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Abstract

This paper presents a new and integrated method and software for design optimization of solar thermal power
plants. Thereby, optimization potential can be discovered which remains unrevealed when the sub-systems
are optimized sequentially, like in today’s state-of-the-art approaches. Using detailed component models, the
approach includes the energetic and the economic simulation of a plant design as well as a multi-parameter
optimizer.

Exemplarily, the integrated approach is applied to a S0 MW, parabolic trough power plant using thermal oil
as heat transfer fluid (HTF), a molten salt thermal storage and an air-cooled condenser at a site in the
Californian Mojave desert. By changing eight plant design parameters of solar field (SF), storage and power
block, the levelized cost of electricity (LCOE) could be reduced by 6.0%, starting from a power plant design
similar to the Andasol-1 plant in Spain but transferred to the Californian site.
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1. Motivation (Introduction)

Today, designs of solar thermal power plants are developed by several sub-system calculations which make it
difficult to optimize a plant as a whole system. This work presents a new and integrated method for design
optimization of solar thermal power plants.

2. Model and Software Implementation (Methodology)

Using detailed component models, the approach includes the energetic and the economic simulation of a
plant design as well as a multi-parameter optimization algorithm — an evolutionary algorithm — to optimize
relevant design parameters of the plant.

The graph below shows the methodology that is being pursued.
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Figure 1: General structure of the techno-economic system simulation and optimization model

First of all, a set of technical and economic parameters has to be chosen to simulate a power plant
configuration. The parameters refer to power plant site, power block, collector / solar field, storage (if used)
and economic assumptions on installation and operation of the plant. Some of the parameters are fixed and
independent of plant design, e.g. site and irradiation data. Variable parameters are optimized simultaneously
by the evolutionary algorithm with respect to the objective function. The variables depend on the
optimization requirements; an example for a variable parameter is the solar field (SF) size.

All these assumptions are used to calculate the energy yield for a representative time period (e.g. a year),
based on hourly values. As opposed to conventional power plants, the permanently changing sun position and
solar irradiation level require detailed energy yield calculations. Based on the economic assumptions, mean
(e.g. annual) cost will be calculated.

Both technical and economic simulation results are combined in an objective function, e.g. the levelized cost
of electricity (LCOE), which indicates the economic quality of the system layout. Other objective functions
may be defined if suitable or necessary.

A multi-parameter optimization method is then used to optimize the relevant plant parameters with respect to
the objective function. The optimizer has to be capable to solve steady parameters (e.g. live steam
temperature or live steam pressure) but also the structure of the plant, e.g. different process designs with
different number and arrangement of feed-water heaters and reheat section (0/1/2 reheat sections).

This model is implemented in software using the following tools. The power block is simulated using the
software Thermoflex/PEACE by the company Thermoflow (thermodynamic and cost simulation) [1]. All
other software modules describing the economic and energetic models of the power plant and its components
are developed by Fraunhofer ISE [2]. The evolutionary algorithm GAIlib by M.I.T [3] was used for the
optimization. The detailed optimizer settings used for the results shown here, are described in [2].

The software OPTISIM, that integrates all these software modules in one integrated tool, including a
Graphical User Interface (GUI), was developed in [4], see Figure 2. Beyond the scope of this paper,
OPTISIM allows also for simultaneous multi-process optimization of the power block, such as number of
feed-water heaters or number of reheat sections. Furthermore, OPTISIM includes an option to use neural
networks for power block simulation in order to reduce the numerous time-consuming thermodynamic off-
design calculations of the power block [4].
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Figure 2: Graphical User Interface of the software OPTISIM for integrated simulation and
optimization of CSP plant designs

3. Definition of Case Study — 50 MW parabolic trough power plant using thermal storage

In this paper, the optimization approach is applied exemplarily to a 50 MW, ¢ parabolic trough power plant
using thermal oil as heat transfer fluid (HTF), a molten salt thermal storage and an air-cooled condenser at a
site in the Californian Mojave desert. Eight design variables were simultaneously optimized with respect to

the levelized cost of electricity (LCOE) as objective function. The optimized variables were:

solar field (SF) size in terms of cumulated mirror aperture [m’]
distance between parallel collector rows [m]

storage size [tons of salt]

solar field outlet temperature [°C]

terminal temperature difference of oil-to-steam heat exchanger [K]
live steam pressure [bar]

reheat pressure [bar], affecting also the final feed-water temperature by setting equal
temperature rise in each feed-water heater

Design ambient temperature [°C] for power block (at given design condenser pressure).

