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Influence of Oxygen Supply Method on the Performance of IGCC Plants

JIHO AHN', TONGSEOP KIM?*

'Grad. School of Inha Univ., Yonghyeon 4-dong, Nam-gu, Incheon, 402-751, Korea
*School of Mechanical Engineering, Inha Univ., Yonghyeon 4-dong, Nam-gu, Incheon, 402-751, Korea

Abstract >> In this paper, two types of integrated gasification combined cycle (IGCC) plants using either an air
separation unit (ASU) or an ion transport membrane (ITM), which provide the oxygen required in the gasification
process, were simulated and their thermodynamic performance was compared. Also, the influence of adopting a
pre-combustion CO; capture in the downstream of the gasification process on the performance of the two systems
was examined. The system using the ITM exhibits greater net power output than the system using the ASU.
However, its net plant efficiency is slightly lower because of the additional fuel consumption required to operate
the ITM at an appropriate operating temperature. This efficiency comparison is based on the assumption of a
moderately high purity (95%) of the oxygen generated from the ASU. However, if the oxygen purity of the ASU
is to be comparable to that of the ITM, which is over 99%, the ASU based IGCC system would exhibit a lower
net efficiency than the ITM based system.

Key words : IGCC(A&t7124 3} B3lsladba), ASU(E7]E8] 7)), ITM(o]| A =4 E2]uh), Carbon dioxide
capture(©|AFSFgt A~ 32 %)), Pre-combustion capture(147 Z )

Nomenclature ITM : ion transport membrane
LP : low pressure

AAC : auxiliary air compressor m : mass flow [kg/s]
ASU : air separation unit MAC : main air compressor
BAC : booster air compressor MEA : monoethanol amine
CSU : carbon separation unit Misc : miscellaneous
GT  : gas turbine ST : steam turbine
HHV : higher heating value [kJ/kg] W . power [MW]
HRSG : heat recovery steam generator WGS : water-gas shift reaction
HP : high pressure n . efficiency [%]
IGCC : integrated gasification combined cycle
IP . intermediate pressure Subscripts
TCorresponding author : kts@inha.ac.kr aux : auxiliary
[ A=« 2012422 4244 @ 2012616 AHEEY : 2012622 ] CCS : carbon capture and storage

264



IGCC EFENA AtagFrAo] deol A= % 265

C : compressor
gen . generator
m : mechanical
mo : motor
P : pump
T : turbine
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Table 1 Major parameters of ASU, MEA CSU processes

ASU?

O, purity 95%
Main air compressor pressure 524.6 kPa
Booster air compressor pressure 1130 kPa
Lig. O, delivery pressure to pump 153.5 kPa
Pumped O, discharge pressure 634.3 kPa
MEA Process'”

Capture rate 85%
Inlet gas temperature 40°C
Number of stage in absorber 10
Murphree efficiency in absorber 0.25
Number of stage in striper 6
Reflux ratio in striper 0.3
Reboiler temperature 120°C
Minimum AT in heat exchange 10°C
csu”

CO, compression pressure 15000kPa
Cooler outlet temperature 60°C
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Table 2 Coal composition
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Table 3 Power block design parameters

composition Mass fraction [%] Gas turbine
C 71.72 Inlet air flow rate 544.3 kg/s
H, 5.06 Combustor outlet temperature 1541°C
N> 1.41 Turbine inlet temperature 1500°C
Cl 0.33 Turbine rotor inlet temperature 1417°C
S 2.82 Compressor pressure ratio 19.1
Ash 1091 Coolant fract.ion rel'ative to 16.8%
0, 775 compressor inlet air
HHV [kJ/keK] 30531 Compressor polytropic efficiency 90.8%
Turbine polytropic efficiency 90.5%
HRSG and steam turbine
Illinois #6 Coalo]™, 1 ZAJ-S Table 2¢f YEHSL HP/IP turbine inlet temperature 565.6°C
o} A3 o :’17 ll)coﬂ A olu] 7Asl7E mAVEH LP turbine inlet temperature 250°C
AT 2 ARJAE Eost melZA] AL A3} HP/IP/LP pressure 12411/2358/241.3 kPa
93\]:]_ e @'/\5]7]:/_\_9—] =g —_rL/\éﬂ_ﬁ\_cd —),\—_/J\_Q} o) Condensing-pressure 5 kPa
HP/IP/LP pinch temperature o
AblERA 0] B W] go] 20.25%, 64.27% 54 31} difference 35400°C
Aol Ax|shgch Turbine polytropic efficiency 86.4/89.0/91.4%
SH7IAE oA A ol AkslERA RS 95 HA Pump isentropic efficiency 80.0
WGSHFS-S A, whgA)e thgat e, Oers
Pressure losses 0.5~5.0%
Mechanical efficiency 99.5%
CO + H0 <CO,+ H, ©) GT/ST generator efficiency 98.6/98.5%
Motor efficiency 95.0%
o) st 3719 e F71ek Yzt B
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Table 4 Performance of IGCC systems

