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COAL FIRED BOILER - PRINCIPALS

Executive Talk : Coal Fired Boiler - Principles
Funded by : Akaun Amanah Industri Bekalan Elektrik (AAIBE)

Presented by:
Bernard Anderson
Principal Process Design Engineer
HRL Technology Pty Ltd.

Presentation Outline

1. Coal Fired Power Plant – Basics

2. Origin and Properties of Coal

3. Influence of Coal Properties on Boiler Operation

4. Effect of Steam Cycle Conditions on Efficiency

5. Problems that can be Caused by Coal in Boilers

6. Examples of Power Plant Problems Caused by Coal
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Power Station Videos

• ..\Videos\Coal Fired Power Plant.mp4

• ..\Videos\How a thermal power plant works.mp4

Power Plant Overview

ESP

145T

Dust collection
eff = 90 %

ID Fan

154.3T

SWFGD

SO2
9.114 ppmv
26.05 mg/Nm^3
@ 6% O2, dry

SO2 removal
eff = 95 %

To stack
70.59 T
927.9 M

HPT IPT 2x1 LPTs G

30.01 T
20985 M

41.01 T
20985 M

 164 p 540.4 T 583.4 M
 37.67 p 329 T 576.3 M

 35.88 p 539.4 T 576.3 M

 1P

67.2 T

3.33

 2D

91.2 T

3.33
5.00

 3D

115.2 T

3.33
5.00

 4C

142.5 T

172.9 p
145.6 T
583.9 M

BFPT

 5D

160.4 T

3.32
5.02

 6D

190.8 T

-1.34
5.02

 7D

220.8 T

-2.78
5.01

TTD [C]
DCA [C]

0.389 p
43.75 T

10.74 p
43.89 T
440.1 M

HRHX
44.15 T

p [bar]  T [C]  M [kg/s]  x [-]
Typical 700 MW

Ambient
1.013 p

30 T
80% RH

27.09 T wet bulb

7 p
320.4 T
521.3 M

0.09 p
43.76 T
412.2 M
0.933 x

0.328 M

744992 kW

3000 RPM

160 p
538 T

583.4 M

35 p
538 T
576.3 M

171.3 p
220.8 T
496.4 M

Plant gross power
Plant net power
Number of units      
Plant net HR (HHV)
Plant net HR (LHV)
Plant net eff (HHV)
Plant net eff (LHV)
Aux. & losses
Fuel heat input (HHV)
Fuel heat input (LHV)
Fuel flow

744992
701303
1
10235
9632
35.17
37.37
43689
1993778
1876453
7902

kW
kW

kJ/kWh  
kJ/kWh  
%
%
kW
kJ/s
kJ/s
t/day

91.46 M Fuel (Adaro)

855.3 M Air

145 T
946 M

 Double HP Feed Water Heater Train & Single LP Feed Water Heater Train

STEAM PRO 25.0  Bernie  HRL  Technology Pty Ltd.

485 10-16-2015 20:51:13 C:\Andeb\IFME\Boiler Training\TFlow\TBP 700 MW Unit, Ver 1.STP
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Boiler Details

170.1P

6

33.81T

30T
176.1 m

40.69T

54.43 m

40.69T   0 m 0% of PA

280T   160 m 20.6% of total  air

23.33 m

63.41T  

Adaro

91.46m 30T 25% moist.

7902 t/day

Ash 0.165 m (14 t/day)

Fly Ash

0.658 m

30T
679.3 m

280T   617.5 m

280T  160 m

868.2 m

1584.5T

1259.2T

868.2 m

1179.4T

1091.6T

554.3T

358.7T145T145T

Ash 0.593 m (51 t/day)

154.3T

Ash 0.006 m

9.46 m

28.38 m

70.59 T

927.9 m

Fly Ash

0.06 m

0.00 %SO2

0.87 %Ar 

72.18 %N2 

4.69 %O2 

13.71 %CO2

8.55 %H2O

Plume not vis ible
HX T in Tout M

ECO1 220.8 302.4 496.4

CS1 352.4 458.8 495.9

RSH 396 474.8 550.1

CS2 432 482.3 583.4

CS3 482.3 540.4 583.4

CR1 329 539.4 576.3

 DESUP  m  h

D1 54.3 624.2

D2 33.3 624.2

FUEL   WEIGHT% 

C   %   56.3

H   %   5.9

O   %   36.15

N   %   0.71

S   %   0.11

ASH %   0.9

ESPID Fan

SWFGD

1
ECO1

CS1

D1

RSH

D2

CS2CS3

18

19

CR1

29

STEAM PRO 25.0  Bernie 485 10-16-2015 20:51:13  Steam Properties: IAPWS-IF97
FILE: C:\Andeb\IFME\Boi ler T raining\TFlow\TBP 700 MW Unit, Ver 1.STP   BOILER SCHEMATIC
   p        T      m                   BOILER EFF                  BOILER FUEL INPUT (kJ/s)
   bar     C      kg/s    87.6 % (HHV)  93.1 % (LHV)         1993778(HHV)   1876453(LHV)Typical 700 MW

