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COMPARATIVE ASPECTS AT SIZING OF THE FLUIDIZED
BED STEAM BOILER FURNACES FOR DIFFERENT SOLID
FUELS

Daniela HOARA', Gheorghe LAZAROIU®

In this article it is showed the sizing manner of the fluidized bed steam boiler
Sfurnaces sizing which was done for two types of fuel, presenting comparisons
between the two cases. It also showed the effect of the boiler steam flow variation
over the parameters with major sensitive from the sizing calculation.
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1. Introduction

Fluidized bed combustion technology, in the last decade is again receiving
worldwide research attention in view of its potential as an economic and
environmentally acceptable technology for combustion a lot of category of solid
fuels from fossil class. [1] According to estimates the International Energy
Agency (IEA), centralized in the annual World Energy Outlook, fuels will
account for 84 % growth in energy demand in the period 2005-2030. [2]

The fluidized bed combustion is one of the "clean" burning technology of
the solid fuel used at the steam boilers from the power plants, which significantly
reducing the air pollution comparative with other existing technologies. The
technical and environmental requirements to ensure a good combustion for this
technology are: [3]

= attainment of the flashpoint temperature of the fuel;

= realization of a bigger contact area between the fuel and the

combustion air;

= ensuring of a sufficient residence time for fuel in the combustion zone;

= realization of a complete combustion, both from "chemical" point of

view (meaning that in the flue gases should not exist combustible
gases, such as CO) and from "physical" point of view (in the
combustion products there are no vapor, drops liquid or solid
particles);

= obtaining of the combustion products which are not harmful;
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The technology penetration in the energy market requires that the
favorable decision for a technical solution to be done according to the global,
technical, economic and environmental considerations, and it must take into
account a number of applied criteria for the specific local situations. [4]

The fluidized bed combustion technology gives:

= controlling of the SO, and NOx emissions in the combustion chamber;

= elimination of the additional installations for flue gas cleaning;

= providing of a wide flexibility of the fuels usage, even with inferior

characteristics.

The promotion of this technology was not based on immediate economic
effects, but on estimation of possible fuel market fluctuations and on a permanent
limiting trend of the pollution control. [4]

In this paper was presented the influence of using different types of solid
fuels over the fluidized bed steam boiler furnaces sizing. There were considered
two types of solid fuels: lignite and bituminous shale and there were followed the
parameters with major influence over sizing. Thus, there were presented the
comparative advantages of the two cases envisaged for a boiler steam flow
variation, representing contributions to sizing of these furnaces types for the fuels
considered. Experiments conducted so far for fluidized bed combustion of the two
fuels have showed special perspectives offered by this lower fuel combustion
technology, which can be a very efficient combustion system for the constructions
expected to be achieved in the coming decades.

2. The advantages of fluidized bed combustion technology

The fluidized bed combustion technology has a series of advantages, such

as: [4][5][6]

» high combustion efficiency: thanks to favorable reaction conditions (a carbon
burning rate of 98+99%);

= emissions reducing in flue gases by adding limestone (SO, desulphurising of
80+90%), the being removed in a solid form; NOy formation is reduced within
the limits allowed by the rules, due to the furnace temperature and to the
stepwise introduction of the combustion air;

= Economic coal preparation: grinding at the size of 0+15 mm with a reduced
power consumption about 25+30%, through crushing and centrifugal
separation without coal mills;

= possibility of using a various solid fuels with high combustion efficiency: with
no major furnace changes, fluidized bed combustion boilers can use both
superior coal from 21 to 25,2 MJ/kg and inferior coal from 4,2 to SMJ/kg,
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with a high sulfur content. In a individual cases it can burn heavy fuel
products as: shale, petroleum coke, carbon electrodes, etc.;

= eclasticity in operation and a rapidly variation of the load;

= inferior fuels with high ash content are burned in boilers with fluidized bed
combustion without addition hydrocarbons;

= dry ash evacuation: the resulted dry ash with a granulation of 0+10 mm can be
used as additive for building materials. The absence of the slag crusher
removes some of the current problems of coal boilers, determining an energy
saving;

= corrosion reducing of the final heat exchange surfaces; heat transfer between
the dispersion medium solid-gas and the heat exchange surfaces occurs
primarily outside the combustion area, where the gases has been desulfurized,
avoiding the final acid corrosion.