NNk Wb =

The models and assumptions which were used as well as their sources are in detail described in [2]. The
following graph (process diagram) and the following two tables give a summary of the used assumptions.
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Figure 3: Process design of the reference power block as of [5], but subsequently scaled to
55 MW grqs. Power block variables were: design ambient temperature (design condenser pressure
0.08 bar), live steam pressure, live steam temperature (via upper HTF temperature) and reheat
pressure



Table 1: Main Technical Assumptions

General Plant Characteristics

Value / Magnitude

Site / DNI

Daggett, CA (USA)
2791 kWh/(m2a)

Nominal gross electrical output

55.0 MW

Nominal gross efficiency of the power block

depending on process parameters,
37.6 MW /MWy, for reference design in Fig.3

Solar Field Properties
Collector type Skal-ET
Aperture width per collector 5.77m
Optical efficiency relative to DNI on mirror aperture 75.0%
Average cleanliness / field availability 0.97% / 99%

HTF temperature at inlet

depending on live steam pressure, pinch point
and HTF outlet temperature

Receiver thermal losses

new Schott-PTR70 (2008)

HTF pressure drop in solar field

depending on solar field size and mass flow,
according to [6]

Specific thermal losses of field piping

depending on SF temperature
(10 W/m? at 340°C)

Auxiliary Power Consumption

Auxiliary power consumption of Solar Field

depending on HTF pressure drop and HTF
mass flow (resp. HTF temperature rise)

Auxiliary power of storage

0.003 MW /MWy,

Auxiliary power consumption of Power Block

depending on power block design (optimized
ACC part load operation)

Table 2: Main Economic Assumptions

Investment Cost Value / Magnitude
Specific costs of the collector (incl. HTF and HTF heat exchanger) 260 €/m?;perture
Specific header piping cost 1000 €/Mypeqder

Specific investment of storage system (incl. heat exchangers)

depending on size,
for reference design of 28.5kt: 1009 €/t

Specific investment of power block

depending on design,
for the reference design - 800 €/kWey gross

Specific land costs (land and site preparation) 7 €/m?
Surcharge for engineering, EPC, project management and risk 20%
Annual insurance costs relative to total invest 1%
Useful life and amortization period 30 years
Interest rate 8%
Operation and maintenance

Annual costs per employee 48000 €/a
Total no. of employees excl. solar field 30

Specific no. of employees for solar field

0.030-1/1000m?

Specific water consumption

295 1/MWhei et

Annual replacement costs (as % of investment costs)

1%

Total plant availability

0.96



4. Results and Discussion

Starting from a power plant design similar to the Andasol-1 plant in Spain but transferred to the Californian
site, the LCOE could be reduced by 6.0%, only by changing plant design parameters of solar field, storage
and power block, see Table 3.

Table 3: Variable values for the starting configuration (incl. references) and resulting optimal
configuration for the Southern Californian site Daggett [t m?> = thousand m?, t tons = thousand tons]

LCOE Optimization Reference design  Optimal
or variable Spectrum incl. reference design
LCOE (result) 14.33 €ct/kWh 13.47 €ct/kWh
1 Cumulated collector aperture area 100-2000 tm*> 510 t m? 559 t m*

2 Distance between collector loops 8.66 —40.39 m 173 m 21.9m

3 Storage size 0—50t tons 28.5 ttons 33.3 ttons
4 Upper solar field temperature (oil) 340 —393°C 391°C 392.9°C

5 Temperature difference hot oil to hot steam 2 -30K 20K 22K

6 Live steam pressure 65 — 150 bar 100 bar 98.7 bar

7 Reheat pressure 5 —30 bar 17.1 bar 10.6 bar

8 Design temperature (ACC press. 0.08 bar) 10— 38°C 30°C 24.1°C

4.1 Reliability Assessment of Stochastic Optimization

Against the background that an evolutionary algorithm is a stochastic optimization process, it is shown by
several optimization runs that the optimization algorithm works very reliably to solve the optimization task.
The LCOE-levels that were achieved in three subsequent optimization runs differ by less than 0.02%
(Figure 4).
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Figure 4: left: LCOE-decrease in the course of the optimization for three different optimization runs
with different start parameters / side restrictions; every time the same (lowest) LCOE was reached.

Beyond repeating optimization runs, sensitivity calculations for all eight variables confirmed that the found
optimum is (at least) a local optimum.