Turbine Details

HPT IPT1 LPT1x2

0 1

2

3

4

5

6

7
8

p [bar]  T [C]  h [kJ/kg]  M [kg/s]  x [-]
Typical 700 MW

38.61 p
330.8 T
3048 h
27.84 M

23 p
478.2 T
3416 h
47.42 M

7 p
320.5 T
3102 h
11.2 M

4.076 p
257.7 T
2980.1 h
23.02 M

1.991 p
183 T

2836.6 h
58.91 M

0.873 p
108.6 T
2694.9 h
19.68 M

0.335 p
71.67 T
2555.6 h
17.85 M

Total exhaust
0.09 p
43.76 T
2419.3 h
398.5 M
0.933 x

160 p
538 T
3407 h
605.3 M

38.61 p
330.8 T
3048 h
570.4 M

35 p
538 T
3538 h
570.4 M

7 p
320.4 T
3102 h
518 M

Expansion power
Mechanical loss
Generator loss
Generator power

758300
2448.6
10959
744893

kW
kW
kW
kW

STEAM PRO 25.0  HRL Limited  HRL  Technology Pty Ltd.

485 10-19-2015 10:02:34 C:\Andeb\IFME\Boiler Training\TFlow\TBP 700 MW Unit, Ver 1.STP
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Rankine Cycle with Reheat

Turbine Details
STEAM PRO 25.0  Bernie

Steam Turbine Expansion Path

 5.5  6  6.5  7  7.5  8  8.5 

 2200 

 2300 

 2400 

 2500 
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 2700 

 2800 

 2900 

 3000 

 3100 

 3200 

 3300 

 3400 

 3500 

 3600 

 3700 

           ENTROPY   kJ/kg-K

E
N

TH
A

LP
Y

  k
J/

kg
 

  160 bar

  123.1 bar

  153.6 bar
  38.61 bar

  23 bar

  34.3 bar

  12.79 bar
  7 bar

  4.076 bar

  1.991 bar

  0.873 bar

  0.335 bar

  0.09 bar

Exhaust (LPT0)

0.95

0.9

0.85

0.8

Wilson 0.97

200   C    

300   C    

400   C    

500   C    

600   C    
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Power Plant Details

30 T
22836 M

CW to FPTcond
1851.6 M

FPTcond 27.09 M

Makeup
0.496 M  126.1 h

CW from FPTcond
38.34 T  1851.6 M

40.81 T
22836 M

p [bar]  T [C]  h [kJ/kg]  M [kg/s]  x [-]
Typical 700 MW

0.09 p
43.76 T
2419.6 h
412.5 M
0.933 x

STexh 412.3 M
Misc. 0.176 M

10.74 p
43.89 T
440.1 M

30.01 T
20985 M

41.01 T

Condenser heat rejection
Condensate pump power
Condenser CW pump power

922497
697.1
4225

kJ/s
kW
kW

STEAM PRO 25.0  Bernie  HRL  Technology Pty Ltd.

485 10-16-2015 20:51:13 C:\Andeb\IFME\Boiler Training\TFlow\TBP 700 MW Unit, Ver 1.STP

Feed Water Details

7D 6D 5D 4C 3D 2D 1P

BFP

90.8 M

482.9Q

p [bar]  T [C]  h [kJ/kg]  M [kg/s]  Q [kJ/s]  x [-]
Typical 700 MW

(8)
0.335 p
71.67 T
2555.6 h
17.85 M

67.2 T

0.512 M

(7)
0.873 p
108.6 T
2694.9 h
19.68 M

91.2 T

(6)
1.991 p
183 T

2836.6 h
20.66 M

115.2 T

(5)
4.076 p
257.7 T
2980.1 h
23.02 M

3.882 p
142.5 T

(4)
7 p

320.5 T
3102 h
11.2 M

160.4 T

(3)
23 p

478.2 T
3416 h
47.42 M

220.8 T

(1)
38.61 p
330.8 T
3048 h
27.84 M

245.2 T

To Boiler
171.3 p
245.2 T
515 M

44.15 T
437.6 M

 Double HP Feed Water Heater Train & Single LP Feed Water Heater Train

STEAM PRO 25.0  HRL Limited  HRL  Technology Pty Ltd.

