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ABSTRACT 

 
The purpose of this work is to perform a feasibility 

analysis of co-gasification using waste materials, petcoke 
being specifically considered here. From a Life Cycle 
Assessment (LCA) point of view co-gasification of coal 
with solid residues is seen beneficial because of 
transforming a residue into a raw material and further into 
power. The base work of this paper is a structured and 
validated conceptual model of an Integrated Gasification 
Combined Cycle (IGCC) power plant. It comprises steady 
state models of a Pressurized Entrained Flow (PRENFLO) 
gasifier, following gas cleaning operations, a Heat 
Recovery Steam Generator (HRSG) and Combined Cycle 
(CC) unit operations. The model has been developed using 
Aspen Hysys® and Matlab, which is mainly used for 
Artificial Neural Network (ANN) training and parameters 
estimation for electrolytes models implemented in Aspen 
Plus®. Predicted results of clean gas composition and 
generated power present a good agreement with industrial 
data.  

 
Keywords: conceptual modeling, LCA, IGCC power plant, 
waste utilization, syngas cleaning. 
 

1 INTRODUCTION 
 
Although fossil fuels are and will be the main source of 

energy in a medium-term horizon, their scarce availability 
raises the question of the increasing need of renewable 
resources. In gasification, coal can be partially replaced by 
other fuels such as wood residues, sewage sludge, scrap 
tires or municipal solid waste. In addition, features like 
"CO2 neutrality" (meaning that products from renewable 
resources contribute less to global warming) and 
"biodegradability" (meaning that such products may be 
disposed of with less risk as well as at lower costs) are 
mainly responsible for the environmental attraction of 
renewable sources based technologies and products. This 
work analyzes the use of coal and petcoke mixture from an 
environmental point of view. The environmental 
performance indicators used are based on impact 
assessment schemes currently used in LCA.  

 
2 IGCC POWER PLANT MODEL 

 
The global flowsheet developed in this work includes 

mainly a PRENFLO gasifier and a series of purification 
units, i.e. a fabric filter, a venturi scrubber, a COS 

hydrolysis reactor, a sour water stripper, a MDEA absorber 
and a Claus plant. An Air Separation Unit (ASU) is used to 
obtain oxygen at a purity of 85 wt%. Steam, oxygen and 
fuel raw materials enter the gasifier and they are converted 
into syngas, which is cooled down before entering the 
purification units. Heat is recovered by producing steam in 
the HRSG, used for CC turbines. In the venturi scrubber, 
syngas is put into contact with water that absorbs and 
removes acid and basic pollutants. Main water flow is 
recycled down to the venturi, decreasing water 
consumption. The other water fraction needs to be cleaned, 
in the sour water stripper. After this unit, water is finally 
treated with ozone (that is not simulated). Syngas is further 
purified through the COS hydrolysis reactor. This unit 
converts COS into H2S, which is removed in the MDEA 
absorber. Polluted streams from sour water stripper, COS 
hydrolysis reactor and MDEA absorber are sent to the 
Claus plant, where sulfur is recovered in liquid form. The 
obtained clean gas, after the MDEA absorber, is sent to the 
CC. Heat from exhaust clean gas, after the gas turbine 
cycle, is recovered for the steam turbine cycle in the HRSG. 
This model has been validated with industrial data from 
ELCOGAS plant in Puertollano (Spain).  

Base Case Mix1 Mix2 Mix3 Mix4

Coal (%) 50 39 45 54 58
Petcoke (%) 50 61 55 46 42
Carbon (%ar) 61.68 68.28 64.93 61.95 60.1
Hydrogen (%ar) 2.93 3.21 3.16 3.07 3.1
Nitrogen (%ar) 3.46 1.97 2.71 3.37 3.69
Oxygen (%ar) 1.42 1.51 1.29 1.47 1.26
Sulphur (%ar) 3.34 3.79 3.43 3.24 2.97
Moisture (%ar) 2 0.75 1.04 1.29 0.93
Ashes (%ar) 25.17 20.49 23.44 25.61 27.95
Volat. Matter (%dry) 17.3 16.8 17.1 18.2 18.5
Feed (t/day) 2,600 2,600 2,600 2,600 2,600
Gasif. T (ºC) 1,600 1,600 1,600 1,600 1,600
Gasif. P (bar) 25 25 25 25 25
O2/feedstock (mb) 0.175 0.175 0.175 0.175 0.175
H2O/feedstock (mb) 0.13 0.13 0.13 0.13 0.13

Input Data

 
Table 1: Operating conditions of ELCOGAS plant (“ar”: as 

received basis. “mb”: in mass basis). 