Beyond this, mutual influences of the sub-systems with respect to energetic and cost effects were assessed,
with the help of the sensitivity analyses. In the past years, many publications have addressed the optimization
of the solar block variables such as the size of solar field and storage. New in this approach is the integration
of the power block into integral plant optimization. Therefore, the focus of result presentation is set on
optimizing power-block-related design variables.



4.1 Optimizing the Power Block Design Ambient Temperature

For the design point of the power block, the condenser pressure is assumed 0.08 bar which corresponds to a
condensing temperature of 41.5°C. Optimizing the design ambient temperature for the power block hence
means optimizing the exergetic efficiency of the condenser: The larger the condenser, the higher is the net
plant efficiency but also the cost of the condenser and consequently the cost of the total power plant.

Figure 5 shows the influence of the design ambient temperature on LCOE and on the two constituents of the
fractional LCOE value: the net plant output E., and the levelized annual plant cost (LAC) — which includes
levelized investment cost and running costs —, starting from the optimized design in Table 3.
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Figure S:Power block design temperature (design condenser pressure 0.08 bar) — influence on net
electricity generation E ,, total plant cost (LAC) and LCOE (LCOE is proportional to LAC/ Ey pet)

The LCOE becomes minimal where both net plant output (E ;) and levelized annual plant cost (LAC) have
the same gradient, given that LAC is a concave function and E ., a convex function near the LCOE
optimum. The steep gradient of plant cost (LAC) and LCOE above the design temperature of 28°C results
from the dramatically increasing condenser cost, accounting for more than 50% of the total power block
components’ cost at a design temperature of 30°C.

For the optimal design temperature which is 24.1°C — under the given (weather) conditions — the terminal
temperature difference of the condenser is 17.4 K (=41.5°C —24.1°C).

Beyond reduced investment, a reduced condenser size results in reduced auxiliary power consumption for the
power block (condenser fans).

In analogy to the condenser design optimization, the solar field size, the storage size and the distance
between the collector rows are a trade-off of increased net electric output for larger values of each of the
variables and corresponding higher cost on the other hand.

4.2 Optimal Upper Solar Field Temperature

Looking at the results of Table 3, it is obvious that an increase of temperature up to the assumed limit of
393°C is beneficial. The upper temperature limit was chosen according to material stability restrictions for
the used thermal oil [7]. Disregarding material stability issues, an interesting question is up to what
temperature this LCOE trend can be extrapolated until the heat loss in the collector compensates gains from
further temperature increase. This can give first indications for the optimal operation temperatures when
using other heat transfer fluids such as molten salt or direct steam generation (however, for more detailed
indications, other factors like e.g. pumping parasitics should be adapted to the other HTF types as well).

Figure 6, left, shows the influence of the SF operating temperature on energy production and LCOE. Starting
point was, again, the optimized design of Table 3.
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Figure 6: left: Influence of upper HTF temperature (at SF outlet) on annual efficiencies and LCOE;
right: Relative change of storage-related parameters by increasing the upper solar field temperature
(constant mass of storage medium). For definition of terms, see text.

For better visual comparability, 390°C instead of 393°C was chosen as the reference temperature in Figure 6,
left. Both LCOE and net plant efficiency (in this context equivalent to E ) show their optimum for 500°C
upper fluid temperature. Whereas power block efficiency increases in the assessed temperature range up to
640°C, the efficiency of the collector (equivalent to Qusoipor) decreases progressively because radiative
thermal losses become significant for high temperatures. When looking at the two dotted functions, it is
apparent that not only collector and power block influence the optimal operation temperature: The difference
between the collector efficiency (equivalent to Qusopor) and energy used in the power block (Qpg) is
attributed to the storage. Storage to some extent compensates the collector efficiency decrease because its
energetic capacity increases (physical storage size assumed constant). The leverage effect of storage in favor
of higher temperatures can also be noted when comparing E,,, and the product of collector efficiency and
power block efficiency (dotted line with “+” in Figure 6, left), the latter corresponding to the gross electricity
production of a PTC plant without storage. For both, the optimum is 500°C, but the storage configuration
benefits more from higher temperature. Increasing the upper solar field temperature from 390°C to 500°C
will lead to an LCOE-improvement of 6.3% (with storage). Without storage, this benefit is only 4.0%.

The effect of increased solar field outlet temperature on storage is assessed in Figure 6, right.