485 10-19-2015 10:02:34 C:\Andeb\IFME\Boiler Training\TFlow\TBP 700 MW Unit, Ver 1.STP
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Unit Energy Outputs

Unit Auxiliaries and Losses
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Coal Formation and Mining Videos

• ..\Videos\The Formation of Coal 3D.mp4

• ..\Videos\How Its Made Coal.mp4

• ..\Videos\PT Adimitra Baratama Nusantara.mp4 (2:30)

Coal Rank

• Initially Malaysia’s coal fired power stations only used  
Bituminous coals.

• Increasing cost has lead to increasing use of lower rank 
coals which are cheaper and readily available.

• Existing coal fired boilers can co-fire various grades of 
sub-bituminous coals.

• Manjung 4 and TBP 4 designed for 100% lower grade 
sub-bituminous coals.



21/10/2015

13

Manjung 4 Specifications

Coal Rank
Classification Chart
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Coal Rank

Coal Formation
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Coal Formation

Coal Formation



21/10/2015

16

Coal Formation

Coal Formation
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Coal Rank

Effects of Coal Rank on a Boiler
Low Rank Coal Compared to Higher Rank Coal

• Lower Heating value – more coal, more air and more 
fluegas – ID Fan capacity limit.

• Higher moisture content – more fluegas.

• More mill primary air required.

• Easier to mill – better combustion

• Higher volatiles – better combustion

• Increased SH and RH steam temperatures.

• Can have higher alkali in ash – sintered ash deposits in 
superheater and reheater sections.

• Usually good ESP performance.
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Effects of Coal Rank on a Boiler
Low Rank Coal Compared to Higher Rank Coal

• Can have alkali elements directly attached to coal 
molecules rather than in the ash minerals such as clay, 
silica, alumina.

• As a result the ash can have a high content of reactive 
sodium, potassium, calcium, iron and magnesium.

• These elements can cause slagging in the furnace and 
solidification of sintered deposits on the SH and RH 
tubes.

• Behaviour of the ash can be more variable and less 
predictable than for higher rank coal.

• Difficult to eliminate the problem with tighter coal 
specifications.
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Fluegas Desulphurisation Unit
SW FGD Flow Circuit - One Unit (Engineering Design)

Hot flue gas
154.3T
946M
101ng/J SO2
296mg/Nm̂3 SO2

Cold flue gas
70.59T
927.9M
27.11%RH
8.874ng/J SO2
26.05mg/Nm̂3 SO2

Wet bulb
55.68T

28.38M

9.46M
131.5T
908.1M

42.82T
890.1M
5.042ng/J SO2
14.8mg/Nm̂3 SO2

Absorber SW in
40.82T
6718M

SW supply
40.79T
22836M
3.44w*

1248.4 kW

Absorber SW exit
45.62T
6736M
3.431w*

SW back to ocean
42.22T
22854M
3.437w*

Dilute SW
16119M

Air Blower
1.415M
202.2 kW

P[bar]  T [C]  M [kg/ s]  w *[wt% salinity]Total auxiliary power = 1450.6 kW
Total SO2 removed = 0.1834 kg/s
Absorber L/G = 10.85 L/Nm̂3
Number of transfer units (NTU) = 2.996 
Absorber SO2 removal efficiency = 95 %
FGD SO2 removal efficiency = 91.2 %

Typical 700 MW

STEAM PRO 25.0  Bernie  HRL  Technology Pty Ltd.

485 10-16-2015 20:51:13 C:\Andeb\IFME\Boiler Training\TFlow\TBP 700 MW Unit, Ver 1.STP
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Review of Effect of Coal Properties

• Please provide answers to the following Questions for discussion.

• What will be the effect if the coal is to be used in one of the existing 700 
MW units in Malaysia:

1. What will be the effect if the coal CV is 5000 kcal/kg as fired.

2. The coal moisture is 25% (as fired).

3. The coal ash is 18% (as fired).

4. The HGI is 38.

5. The oxygen is 16% (as fired)

6. The sulphur is 1.2% (as fired)

7. The sodium + potassium  (oxides) in ash is 5%

8. The iron oxide in ash is 11%
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Effect of Steam Cycle Conditions on Unit Performance