Model input data and results are showed in Tables 1 and 
2 for four different raw materials mixtures and for a base 
case, obtained from the ELCOGAS operating conditions.
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Output Data Exp. Model Exp. Model Exp. Model Exp. Model
Clean gas composition
H2 (vol. %) 21.11 19.82 21.17 19.53 21.14 19.05 19.8 18.89
CO (vol. %) 62.06 49.76 61.1 49.76 60.36 49.9 60.7 49.88
CO2 (vol. %) 1.43 2.55 2.19 2.58 2.29 2.6 3.05 2.61
N2 + Ar (vol. %) 15.34 27.54 15.47 27.81 16.14 28.11 16.36 28.28
H2S + COS (ppm) 0 0.36 0 0.38 0 0.39 0 0.38
H2O (vol. %) 0.07 0.32 0.07 0.33 0.07 0.33 0.08 0.33
LHV (MJ/m3) 8.259 7.985 8.126 7.956 8.038 7.923 7.796 7.905
Gas turbine power 
(MW) 168.7 187.5 173 183.9 163 181.4 137.8 180.6

Steam turbine power 
(MW) 121.5 112.5 130 109 124.8 108 109.7 105.8

Total power (MW) 290.2 299.7 303 293 287.8 289.4 247.5 286.4
Error (%) 3.27 -3.30 0.56 15.72

Mix3 Mix4Mix1 Mix2

 

Table 2: Power generation and clean gas composition comparison. Error: total power deviation. 

Mixtures are made up by different proportions of coal and 
petcoke. Major final results differences are found for N2 
and water composition in the clean gas stream (after MDEA 
absorber). Lower volume percentages are predicted for H2 
and CO, while higher values are obtained for H2S, COS and 
water. Simulation of produced power is in good agreement 
with plant data; this comparison is worst in the case of 
Mix4. 
 
2.1 Simulation Tools and Specific Units 
Modeling 

This modeling framework is implemented using mainly 
Aspen Hysys® due to its capacity of accepting custom 
models as extensions and of allowing the creation of new 
components not considered in its database. Aspen Plus® 

calculations, involving ionic species, are used for phase 
equilibrium problems solution (for venturi scrubber, sour 
water stripper and MDEA absorber) and are introduced into 
Aspen Hysys® by means of ANN extensions. ANNs have 
been mainly used as data based models (to train each ANN, 
data from sensitivity analysis in Aspen Plus® are used) and 
are carried out using the ANN package provided with 
Matlab 6.5.  

The gasification superstructure comprises: 
• Conceptual model of the PRENFLO gasifier. The 

process sequence is pyrolysis, volatiles 
combustion, char combustion, char gasification 
and gas equilibrium. Pyrolysis is modeled using 
experimental correlations from [1,2] which depend 
on temperature and volatile matter. Production of 
H2S, COS, NH3 and HCN is represented by 
equations extracted from experimental data from 
[3,4]. Every set of correlations is inferred from 
analysis of different coal types. For volatiles 
combustion, all pyrolysis gases consumption is 

assumed. Kinetics of char combustion main 
reactions are from [5,6], and consider total oxygen 
consumption. Char gasification comprises 
heterogeneous reactions of char with H2O, CO2 
and H2. Finally, gas equilibrium reactions are 
performed by minimizing Gibbs free energy of all 
species.  

• Venturi scrubber and sour water stripper. They are 
firstly simulated in Aspen Plus® using electrolyte 
properties package. An ANN for the two units is 
introduced into Aspen Hysys®. Main reactions 
concerns H2S, CO2, HCN and NH3 water 
reactions.  

• COS hydrolysis reactor. It permits the catalyzed 
reaction of COS with alumina to produce H2S. 
Model kinetic expression and parameters are from 
[7-8]. It is introduced into the software by means 
of a user extension.  

• MDEA absorber. In analogous way to venturi 
scrubber and sour water stripper, it has been firstly 
simulated in Aspen Plus® and latter introduced 
into Aspen Hysys®.  

