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I t d ti R ltIntroduction Result 
The worldwide concern with global warming and lowThe worldwide concern with global warming and low  For pulverized biomass p
availability of fossil fuels has spurred interest in 

p p
microns in diameters they p

using biomass for energy production Co-firing
microns in diameters, the
mass transfer is a seconusing biomass for energy production. Co firing 

biomass with coal in existing large scale power
mass transfer is a secon

biomass with coal in existing large-scale power 
l t ff tt ti ti

conversion.
plants offers an attractive option.

Co-firing biomass in a wall-fired boiler could be farCo-firing biomass in a wall-fired boiler could be far 
more challenging beca se b rner aerod namicsmore challenging, because burner aerodynamics 
and fuel properties have a much greater impact on p p g p
combustion and emission characteristics in acombustion and emission characteristics in a 
suspension fired boiler than other boilers The bodysuspension-fired boiler than other boilers. The body 

f f l k il bl i lit t f thof useful work available in literature for the 
fundamental characteristics of biomass/coal co-firingfundamental characteristics of biomass/coal co firing 
flames is still severely limited in particular theflames is still severely limited, in particular, the 

i f fi i bi d fi icomparison of firing pure biomass and firing pure 
coal under similar conditions.

This paper studies the combustion characteristics of
Temperature & conversion history of a 

This paper studies the combustion characteristics of 
firing pure coal and firing pure wheat straw in a g p g p
150kW swirl-stabilized burner flow reactor under150kW swirl stabilized burner flow reactor under 
nearly same conditions The results indicate very  Very different combustionnearly same conditions. The results indicate very 
diff t b ti h t i ti b t th

 Very different combustion
characteristics bet een tdifferent combustion characteristics between the characteristics between t

coal flame and straw flame and provide some clues straw flame.p
in design of biomass (co-)firingin design of biomass (co-)firing.

0.21

Horiba Baseline Traditional

COAL-firing alone

0.18

O
2

g
   Exp.: Damstedt (2007)
   At 10.1cm downstream of the burner

0.15

n
 o

f 
O

0 09

0.12

ra
ct

io

Method
0.06

0.09

o
la

r 
f

Method 0.03

M

M d l d l t & i l i l ti
0

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

 Model development & numerical simulations: 
0 18

0.21 COAL-firing alone
   Exp : Damstedt (2007)

62600 quadrilateral cells for steady 2D 0.15

0.18

o
f 

O
2

   Exp.: Damstedt (2007)
   At 20cm downstream of the burnerq y

axisymmetric swirl simulation; custom vs default 0.12

0.15

ct
io

n
 o

axisymmetric swirl simulation; custom vs. default 
DPM la s Reali able k ε DO radiation Jones

0.09

a
r 

fr
a
c

DPM laws; Realizable k-ε; DO radiation; Jones 
0 03

0.06

M
o
la

and Lindstedt (JL) 4-step mechanism vs. 0

0.03

( ) p
Westbrook and Dryer (WD) 2-step mechanism

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

0.21 COAL-firing aloneWestbrook and Dryer (WD) 2 step mechanism. 
Simulations validated with the measured species

0.18

O
2

COAL firing alone
   Exp.: Damstedt (2007)
   At 29.4cm downstream of the burner

Simulations validated with the measured species 
(d b j BYU U h USA)

0.15

n
 o

f 
O

map (done by project partner, BYU at Utah, USA). 
0 09

0.12

ra
ct

io
n

U th lid t d i l ti t l t l k i t
0.06

0.09

o
la

r 
fr

 Use the validated simulation as a tool to look into 0.03

M

more details. 0

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4more details.
0 18

0.21 COAL-firing alone
   Exp.: Damstedt (2007)

0.15

0.18

o
f 

O
2

p ( )
   At 54.9cm downstream of the burner

0.12

ct
io

n
 o

0.09

a
r 

fr
a
c

0 03

0.06

M
o
la

Experimental 0

0.03

Experimental -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

0 21 COAL fi i  l

0.18

0.21

2

COAL-firing alone
   Exp.: Damstedt (2007)
   At 94.6cm downstream of the burner

0.15

n
 o

f 
O

2    At 94.6cm downstream of the burner

0 09

0.12

ra
ct

io
n

0.06

0.09

o
la

r 
fr

0.03

M
o

0

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.40.4 0.3 0.2 0.1 0 0.1 0.2 0.3 0.4

Radial position [m]