Type of Power Plant
MW 

Gross

MS 

Pressure, 

Mpa

MS 

Temperature 

°C

RH 

Temperature 

°C

700 MW Subcritical 745 16.4 538 538

700 MW Ultra Supercritical 737 28.0 600 605

1000 MW Ultra Supercritical 1053 28.0 600 605

1000 MW Advanced USC 1050 30.0 700 730

700 MW GT Combined Cycle 724 16.6 600 600

Effect of Steam Cycle Conditions on Unit Performance

Comparison of Power Plants

Coal  - Adaro 5200 kcal/kg at 1.8 $US/GJ HHV

Natural Gas at 5.4 $US/GJ HHV

Type of Power Plant

Unit 

Efficiency % 

Net HHV

Approx 

Cost $M 

USD

Relative 

Cost of 

Electrcity

CO2

kg/MWh gross

700 MW Subcritical 35.2 1220 100 911

700 MW Ultra Supercritical 39.9 1460 87.6 808

1000 MW Ultra Supercritical 40.1 1970 84.7 803

1000 MW Advanced USC 42.8 2230 86.6 756

700 MW GT Combined Cycle 54.4 487 95.4 330
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Effect of Steam Cycle Conditions on Unit Performance
700 MW Subcritical Plant

ESP

145T

Dust collection
eff = 90 %

ID Fan

154.3T

SWFGD

SO2
9.114 ppmv
26.05 mg/Nm^3
@ 6% O2, dry

SO2 removal
eff = 95 %

To stack
70.59 T
3340 M

HPT IPT 2x1 LPTs G

30.01 T
75545 M

41.01 T
75545 M

 164 p 540.4 T 2100.1 M
 37.67 p 329 T 2074.6 M

 35.88 p 539.4 T 2074.6 M

 1P

67.2 T

3.33

 2D

91.2 T

3.33
5.00

 3D

115.2 T

3.33
5.00

 4C

142.5 T

172.9 p
145.6 T
2101.9 M

BFPT

 5D

160.4 T

3.32
5.02

 6D

190.8 T

-1.34
5.02

 7D

220.8 T

-2.78
5.01

TTD [C]
DCA [C]

0.389 p
43.75 T

10.74 p
43.89 T
1584.3 M

HRHX
44.15 T

p [bar]  T [C]  M [t/h]  x [-]
Typical 700 MW

Ambient
1.013 p

30 T
80% RH

27.09 T wet bulb

7 p
320.4 T
1876.7 M

0.09 p
43.76 T
1483.8 M
0.933 x

1.179 M

744992 kW

3000 RPM

160 p
538 T

2100.1 M

35 p
538 T
2074.6 M

171.3 p
220.8 T

1786.9 M

Plant gross power
Plant net power
Number of units      
Plant net HR (HHV)
Plant net HR (LHV)
Plant net eff (HHV)
Plant net eff (LHV)
Aux. & losses
Fuel heat input (HHV)
Fuel heat input (LHV)
Fuel flow

744992
701303
1
10235
9632
35.17
37.37
43689
7178
6755
7902

kW
kW

kJ/kWh  
kJ/kWh  
%
%
kW
GJ/h
GJ/h
t/day

329.2 M Fuel (Adaro)

3079 M Air

145 T
3405 M

 Double HP Feed Water Heater Train & Single LP Feed Water Heater Train

STEAM PRO 25.0  Bernie  HRL  Technology Pty Ltd.

485 10-16-2015 20:48:19 C:\Andeb\IFME\Boiler Training\TFlow\TBP 700 MW Unit, Ver 1.STP

Effect of Steam Cycle Conditions on Unit Performance
1000 MW Ultra Supercritical

Fabric
Filter

125T

Dust collection
eff = 99.9 %

ID Fan

134.8T

SWFGD

SO2
9.145 ppmv
26.14 mg/Nm^3
@ 6% O2, dry

SO2 removal
eff = 95 %

To stack
69.82 T
4167 M

HPT 2IPTs 4x1 LPTs G

30.01 T
95639 M

40.01 T
95639 M

 284.2 p 602 T 3012 M
 73.54 p 390.1 T 2724.7 M

 71.4 p 606.4 T 2724.7 M

 1P

72.3 T

2.78

 2D

101.6 T

2.78
5.00

 3D

130.9 T

2.76
5.00

 4D

160.2 T

2.75
5.02

 5C

193 T

313.1 p
200.2 T
3012 M

BFPT

 6D

225.5 T

-2.50
5.00

 7D

258.5 T

1.66
4.99

 8D

291.2 T

-2.68
4.98

 9S

299.2 T

TTD [C]
DCA [C]

0.386 p
43.05 T

22.09 p
43.34 T
1881.9 M

HRHX
43.78 T

p [bar]  T [C]  M [t/h]  x [-]

Ambient
1.013 p

30 T
60% RH

23.82 T wet bulb

7 p
279.6 T
2080.2 M

0.087 p
43 T
1765.5 M
0.901 x

2.358 M

1053431 kW

3000 RPM

280 p
600 T

3012 M

70 p
605 T
2610.7 M

311 p
299.2 T

2921.4 M

Plant gross power
Plant net power
Number of units      
Plant net HR (HHV)
Plant net HR (LHV)
Plant net eff (HHV)
Plant net eff (LHV)
Aux. & losses
Fuel heat input (HHV)
Fuel heat input (LHV)
Fuel flow

1053431
999841
1
8981
8453
40.08
42.59
53590
8980
8452
9886

kW
kW

kJ/kWh  
kJ/kWh  
%
%
kW
GJ/h
GJ/h
t/day

411.9 M Fuel (Adaro)

3830 M Air

125 T
4238 M

 Double HP Feed Water Heater Train & Single LP Feed Water Heater Train

STEAM PRO 25.0  Bernie  HRL  Technology Pty Ltd.