• Claus plant. It is formed by two kilns (in parallel) 
and two catalytic stages (in series). In the 
catalyzed step, kinetic reactions are based on [9-
10] and they are introduced into Aspen Hysys® 
with a user extension. After the two mentioned 
steps, a hydrogenator increases the overall sulfur 
conversion. Liquid sulfur is recovered in every 
stage after a condensation process and it is 
collected in a sulfur pit. 

• HRSG. Heat from turbine exhaust gases is mainly 
recovered here, producing water steam at three 
pressures (high, intermediate and low pressures). 
In high pressure and intermediate pressure steam 
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circuits, steam is also heated by syngas cooling 
before purification units.  

• CC. Final power achieved is the sum of gas and 
vapor turbines power generation. 

For all above mentioned units, simulation results and 
industrial plant data has been compared. It is important 
to point out the remarkable agreement between both 
values.  

 

 

Figure 1: Impact assessment results by echelon. Axis units [yr-1]

3 LCA 
 

Here, a 4-step LCA is realized [11]: 
1) First of all, an objective has to be defined. In this 

case, the study is focused on the environmental contribution 
change attained by the different raw material composition 
feeds. Moreover, a system and a functional unit (FU) are 
defined. The simulated co-gasification plant, considering 
extraction and processing of raw material, constitutes the 
system, making this LCA fit a “cradle to gate” approach. A 
1MJ-capacity of electricity production FU has been chosen. 
Regarding system boundary, it is worth mentioning that the 
wastewater treatment plants are not included, while the 
sulfur obtained from Claus plant is neglected. 

2) To continue with, an emission inventory, called Life 
Cycle Inventory (LCI), is gathered for the simulated co-
gasification plant. Simulation results are used to 
conceptually estimate flue gas emissions. This step 
constitutes a conservative approach (i.e. it overestimates 
emissions), given that the industry complies with all legal 
emission requirements. However, the use of simulation 
software makes mass balances and energy balances to be 
met without requiring further data checks; making this 
approach a robust one. For all other echelons studied, which 
are production/extraction of raw materials, LCI of 
emissions are retrieved from the Ecoinvent database [12]. 
In the current case, production of: coal, petcoke, sulfuric 

acid and sodium hydroxide is required given their 
consumption for electricity generation. The results are 
shown in Table 3.  

 
Inputs Electricity 

MIX1
Electricity 

MIX2
Electricity 

MIX3
Electricity 

MIX4

Fuel [kg/FU] 1,00E-01 1,03E-01 1,04E-01 1,06E-01

Water[kg/FU] 2,29E-02 2,34E-02 2,38E-02 2,41E-02

Naoh [kg/FU] 5,05E-04 5,17E-04 5,24E-04 5,32E-04

H2SO4[kg/FU] 4,25E-06 4,34E-06 4,41E-06 4,47E-06

Outputs

CO2 [kg/FU] 1,93E-01 1,96E-01 1,98E-01 1,99E-01

SO2 [kg/FU] 1,95E-05 2,07E-05 2,10E-05 2,05E-05

NO [kg/FU] 1,55E-03 1,56E-03 1,58E-03 1,57E-03

NO2 [kg/FU] 4,47E-05 4,50E-05 4,55E-05 4,52E-05
 

Table 3: Illustrative LCI results from LCI Simulation. 

3) Afterwards, an impact assessment, based on the LCI 
considering all echelons, is performed. Several 
environmental impact indicators are available. For the case 
of electricity generation broadly used impacts are Global 
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Warming Potential (GWP), Acidification Potential (AP), 
and Abiotic Depletion Potential (ADP). The CML 2 
baseline 2000 V2.03 [13] with normalization of the values 
obtained considering emissions for West Europe in 1995 is 
used here. 

4) Finally, the LCA results interpretation is realized. As 
it can be seen in Table.4, biggest normalized impacts are 
found for marine aquatic ecotoxicity. This fact occurred due 
to the different compounds emissions during coke 
production and coal extraction. Fig.1 demonstrates the trend 
of this impact category due to the substitution of coke by 
coal. This impact category is heavily influenced by the 
amount of coke used; the higher the coal fraction the more 
environmentally friendly electricity production. Second in 
normalized impact comes the abiotic depletion; once again 
mostly due to coke production and coal extraction process. 
However the indicator value is slightly affected due to the 
substitution of coke using coal. AP and GWP show a 
similar behavior, the impact category is dominated by 
simulation results (80%) and the rest is due to raw material 
extraction process. Another significant result is that all 
impact categories values diminish by substituting coke to 
coal. 