Air supply method ASU I™
O, purity 95.0% >99.9%

CO; capture method w/o | Pre- | w/o | Pre-
GT power [MW] 279.7 | 289.3 | 280.5 | 289.1
ST power [MW] 208.6 | 142.3 | 237.8 | 168.2
Auxiliary power [MW] -59.1 | -98.6 | -51.2 | -944

ASU power [MW] -47.0 | -52.3
ITM power [MW] - - -37.6 | 42.7
Misc. power [MW] -12.1 | -134 | -13.6 | -15.3
CO, capture power [MW]| - -32.9 - -36.4
Coal mass flow [kg/s] 304 | 338 | 335 | 375
System net power [MW] | 429.2 | 333.0 | 467.1 | 363.0
System efficiency [%)] 46.33 | 32.26 | 45.66 | 31.68
Mot = Wor+ War = Waux @®)
K .
Tovstem = HHV ) o ©

2GS 95 48 TR TRl Aspen

Abo] —Erali 15 AREIAE ASUE 240
o] gho] WAYah, 4ho) &
1% 01 S7Fgtet olof whall ITM A
Ahas —(EE(>99 )E ¥ 5 oen, 34o
s 20e FAAA F71 g oy A]
—a}r:} Aol £t Zou g ST
2ol AdH7F 4

asto] Hop £2

Qlﬂ

=
té
JE:L l
i

>

—

N
)
e
o

i-J

i)
1o
N
[
il _.d
ne
filo
>.
9
(o]
(o]
o
(]
ﬁon,
2
v

M = P oHE pe o
B Ay orlo
_O|L
EG
X, _1>4

/\]./:Egl © 6LM7]./\§ g /\]71 og;ﬂ ITM.J _1
< §A817) o] ASUS H83 Alagmc g
7}A9] AARFo] Wk o] ZHe o] &2 [TMO =

S7tei, e AaTh 7RAE da

ox M

of

7150l

>> e W AeuA e =8

- HEA

7R FFEE ¥ B 7B "ot o)gle ks
ElRlo g FHEE S S7HIA 7hAERl &9
o] J5dhe AkE Urepdlct T3t ITMolA] &) ¥
Ak 0] WZES 915l HRSGOllA 855 E9] 4R-E
7Keksto] St & 1% F7IERIe R HujXich o
22 aE Qlaf F7IERIS &2o] oF 144% F7F
gtk ITMS 288 49 3715 welohs 340 &
2:517] wjiLol| ASURTH AREls Ego] A1 €]yl
o] o] 77| wiizoll A2/ o] AA E2o] of
9.1% Z7FelAI, Ae2AS FA8] Y3t ARy

eSSkl ) ALH REE 4% Goun

[*]
ad

Soto] pae} oilElEAR HStEY ZHYAE
&l At

ok S50l o
7k49) W 5l Hl%‘ﬂlﬂ AR =41, wepa ERl
oA 7heso] Qlgkn) YAt ST o] gapom
gHlog TIEL Seko] ZhAadloe sl &
Ho| Z7FHAl EQlek ey ojakeieka ZR A
Lot g T 771 919 HRSGO| 5715

AR el S71ERIY] S8 2 Hda
oh EQE oliteleta ZEE AAWA 71 AR
Fol €017 HEol LT =2 7HAENIL E
HIYTLES d7] IsiAE FEEolof sk g
fegol S71i0k Bk mEbs Waw sh Ak
OFE ZyI5lHE AREHE Z7)8it) o|g|dt o]&
=2 olg) oilslEtA 9] S T A|AHS
HE Al Lo] B8 &E9o] of 304% s |
| 2 AFS ASU, ITMS 28t A28 m
et

ASUREE ojzl 4k4o] &l £31'70) 417
FH95%)S Ha1slel7] ol ITMO] Aks =K Th
Wk BUT 2R A Y Z7o|H F A2y
o] /5= vlasy] fisiAl ASUCIA ZejE k4]
£EF S/ 2744 s sk Akel

rSL' me_

ot &L o

(]




