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Abstract 

In this paper, a new formulation based on disjunctive programming to model the superstructure of alternative
configurations for the synthesis, design and analysis of combined cycle power and desalination plant recently
developed in Mussati et al. [Desalination, 182 (2005) 123–129] is presented. In this new formulation, boolean
variables model discrete decisions while continuous variables represent the operation conditions of the process,
e.g., flow rates, energy demand. Optimal unit configuration and operating conditions are computed by solving the
proposed model in order to satisfy electricity generation and freshwater productions demands. 

Rigorous, non-convex and highly non-linear constraints are involved in the formulation, therefore, robust and
efficient solution algorithms have to be used. The Logic-Based Outer Approximation (LOA) algorithm developed
by Turkay and Grossmann [Comp. Chem. Eng., 20 (8) (1996) 959] with the modifications introduced by Yeomans
and Grossmann [Ind. Eng. Chem. Res., 39 (6) (2000) 1637] are used as part of the solution procedure. 

The model is implemented and solved in the General Algebraic Modeling System (GAMS). Several study
cases for different required power to water ratios are presented and analyzed in order to illustrate the robustness
and computational performance of the proposed model. 

Keywords: Superstructure optimization; Synthesis and design of chemical process; Optimization; Generalized
disjunctive programming 

1. Introduction 

Thermal desalination plants are energy inten-
sive and its coupling with power plants result in
appreciable economy compared with separate

single purpose power generation and desalination
installations. Large dual-purpose power desalina-
tion plants are built to reduce the cost of electric-
ity production and freshwater. The dual purpose
power desalination plants make use of thermal
energy extracted or exhausted from power plants
in form of low-pressure steam to provide heat*Corresponding author.
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input to thermal processes, like multi-stage flash
(MSF) or multi-effect (MED) distillation systems.

Different arrangements are possible in order
to satisfy electricity and freshwater demands and
the selection of the optimal system is a difficult
task because it depends strongly on many factors
such us the required power to water ratio, cost of
fuel energy charged to the desalting process, elec-
tricity sales, capital costs and local requirements.
Alternative configurations must be considered
in order to select the most suitable cogeneration
desalting plants. Therefore, the formulation of
models for the synthesis and analysis of differ-
ent design alternatives are very important and
useful. 

Despite that many contributions dealing with
the design of dual purpose desalination plants
(DPP) have been published, only few of them
focus on the simultaneous optimization of the
configuration and operating conditions [1–3].
Commonly, the best configurations are obtained
by parametric comparisons of different optimal
structures [4–6]. This task is highly time con-
suming due to the existence of numerous design
alternatives which are combinatorial by nature.
In addition, there exists an inherent uncertainty
whether a better alternative could have been found.
For that reason, an efficient and systematic
simultaneous optimization procedure is of main
importance for the selection of the best design
alternative. 

Mathematical models including alternative
designs involve discrete decisions related to the
selection of equipments. There are different
formulations to represent problems involving
discrete and continuous variables [7]. 

Mussati et al. [3] presented an optimization
mathematical model of a superstructure of alter-
native configurations of DPP. The superstructure
of optional arrangements (optimization problem)
is modeled as a Mixed Integer Non-linear Pro-
gramming (MINLP) Model where binary vari-
ables (0–1) are used to select the equipments
for the cogeneration plant. The resulting MINLP

mathematical model can be used for synthesis as
well as for analyzing different design alternatives.
The solution obtained by the proposed mathemati-
cal model provides the basic design of the DPP. 

This paper presents a new mathematical model
for the superstructure of alternative configurations
of DPP recently proposed by Mussati et al. [3].
The new formulation is based on generalized
disjunctive programming (GDP) [8] and can be
used for the synthesis as well as for analyzing
different design alternatives for this process. 

This work is organized as follows. Section II
introduces the problem definition while Section III
briefly describes the process and the proposed
superstructure. Section IV summarizes the formu-
lation assumptions and the mathematical model.
Section V presents the solution procedure and
Section VI illustrates a numeric example through
a case study. Finally, this paper concludes in
Section VII with conclusions and major challenges
for further research. 

2. Problem definition 

The problem is stated as follows. Given are
the electric power requirement, the freshwater
production and the seawater conditions (temper-
ature and composition). The goal of the problem
is to determine the optimal configuration and
operating conditions of a dual purpose plant at
minimum total levelized cost. 

