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(Important Factors for Design and Operation of CFBC Boiler)
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Abstract

The CFBC (Circuiting Fluidized Bed Combustion) boilers have been expanded after
commercialization in the early 1980s because of the improvement of reliability and the
scale—up of the unit size. It can keep competitiveness of CFBC boilers which can use
cheap and wvarious kinds of fuel. In addition, they can be applied to the
environment-friendly cogeneration plant and have economical efficiency in a middle
scale power plant market. As a result, it is necessary to accumulate the systematic
technology for CFBC boilers applied on power plants. Therefore, this study introduces

important factors in terms of design and operation of the CFBC boilers.
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» Calcination

CaCOs
N Ca0O +CO, -776Btu/lb of CaCO3

+ SO, Reaction
Ca0 + SOz +40;
— CaS04 (S) + 6733Btu/lb of S
« AA && ¢ 90% (Molar Ratio, Ca/S
1 1.2~2.0)
+ Calcium/Sulfur Ratio % 3<Q1A}
- Lime Stone Reactivity
- Fuel Sulfur Contents
- Lime Stone Size Distribution
- Mixing of Fuel and Lime Stone In
Furnace
- Air Splits(Grid®} @2 Nozzle Air &
7F *HAl Ca/S A, o] A9 NOxA
A= mAsHA S7h
- Excess Oxygen(1x} &7] f%&3 7},
Total &71% LA +A1)
- Percent Removal of SO, Contents

- Bed Temp.(3% 860~8937)

[O& 2] Lime Stone Size Distribution

Curve

(8) Emission Control
(7h SOx

e Ideal Reaction Temp. Range :

843~900C (954 Col el M= whgo] firt)

Bed temperature V3, Sulfur capture

Fine Calcined Lime Stone
{Avg 100~300 MICRON)

Coarse Calcined Lime Stone
(Avg 900~1200 MICRON)

PERCENT S02 CAPTURE

BED TEMPERATURE

[O& 3] Bed temperature VS. Sulfur

capture
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[O& 6] Overall development of boiler

availability in CFB units

Salids SHm
separalors  NTREX

g™

Feed water pump

SHIV
INTREX

'A')—( et From feed tank

(22 7] 800MWe OUT Steam/Water

Circuitry
n .
Elevation m (ft.) 152.4 (500) Main Steam Flow Rate kg/'s (M Ib/h) 568.8 (4514.0)
Design Air Pressure bar (psia) 0.99 (14.4) Main Steam Temperature 'C [*F) 604 (1119)
Dry Bulb Temperature  °C ("F) 17.2 (63) Main Steam Pressure barg (psig) 315 (4573)
Wet Bulb Temperature  °C (*F) 12.2 (54)
Relative Humidity % 55 Reheat Steam Flow Rate kg's { M lbh) 487.2 (3867.0)
Reheat Steam Temperature 'C *F) 621 (1149)
Minok | Reheat Steam Pressure barg (psig) 44.1 (839)
Proximate Analysis
Maisture wi. % 11.12 Feedwater Temperature 'C (F) 289 (553)
Ash wi. % 9.70
Volatile Matter wi. % 34.99 H&M Bal P
Fixed Carbon wi. % 44.19 Flow Rates:
Flue Gas kg's (M lbo/h) 741.8 (5887.2)
Ultimate Analysis Combustion Air kg's (M lb/h) 681.5 (5408.8)
Moisture wi. % 11.12 Coal kg's (M lbo/h) 66.2 (525.4)
Carbon wl. % 63.75 Limestone kg's (M lb/h) 17.5 (139.1)
Hydrogen wi. % 4.50 Total Ash kg's (M lb/h) 23.5 (186.1)
Nitrogen wi. % 1.25
Chiorine wl. % 0.29 Temperatures:
Sulfur wl. % 2.51 Furnace Exit “C *F) 859 (1579)
Ash wi. % 9.70 Flue Gas Entering Air Heater  *C (*F) 327 (620)
Oxygen (by difference) Wi % 6.88 Flue Gas Leaving Air Heater  °C (*F) 126 (258)
Bottom Ash "C (°F) 260 (500)
HHV kealkg 6481
(Biulb) (11,666) Excess Air % 20
i Li Jil Emissions:
Calcium Carbonate wi. % 80.4 Sulfur Capture % 96
Magnesium Carbonate  wt. % 35 502 mg/NM3 (IbMMBIL) 111 (0.09)
Moisture wh. % 0.1 NOx mg/NM3 (Ib/MMBiu) 100 (0.07)
Inerts wi. % 16.0 Particulate mg/NM3 (IbMMBiu) 14 (0.01)
Reactivity Index 25
Power Generation Plant Performance
Gross Output MWe B0S Turbine Back Pressure psia (mm Hg) 1(50.8)
Net Qutput MWe 738 Met Plant Efficiency % HHV Basis 40.7

(18 9]

* OTU : Once Through Utility
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800MWe OTU* CFB Design Basis and Performance Parameters




2.6 CFBC H9% Typed Bl (Power-Gen Asia 2000 September)

Solids Separation System

Upper Furnace Density,
(kg/m?)

Furnace Temperature
Control

Boiler Turndown Without
Auxiliary Fuel

Refractory:
Thickness, mm

Covered Areas

Hot-Temperature
Expansion Joints

Furnace Velocity, m/s
Furnace Exit Velocity, m/s
High-Pressure Air

Total Pressure Drop Across
Solids Separator(s), kPa

Aux. Power Consumption

CFB Boiler Comparison

B&W IR-CFB™

Two-stage
(100% efficiency
for particles of
d=80 micron*)

Table 4

Hot-Cyclone CFB

Single-stage
(100% efficiency
for particles of
d=100 micron)

“Compact” Square
Cyclone CFB

Single-stage
(100% efficiency
for particles of
d=100 micron)

Cold-Cyclone CFB

Single-stage
(100% efficiency
for particles of
d=100 micron)

*Recycling finer particles increases furnace heat transfer rate, improves combustion
efficiency and limestone utilization.

11-16

Desired temperature
can be maintained
within +/-5C interval
for wide range of
fuels and operating
conditions by
adjusting secondary
solids recycle rate.

5:1

15-50
Lower furnace,

U-beam zone
enclosure walls

None

4.9-7.3
6.4-9.8

Mot required

1.0
(U-beams + MDC)

Lower

8-11

Temperature is pre-
determined by
furnace and heat
exchanger design
along with fuel and
limestone
properties/sizing.

3.5:1

~75

Lower furnace,
cyclone, recycle
loop (5-10 times
more than B&W
CFB)

3-5 per cyclone

4.9-5.5
22-26

Required for
J-valves

1.5-2.0

Higher

8-11

Temperture is pre-
determined by
furnace and heat
exchanger design
along with fuel and
limestone
properties/sizing.

~75

Lower furnace,
cyclone, recycle
loop (3-5 times
more than B&W
CFB)

Number varies with
arrangement

4.9-55
22-26

Required for
J-valves

~1.5

Higher

5-8

Lower bed temperature
is controlled by
adjusting cold cyclone
ash recycle rate.
Temperature span
across furnace height
is up to 100C.

~50

Entire furnace,
cyclone (3-4 times
more than B&W
CFB)

None

4.0-4.5
?

Required for siphons

1.0-1.5

Moderate

* B&W IR : Babcock & Wilcox with Internal

3.

2=

recirculation(IR) and impact U-beam Separator
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