IGCC EFENA AtagFrAo] deol A= % 271

300.0 — 65

280.0 |emmmmmmmmmmmmmmmmmmmmmmmmmmmeme et

----- GT power 1%

5 — — ST nower
3 2600 -  ——ASU power &
-1 c
[ T
o g
o
2 240.0 3
o

220.0

200.0 — L. 1. 45

95 96 97 98 99
OZ Purity

Fig. 4 Influence of oxygen purity of ASU on power
CES £USF ASUR THEE 3719 $3] 5
7¥5HelA Fig. 4o 22l XY AmEo] Z7lat
o 5l A 45 ol &EE S/ 4% 5
o] 343 7

Z7RIh ASU 37 27139

S ARG 7HAEE daY)2 FEe Ui
AT FAO] SR oloA|m, o]t ThA]
Aarlelq WAz sHe PATRAY F7hR ofoldl
th 2% gyl f3go] Z7H5HA slof ZkaEul £
o A&ateh. TkAEN H7|7ks Rl F7betar,
Solut G 7k RO R Qls) R0 A A
27k B2k 3 AR 27199 S iR
of Ao F/|Eue] EY EG A5 ol
o] vhofElo] £ 7] 7|% 2wl 95%olAe.
2 4kie] S Z7hI7|H Fig. 5o 19 Het 2
o Az A% MBS TP haE %
718uIe] E2o] F7bote] ASUA S| AL AR
0] %7) ujRe] £Eee] WMakE A ob
27 gleh. FHE AbhY] STt BRSS9 A
&% vio} o] a7kaY ofo] Z7beHA Hal of
o ute} Aeke] Fiue] SR 2% 29 i
of Met el Z7k o8 B gt &
3], Ak =7 96.5%01 H AL Q

°
Az} g0 Yol AL Bhlslgrt

o
lo N o

of

T o\

430.0 — 410
— Net power

4296 Ay T Efficiency - 46.5
]
E 429.2 46.0 g
H 3
) >
2 42838 455 3
3 2
c —
£ X
S 4284 450 &
2
)

428.0

427.6

Oz Purity

Fig. 5 Influence of oxygen purity of ASU on the system
efficiency and power

oM,

90|, 53] ASUSA e Abao] SEAHITM
=0l 99%0l40 2 obA A HEl ITME 2§
2sdlo] fg WelA] HlmS9le] Sk

S/ (< DX
> i

4. 2 E

B QoA As] o)A R7E s B
7)25E Bejaly] ga) ASU 2 ITMS 286},
olme] IGCC AAESS Hmslgon 1 Aus
thes) .

) ITME 288 %49
wgk ohet 37)3e) A 2mEs Feo] 4
mhiol] ASUS 283t Al2dlol s A4 %2

8.8% Z7}altt U ITMY] 2HE &%, of

AL §A57] 918 ARdn|7t F7ste] &

ASUZ ARg3H= A28 BT} Thax(1.4%)

Ao= oge gk

e BAHQ G whstel A2l

5 A2 gEA(ASU= 95%, ITM2 99%

ol 7Pt A golk ASUZ AGRF Al 2ge

A ASUS| Akt $58 F7HA4E AA) A

2810 A8 A, MO 715 45

of Hl$ 8 Akt £ES GASIA i

(] o W
T

2)

il

;
&

>
>.,

A234 A3E 20124 69



272

8% ITME Abgsh Al2dle] fgol o
Ao eabEick

olabe] AaHs ITM AR 1
7k ASUMTE 53] o W
u felE Ao dEA, AARE A%
=2 44517 SlalA A oo ouxE
Folok St 589 o]5o] =K
HolF= Aot} oz 27pA o7 [TM9]
L& W PeAolt RES B3] 9%
F WA AN Sof A2E el
3 5ol A% A elel that slko] Bad
Aolk
4) ITM} ASUE A-8-3t

K
fllo

3)

\-EE
=)
off
)
P

F

o
4

LI
Rl o offt mo oft rlo n%t o

ne ue 4

FLI

B o= 2012d % A
o FRATAGY] A|Y
AFe] 2)(2012-001443).

=t
=

Mo
0

i

1. R. A. Dennis and R. Harp, “Overview of the U.
S. Department of energy’s Official of Fossil Energy
Advanced Turbine Program for Coal based Power
Systems with Carbon Capture”, ASME paper
GT2007-28338, 2007.

2. J. M. Amann, M. Kanniche and C. Bouallou, “Natural
Gas Combined Cycle Power Plant Modified into an
0,/CO; Cycle for CO, Capture”, Energy Conversion
and Management, Vol. 50, 2009, pp. 510-521.

