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Abstract : The economic analysis for the power plant developed in the conceptual design phase is becoming more important and,
research on process optimization for process development that meets the target economic is actively carried out. In the filed of
power generation systems, economic assessment methods to predict the levelized cost of electricity (LCOE) has been widely
applied for comparing economic effect quantitatively. In this paper, the platform that design criteria of key component required to

optimize economic of power cycle can be calculated reversely was established roughly and design criteria of the key equi

pment

(Compressor, turbine, heat exchanger) required to meet the target LCOE (the LCOE of supercritical steam Rankine cycle) was

derived when the supercritical CO, power cycle is applied to the coal-fired power plant.

Keywords : Levelized cost of electricity, Supercritical carbon dioxide Brayton cycle, Coal fired power plant, Design criteria
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Figure 1. Methodology to estimate key component design criteria optimized by LCOE simulator.
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Figure 2. Schematic of 500 MW coal fired power plant combined with supercritical CO, simple extraction cycle.
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Figure 3. T-S diagram for recompression supercritical CO, Brayton cycle.
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Table 1. Initial design criteria for thermodynamic model

Design condition Unit Value
Main compressor q
suction condition C/bar 32175
Main compressor q
discharge condition Cloar | 85.5/200
Main compressor o
isentropic efficiency & %2
Recuperator minimum © 5
approach temperature
Gen-eral Turbine inlet condition C/bar | 620/200
deS{g.n Turbine outlet condition Clbar | 539/75
condition
Turbine isentropic efficiency % 92
Recycle compressor
discharge pressure bar 200
Recycle compressor o
isentropic efficiency & 2
Recycle flow ratio % 10
Extraction flow ratio % 6
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cycle and supercritical CO, Brayton cycle.
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Table 2. Economic assumption for total revenue requirement cal-

culation
Contents Unit Value
Annual inflation rate % 2.5
Interest rate % 6
Common Financing fraction % 50
equity Required annual return % 6
Financing fraction % 50
Debt -
Required annual return % 5
Discount rate % 5.5
Capacity factor % 85
Plant lifetime year 30
Construction year year 2
Process contingency % 15
Fixed operating and maintenance cost % 3
Various operating and maintenance cost % 0.3
Coal price $ ton” 50
Coal escalation rate % 2.5




olty. #53t A G7tE 4 517] $I@l Al Total Revenue Hrp gopxleh. ElHle] SAERT F&o| 86%31 F-F-, Fo
Requirement (TRR) ®'H2S 2-8-5F¢lch TRR &2 U4 7] A& 88%0)d AA E|ojofgitt. whoF EWIo] FIE
ZHE & 7|7 5ol wid #A7HtaE = Aujugak A 21 g&0] 8%E HAAH A9, FUH7] a&2 82%7H]
H] TX}HPU g2k g3t QH], Al HeAA T AFgE ststo] AA 7} 7hssich et 4719 A5, adol o
of 747t A Ao S & 28717 FRF 53 ok 2 A8 @7t “4501 2A ¢7) wiiEe] Eylal 295719
7|¥olt}. w53 A d7HE AHgsh] el A EH A A 011} TE ¥ 53R AY d7tE S5A7I= HeolA
Eof tigt Al FAH7L Fasich ZRAE g U o fFredel A= AAZE 7 Ao g wdETh
Aot e AA GA A= ZF Aulo vl Aol o7

o] H]-8 Ay HE(Cost model)S o]-&3It} & Ao A 42.DGS MA QIXt ==

= A Aol A 28 vlS A =ES o) 8shel AF 7]% Dry gas seal 7|42 3|%17]7] W9 447} 3]s}
7S SllSshalTH 18] ek ofyet FAY A4S 9l 4 L 29 E3) R HiEEE SIS F4HY Y= gAY
A/ A #+= Table 29} 2t} L 25 71X 3 9loH, Dry gas seal-Z single seald} tandem

41, LB 7|EE A IRt =5

PE7] 28 BT el EHe A4 W
Ao 2 P WAL adolch WA
AR tr] 77] Yakspe] Frkste] Az
A 4 9] W] WA mgo] 4

