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Scope l
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Aim
To examine the reliability, operating performance and ash toxicity of a 1.2MW,,

CFBC installation, when applying micro-combustion of coal using the fine tuned air

control along the riser to decrease NO, emissions

Objectives

- to develop a new process based on fine control of oxygen in CFB boilers in
order to reduce NO, emissions (200mg/m,;3, Directive 2001/80/EC)

- to investigate the physico-chemical characteristics of the solid residues

- to examine the leaching behavior of various toxic trace elements contained in
the ashes

- the toxicological effect of the liquid samples obtained from the leaching test
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CFBC Boiler Configuration J,
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1 - Forced draft blower

2 - Start-up burner

3 - Air plenum and distributor

4 - Combustor

S - Fuel hoppers

6 - Sand and sorbent pneumatic feeding

7 - Cyclone

8 - Siphon for ash recirculation

9 - Bed ash drain
10 - Cyclone ash drain (in case of bubbling bed)
11 - Fixed exchangers
12 - Removable exchangers
13 - Cooling exchanger (480 kW)
14 - Sluice gate
15 - Induced draft cooling tower
16 - Baghouse filter
17 - By-pass of baghouse filter
18 - Sluice gate
19 - Air duct for flue gas dilution
20 - Induced draft fan
21 - Air duct for flue gas dilution
22 - Stack

Main characteristics of the 1.2 MWth pilot

Natural gas start-up burner 250 kW

Fluidisation fan (max. flow rate) 1,500 Nm3/h
at 2,300 mmH20O

Maximum secondary air flow 900 Nm3/h
S econdary air inlet ports 1.8 & 3.7m

Maximum bed AP 600 mmCE
Refractory lined combustor:
Total height 8.5 m
Bottom section height 2.1 m
Bottom section internal diameter 456 m
Top section height 6.4 m
Top section internal diameter 645 mm

Reactor exchangers: min. 150 KkW-max. 650 kW
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Materials N
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= Two different types of coal:

v South-African (Kromdrat coal) v Colombian coal (La Loma)

- moisture ~ 5% - moisture ~ 12%

- ash content ~15% - low ash content ~6%

- volatile content ~23% - volatile content ~36%

- low calorific value ~26600J/g - low calorific value ~28300J/g
- N (% dry) 1.6% - N (% dry) 1.4%
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Materials N
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= Three different tests:

Primary air flow rate Secondary air flow rate
(m3.h1) (m3.h1)

17.9m 2.6m 3.9m 55m /’m

Test | — Standard conditions 700 700 - - - -
Test Il — Multi air staging 1 600 360 40 300 50 50
Test lll- Multi air staging 2 600 480 50 210 30 30

= Fifteen different ash samples:
v South-African coal combustion tests v Colombian coal combustion tests
- baghouse filter ashes (SF1, SF2, SF3) - baghouse filter ashes (CF1, CF2, CF3)
- cooling exchanger ashes (SE1, SE2, SE3) - cooling exchanger ashes (CE1, CE2, CE3)
- bed ash drain ashes (SB1, SB2, SB3)
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Experimental

= Operational data collection

- temperature

- pressure
- heat transfer profiles

- flow rates

- combustion efficiency

- flue gas analysis (CO, O,, SO,, NO,, N,O)

= Concentrations of CO, O,, SO,, NO,, N,O:
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v" South-African coal combustion tests v' Colombian coal combustion tests

- 1600mm from the grid - 1600mm from the grid
- 4200mm from the grid - 2600mm from the grid
- 7100mm from the grid - 4200mm from the grid

- 7100mm from the grid
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Experimental 1,
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= Ash Characterization
- Particle size distribution
- Heavy metal analysis (ICP-AES, FAAS)
- Mercury analysis (AAS, EPA Method 7471A)
- Mineralogy (XRD)