3. J. Klosek, A. R. Smith and J. solomon, “The Role
of Oxygen in Coal Gasification”, Proceeding from
the Eighth Annual Industrial Energy Technology

>> e W AeuA e =8

2
)
1'01'

ac

10.

11.

12.

Conference, Houston, Texas, 17-19 Jun. 1986.

. P. A. Armstrong, D. L. Bennett, E. P. Foster and

V. E. Stein, “ITM Oxygen: The New Oxygen
Supply for the New IGCC Market”, Gasification
Technologies 2005, San Francisco, California, 9-12
Oct. 2005.

. J. Gibbins and H. Chalmers, “Carbon Capture

and storage”, Energy Policy. Vol 36, 2008, pp.
4317-4322.

. M. Kanniche, R. Gros-Bonnivard, R. Jaud, J.

Valle-Marcos, J. M. Amann and C. Bouallou, “Pre-
combustion, Post-combustion and Oxy-combustion
in Thermal Power Plant for CO, Capture”, Applied
Thermal Engineering, Vol. 30, 2010, pp. 53-62.

. Y. S. Kim, J. J. Lee, T. S. Kim, J. L. Sohn and Y.

J. Joo, “Performance Analysis of a Gas Turbine for
IGCC Considering Plant Configuration”, Transactions
of the Korean Society of Mechanical Engineers-B,

Vol. 32, No, 9, 2008, pp. 704-711.

. Y. S. Kim, T. S. Kim, J. L. Sohn and Y. J. Joo,

“Performance Analysis of The Gas Turbine For a
IGCC Plant Considering Turbine Blade Temperature”,
Conference of Korean Fluid Machinery Association
2008, Jeju-Island, Korea, 4-5 Dec. 2008, pp. 341-
342.

. Y. S. Kim, J. J. Lee, T. S. Kim and J. L. Sohn,

“Influence of Syngas Composition on the Operating
Characteristics of a Gas Turbine”, Asian Congress
on Gas Turbines 2009, Tokyo, Japan, 24-26 Aug.
2009.

S. K. Park, J. H. Ahn and T. S. Kim, “Performance
evaluation of integrated gasification solid oxide
fuel cell/gas turbine systems including carbon dioxide
capture”, Applied Energy, Vol. 88, 2011, pp. 2976-
2987.

J. H. Ahn and T. S. Kim, “A study on the
integrated gasification solid oxide fuel cell/gas
turbine system”, Proceedings of the KHNES
Annual Spring Meeting 2011, Jeju-Island, Korea,
12-13 Mar. 2011, pp. 281-286.

E. O. Oluyedo and J. N. Phillips, “Fundamental



13.

14.

15.

16.

IGCC ZMEA Abaggrgalo

impact of firing syngas in gas turbines”, ASME
paper GT2007-27385, 2007.

C. Descamps, C. Bouallou and M. Kanniche,
“Efficiency of an integrated gasification combined
cycle (IGCC) power plant including CO, removal”,
Energy, Vol. 33, 2008, pp. 874-881.

M. Kanniche, and C. Bouallou, “CO, Capture
Study in Advanced Integrated Gasification Combined
Cycle”, Applied Thermal Engineering, Vol 27,
2007, pp. 2693-2702.

W. Shelton, and J. Lyons, “Shell Gasifier IGCC
Base Case”, NETL report PED-IGCC-98 -002,
1998.

1. Diakunchak, H. J. Kiesow and G. McQuigg an,
“The History of the Siemens Gas Turbine”, ASME
paper GT2008-50507, 2008.

17

18

19.

20.

21.

| Aol miAl= 9% 273

rlr

. A. Posada and V. Manousiouthakis, “Heat and
power integration opportunities in methane reforming
based hydrogen production with PSA separation”,
AIChE 2004 Annual Meeting Conference Proceedings,
Paper 22f, 2004.

. L. E. Oei, “Aspen HYSYS Simulation of CO,

Removal by Amine Absorption from a Gas Based

Power Plant”, SIM2007 conference, Goteborg, Sweden,

30-31 Oct. 2007.

H. Li and J. Yan, “Preliminary Study on CO;

Processing in CO, Capture from Oxy-Fuel Com-

bustion”, ASME paper GT2007-27845, 2007.

C. Hugman and M. van der Burgt, “Gasification”,

Elsevier, Netherlands, 2003, pp. 9-17.

Aspen Technology, AspenOne HYSYS, Ver. 7.2

A234 A3E 20124 69




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