Horiba Baseline Traditional

0 18

0.21 STRAW-firing alone
   Exp.: Damstedt (2007)
   At 14 9  d t  f th  b

0.15

0.18

o
f 

O
2    At 14.9cm downstream of the burner

0.12

ct
io

n
 

0 06

0.09

a
r 

fr
a

0.03

0.06

M
o
l

0

0 4 0 3 0 2 0 1 0 0 1 0 2 0 3 0 4-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

0 21 STRAW-firing alone

0.18

0.21

2

STRAW firing alone
   Exp.: Damstedt (2007)
   At 29.4cm downstream of the burner

0.15

n
 o

f 
O

0 09

0.12

ra
ct

io
n

0.06

0.09

o
la

r 
fr

Burner ro
0.03

M
o

Burner 
quarl

ro
X = 10.16 cm (quarl exit) 0

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

The axial distances of these
10.2
14.9

0.4 0.3 0.2 0.1 0 0.1 0.2 0.3 0.4

0.21 STRAW-firing alone
   E  D d  (2007)The axial distances of these 

measuring lines are from the
20.0
24.8

0.18

O
2

   Exp.: Damstedt (2007)
   At 54.9cm downstream of the burner

measuring lines are from the 
quarl exit (i.e., x=10.16 cm).

29.4
34.4 0 12

0.15

o
n
 o

f 

q ( , )H
e

34.4

50 2
0.09

0.12

fr
a
ct

io

ig
h

t

A Wi d

50.2
54.9
60 0

0.06

M
o
la

r 

t, H
 

Access Windows60.0
64.8
69 4 0

0.03

M

=
 24

69.4
74.4

0

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.440cm

89 9 0 18

0.21 STRAW-firing alone
   Exp.: Damstedt (2007)m

 89.9
94.6
99 7 0.15

0.18

f 
O

2

p ( )
   At 94.6cm downstream of the burner

99.7
104
109

0.12

0.15

ct
io

n
 o

Inner
109
114 0.09

a
r 

fr
a
c

D=75cm130 0 03

0.06

M
o
la

135
140 0

0.03

140
144
149

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

149
154

0 18

0.21 STRAW-firing alone
   Exp.: Damstedt (2007)

209 Measuring grids: at each axial
0.15

0.18

o
f 

O
2    At 135cm downstream of the burner

209
214
219

Measuring grids: at each axial 
location starts from one

0.12

a
ct

io
n
 

219
224

location, starts from one 
sidewall (y=0), across the 

0 06

0.09

la
r 

fr
a

3045

228
234

(y )
centerline (y=37.5cm), until the 

0 03

0.06

M
o

0

1530
35

37 5

45

75
40

60 opposite side wall (y=75cm)
0

0.03

y 037.575
x

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

Radial position [m]x

fi i i 150kW i ls firing in a 150kW swirls-firing in a 150kW swirl-s firing in a 150kW swirlg
fl tner flow reactorner flow reactorner flow reactor

asse Rosendahl Søren L Hvidasse Rosendahl, Søren L. Hvidasse Rosendahl, Søren L. Hvid
A lb U i it D kgy, Aalborg University, Denmarkgy, Aalborg University, Denmark

particles of a few hundred p
e intra-particle heat ande intra particle heat and 
dary issue at most in theirdary issue at most in their 

Vector grayed by swirl velocity [m/s], DPM mass source [kg/s], O2 molarVector grayed by swirl velocity [m/s], DPM mass source [kg/s], O2 molar 
fraction, CO molar fraction and gas temperature [K] (from top to bottom), for f , f g p [ ] (f p ), f
the coal flame (left column) and the straw flame (right column), in  both of which 

straw particle as it travels in the reactor. 
f ( f ) f ( g ) f

the fuel is fed through the center tube into the reactor.. 

n aerodynamics and  Simple switch of fuel feeding may easily break the n aerodynamics and 
the coal flame and the

p g y y
balance between the fuel/air jet and the internalthe coal flame and the balance between the fuel/air jet and the internal 
recirculation zone change the combustionrecirculation zone, change the combustion 

d i d i h b daerodynamics and compromise the burner and y
downstream processes.Horiba FTIR Baseline Traditional downstream processes.

0.18

Horiba FTIR Baseline Traditional

0.15

C
O

2

0.12

o
n
 o

f 
C

0.09

fr
a
ct

io

0 03

0.06

M
o
la

r 
f

COAL-firing alone

0

0.03M

g
   Exp.: Damstedt (2007)
   At 10.1cm downstream of the burner

0

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

0.18

0.15

f 
C
O

2

0 09

0.12

io
n
 o

f

0 06

0.09

r 
fr

a
ct

0.03

0.06

M
o
la

r

COAL-firing alone
   Exp : Damstedt (2007) DPM mass source [kg/s] O molar fraction and gas temperature [K] (from top

0

   Exp.: Damstedt (2007)
   At 20cm downstream of the burner

DPM mass source [kg/s], O2 molar fraction  and gas temperature [K] (from top 
to bottom) for the straw flame in which the fuel is fed into the reactor through-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

0.18

to bottom), for the straw flame, in which the fuel is fed into the reactor through 
the surrounding annulus (left column) and with the outer SA jet (right column)

0.15

O
2

the surrounding annulus (left column) and with the outer SA jet (right column).