»
3
3
°

8 o] whA $88.0
bl

ol
ol
£

$86.0

$85.0
\ '

$84.0 =

Levelized cost of electricity [$/kWh]
LCOE of Steam Rankine cycle

A

$83.0 L fficiency 86%
AEZ v Eg(lsentroplc efﬁc1ency)0] ﬁ-%-’,\—% AR Turbine efiict
7

5
=gl A%t gH9 8L sRAE Y] g Fo|t). Figure $82.0
g g2 Ag 7] Alo]|Zo] Y r:]—7]-§ A3 $81.0

Turbine efficiency 88%

AE=] %"
A7 d5719 FAEZT TEo] N%ALS Figure 5. LCOE of supercritical CO, power cycle depending on
U, 28 A8 G2 2247]7] Y3t SoEZY 582 o Turbine/Compressor efficiency.

$140.00 + Carrying charge
7z Fuel cost
7z O&M cost
= AR AR L Steam Rankine cycle $114.90
$120.00 - .
g A Supercritical CO2 Brayton cycle $110.30 s
$104.90
& $100.60
o $100.00 T sozy oAl
8 $87.60
3 $82.90
=
S $80.00 T
P %
=
T $60.00
g
=
S
S $40.00 +
2
S|
$20.00 T
$- T T T T T T T T T |
0.01 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1

End seal toal leakage percentage of turbine flow [% ]

Figure 6. LCOE of supercritical CO, power cycle depending on Turbine end seal total leakage.



446 HPAE - AR - D - AES - BEA

seal?} Labyrinth seal2 Z§F3t tandem seal2 U A <Qlth
End seal 74-9] ot AT HRloA WAF s =
o 4= QU 53] 2UA olatateta: i A|AEL HAfo]l S
(Closed cycle)o]7] wj&of End seal K9] = 7ko] ofjsfj A
Z72]o] Q%) Figure 62 Turbine end total seal®] F+d&
of & A ©rtE vErd Zojck BRIl A HHE
TS FAo] EAU FARTE A&EH 0w FRHETa vt
ool o= FaFol nAA & Aoz 7Hsk o,
o]AlshekA 22 HE-2 100 $ ton-CO,"' & £ H]-8{(Operation
and maintenance cost)o]] E¢ == Zo2 7St 21
© 2 End seal F2ollA] 024% m|vt FAFS FAZ 5= Qlok
H AAdSE GRE 5 S Aes I A o=
Aibs g kS nAA e AAE v LR 95
Aol gkof dwkol| FaFS mRtkal 7Hg g,
& H|-B(fuel cost) F5o=2 Qs AA =4 Hls| AA
7|e& 7HHoF & Ao dothE o

e

4.3. ST MA 2l
olkaheba HPA A|Zge EHle| A the BAu| s
EEEERTE
29

T Aa"e] AHEEHE HE7IQ AM7|HE dus
(Printed circuit heat exchanger, PCHE)= 2w 3%l7] &2
A3 & u3k7](Shell and tube heat exchanger)ol] H|sjA -
S, ALEAISL §A RS Hlgo] £ ol otk
Figure 7% H@7] 0] A{A o+ 2271 87 TU A%
& A B eEol AW Ao B2 AY WS BAT
Afolth. 1§ B LES AL §4 YT 2wl A
7F AZes dugk "Walo] AXY] wio] dugr|7t tfE
ste o, stz g AJEFEA] S7te Aol dojE

=

K

HTR Heat duty [MW]
2
2
s

2630

2620

2610

2600 0
86 88 90 92 94 96 98
HTR hot side outlet temperature[C]

Figure 7. LCOE of supercritical CO, power cycle depending on
PCHE design criteria.

of N O
oo Mo & M
[g rr

oN
A ofth r[l-‘%

2%
rO

&

i ‘J’%
N

>
u)
i
iih)
~|
il
fot
rO
et
4>
927
o
e
kl

é
ox M
o
L
e
i
>

ATt SEAINE L2 fA & =7
L, gy F-8(effectiveness)©] 95%
Fst7] o Zol AtolE Holobat 7| Ef AEALES T