= Toxicity Characteristic Leaching Procedure (EPA Method 1311)
- Environmental Express Agitator (USA)
- Extraction fluid: acetic acid solution: pH = 2.88+£0.05
- Liquid to solid ratio, L/S = 20/1
- 30 £2rpm for 18h
- Chemical analysis of leachates (ICP-AES, FAAS)
- Mercury analysis (AAS, EPA Method 7470A)
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Experimental
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= Microtox Toxicity test
- Microtox 500 Analyzer, AZUR Environmental
- Microtox test is based on the reduction in bioluminescence of the marine
bacterium Vibrio Fischeri
- The toxic effect of the leachates on Vibrio Fischeri is evaluated following the:

v'Microtox 82% Screening test, with a 82% concentration of the liquid sample

Microtox 500 Analyzer Environmental Express Agitator
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= Axial pressure profiles
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Operational data of the CFB boiler E
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= Temperature profiles
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Operational data of the CFB boiler m
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= Heat exchange profiles
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Flue gas concentrations [
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South-African coal Colombian coal
Test Test | Test I Test Il Test | Test I Test Il
Riser mean temperature 894 892 892 927 918 932
0, in flue gas (%) 3.87 3.90 3.89 3.87 3.92 3.96
CO (mg/m3, 6%0,) 130 126 120 58 65 56
SO, (mg/m2, 6%0,) 192 205 170 172 536 510
NO, (mg/m2, 6%0,) 262 183 185 512 283 345
N,O (mg/m3, 6%0,) 165 108 160 36 16 10
CalS 3.24 2.98 2.74 5.5 6.5 6.0
Combustion Efficiency 0.950 0.943 0.945 0.988 0.990 0.989
NO, variation (%)’ - -30.2 -29.4 - -44.7 -32.6
N,O variation (%)’ - -34.5 -3.0 - -55.6 -72.2
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O, concentration profiles — >
South African coal ﬂ
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O, concentration profiles — ri
Colombian coal ]

Standard conditions Multi air staging 1 conditions  Multi air staging 2 conditions
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CO-S0, concentration profiles —
South African coal L
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CO-S0, concentration profiles —
Colombian coal -

Standard conditions Multi air staging 1 conditions  Multi air staging 2 conditions
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NO-N,O concentration profiles —
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NO-N,O concentration profiles —
Colombian coal L4

Standard conditions Multi air staging 1 conditions  Multi air staging 2 conditions
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Particle Size Distribution I,

ITEXK

= Colombian samples
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Chemical Analysis

= South-African samples

Samples  SF1 SE1 SB1 SF2 SE2 SB2 SF3 SE3 SB3
(ng/g)

As ND ND ND ND ND ND ND ND ND
Cd 0.78 ND ND 0.39 ND ND ND ND ND
Co 15.6 8.9 ND 14.6 8.5 3.3 15.1 7.7 2.8
Cr 132 91 41 128 97 90 155 110 127
Cu 69 44 17 69 41 22 65 52 34
Hg 0.29 0.13 0.18 0.32 0.23 0.21 0.29 0.14 0.18
Ni 52 38 22 44 34 33 70 49 44
Pb ND ND ND ND ND ND ND ND ND
Sn ND ND ND ND ND ND ND ND ND
Zn 77 61 40 64 61 66 72 71 116
pH 11.91 1225 1178 1194 1221 1222 1187 1218 12.16

ITEXK
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Chemical Analysis

= Colombian samples

ITEXK

Samples CF1 CE1 CF2 CE2 CF3 CE3
(ng/g)

As 13 40 20 80 27 87
Cd ND ND 0.80 ND 0.80 ND
Co ND ND 80 67 ND 66.7
Cr 120 60 100 ND 173 33
Cu 53 80 80 53 80 47
Hg 0.084 0.06 0.16 0.07 0.121 0.071
Ni 153 126 173 323 1687 1133
Pb 200 933 427 733 327 226
Sn 65 493 69 584 299 159
Zn 113 200 100 133 107 133
pH 12.12 11.97 12.04 12.01 12.04 12.03
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Mineralogical Analysis E
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= South-African samples

Samples SF1 SE1 SB1 SF2 SE2 SB2 SF3 SE3 SB3
Quartz ++ +++ +++ ++ +++ +++ +++ +++ +++
Anhydrite +++ ++ +++ ++ ++ ++ +
Lime ++ + ++ + + ++ + +
Rutile ++
Gehlenite +
Calcium Aluminum Silicate +
Iron Sulfite +
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Mineralogical Analysis E
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= Colombian samples