3. Description of the fluidized bed combustion boiler

Figure 1 presents a boiler with a fluidized bed combustion technology. The
layer fluidization velocity corresponds to a pneumatic conveying system. The
particles are collected and recirculated, possibly after passing through a
conventional layer, cooled by the internal structure of a boiler. These operate at
high linear speeds of fluidized bed circulation, in order to allow a residence time
comparable to that of a gas. In the fluidized bed, circulation of the materials in the
layer and high turbulence in the combustion chamber provides a good mixing and
a long residence time of the fuel particles, providing a better combustion and
control of emissions. The fluidized bed acts as a heat carrier, stabilizing the layer
temperature.

In the fluidized bed combustion boiler, the crushed fuel and limestone
(6+12 mm) are injected into the combustion zone. The mixture of particles is
suspended in a stream of air, which is admitted through the bottom of the boiler
by means of the dispensing nozzles. Secondary air is admitted in boiler through
the top of the fuel input area to meet the combustion air supply needs.
Combustion takes place at temperatures above 850°C and the fine particles (<450
microns) are decanted into the furnace with a flue gas velocity of 4 + 6 m/s. The
particles are then collected by the solids separator and recirculated in the boiler.
Circulation of the particles provides an efficient heat transfer to the walls of the
boiler and a longer residence time for utilization of the carbon and limestone. The
main parameters of the fluidized bed combustion process are: the temperature, the
residence time and the turbulence. [5][6]

The furnace of the fluidized bed combustion boiler has a variable section
with the height. The first part of the furnace is designed for the coal layer
formation. There are heavy erosion conditions caused by the high concentration of
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solid particles, by the fluidization velocity and by the high chemical corrosion.
The heat in this area is transmitted to the circulating solid phase. The top of the
furnace area is destinated to complement the combustion. Here is mounted the
radiation evaporator system. The boiler is in & shape. After festoon, there is a dust
remover cyclone which retains a part of the ash particles. These enter through a
control valve in a heat exchanger (cooling chamber) where are cooled and then are
returned to the furnace. Due to this recirculation is maintained a constant
temperature of the recirculation gases. [5][6]

The fluidized bed combustion boiler is considered an environmentally
friendly boiler due to the fact that the fluidized bed combustion technology does
not favor the occurrence of NOy, and also, that it can be injected limestone into
the furnace to retain the sulfur and to reduce the SO, formation.
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Fig. 1. The sketch of the fluidized bed combustion boiler [5][6]

FS — festoon, CD — cyclone, VR - control valve, CR - ash cooling chamber, PARR — rotary air
preheater, ECO — economizer, CIP - high pressure part, CMP — low pressure part, ST — superheater,
S — heat exchanger, T — drum, ¢ — collector, Dp — purge flow, A — air excess coefficient, p -
pressure, t — temperature.



Comparative aspects [...] the fluidized bed steam boiler furnaces for different solid fuels 101

4. Sizing manner of the fluidized bed boiler furnace

The sizing method of the fluidized bed combustion boilers furnaces is
shown in the Figure 2, where are highlighted the main functional modules of the

technical calculations. [6][7][8]
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Fig. 2. Steps of the sizing calculation of fluidized bed boiler furnace

5. Utilization effect of various types of fuels over sizing of the fluidized
bed combustion boiler furnace

A. Input data

Parameter Notation | UM Value

. . t/h 440
Nominal flow rate of the boiler D, kels 1222
Nominal pressure of the boiler Pn bar 170,00
Nominal temperature of the boiler ty °C 570,00
Entrained ash fraction Aantr - 0,95
Feed water temperature te °C 250,00
Outlet air temperature from air preheater t”p °C 200,00
The heating capacity of the heat exchange
surface immersed in the fluidized bed Qs kW 35.000,00
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Fig. 3 presents the elemental analysis of solid fuels

calculations of the fluidized bed combustion furnace.

used in the sizing
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Fig. 3. The elemental analysis of solid fuels [6][9][11]

where: C' [%] — carbon content, H' [%] — hydrogen content, S [%] - sulfur
content, O' [%] — oxygen content, N' [%] — nitrogen content, A' [%] — ash
content, W{' [%] — moisture content.