3. Superstructure representation 

The problem superstructure adopted previ-
ously in Mussati et al. [3] is here considered but
in this work, the discrete decisions are modeled
using disjunctions [8]. 

Fig. 1 shows the superstructure proposed for
the combined power desalination plant, which
consists of a gas turbine as a topping cycle and a
steam process as a bottoming cycle. Methane is
burned in the gas turbine which produces elec-
tricity and hot exhaust gases. The exhaust gases
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can be used to pre-heat the incoming air on the
optional air pre-heater (APR) and therefore the
exhaust gases are used in a heat recovery steam
generator (HRSG). The discrete decisions are
related with the existence of an APH (Fig. 1), the
production of vapor at low pressure (RH2, EV2,
DR2, P2) which can be used on the multi-stage
flash (MSF) evaporator as hot utility, the existence
of an additional combustor (B1) and a condensing
steam turbine (LP1). 

Finally, the same assumptions for the modeling
of the power and desalting plant considered in
Mussati et al. [3] are preserved here. 

4. Generalized disjunctive formulation  

The same assumptions and features consid-
ered in the MINLP model recently proposed by
Mussati et al. [3] are also considered here for the
combined power cycle and desalting plant and
are shortly described next. 

Water is considered as the working fluid on the
HRSG. Rigorous chemical-physical properties
(volume, enthalpy and entropy) for all streams are
considered assuming ideal gas and liquid behavior.
Exact calculation of the logarithmic mean temper-
ature difference is used to compute heat transfer
areas. Isentropic and isenthalpic efficiencies are
taken into account on the gas turbine and steam
turbines, respectively. Regarding the MSF des-
altor, temperature and concentration-dependent
functionalities for the heat capacity (Cp), boiling
point elevation (BPE) and latent heat of evapo-
ration (l v) are considered [9]. Specific correlations
to compute the overall heat transfer coefficient
(U ) and the geometric design for the chamber of
each stage (length, width and height) are adopted
from El-Dessouky et al. [9]. 

The most important aspects of the mathe-
matical model are presented next. Based on the
superstructure illustrated in Fig. 1, the optimiza-
tion problem is formulated as a GDP problem to
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Fig. 1. Combined power cycle coupled to thermal desalination plants. 
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minimize the total costs of the plant. The contin-
uous variables are involved on mass, energy and
momentum balances of equipments and disjunc-
tions model the selection of equipments. 

Consider the following set definition. Let C
be the set of components: C = {i/i = O2, N2, CO2,
H2O}. Let EQ be the set of equipments of the
process: EQ{j/j = AC, EXP, RH1, RH2, EC1,
EC2, APH, EV1, EV2, HP1, LP1, DR1, DR2,
PH1, PH3, B1, CC, P1, P2, P3, P4} where AC is
the air compressor, EXP the expander, RH1 and
RH2 the re-heaters, EC1 and EC2 economizers,
APH the air pre-heater, EV1 and EV2 the evapo-
rators, HP1 and LP1 the steam turbines, DR1
and DR2 the drums, PH1 and PH3 the pre-heat-
ers, B1 and CC the combustors and P1, P2, P3
and P4 the pumps. 

Note that due to space limitations, the mathe-
matical model for the MSF desaltor is not presented
here. The detailed mathematical formulation can
be found in Mussati et al. [10,11]. 

4.1. Objective function 

The objective function involves the minimi-
zation of the total levelized costs of the plant.
The cost functions for the plant components are
taken from the literature [12,13], which are calcu-
lated using the total revenue requirement (TRR)
method [13]. 

4.2. Model disjunctions 

Boolean variables Yj are related to the follow-
ing discrete decisions: 
• The existence of an APH (YAPH). 
• The production of vapor at low pressure, RH2,

EV2, DR2 and P2 (Yj, j = RH2, EV2, DR2, P2).
This vapor can be used on the MSF evaporator
as hot utility. 

• The existence of an additional combustor
B1 (YB1). 

• The existence of a condensing steam turbine
LP1 (YLP1). 