485 10-16-2015 20:52:06 C:\Andeb\IFME\Boiler Training\TFlow\USC 1000 MW Unit, Ver 1.STP
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Effect of Steam Cycle Conditions on Unit Performance
700 MW Gas Turbine Combined Cycle

Ambient

1.013 P

30 T
50% RH

GT PRO 25.0 HRL Limited
p [bar]  T [C]  M [t/h], Steam Properties: IAPWS-IF97

485 10-14-2015 14:52:13  file=C:\Andeb\IFME\Boiler Training\TFlow\GE-9HA 02 CC 700 MW.GTP

GT PRO 25.0 HRL Limited

Gross Power 723610 kW

Net Power 708872 kW
Aux. & LossesAux. & Losses 14738 kW

LHV Gross Heat Rate 5895 kJ/kWh

LHV Net Heat Rate 6018 kJ/kWh

LHV Gross Electric Eff. 61.07 %

LHV Net Electric Eff. 59.82 %

Fuel LHV Input 1184910 kWth

Fuel HHV Input 1311822 kWth

Net Process Heat 0 kWth

1.013 p
91 T
3457 M

43.51 T
605.1 M

HP

HPB
174.4 p
354.4 T
487.4 M

472.8 T
367.2 T

IP

IPB
37.12 p
246 T
61.35 M

284.2 T
256 T

LP

LPB
3.8 p
141.8 T
68.45 M

191 T
151.8 T

Cold Reheat

37.84 p
375.7 T
470.6 M

246553 kW

0.723 M

1.044 p
667.4 T
3457 M

Natural gas 
92.17 M
1184910 kWth LHV

GE GT-9HA.02
(Physical Model #584)

@ 100% load
477057 kW

1.013 p
30 T
3365 M
50% RH

1.003 p
30 T
3365 M

0.0865 p
43 T
604 M
0.9432 x

to HRSG

Stop Valve

166 p
599 T
487.4 M

3.382 p
288.5 T
56.27 M

32.7 p
599 T
531.9 M

Hot Reheat

WHAT CAN GO WRONG WITH 
A COAL FIRED BOILER?

Review of Problems that can be Caused by 
Coal Combustion in a Boiler.
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Problems that can Occur with Any Coal

• Sticky coal – from surface water and/or clay - can block 

conveyors and chutes.

• Fine coal – can cause stockpile slumping following heavy rain.

• Wet Coal:

– Low mill exit temperature.

– Burner fuel duct blockages.

– Reduced boiler efficiency.

Problems that can Occur with Any Coal

• Contaminated coal – large rocks or pieces of steel can damage 

conveyors and mills.

• High ash content:

– Low CV 

– Excessive furnace ash.

– High Fluegas dust emissions.

– Reduced boiler efficiency.
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Problems that can Occur with Any Coal

• Low ash fusion temperature – furnace wall slagging:

– Reduced furnace heat transfer. 

– High furnace exit gas temperature.

– Slag falls damage submerged chain conveyor and ash hopper walls.

– Costly furnace cleaning.

– Boiler tube damage.

Problems that can Occur with Any Coal

• High Sulphur content:

– High SO2 emissions

– Increased FGD operating costs.

– Increased boiler back-end corrosion.

• Low sulphur content:

– Possible poor ESP performance.

• High load operation – increased furnace exit temperatures:

– Increased furnace wall slagging.

– Increased SH and RH tube fouling.
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Problems with High Rank Coal

• Hard Coal (low HGI):

– Difficult to mill.

– Mill vibration and wear. 

– Coarse fuel to burners.

– Excessive holdup of coal in mills – boiler instability.

• Low volatile content:

– Can cause slow ignition.

– Flame instability 

– Loss of flame detection – boiler trip.

Problems with High Rank Coal

• Slow burning – low furnace heat transfer:
– Excessive superheat temperatures.

– High tube metal temperatures.

– Reduced boiler efficiency or output.

• Slow burning – high carbon in ash:
– Flyash not acceptable for cement making.

– Reduced boiler efficiency.
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Problems with High Rank Coal

• High flame temperature:
– Increased furnace heat transfer.