0.12

n
 o

f 
C
O

0.09

ra
ct

io
n

Average residence Char burnout [%]
0.06

o
la

r 
fr

COAL-firing alone

g
time [s]

[ ]

0.03M
o g

   Exp.: Damstedt (2007)
   At 29.4cm downstream of the burner

[ ]

Th l fl 7 623 89 890

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4
The coal-flame 7.623 89.89

0.18

The straw-flame 4 748 71 14
0 12

0.15

f 
C
O

2 The straw-flame 4.748 71.14

0 09

0.12

ti
o
n
 o

f

Straw from annulus 5.040 68.62
0 06

0.09

r 
fr

a
ct

0.03

0.06

M
o
la

r

COAL-firing alone
   Exp.: Damstedt (2007) Straw with SA 5.104 66.51

0

   At 54.9cm downstream of the burner

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

0 18

0.15

0.18

O
2

0.12 o
f 

C
O

0.09

a
ct

io
n
 

0.06

la
r 

fr
a

COAL firing alone
0.03M

o COAL-firing alone
   Exp.: Damstedt (2007)
   At 94.6cm downstream of the burner

Conclusions0

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 Conclusions0.4 0.3 0.2 0.1 0 0.1 0.2 0.3 0.4

Radial position [m]

For pulverized biomass particles of a few hundredFor pulverized biomass particles of a few hundred 
microns in diameters the intra particle heat andmicrons in diameters, the intra-particle heat and Horiba FTIR Baseline Traditional

mass transfer is a secondary issue at most in their 
0 15

0.18

2

y
conversion JL 4-step mechanism can better predict0 12

0.15

o
f 

C
O

2

conversion. JL 4 step mechanism can better predict 
the gas phase combustion0.09

0.12

ct
io

n
 o

the gas phase combustion.
0.06

a
r 

fr
a
c

There exist different combustion aerodynamics and0.03M
o
la

STRAW-firing alone There exist different combustion aerodynamics and 
h t i ti b t th l fl d th t

0

0 4 0 3 0 2 0 1 0 0 1 0 2 0 3 0 4

   Exp.: Damstedt (2007); At 14.9cm downstream of the burner

characteristics between the coal flame and the straw -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

0.18

flame. In order to better implement biomass/coal co-0.15

0.18

O
2 p

firing in a swirl burner comprehensive consideration0.12 o
f 

C
O

firing in a swirl burner, comprehensive consideration 
on fuel feeding air supply and combustion

0.09

a
ct

io
n
 

on fuel feeding, air supply and combustion 0.06

o
la

r 
fr

a

aerodynamics must be made.0.03M
o STRAW-firing alone

   Exp.: Damstedt (2007)
   At 29 4cm downstream of the burner

y
0

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

   At 29.4cm downstream of the burner

0.18

C t t
0.15

C
O

2

Contact: 0.12

o
n
 o

f 
C

A lb U i it D t f E T h l
0.09

fr
a
ct

io

Aalborg University, Dept. of Energy Technology0.06

M
o
la

r 
f

STRAW-firing alone

Ch Yi0

0.03M    Exp.: Damstedt (2007)
   At 54.9cm downstream of the burner

Chungen Yin0

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

Ph +45 30622577
0.18

Ph: +45 306225770.15

f 
C
O

2

Email: chy@et.aau.dk
0 09

0.12

ti
o
n
 o

f

y@
0 06

0.09

r 
fr

a
ct

0.03

0.06

M
o
la

r

STRAW-firing alone
   Exp : Damstedt (2007)

0

0.03    Exp.: Damstedt (2007)
   At 94.6cm downstream of the burner

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

0 15

0.18

Acknowledgements0 12

0.15

f 
C
O

2

Acknowledgements
0 09

0.12

ct
io

n
 o

This work was financially supported by Grant PSO0.06

0.09

a
r 

fr
a
c

This work was financially supported by Grant PSO 
4806 “Optimization of low NO burner for co firing”0.03M

o
la STRAW-firing alone

   Exp.: Damstedt (2007) 4806, Optimization of low NOx burner for co-firing .
0

   At 135cm downstream of the burner

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

Radial position [m]



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