Assuming the same fixed storage size in tons of storage medium, the energetic storage capacity increases
linearly with the upper solar field temperature because a higher AT between hot and cold storage medium
increases energetic storage capacity. Storage temperatures scale directly with solar field temperature. The
increase in energetic storage capacity also implies reduced storage invest in € MWh and reduced dumping of
solar thermal energy due to full storage from initially 4.2% for 390°C down to 0% for hypothetic HTF
temperatures above 600°C.

The calculated optimal temperature of 500°C will be lower:

—  for sites with lower DNI because relative heat loss will be higher

—  for higher receiver heat loss than assumed, e.g. with part of the receivers being degraded or
with other (e.g. older) receiver technologies showing higher heat loss.

— for plants without storage.

To summarize, in a temperature range where costs can be assumed independent of temperature, the optimal
operation temperature is an efficiency optimization problem between power block efficiency and solar field
efficiency. Other factors that show an influence on optimal operation temperature are energetic storage
capacity and solar field parasitics.



5. Conclusions and Outlook

The main result of this integrated design assessment is that most power-block-related design variables, such
as upper process temperature, live steam pressure, reheat pressure and terminal temperature difference of oil-
to-steam heat exchanger induce changes of the temperature rise in the solar field (The last-mentioned
variables are not discussed here, but in [2].). High SF temperature rise reduces mass flow in the solar field
and thereby reduces over-proportionally auxiliary power consumption for HTF pumping. Furthermore, high
solar field temperature rise increases energetic storage capacity by higher temperature difference between hot
and cold tank of the storage medium. In contrast, the effect of varying solar field inlet and outlet temperatures
on heat loss is only minor within the temperature range of 340°C — 393°C (upper SF temperature). The
effects which are induced by the SF inlet and outlet temperatures can reinforce or completely outweigh
power block efficiency effects.

This integrated approach can discover optimization potential by simultaneously considering inter-
dependencies of the sub-systems. Such optimization potential remains un-revealed when the sub-systems are
optimized sequentially. Furthermore, time-consuming engineering efforts during the conceptual design phase
of a plant can significantly be reduced by such an integrated approach. The presented optimization approach
has been demonstrated using a specific set of tools, one specific plant model and one specific set of cost and
performance assumptions. Today, many different tools are in use for the simulation of solar thermal power
plants. The presented multi-variable optimization method in combination with a detailed techno-economic
plant model — including power block simulation — can in principle be transferred to any kind of optimization
task, to any plant model, and even to other simulation tools.

6. Acknowledgement

The work was carried out at Fraunhofer ISE within the project “OPTISIM”, funded by the German Ministry
of Environment, Nature Conservation and Nuclear Safety (BMU) and by Fraunhofer ISE under the number
FKZ 0325045. The authors would like to thank the funding institutions for supporting this development. The
authors would also like to thank Torsten Gutjahr and Martin Strelow for their contributions in the
development of this integrated software.

7. References

[1]Software Thermoflex, Version 19.0.1 from April 24 2009, software developed and distributed by
Thermoflow Inc., www.thermoflow.com; date of last visit: Feb. 23, 2010

[2]Morin G.: Design Optimization of Solar Thermal Power Plants, preliminary version of PhD thesis at
University Braunschweig and Fraunhofer ISE, as of June 21, 2010 (not yet published)

[3]Wall M.: GAlib: A C++ Library of Genetic Algorithm Components, version 2.4, Documentation Revision
B, August 1996, Mechanical Engineering Department, Massachusetts Institute of Technology, Copyright
© 1996 Matthew Wall, all rights reserved, available at: http://lancet.mit.edu/ga/ (date of last visit: March
9,2010)

[4] Richter P.: Simulation und Auslegungsoptimierung solarthermischer Kraftwerke unter Einsatz
evolutiondrer Algorithmen und neuronaler Netze, diploma thesis at RWTH Aachen and Fraunhofer ISE,
December 29, 2009

[5]Lippke F: Simulation of the part load behaviour of a 30MW SEGS Plant, Technical report SAND95-1293,
Sandia National Laboratories, Albuquerque, New Mexico, 1995

[6] Arias DA, Gavilan A, Russel M: Pumping Power Parasitics in Parabolic Trough Solar Fields, Proceedings
of 15th International SolarPACES Symposium, Sept. 14-18 2009, Berlin, Germany

[7]Fluid Therminol® VP-1 Heat transfer fluid by Solutia (product information brochure) available at
www.therminol.com; date of last visit: Jan. 24, 2010




<<
  /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