The disjunction (1) is formulated to model
the existence of the APH, the re-heater (RH2)
and the evaporator (EV2): 

(1)

The index fluid refers to air for the case of the
air compressor and to the working fluid for the
re-heater and evaporator. If equipment j is selected,
then the area (Aj) is calculated as well as the cost
associated with it, which is a function of a fixed
cost (gj) and of the transference area (Aj). 

The disjunction (2) models the selection of
an additional combustor (B1): 

 

(2)
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The existence of a condensing steam turbine
(LP1) and of the pumps (P2 and P4) is modeled
with the disjunction in (3), which imposes a cost
(Cj) if the equipment is selected. Otherwise, no
pressure and temperature changes take place in
the process. 

(3)

In disjunction (3), the vector Xj = (Wj, hisoent)
for j = LP1, where Wj is the power of the turbine
and is hisoent the isentropic efficiency. For j = P2,
P4, Xj = (Wj, ) where Wj is the power
of the pumps and  is the outlet pressure. 

4.3. Logic propositions 

The logic proposition (4) imposes the condi-
tion that if one equipment for the production of
low-pressure vapor is selected, all the others are
selected too: 

(4)

4.4. Global constraints 

In Eq. (5), the power ( ) and isen-
tropic efficiency (hj) for the air compressor and
expander of the gas turbine are formulated. Rig-
orous correlations are considered to calculate the
enthalpy and entropy for the air and gases. 

(5)

Regarding to the continuous variables, H, S
and M refer to the specific enthalpy, specific
entropy and mass flow-rate, respectively. 

Energy balances for the equipments of the
gas turbine and for the equipments involved in
the HRSG are formulated in Eq. (6): 

(6)

Note that the index fluid is air for the case of
the air compressor and expander. In the case of
the equipments of the HRSG, the index fluid
refers to the working fluid (water). 

The area (Aj) for the permanent (fixed)
equipments of the HRSG is computed in Eq. (7): 

(7)

The chemical reaction which takes place in
the combustors is described by the following
equation: 

The mass and energy balances are formulated
in Eq. (8), considering that ni corresponds to the
stechiometric factor of component i in the reac-
tion of combustion and the super index “fuel”
refers to CH4. 
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(8)

Constraints (9) formulate enthalpy and
entropy balances for the high- and low-pressure
steam turbines, where  refers to isenthalpic
temperature. 

(9)

Eq. (10) formulates the power Wj in the
pumps, where sv refers to specific volume: 

(10)

5. Solution algorithm  

The GDP model is solved with the decom-
position algorithm proposed by Yeomans and
Grossmann [14], which is a modified version of
the logic-based outer approximation (LOA)
algorithm [15]. This algorithm solves the disjunc-
tive programming problem by iterating between
reduced NLP subproblems and MILP master
problems. Thus, the GDP model proposed in
Section IV is rewritten as a NLP and MILP for-
mulations. A general procedure for making this
transformation can be found in Turkay and
Grossmann [15]. 

The model is implemented and solved in the
General Algebraic Modeling System (GAMS).
The generalized reduced gradient algorithm
CONOPT is selected to solve the NLP problems
and OSL as the MIP solver. 

The decomposition algorithm is initialized
by solving an NLP subproblem with all existent
equipments (Yj = true, for all j) which provides
linearization for all the non-linear equations in the
original model. This problem requires solving
the largest possible problem but it is not computa-
tionally expensive since a detailed initialization
and bounding schemes have been considered. 

6. Results and discussion  

In this section, two examples are presented to
illustrate the performance of the proposed GDP
model. 

As mentioned in Section II, given a set of
demands of electricity and freshwater production,
the objective is to design a DPP at minimum
total levelized cost by determining the equipment
interconnections and its corresponding operating
conditions. 

Two examples are considered for the illus-
tration of numeric results. Example 1 considers
the synthesis of a dual purpose plant to supply
75 MW and 1000 t/h of electricity and freshwater,
respectively, while demands of 100 MW and
1000 t/h must be satisfied in Example 2. The
problem parameters are given in Table 1. 

Example 1 

The optimal configuration resulted from the
optimization problem is given in Fig. 2 and the
main operating conditions to generate the required
electricity (75 MW) and freshwater (1000 t/h)
requirements are reported in Table 2. 