B. Calculation of the lower fuel calorific value and of the air and flue gas

volumes
Value
Parameter Notation UM .. Bituminous
Lignite
shale
Lower heating value of the fuel Qii kJ/kg 8.153,15 5.316,95
Air and flue gas volumes VOmin mSN/kg 0,50 0,29
Air stoichiometric volume ‘A m3N/kg 2,38 1,37
Minimum wet air volume Voim m’ kg 2,41 1,40
. . 3

Carbon dioxide volume Veoa m’n/kg 0,44 0,25
Theoretical volume of the gas triatomic gases in the 3
combustion products Vior mvke 0,44 0,25
Nltrogeq volume from gases at the theoretical VNZO m3N ke 1.89 1,09
combustion
Water vapors volume at the theoretical combustion V%0 m3N/kg 0,79 0,25
Theoretical volume of the anhydrous flue gases VOgu m’y/kg 2,34 1,34
Wet flue gas volume VOg m3N/kg 3,13 1,59
Real volume of the anhydrous flue gas V(M) m’w/kg 2,57 1,48
Real volume of the water vapors in the combustion with Vino(h) m3N ke 0,79 0.25
air excess
Real volume of the flue gas at the end of the layer Vg(h) | m’wkg 3,37 1,73
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Real volume of the anhydrous flue gas Veu(h) | mPn/kg 2,81 1,61
Real volume of the water vapors in the combustion with Vino(h) mgN ke 0,79 0.25
air excess

Real volume of the flue gas at the end of the furnace V() m kg 3,60 1,87
Real volume of the anhydrous flue gas Vaulhey) m3N/kg 3,74 2,15
Real volume of the water vapors in the combustion with Vino(he) s kg 0,79 0.25
air excess

Real volume of the exhaust flue gas Vo(Aev) m’ kg 4,53 2,40

C. Calculation of the flue gases enthalpy depending on t and A

Analyzing the data presented in the table above, it appears that the real
volume value of the flue gases increases as they leave the boiler.
Utilization of the bituminous shale as fuel, which have a lower calorific
value smaller than lignite, determine a diminution of the air and flue gases
volumes, and in terms of real volumes of water vapors is found that they have a
lower value when is using bituminous shale comparative with lignite, because the
bituminous shale have a lower content of moisture than lignite.

Table 1
Variation of the flue gases enthalpy depending on t si A
L(A.0)
°tC A=l A=1,1 A=M=1,2 Aev=1,59
Lignite Bltlsl}r:: II; ous Lignite Blusl}?: 11; ous Lignite Bm;;: lréous Lignite Bltl;g: 12 ous

100 455,6 276,5 487,6 295,0 519,6 313,5 644,3 385,6
200 924.8 5649 989,1 602,1 1053,4 639,3 1304,2 784,2
400 | 1905,6 1170,8 2036,4 1246,4 2167,2 1322,0 26773 1616,9
600 | 29447 1816,9 3145,0 1932,7 33453 2048,5 4126,5 2500,1
800 | 4035,7 2486,3 4308,3 2643.9 4580,9 2801,4 5644.,0 3415,9
1000 | 51753 3195,7 55223 3396,3 5869,3 3596,8 7222,5 4379,0
1200 | 6356,1 3937,1 67794 4181,8 7202,7 4426,4 8853.,6 5380,7
1400 | 7579,5 4736,9 8080,7 5026,7 8581,9 53164 10536,7 6446,3
1600 | 8838,5 5589,1 9418,6 5924,5 9998,7 6259,8 12261,1 7567,5
1800 | 10127,7 6493,0 10787,2 6874,2 11446,7 7255,5 14018,8 8742,2
2000 | 11435,2 7398,7 12175,3 7826,4 129154 8254,2 15801,7 9922,6

After calculations enthalpies of flue gases, for the considered excess air
coefficients, it appears that these values of enthalpies increase for an increase of
the lower calorific value of the fuel.
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D. Determination of the flue gas temperature evacuated from boiler (t.,) and

of the air temperature at the air preheater entrance (t’p

Value
Parameter Notation UM - Bituminous
Lignite
shale
Flue gases temperature evacuated from the boiler te=f(pu; W) | °C 160,00 130,00
Air temperature which enter in the air preheater tp' °C 70,00 25,00
Excess air coefficient at the preheater entrance Ap' - 1,31 1,31
Excess air coefficient at the exit from the preheater A" - 1,06 1,06
E. Determination of the boiler efficiency
Value
Parameter Notation UM - Bituminous
Lignite
shale
Exhaust gases enthalpy L(Aevitey) | kl/kg 1040,25 505,15
Enthalpy of the humid air at t, Ioaum(to) kJ/kg 77,21 44,63
Specific enthalpy of the fuel at ambient temperature ico kJ/kg 60,33 30,06
Heat loss of the exhaust gas Qev kJ/kg 848,89 401,09
Heat loss of the exhaust gas Jev % 10,41 7,54
Heat loss of the residues from furnace qif % 0,07 0,39
Boiler efficiency i % 88,14 90,90

Comparing the boiler efficiencies determined for the separate use of the
two fuels, in the table above, it appears that when is using bituminous shale, boiler
has a slightly higher efficiency than lignite, due to the low moisture content,
although the lower calorific power is smaller.