– Furnace wall slagging.

– Reduced steam temperatures.

Problems with Low Rank Coal

• Self-heating and spontaneous combustion in stockpiles.

• Dust emissions from coal plant.

• Higher moisture content – reduced boiler efficiency.

• Possible mill fires.
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Problems with Low Rank Coal

• Increased Fluegas flowrate:
– ID fan capacity can limit boiler output.

– ESP performance reduced – higher dust emissions (worse with co-
firing).

– Higher SH and RH steam temperatures.

– High SH and RH tube metal temperatures.

Problems with Low Rank Coal

• High alkali in ash content:
– Sintered deposits on superheater and reheater tubes.

– Reduced heat transfer to SH and RH steam

– Reduced SH and RH steam temperatures.

• Reduced unit efficiency.

• Turbine trip.

– Excessive sootblowing required to remove deposits online.

– Deposits can fall onto the economiser tubes and block the gas flow.

– Costly boiler cleaning offline.
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Problems with Low Rank Coal

• Co-firing high rank coal with low rank coal can aggravate ash 
fouling from the low rank coal because of increased furnace 
exit temperature.

Examples of problems encountered in boilers related 
to coal firing.

• Plant: Paiton, Units 1  & 2, 2 x 400 MW, Indonesia
– Excessive RH tube metal temperatures on one side of boiler.

– Coincided with increased use of low CV sub-bituminous coal.

– Boiler design coal CV 6000 kcal/kg, operating coal 4900 – 5200 
kcal/kg.

– Higher boiler firing rates due to turbine wear

– Higher furnace exit gas temperatures.

– Boiler design (CE) with tangent firing causes higher gas velocity and 
higher gas temperatures on one side.

– Solution: shorten RH tubes on the hot side.



21/10/2015

62

Examples of problems encountered in boilers related 
to coal firing.

Examples of problems encountered in boilers related 
to coal firing.

• Boiler Slagging and Fouling.
– Plant: Suralaya, Units 5 & 6, Indonesia.

– Suralaya Power Station Units 5 and 6 (2 x 600 MW) were affected by 
slagging and fouling whilst burning coal supplied by PT Berau.  A 
number of outages were caused by slag falls which damaged the 
submerged chain conveyors and blocked the furnace ash hopper 
outlet. 

– Samples of slag from the boilers and samples of leftover Berau coal 
were taken and analysed.  
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Examples of problems encountered in boilers related 
to coal firing.

– The chemical composition of the slag closely matched that of the coal 
sampled thus linking the coal sampled to the slagging problem.  The 
sampled coal analysis was quite different to the Berau coal analyses 
done by both the power station and by Berau. 

– The sampled coal ash contains very high levels of sodium (16.5 % 
Na2O in ash) which would be expected to cause severe slagging and 
fouling in boilers that run as hot as the Suralaya 600 MW units.

– It is believed that Berau were mining a coal seam which contained 
more sodium than previous seams.

Examples of problems encountered in boilers related 
to coal firing.

• Furnace Slag Falls Damage Submerged Chain 
Conveyors.
– Plant: Pagbilao, 2 x 380 MW, Philippines

– Excessive furnace slagging resulting in slag falls which have damaged 
the submerged chain conveyors. Boilers shutdown for repairs.

– The coal (Tanito) has a low ash fusion temperature (1200 – 1240°C 
IDT) although this is within the specification range for the coal supply 
contract.

– The boilers are undersized for the design load resulting in high flame 
temperatures.  
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Examples of problems encountered in boilers related 
to coal firing.

– There is evidence of high gas temperatures (1250 - 1300°C) close to 
the furnace walls which encourages slagging.

– The coal has a high iron and clay content in the ash which causes the 
low ash fusion temperatures.

– The boiler efficiency is reduced because of increased flue gas 
temperatures.

– Power station trying to avoid using the coal.

Examples of problems encountered in boilers related 
to coal firing.

• Stockpile Fires
– Low CV sub-bituminous coal is more reactive than higher rank black 

coal.

– Self-heating and spontaneous combustion of the coal in stockpiles is a 
common occurrence with low rank coals.

– Can take several weeks for spontaneous combustion to occur so need 
to use the coal quickly.

– Strong winds aggravate the problem by forcing more air through the 
stockpile.

– Burning coal can cause damage to conveyors and mill fires.

– The smoke can be bad for nearby villages leading to complaints.

– Careful stockpile management and compacting required to reduce the 
problem.
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Examples of problems encountered in boilers related 
to coal firing.

• Mill Fires
– Plant: Hong Kong Electric, Lamma Island, 250 & 350 MW units.

– Two mill fires occurred when burning Jembayan coal.

