.

For a complete answer to the ques-
tions posed there are at least four
groups of influencing parameters

to consider:

@ Fuel composition (volatile mat-
ter, fixed carbon, moisture etc.)

@ Fuel particle size

® Operating conditions (load, ex-
cess-air, secondary air etc.)

® Design variables (boiler size,
fuel feed method, fluidization
velocity, recirculation ratio etc.)

The present study is focused on the
fuel composition and varies primari-

BED HEIGHT, m

ly the content of volatile matter.
As mentioned above, in one case also
the size is varied. The operating
conditions are kept as constant as
possible and the tests are carried
out in ome particular boiler.

EXPERIMENT

The Boiler

A description of the boiler used
for the test runs has previously
been published, (Svensson et al. 1982).

~Only some of the design data and

features which are important for
the subject treated are given below.

The boiler is built according to
the Eckrohr principle and produces
superheated steam (425°C, 3.2 MPa)
with a capacity of 16 MW. It oper=-
ates at atmospheric pressure.

The design fuel is bituminous coal
but alternative, more voluminous
fuels can be employed within the

limits imposed by the fuel transporta-

tion system, usually at loads less
than or equal to 65%. The fuel is fed
through the fuel chute , fig. 2,
onto the 10 m? bed surface . If
desired, the fluidizing air can be
preheated in the air-preheater

by hot water from the drum beforge

it enters into the air plenum and
the bed. Secondary air can be supp-
lied to the freeboard through nozz-
les . The distributor plate, the
walls surrounding the bed, the free-
board o and the subsequent gas
passes | consist of membrane
tubes. ATBuperheater tube bundle

is located in the bed region of the
combustion chamber. After the flue
gas passes there is a cyclone arrange-
ment from which solids can be recircu-
lated to the bed. It is not, at pres-
ent, possible to control the recircu-
lation ratio. The final cleaning

of the flue gas is achieved by a
bag-house filter.

Measurements

A data acquisition system is util-
ized for collecting the data neces-
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sary for mass and heat balances. In
addition, the gas temperature field
in the freeboard has been measured
‘with a suction pyrometer”at various
heights above the bed , as indi-
cated in fig. 2. The heat flux to
the freeboard walls is measured with
plug type heat flux meters, also

in the positions given in fig. 2.
The recorded heat fluxes are aver-
aged on every level of the free-
board in order to obtain a verti-
cal heat flux profile.

THE FUELS AND THE BED MATERIAL

Four types of fuel are used; bitumi-
nous coal, brown coal, peat, and
wood chips. They are intended to
cover a wide range of volatile con-
tent. The content of volatile matter
varies from 28 to 86% of the combus~-
tible matter.

. employed to improve the combustor

The coal used is a commercially avail-
able North American single-screened
bituminous coal less than 10 mm in
size. The German brown coal is bri-
quetted, crushed and screened be-
fore delivery. Two size fractioms

of the brown coal, <40 mm and <20 mm,
were chosen in order to investigate
the influence of the fuel parti-

cle size on the combustion process.
Indigenous peat is available in many
different qualities and sizes. The
machined peat quality used consists
of pieces 70 mm in diameter with

a length ranging from 10 to 150 mm.
Further, a considerable amount of
fines is produced in the transporta-
tion system. The wood chips, cut
from newly felled birch, are regular
in shape and measure 5x20x30 mm.

Some characteristics of the fuels

are given in table 1. The size distri-
butions of the two brown coal frac-
tions are presented in fig. 3.

The silica sand used as a bed mate-
rial is of the same size fraction
in all the present test runs. The
mass weighted mean particle size

is 0.88 mm, but the resulting bed
material size was about 0.92 mm.

OPERATING CONDITIONS

The operating conditions for the
five selected test runs are given
in table 2. The fuel in every test
is fed through the chute down onto
the bed surface. The load and the
overall excess air ratio are the

same in all cases except when peat

is the fuel. Imsufficient capacity “
of a scraper conveyer in the fuel
transportation system limited the
load to about 50% in this case.

Secondary air and air-preheat are

performance when burning the more
volatile and humid fuels.

The recycling ratio is small but
significant in the coal tests, where-
as it' is zero and megligible in the
peat and wood tests, respectively.




Table 1. Fuel Characteristics

Fuel Bituminous Brown coal Peat Wood
coal - chips
Size, mm 0-10 0-40 0-20 0-150 5x20x30

Proximate analysis:

Combustibles, 7 72.0 73.4 70.8 48.6 55.2
Ash 4 16.7 6.6 8.2 3.2 0.9
Moisture A 11.3 20.0 21.0 48.2 43.9
Ultimate analysis:
C A 83.5 69.4 56.3 51.3
H A 4.7 4.9 4.6 6.4
N A 2.0 0.8 2.0 0.3
0 A 8.8 24.0 36.5 42.0
S s A 1.0 0.9 0.6 0.02
Volatile matter, .
% of combustibles 28 59 72 86
H > kI/kg combustibles 32110 26010 21810 21250

The need for bed cooling surface, % 1 .

i.e. the bed height, depends on the = —0— 0-20 mm

fraction of fuel burmed in the bed A e— 0-40 mm

and thus changes from one fuel to § B |

another. The cooling surface config-

uration of the boiler has resulted g

in a bed level variation between S 9 ~

0.71 and 0.89 m during the present 0.1 1.0 10.0

test series. The bed temperature "DIAMETER, mm

has been allowed to vary between

806 and 895°C. Figure 3. Brown Coal Size Distribu-

tions.

Table 2. Operating Conditions

-Fuel , Bituminous Brown coal Peat  Wood

coal ' 0-40 0-20 chips
Load, 72 64 64 64 47 64
Total excess air ’ _
‘ratio based on O 1.32 1.25 1.30 1.34 . 1.31
Secondary air, %7 of total air 0 8 10 12 10
Primary air temperature, C 51 44 48 222 229
Recycling ratio, kg/kg fuel 0.2 0.1 0.1 0 0
Bed height at operation, m 0.89 0.87 0.88 0.73 0.71
Fluidizing Velocigy, m/s 1.49 1.36 1.26 0.97 1.42
Bed temperature, C- 895 885 830 806 813

o)

Flue gas temperature, C
after the freeboard exit’ . 671. 737 803 715 840
at the boiler exit 140 166 166 168 156

