As is shown in Fig. 2, the optimal process con-
figuration has the gas turbine GT, the HRSG2 and
the steam turbine HPT coupled to MSF desaltor.
The total levelized cost of plant is $5628.23/h. 
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Note that since non-convexities are involved
in the NLP model due to the non-linearities of the
equations, such as for the investments cost and
enthalpy balances, a global optimum solution
cannot be guaranteed. 

Example 2 

The same optimization problem is solved
but in this example the demand of electricity is
100 MW. The optimal configuration for this
example is shown in Fig. 3 and optimal operating
conditions are given in Table 3. 

As is illustrated, in the final design which
involves a total levelized cost of $6235.61/h, vapor

at medium pressure is necessary to be produced
in order to increase the electricity production in
the low-pressure steam turbine to satisfy the
required electricity demand. The production of
vapor at medium pressure required the selection
of the following equipments: the pump P2, the
drum DR2 and the re-heater RH2. 

Table 1
Parameters for the numeric examples 

MSF desaltor
Seawater salinity 45,000 ppm
Seawater temperature 298 K 
Maximum operating temperature 390 K 
Water production 1000 t/h 
Tube diameter 0.030 m 
Pitch 1.25 m 

Steam turbines
Turbine efficiency (HPT, LPT) 0.95
Maximum inlet temperature (GT) 1600 K
Maximum inlet temperature (HPT) 870 K
Maximum inlet pressure (HPT) 140 bar

G G
RH

EV

PH1

PH3

LP1

MSF

P4

P3

P1

AC EX

CC

Fig. 2. Optimal configuration for example 1. 

Table 2
Optimal values for example 1  

Variable Value 

Objective function value [$/h] 5628.23
Process heat (desaltor) [Gcal/h] 51.43
Process vapor temperature [K] 440.25
Inlet temp. on back pressure steam 

turbine [K]
700.06

Inlet temperature on condensing
turbine [K]

440.25

Total heat transfer area on HRSG [m2] 9010.12
Total heat transfer area on desaltor [m2] 67,502.32
Fuel consumption by GT [Kmol/s] 0.22
Fuel consumption by B1 [Kmol/s] 0
Net power produced by GT [MW] 66,290.85
Power produced by back pressure 

turbine [MW]
7904.98

Power produced by condensing turbine 
[MW] 

804.17

Working fluid flow [kg/s] 30
Steam generation at intermediate 

pressure [kg/s]
0

AC

GG
RH

EV

PH1

PH3

LP1

MSF

P3

P4
P1

P2

EX

CC

RH2

Fig. 3. Optimal configuration for example 3. 
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7. Conclusions 

This paper has presented a Generalized Dis-
junctive Programming model for the optimal
synthesis and design of a DPP. The LOA algo-
rithm developed by Turkay and Grossmann [15]
with the modifications introduced by Yeomans
and Grossmann [14] has been implemented in
the solution procedure. This algorithm solves
the disjunctive programming problem by iterating
between reduced NLP subproblems and MILP
master problems. 

Several examples have been successfully
solved by applying the algorithm, from which
two examples have been presented in this paper
to illustrate the robustness and computational
performance of the proposed formulation. 

Despite that the MINLP formulation presented
recently in Mussati et al. [3] has efficiently solved
the problem for different demands of freshwater
and electricity, the proposed GDP formulation

resulted to be more flexible and robust than
the MINLP formulation which convergence is
strongly dependent on a good initial solution. In
fact, the convergence of the NLP subproblems in
the GDP solution algorithm is facilitated because
the constraints related to selected equipments
are only considered in the problem, increasing
its robustness and flexibility. In addition, we
have observed that the GDP formulation is not
as strongly dependent on the initial values as the
MINLP formulation. 

7.1. Future works 

The mathematical model presented in this
paper should be extended in order to consider
other important aspects related to the operation
mode and environment pollution of the plant.
Precisely, aspects such as optimal maintenance
policy of the main equipments (considering the
mean time to failure and repair -MTTF- -MTTR-,
maintenance cost, among others) as well as their
reliabilities (namely series, parallel, series/parallel
and stand-by structures) are necessary to take
into account in order to get a real-world solution
and to satisfy the freshwater and electricity
demands. Regarding to the environment aspects,
the treatment of greenhouse gases (namely CO2)
formed during the combustion process should
also be focused. In fact, the modeling the chemical
absorption of CO2 with amine (MDEA) in order
to remove the CO2 gas from the fuel gas will be
treated. Also mathematical models for the absorber
and desorber units by using detailed steady state
models will be integrated to the GDP model pre-
sented here. 