F. Useful heat and fuel consumption

Value
Parameter Notation | UM _ Bituminous
Lignite
shale

Feed water pressure p'e bar 204.00 204.00
Feed water enthalpy ic kJ/kg 1086.64 1086.64
Heat exchanged in economizer Qkco kW 30.989,82 30.989,82
Heat exchanged in the evaporator system Qsv kW 139.146,31 | 139.146,31
Heat e?cchanged in the intermediary overheating system Qs KW 124.599.47 | 124.599.47
(three increments)
Heat gxchanged in the intermediary overheating system Qg KW 49.923,99 49.923,99
(two increments)
Total useful heat Qu kW 344.659,59 | 344.659,59
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The enthalpy of the humid air at the air preheater

entrance oum(ty) | kI/kg 222,71 44,63
Fuel consumption B kg/s 46,23 72,58
Actual fuel consumption Ber kg/s 45,82 72,07
Enthalpy of the moist air at the temperature t * Ioaum(t*) kJ/kg 842,50 486,98
The enthalpy of the humid air at the air preheater exit Ioaum(t”p) kJ/kg 643,04 371,69

The results of calculations presented in the table above shows that for both
types of the used fuel, it is recorded a much higher fuel consumption when is
using bituminous shale than lignite. Fuel consumption changes with the boiler
nominal steam flow variation, depending on the type of fuel used, as shown in the
Fig. 4.

Fig. 5 shows the variation of heat changed in the economizer, the
evaporator system, the intermediary overheating system in two or three
increments at the modification of the nominal steam flow of the fluidized bed
combustion boiler. It is found that with increasing of the nominal steam flow, the
amount of heat exchanged in the heat surfaces increases regardless of the type of
fuel used.
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Fig. 5 Variation of heat exchanged in the heat
exchange surfaces of the boiler according to
the nominal steam flow

Fig. 4 Variation of the fuel consumption
depending on D, for the two fuel type

G. Determination of the theoretical combustion temperature, t; the
temperature after festoon, ty, respectively at the end of the furnace, t;

Value
Parameter Notation | UM .. Bituminous
Lignite
shale
Gases enthalpy at the end of the furnace L(Ast) | kl/kg 9.018,46 5.804,15
Theoretical combustion temperature td(A) °C 1.461,62 1.503,41
Gases enthalpy at A; and tg; L(Mter) | kl/kg 5.054,31 3.296,66
Gas temperature after festoon tol °C 873,49 924,52
Flue gases temperature at the end of the furnace te °C 890,09 941,12
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From the calculations results presented in the table above, it was found
that the use of bituminous shale is achieved an increase in temperature at the end
of the boiler and therefore a heat gain that will be exploited.

Tg; and tf temperatures increases with increasing of flow rate of the steam
boiler and for using of the bituminous shale, they have a higher value, as shown in

the graphs of the Figure 6.
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Fig. 6 Variation of the tg; and t; temperatures depending on the nominal steam flow of the
fluidized bed combustion boiler for lignite and bituminous shale usage

H. Furnace calculation

Value
Parameter Notation | UM Lignite Bituminous
shale

The enthalpy of the humid air at the air preheater () | kI/ke 2.003,14 1.157.85
entrance
Enthalpy of the circulating ash I kJ/kg 627,10 404,20
Cross-sectional surface of the bottom of the furnace Fi m? 43,21 41,50
Furnace width at the bottom of the furnace L m 6,92 6,78
Furnace depth at the top of the furnace l¢ m 6,246 6,121
Cross-sectional surface of the upper part of the furnace Fi m> 117,26 99,68
Furnace width of the upper part of the furnace L¢ m 11,39 10,50
Furnace depth on the top part l¢ m 10,30 9,49
Gases enthalpy at the end of the furnace L(Astp) kl/kg 5.161,25 3.362,68
Heat exchanged by radiation in the furnace Q. kJ/kg 3.857,21 2.441,47
Furnace walls surface Fyi m? 1.845,62 1.733,12
Height of the furnace upper part hy m 42,56 43,34
Total height of the furnace hy¢ m 45,06 45,84