AA Atolo oA AAIBk= Aol vrEA T

BN S ol o
T
AT
)
X,
o

o
£
plot
1z

Pt S oy pe o

o
ll
i <
L
it}
a

5.4

T

e
e

TAAE Y AA AN Aol W B4
P A4S BaoR sastel, BE A @

2
o,
oN

N, xR
N
N
do
%
fo
-
rr
N
fo

%

>,
N
N
i
)
(-40

N
il
18

_ﬁ
ofr
o
il
)
it
o
-
A
p#
2
£
ne,
22
2
o
il
=
juirs
il
)

i)Y "
= jx

2

of tigt AA ArE M8k, o

N Sagh a8m A4 B
kg

=2
R
rir
il
fo
o g
jatad
)
N

It ox
o
[0
o

ot oft
% 9 o
hu

ok

=
T
T

I

2

Ol

o,

rir
giis
1%
of
o,
k1

o g w
oft
ol filo
o

fr e
)
i3

H-[ I‘IF O}fl.,

o,
)

o oox Ot ol
ofd i L By

iy
= o
N o T
‘{N 0_>|’1., .O
o
D)
=
o
o
Jo
Mg
i
Q2
4
et
of
ol

4
ot
i
i)
offt 4
>,
=2

flo

2 g
ko Y
-
o
)
ox

|

K3
e
)
4
— O—E

2

oy

il

e

>

filo

e

o

& oem o
o oy

2, o
rok
i
Y
(T
R

% i
=2 &
do

ﬂ_u ol

Albal=
ek & Al A
YA olitek

]_

e ot

U

X
ool
o oX o
e
oo X i1
o ol ﬂ rir

N oo ol i o o B2 huOHT oxX N O

o

7

-

AU
B
i3

Apo

il
o

o

r

Sorlo o N oo x
N

o do o o mwx Ay Mz owx X ope b o oo o
Y
2~
o
il
ok
oX
o
>
o
4
09|___5‘
_c&
2
o
b
2
o
fu
4

f
2
:?1=
X
i
i)
[rt
)
i)
oft
o
il
X
fo
1o
o>
N
N
1o
i
X
>
>
oS
rE o

2
i)
i
u=)
oL
il
=?1=
>
i)
o,
2
ox
u=)
oL
il
:cg
>
filo
4
ok
ofs
ok

o2

2
o
Mo
ot
U
B>
i)
2
>,
[>
o
lo
o %
jakad
N
N
2
=
<t
L
2

L
i

i

im

o for

rﬂﬁ
=
e &

o & =
oM,
)
ox.

%0 r
ol rr 1%
o
Ogié
ol

2 g o

o
&
-
ox
ooz
B>
.
o
<
aQ
@
Lo
o
op
I
.
ot
=
=
e

I S Ay

2 o #N o}

=
Mg 2 RS ST gt dus

N

& At

B AT AIEAAARY AUoE SRY71EF7}
el AKEITY AS wrol 43 AT(10063187, AH<]
A9 olg WAAE HAAS AT AU 71%).

References

1. http://www keei.re.kr/keei/download/focus/ef1512/ef1512_30.
pdf (accessed Sep. 2017).



10.

SRR FE

Kanniche, M., Gros-Bonnivard, R., Jaud, P., Valle-Marcos,
J., Amann, J-M., and Bouallou, C., “Pre-combustion, Post-
Combustion and Oxy-Combustion in Thermal Power Plant
for CO, Capture,” Appl. Therm. Eng., 30, 53-62 (2010).
Nie, Z., Korre, A., and Durucan, S., “Life Cycle Modelling
and Comparative Assessment of the Environmental Impacts
of Oxy-Fuel and Post-Combustion CO, Capture, Transport and
Injection Processes,” Energy Procedia., 4, 2510-2517 (2011).
Fu, C.,, and Gundersen, T., “Heat Integration of an Oxy-Combus-
tion Process for Coal Fired Power Plants with CO, Capture
by Pinch Analysis,” Chem. Eng. Trans., 21, 181-187 (2010).
Fu, C., and Gundersen, T., “Using Exergy Analysis to Reduce
Power Consumption in Air Separation Units for Oxy-Combustion
Processes,” Energy, 44(1), 60-68 (2012).

