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Introduction

OXY-PULVERIZED COAL
COMBUSTION FOR POWER 2
GENERATION
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Introduction

Oxyfuel Combustion for Coal Fired Power Plant with CQ Capture
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Where Can You Extract the Recycled Flue Gas (RFG)

(For some practical application using low S coal)
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Overview to Boiler and Burner Development

IMPACT OF RECYCLE FLUE GAS
TO THE BOILER OPERATION 2
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Factors affecting Recycle Ratio

ACritical factors affecting the optimum
amount of recycled flue gas

ABurner and boiler design (heat transfer and flame
stability’ oxygen distribution through burner)

A Air ingress

A Purity of oxygen from the ASU

A Coal type

ALevel of moisture content iomburent
A Comburen{oxidant) temperature
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Mass balance calculation should have a firm basis!!!

Primary control of the boiler is in the
oxygen content of the flue gas
(~3.5%vd)
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Requirements of the coal mill should
define the quality of the primary RFG

Defining how the burners should operate is a
required stepé We need:
that would result to good combustion. An
important element to your process control.
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Oz2concentration in the secondary
comburent
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Optimum Recycle Ratio

Table 1: Some of the reported results for the optimum flue gas recycle ratio

Burner r - Molar ratio' % 0,in Recycle Ratic®
Rating Ll (CO;+ HiONO; Comburent’ RFG( (RFG + PFG)
AML (EERC) 3 MW, dry recycle 266 ~29% -
wet recycle 3.25 ~31% ~{ B8
IFRF 2 BMWNG, wet recycle ~2.20 ~48% 0.58
IHI 120G, wet recycle - 32%- 36% -
CANMET 00 kW, wet recycle - 55 -
" Wiolar ratin of the comburent (addant)
* Soaygen Ihrough the burner thioat
“RF = and PFG are the mass fow rate of fha F‘Eﬂytlé M= gas and the f:l"lﬁﬁ.il’:l M= Jas 'réﬁ_ﬂﬂ'ﬂﬁvﬁ‘fp’
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Impact of the moisture content
of the Recycled Flue Gas
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Flame Descriptioni Impact of Recycle Ratio
(Courtesy of IFRF)

Combustlon Reglon Ignition Reglon Ignition Reglon
- inflame measurements Indicate flame langth - short, Intense Type 2 flame stabilized on the - stable flame igniting inside quarl
1o be approximately XD = 4 ::'un with closed Internal recirculation zone Internal recirculation zone more cleary
roat - i number = 1.0 detined than at higher recycle ratios
(=1 mfrom quar| th - very stable flame ation Feglon - flame comparable to Type I, however,
- observations indicate flame length siightly ot as compact
Jonger than baseline (could be due to lower - intensity comparable to baseline due to
swirl number) simllar flame temperatures

. indicate
at approximalely XD = 4 (= 1.0 m)
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- total heat extraction efficiency measured
- total heat extraction efficiency measured to be 57.4%
to be 54.5% - wall stable and comp o
baseline condition
Figure 3(a): normal air-fired operation Figure 3(b): O2-RFG flame with recycle ratio = 0.58
Ignition Reglon
- very stable flame igniting inside quar!
Ignition Region - strong intemal recirculation zone clearly
Combustion Reglon - ustable flame detached from quart Combustion Reglon defed
- fiame length difficult to define - weak internal recirculalion zone - flame length significantly shorter - more compact and intense Type [l flame
- combustion occuring throughout - low intensity due to low flame than baseline (even though lower than baseline condition
entire length of fumace temperature swirl number) - flame temperature higher than baseline
- evidence of combustion in chimney
- poor combustion efficiency \ \\
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Wall Temperatures Wall Temperatures
- well below baseline condition - higher than baseline near
- d, which burner region
effected combustion performance
Figure 3(c): O-RFG flame with recycle ratio = 0.76 Figure 3(d): O2-RFG flame with recycle ratio = (
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(Courtesy of IFRF)

Combustion Reglon

- inflame measurements Indicate flame length
1o be approximately x/Dg = 4
(=1 m from quarl throat)

Ignltlon Reglon
short, Intense Type 2 flame stabilized on the
quarl with closed Internal recirculation zone
= swirl number = 1.0
- very stable flame

Combustion Reglon

- observations indicate flame length slightly
longer than baseline (could be due to lower

swirl number)

Ignition Reglon
- stable flame igniting inside quarl

- Internal recirculation zone more clearly
defined than at higher recycle ratios

- fiame comparable to Type I, however,
not as compact

- intensity comparable to baseline due to
simllar flame temperatures

- indicate
at approximalely XD = 4 (= 1.0 m)
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- total heat extraction efficiency measured
- total heat extraction efficiency measured to be 57.4%
to be 54.5% - wall stable and comp o
basetine condition
~
3 a) 3 b =0.58 O2-RFG
WMW
lgnition Reglon - Sk b i s
*; one
Combustion Reglon - ustable flame detached from quart Combustion Reglon dened ’ -
- flame length difficult to define - weak internal recirculation zone . flame length signiticantly shorter - more compact and intense Type l flame
- m:‘::::ﬂmm::mwm - low intensity due to low flame than baseline (even though fower than baseline condition
0 -
- evidence of combustion in chimney epersne swirl number) flame temperature higher than baseline
- poor combustion efficiency \
Suction .
Pyrometer ST LI P
‘@"' 'n ”
" T IN|NE 3
ﬁrf‘ " ol
Gas
Frobe
b
} ' 4 " + 4 + 5 [ " 4 4 + .,
§ 3§ 3 8 &8 & B B E|lE33 g g i oz & & & &8 8 ¥ B3 H
3 E] g 8§ g8 38 3 35 35183383 3 3 $ 8§ g3 %8 § 3 8 3338
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- well below baseline condition - higher than baseline near
- de d, which burner region
effected combustion performance
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Coal Flame Photos:
Air Fired vs Oxy-Fired

(Courtesy of IHI)

Airmode™ O2 21%"

Oxy modé OZ 21%" Oxy modé OZ 30%" ‘



VS
(Courtesy of IHI)
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Coal Flame Photos: g‘/y

Impact of Recycled Flue Gas
(Courtesy of IFRF)

Recycle Ratio = 0.58 Recycle Ratio = 0.76
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