From the table above it appears that at the use of the bituminous shale is
achieved a decrease in the cross-sectional surface of the lower part of the furnace
respectively the cross-sectional section of the upper part of the furnace. Regarding
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their variation at the modification of the nominal steam flow, both surfaces
increase with increasing of the nominal steam flow of fluidized bed combustion
boiler, as shown in the graphs in the Figure 7.
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Fig. 7 The transverse surfaces of the upper and lower part of the furnace depending on D, for the
lignite and coal usage

The dimensions of the furnace of the fluidized bed combustion boiler it
modify case with changing of the fuel type, so, when is using lignite with a lower
calorific value bigger than bituminous shale, the size of the furnace is changed,
the sizes of the upper and lower part of the furnace increase due to the increase of
the transversal surfaces of the upper and lower parts of the boiler furnace. The
upper and lower parts dimensions of the boiler furnace increase when the nominal
steam flow of the boiler is larger, as is shown in Figure 8.
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Fig. 8 Variation of the furnace width and depth at the upper and lower parts depending on D,, for
lignite and bituminous shale utilization

From the results shown in the table above it is found that the heat
exchanged through radiation in the furnace, Q,, has a value with approximately
58% greater in the case of using lignite than bituminous shale. The increase in the
nominal steam flow of the boiler, the heat exchanged in the combustion chamber
will become smaller, as shown in Figure 9.

The sized surface of the furnace walls differ from using a fuel to another,
so, when it is using bituminous shale, this is reduced by 6% and at increasing of
the boiler steam flow this surface is increased as is shown in Figure 10.
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Fig. 9 Variation of heat exchanged by radiation in
the furnace depending on the nominal steam flow
of the boiler using lignite and bituminous shale

Fig. 10 Variation of the furnace walls surface
depending on the nominal steam flow of the
boiler using lignite and bituminous shale

fuels

utilization

The furnace height changes for using of different solid fuels. So, for
bituminous shale comparative with lignite, the total and upper part heights are
higher. At the increase of the nominal steam flow off the boiler, the furnace height
decreases increasingly more (Figure 11).
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Fig. 11 Variation of the upper and total height of the furnace depending on the nominal steam flow
of the boiler using lignite and bituminous shale fuels

5. Conclusions

I. In practice, often met steam boilers retrofitting which also have watched
changing the fuel type due to its price modification over time. The refurbishment
projects have presented an attractive economic aspects for the project beneficiary,
not only through programs offered by the State, but also by reducing the fuel
costs, because, regardless of the investment made, the weight of the fuel costs
representing 80% of the total annual costs of heating power plant with fluidized

bed combustion,
operation.[12]

referring to

the

fuel

consumption, maintenance and
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II. The fluidized bed combustion technology allow binding, the most part
of the fuel sulfur, in the form of sulphates, evacuated with the ash layer. It avoids
the corrosion phenomena in the terminal surfaces of the boilers and the harmful
emissions of SO, and SO;. For this purpose is injected in the layer,
simultaneously with the fuel, amounts of sorbents - usually limestone (CaCO3) or
dolomite. Maximum efficiency is obtained for a molar ratio Ca/S=2+3,5 and a
grinding degree of 00,3 mm. Thus, it obtain a sulfur binding from the fuel in a
proportion of 90+95%, when is added 6,24+10,92 kg of dolomite for each kg of
Sulfur. Given these issues, is preferred fuel sulfur content as low, to reduce the
amount of sorbents used for Sulfur binding. Thus, it is found following aspects:
= bituminous shale has a lower sulfur content of 47,5% than lignite;
= fuel consumption for bituminous shale usage compared with lignite is higher

with 57%;

Given these things, it appears that the use of bituminous shale, due to the
fuel sulfur content lower than lignite, is required a smaller amount of sorbent. But,
due to higher fuel consumption when is used bituminous shale compared with
lignite, is required an additional amount of sorbent for Sulfur fixing.

ITII. Comparing the boiler efficiencies determined for the separate use of
the two fuels, it was shown that when utilizing bituminous shale, boiler has a
slightly higher efficiency than with lignite, due to significantly lower moisture
content.

IV. The use of the bituminous shale as fuel achieves an increase of the
temperature at the end of the boiler and therefore a heat gain can be exploited.

V. The heat exchanged by radiation in the furnace has a much higher value
when using lignite comparative with bituminous shale (calculations presented in
this paper showing an increase by 58%).

VL. In conclusion, at the furnace sizing of the steam boilers equipped with
fluidized bed combustion technology should be considered technical, economical
and environment advantages which could have the use of different types of the
solid fuels.
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