Samples CF1 CE1 CF2 CE2 CF3 CE3
Quartz +++ +++ +++ +++ +++ +++
Portlandite + + + + + +
Anhydrite ++ + ++ ++
Lime + + +++ + +++ +
Gehlenite + + +
Calcium Silicate Hydrate +
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Chemical Analysis of TCLP leachates m
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= South-African samples

S?;]"Q';’I'I;’s SF1  SE1  SB1 SF2 SE2  SB2  SF3  SE3  SB3 -
Ca 2577 3001 1160 2943 3400 3289 2583 3017 2984
Cd ND ND ND ND  ND ND ND ND ND :
Cr 0.005 0005 004 002 004 0003 012 002 0002 5
Cu ND ND 0123 ND  ND ND ND ND ND 15

Hg 0.00038 0.00018 0.00022 0.0003 0.00015 0.00027 0.00025 0.00011 0.00013 0.2

Ni 0.03 ND 0.1 0.05 ND ND 0.12 ND 0.06 52
Pb ND ND ND ND ND ND ND ND ND 5
Zn 0.28 0.2 0.22 0.08 0.12 0.1 0.22 0.03 0.03 25
pH 6.93 12.23 4.7 6.09 12.15 12.17 5.23 11.81 7.95
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Chemical Analysis of TCLP leachates m
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= Colombian samples

S?r':g';l'l')as CF1 CE1 CF2 CE2 CF3 CE3 =PA
As ND 0.033 ND ND ND ND 5
Ca 2960 3080 3170 2740 3110 2620
Cd ND ND ND ND ND ND :
Cr 0.18 0.09 0.15 ND 0.26 0.05 5
Cu ND ND ND ND ND ND 15
Hg 0.00018  0.00024 0.00024 0.00025  0.00012 0.00019 0.2
Ni ND ND ND 0.075 0.01 ND 5
Pb 0.01 ND 0.012 ND 0.035 ND 5
Zn 0.05 0.07 0.08 0.07 0.07 0.07 25
oH 11.93 12.04 11.98 12.01 11.96 11.99
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Microtox ToXICIty test /
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u
= South-African samples
100 100 100
Y22 5 min Y222 5 min Y22 5 min
1 B 15 min 1 B 15 min ] Mﬁm?n
80 E=330 min 80 4 E=30 min 804 E=330 min
60 60 60
8 8 8
5 5 5
R 404 R 404 < 40
20 — 20 ~ 20 —
O T T T 0 T 0 T
test 1 test 2 test 3 test 1 test 2 test 3 test 1 test 2 test 3
TCLP leachates TCLP leachates TCLP leachates
Baghouse filter ashes Cooling exchanger ashes Bed ashes
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= Colombian samples

100

100
V] 5 min V] 5 min
B2 15 min 1 B2 15 min
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% effect
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Conclusions 1 E

ITEXK

= Multi air staging process favours significant NO, reduction, being 30%
for South African coal and ranged from 32 to 45% for Colombian coal.

= NO, emissions below 200 mg/m* were achieved for South African
coal, while best performance for Colombian coal has been 280 mg/m,°.

= N,O emissions reduction between 3 and 34 % for South African coal
and from 55 to 72% for Colombian coal.

= A positive effect was measured on SO, emissions for South African
coal, but a huge detrimental impact was observed for Colombian coal.

= CO emissions and combustion efficiency were maintained constant in
both cases.
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Conclusions 11 E

ITEXK

= Chemical analysis and PSD showed that heavy metals are mostly
concentrated in the fly ash samples due to their lower particle sizes.

= Toxic trace elements are mostly concentrated in the baghouse filter fly
ash particles (smaller particle size — larger specific surfaces).

= All ash samples passed the TCLP leaching test - Higher concentrations
of metals were detected in fly ash compared to the bed ash leachates.

= Baghouse filter ash leachates caused the higher toxic effects.

= Apart from the bed ash samples collected from the airstaged
combustion tests of South African coal and the cooling exchanger ash
samples collected from combustion tests | and |l of Colombian coal, all
other solid residues and especially the baghouse filter ashes should
be characterised as ecotoxic and properly treated prior to landfill.

CENTRE FOR RESEARCH & TECHNOLOGY HELLAS/INSTITUTE FOR SOLID FUELS TECHNOLOGY & APPLICATIONS 31
CERTH/ISFTA



	Contents


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