Soundararajan, R., Anantharaman, R., and Gundersen, T.,
“Design of Steam Cycles for Oxy-Combustion Coal based Power
Plants with Emphasis on Heat Integration,” Energy Procedia,
51, 119-126(2014).

Liang, Z., Fu, K., Idem, R., and Tontiwachwuthikul, P., “Review
on Current Advances, Future Challenges and Consideration
Issues for Post-Combustion CO, Capture using the Amine-
Based Absorbents,” Chinese J. Chem. Eng., 24(2), 278-288
(2016).

Nwaoha, C., Supap, T., Idem, R., Saiwan, C., Tontiwachwu-
thikul, P., Al-marri, M. J., and Benamor, A., “Advancement
and New Perspectives of using Formulated Reactive Amine
Blends for Post-Combustion Carbon Dioxide Capture Techno-
logies,” Petroleum, 3(1), 10-36 (2017).

Wang, M., Joel, A. S., Ramshaw, C., Dag, E., Musa, N. M.,
“Process Intensification for Post-Combustion CO, Capture
with Chemical Absorption: A Critical Review,” Appl. Energy,
158, 275-291 (2015).

Martinez, 1., Grasa, G., Parkkinen, J., Tynjala, T., Hyppanen,
T., Murillo, R., and Romano, M., “Review and Research Needs
of Ca-Looping Systems Modeling for Post-Combustion CO,

11.

12.

13.

14.

15.

16.

17.

18.

19.

B

QA olatsteba W Al 2| 2 A QA £E 44T
Capture Applications,” Int. J. Greenhouse Gas Control, 50,
271-304 (2016).

Liu, J., “Process Design of Aqueous Ammonia Based Post-
Combustion CO, Capture,” J. Taiwan Inst. Chem. Eng., 78,
240-246 (2017).

Ferrara, G., Lanzini, A., Leone, P., Ho, M. T., and Wiley,
D. E., “Exergetic and Exergoeconomic Analysis of Post-
Combustion CO, Capture using MEA-solvent Chemical Ab-
sorption,” Energy, 130, 113-128 (2017).

Zhou, L., Xu, G., Zhao, S., Xu, C., and Yang, Y., “Parametric
Analysis and Process Optimization of Steam Cycle in Double
Reheat Ultra-Supercritical Power Plants,” Appl. Thermal Eng.,
99, 652-660 (2016).

Nomoto, H., “Advanced Ultra-Supercritical Pressure (A-USC)
Steam Turbines and Their Combination with Carbon Capture
and Storage Systems (CCS),” Advances in Steam Turbines
for Modern Power Plants, 501-519 (2017).

Si, N., Zhao, Z., Su, S., Han, P., Sun, Z., Xu, J., Cui, X.,
Hu, S., Wang, Y., Jiang, L., Zhou, Y., Chen, G., and Xiang,
J., “Exergy Analysis of a 1000MW Double Reheat Ultra-
Supercritical Power Plant,” Energy Conversion and Manage.,
147(1), 155-165

Zhang, K., Zhang, Y., Guan, Y., and Zhang, D., “Boiler Design
for Ultra-Supercritical Coal Power Plants,” Ultra-supercritical
Coal Power Plants, 104-130 (2013).

Moullec, Y. L., “Conceptual Study of a High Efficiency Coal
Fired Power Plant with CO, Capture using a Supercritical
CO;, Brayton Cycle,” Energy, 49, 32-46 (2013).

Park, S. H., Rhim, D. R., Yeom, C. S., Cha, J. M., Shin, J.
U., Lee, C. S., “Thermo-Economic Evaluation of 500MW
Class Coal Fired Power Plant Combined with Supercritical
Carbon Dioxide Brayton Cycle,” J. Energy & Climate Change,
11(1), 1-12 (2016).

Driscoll, M. J., “Supercritical CO, Plant Cost Assessment,”
Interim Topical Report (2014).




<<
  /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