– No damage was caused to the plant by the mill fires. However the incidents 
resulted in a temporary load reduction on the unit and expense for inspecting 
the mill for damage and investigation of the cause of the fires.

– The Jembayan coal has a low rank makes it more reactive than higher ranked 
coals.

– Relative Ignition Temperature tests performed on the coal showed that the 
samples tested had significantly lower ignition temperatures than most other 
coals that had been tested. 

– Solution: reduce the mill outlet temperature setting which reduces the drying 
and heating of the coal. 

Examples of problems encountered in boilers related 
to coal firing.

• Ash Hopper Explosions
– Plant: Millmerran, Queensland, Australia, 

– Ash falling into the furnace ash hopper water tank has caused steam 
explosions in the tank which has damaged the tank and tripped the furnace 
off-line due furnace pressure excursions.

– This problem is typically caused by large lumps or quantities of hot ash falling 
into the water tank and causing rapid steam production in the tank. This 
creates pressure waves in the water which can damage the tank and also 
pressure surges in the furnace which can trip the boiler offline.

– The explosions appear to be caused by weak friable deposits of ash falling 
from the furnace walls or superheater tubes that breakup rapidly when they 
hit the water.

– The solution requires the deposition to be reduced so that large deposits are 
not formed. 
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Examples of problems encountered in boilers related 
to coal firing.

• Furnace Ash Hopper Filled with Solidified Slag
– Plant: Stanwell PS, Queensland, Australia, 4 x 365 MW.

– Unit 1 experienced a significant slagging episode during mid-March 
2004.  The episode led to the formation of clinker / slag on the furnace 
water walls of the boiler that extended halfway along the boiler 
hearth.  This caused large lumps of clinker to bridge across the boiler 
hopper and then block the draglink conveyor.  The Unit had to be 
shut-down for 8 days so that the major clinker / slagging formation 
could be removed and then the Unit returned to service.   

– On the occasion of the furnace blockage the ash content of the coal 
was 17% instead of the usual 12% and also had higher iron content 
than normal. The ash was found to sinter at temperatures between 
1150 and 1200°C

Examples of problems encountered in boilers related 
to coal firing.

• Fly-Ash Hopper Collapse
– Liddell PS, NSW Australia.

– Fabric Filter section collapsed. Unit offline for months for repairs.

– A high ash level alarm in a flyash hopper of a fabric filter was 
ignored. The ash was not being removed from the filter hopper 
and eventually the weight of the ash caused the entire filter to 
collapse.

– Better operator training required to avoid a repeat.
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Examples of problems encountered in boilers related 
to coal firing in Malaysian Power Stations

• Manjung PS, 3 x 700 MW plus 1 x 1000 MW
– Boiler (700 MW unit) tripped offline following a slag fall when burning 

DEJ coal.

– DEJ coal blamed for causing slagging boiler instability.

– Investigation revealed that the slag was caused by the coal used 
before DEJ.

– The Manjung 700 MW boilers had a design problem with poor stability 
of the water level in the steam drum. If level gets too high or too low 
the boiler and turbine will be tripped offline and can take some hours 
to get it back online.

Examples of problems encountered in boilers related 
to coal firing.

– The DEJ coal was harder than other coals and difficult to mill. This 
caused an increased holdup of coal in the grinding mills which caused 
a slower response of the coal flow to the burners to changes in the 
coal feed rate into the mills.

– The slow response of the coal flow to the burners lead to increased 
instability in the boiler pressure and drum level controls. This lead to 
the boiler trip when it was disturbed by the slag fall.

– The boiler control system needed some retuning for the harder coal 
which had to be done by the OEM.
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Examples of problems encountered in boilers related 
to coal firing in Malaysian Power Stations

• Kapar Stage 3, 2 x 500 MW.
– Problem occurred during a trial burn with Ensham Coal (Australian). 

When burning 100% Ensham coal at boiler loads above about 60% the 
main steam and reheat steam temperatures to the turbine would 
drop excessively. The normal steam temperature is around 538°C but 
it was dropping down as low as 410°C which was too low for the 
turbine and also caused a loss of efficiency.

– The drop in steam temperature was being caused by too much heat 
transfer occurring in the furnace and not enough in the superheaters.

Examples of problems encountered in boilers related 
to coal firing in Malaysian Power Stations

– The reason for the change in heat transfer was not clear and may have 
been caused by the ash properties or higher flame temperatures

– The Stage 3 boiler design was not suitable for the Ensham coal 
however the coal performed satisfactorily in the Kapar Stage 2 boilers.