 

Impact category Electricity 
MIX1

Electricity 
MIX2

Electricity 
MIX3

Electricity 
MIX4

abiotic depletion 1,63E-13 1,64E-13 1,61E-13 1,62E-13

global warming 
(GWP100) 4,91E-14 4,95E-14 4,98E-14 4,99E-14

ozone layer 
depletion (ODP) 3,88E-16 3,60E-16 3,07E-16 2,86E-16

human toxicity 3,73E-15 3,56E-15 3,21E-15 3,08E-15

fresh water 
aquatic ecotox. 5,37E-15 5,10E-15 4,58E-15 4,38E-15

marine aquatic 
ecotoxicity 2,10E-13 1,99E-13 1,77E-13 1,68E-13

terrestrial 
ecotoxicity 3,30E-15 3,14E-15 2,83E-15 2,71E-15

photochemical 
oxidation 3,59E-15 3,47E-15 3,22E-15 3,12E-15

acidification 4,78E-14 4,75E-14 4,66E-14 4,60E-14

eutrophication 2,06E-14 2,06E-14 2,05E-14 2,03E-14
 

Table 4: Normalized impact assessment results. 

4 RESULTS 
 
A validated conceptual model of a co-gasification IGCC 

power plant has been performed with a very good 
agreement between model results and ELCOGAS data. 
Future work will be envisaged to further improve the model 
simplifications and optimize the process based on economic 
and environmental considerations. 

Differences found between simulated and real data may 
be caused by a combined effect from several simplifications 
where this model relies on at this point. Namely, the 
pyrolisis model that estimates the production of char, 
nitrogen and sulphur compounds is based on experimental 
correlations. Char combustion and gasification reactions are 
also based on experimental correlations. However, these 
correlations have been taken from the literature and do not 
exactly correspond to the actual raw material mixtures. 
ANN results are limited to an interval of variation of gases 
composition. Also, the combustion of the clean gas is 
modeled with a Gibbs reactor. According to this LCA, 
toxicity impacts to humans, fresh water and terrestrial 
ecosystems are very low; also very low are the impacts to 
photochemical oxidation (smog formation) and to ozone 
depletion potential. Most important impacts are found for 
marine ecosystem damages and for abiotic depletion, these 
impacts originate from raw material extraction. Co-
gasification results are used to estimate AP and GWP. 

 
 

ACKNOWLEDGMENTS 
 

Financial support received from the “Generalitat de 
Catalunya” (FI programs) and from “Ministerio de 
Educación” (FPU grants) and from European Commission 
project (RFS-CR-04006) is gratefully acknowledged. 

 
REFERENCES 

[1] S. Balzioc and P.G.W. Hawksley, Ind. Eng. Chem. 
Process Des. Dev., 9, p. 521-530, 1970.  

[2] R. Loison and R. Chauvin, Chimie et Industrie, 91, 
p. 269-275, 1964.  

[3]  F. García-Labiano, J. Adánez et al., Fuel, 75, p. 
585-590, 1996. 

[4] S. Kambara, T. Takarada et al., Energy & Fuels, 7, 
p. 1013-1020, 1993. 

[5] C.Y. Wen and T.Z. Chaung, Ind. Eng. Chem. 
Process Dev., 18, p. 684-695, 1979. 

[6] R. Govind and J. Shah, AIChE Journal, 30, p. 79-92, 
1984. 

[7] Fiedorow, R., Léauté, R. and Dalla Lana I.G., Jounal 
of Catalysis, 85, p. 339-348, 1984. 

[8] Williams, B.P., Young, N., West, J. et al., Catalysis 
Today, 49, p. 99-104, 1999. 

[9] Hawbolt, K.A., Monnery W.D. et al., Chemical 
Engineering Science 55, p. 957-966, 2000. 

[10] Monnery, W.D., Hawboldt, K.A. et al., Chemical 
Engineering Science 55, p. 5141-5148, 2000. 

[11] ISO14040, Environmental management - Life cycle 
assessment - Principles and framework, 1997. 

[12] Swiss Centre for Life Cycle Inventories, The 
Ecoinvent database, 2006. 

[13] Guinee J.B., Gorree M., Heijungs R., Huppes G., 
Kleijn R, and others; Life cycle assesment. An 
operational guide to the ISO standards, Leiden 
University, 2001. 

561
Clean Technology 2008, www.ct-si.org, ISBN 978-1-4200-8502-0



<<
  /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