Acknowledgements 

The financial support from the Consejo
Nacional de Investigaciones Científicas y Técnicas
(CONICET), the Agencia Nacional para la Pro-
moción de la Ciencia y la Tecnología (ANPCyT),

Table 3
Optimal values for example 2  

Variable Value 

Objective function value [$/h] 6235.61 
Process heat (desaltor) [Gcal/h] 55.43 
Process vapor temperature [K] 425.62 
Inlet temp. on back pressure steam 

turbine [K]
805.58 

Inlet temperature on condensing
turbine [K]

425.62 

Total heat transfer area on HRSG [m2] 32,879.12 
Total heat transfer area on desaltor [m2] 66,250.43
Fuel consumption by GT [Kmol/s] 0.260 
Fuel consumption by B1 [Kmol/s] 0 
Net power produced by GT [MW] 72,333.37 
Power produced by back pressure 

turbine [MW]
22,266.43 

Power produced by condensing turbine 
[MW] 

5400.20 

Working fluid flow [kg/s] 32.43 
Steam generation at intermediate 

pressure [kg/s]
5.65 



S.F. Mussati et al. / Desalination 222 (2008) 457–465 465

the Universidad Nacional del Litoral of Argentina
and the Deutscher Akademischer Austauschdienst
(DAAD) are greatly acknowledged. 

References 

[1] J. Uche, L. Serra and A. Valero, Thermoeconomic
optimization of a dual-purpose power and desali-
nation plant, Desalination, (2001) 147–158. 

[2] S. Mussati, P. Aguirre and N. Scenna, A rigorous
mixed integer nonlineal programming model
(MINLP) for synthesis and optimal operation of
cogeneration seawater desalination plants, Desali-
nation, 166 (2004) 339–345. 

[3] S. Mussati, P. Aguirre and N. Scenna, Optimiza-
tion of alternative structures of integrated power
and desalination plants, Desalination, 182 (2005)
123–129. 

[4] D. Clelland, Large scale dual purpose plant for
water/power production, Desalination, 2 (1967)
215–219. 

[5] A. El-Nashar, Cogeneration for power and desali-
nation/State of the art review, Desalination, 134
(2001) 1–28. 

[6] N. Wade, J. Willis and J. McSorley, The Taweelah
A2 independent water and power project, Desali-
nation, 125 (1999) 191–202. 

[7] I. Grossmann, J. Caballero and H. Yeomans, Mathe-
matical programming approaches to the synthesis

of chemical process systems, Korean J. Chem.
Eng., 16 (4) (1999) 407–426. 

[8] I.E. Grossmann, Review on nonlinear mixed-integer
and disjunctive programming techniques, optim.
Eng., 3 (2002) 227. 

[9] H. El-Dessouky, H. Shaban and H. Al-Ramadan,
Steady-state analysis of multi-stage flash desali-
nation process, Desalination, 103 (1995) 271. 

[10] S. Mussati, P. Aguirre and N. Scenna, Optimal multi
stage flash desalination plants design, Desalination,
138 (2001) 341–347. 

[11] S. Mussati, P. Aguirre and N. Scenna, Novel config-
uration for a multistage flash-mixer desalination
system, Ind. Eng. Chem. Res., 42 (20) (2003)
4828–4839. 

[12] A. Valero, M. Lozano, L. Serra, G. Tsatsaronis,
C. Frangopoulos and M. Von Spakovsky, CGAM
problem: definition and conventional solution,
Energy, 19 (1993) 279–286. 

[13] A. Bejan, G. Tsatsaronis and M. Moran, Thermal
Design and Optimization, John Wiley & Sons, Inc.,
New York, 1996. 

[14] H. Yeomans and I.E. Grossmann, Disjunctive
programming models for the optimal design of
distillation columns and separation sequences,
Ind. Eng. Chem. Res., 39 (6) (2000) 1637. 

[15] M. Turkay and I.E. Grossmann, Logic-based
MINLP algorithms for the optimal synthesis of
process networks, Comp. Chem. Eng., 20 (8)
(1996) 959. 



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