– The Ensham coal only be used in Stage 3 boilers when co-fired with 
another coal
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Examples of problems encountered in boilers related 
to coal firing in Malaysian Power Stations

• Kapar Stage 2, 3 x 300 MW
– Combustion trial with Bontang coal (Indonesian).

– Bontang coal is a low rank coal with a good CV and low ash content 
but high sodium and potassium in the ash.

– Boiler operation initially OK but after 4 days there were large ash 
deposits in the furnace and on the superheater tubes. Operation was 
able to continue with increased use of sootblowers to control the ash 
deposits.

– After about 8 days on Bontang coal the furnace gas pressure started 
to increase despite the ID fan running at full capacity. The problem 
was caused by a thick layer of ash deposits on top of the economiser 
tubes. 

Examples of problems encountered in boilers related 
to coal firing in Malaysian Power Stations

– After 10 days the boiler was shut down with a tube leak adjacent to 
the economiser. This was probably caused by erosion of the wall tubes 
due to high gas velocities in the remaining gas flow path.

– The tube repairs were expensive and the boiler was offline for a few 
days.

– The ash deposition was due to the relatively high sodium and 
potassium content of the ash. This causes sintering of the ash deposits 
in superheater and reheater tube banks. When the deposits are blown 
off the tubes with sootblowers they fall down and can accumulate on 
the top of the economiser because of the closer tube spacing there.
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Examples of problems encountered in boilers related 
to coal firing in Malaysian Power Stations

• Tanjung Bin PS, 3 x 700 MW Units.
– Problem: High fluegas dust emissions being attributed to the use of 

Forzando (South African) coal.

– Several shipments of this coal have been successfully burnt at this 
power station except for a problem with elevated dust emissions from 
the electrostatic precipitators (ESP). Forzando coal does not cause this 
problem at other power stations.

– The ESPs on each unit TBP consist of four parallel flow paths each with 
four zones in series. It was apparent from the ESP high voltage (HV) 
power supply data that only the first zone of each flow path was 
operating with a normal voltage. The other three zones in each path 
were operating with voltages too low for good ESP operation. The low 
voltages were causing the high dust emissions.

Examples of problems encountered in boilers related 
to coal firing in Malaysian Power Stations
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Examples of problems encountered in boilers related 
to coal firing in Malaysian Power Stations

• At the same time, examination of the HV data for the other two units at 
TBP which were operating on different coals showed the same pattern of 
low voltages on 3 out 4 zones for each flow path. Hence the problem was 
due to the ESP design, not the Forzando coal.

• A review of the historical data for the TBP ESP indicated that this problem 
was present most of the time except for a few days after a boiler and ESP 
clean. This suggested the problem was caused by a build-up of ash on the 
ESP plates which can take a few days to accumulate. This problem is 
caused by inadequate rapping of the plates. If the ash layer builds up too 
much a phenomenon called “back corona” occurs which reduces the HV 
voltage and the efficiency of the ESP.

• TBP have improved the ESP rapping and reduced the dust emissions 
enough to meet the emission limits.

Examples of problems encountered in boilers related 
to coal firing in Malaysian Power Stations

• Tanjung Bin PS, 3 x 700 MW
– Problem: TBP have suffered from ash fouling, economiser tube bank 

blockages and reheater and superheater tube failures.

– There is some correlation between blockage of the economiser tube 
banks and use of Twistdraai (South African) coal in all three units at 
TBP but several other coals were also burnt at the same time. 

– TBP had been operating at high load continuously for long periods 
which leads to high gas temperatures and increase ash deposit 
formation.

– The blockage of the economiser tube banks appears to cause 
problems with reheater and superheater tube failures.
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Examples of problems encountered in boilers related 
to coal firing in Malaysian Power Stations

– There is clear evidence that at least one of the TBP boilers is suffering 
from an imbalance in the fuel and air splits. This could cause or 
contribute to ash fouling and overheating of reheater tubes.

– Twistdraai coal does not appear to have an ash composition that 
would cause ash fouling but the Kayan sub-bituminous coal that was 
co-fired with it does have relatively high alkali in ash.

– The Twistdraai coal was burnt without problems at Manjung, Kapar 
and Jimah power stations. It has also been used extensively in other 
countries without fouling problems.

Examples of problems encountered in boilers related 
to coal firing in Malaysian Power Stations

 The two-pass boiler design with finned tube economiser is not a good 

design for use with low rank coals which cause sintered deposits in the 

superheater and reheater tube banks. Deposits falling from these tube 

banks will fall onto the top of the economiser tubes and can’t get 

though because of the tight fin spacing. 

 It is important to avoid the use of low rank coals such as the Kayan 

coal, which has elevated levels of sodium and potassium, in a two-

pass boiler with a finned tube economiser.
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• End of Presentation

• Questions

• Discussion


