1862

N FRIGTH
J\f‘:

RIGA TECHNICAL
UNIVERSITY

Power and Electrical Engineering

doi: 10.7250/pee.2016.007
2016/33

Cooperation of a Photovoltaic Power Plant
with a Battery Energy Storage System
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Abstract — This paper deals with modelling of a photovoltaic
power plant in combination with a battery energy storage system
and their cooperation in order to better renewable energy
utilization at local level. In this paper, the model of grid on a
hybrid system that is formed by the battery energy storage system,
a photovoltaic power plant, a utility grid and a small commercial
load is proposed. Battery energy storage system based on lithium
ion technology is connected by a DC-DC bidirectional power
converter to the DC bus together with a photovoltaic power plant.
Avltage source converter is used for conversion of DC to AC
power. Utility grid and commercial load are connected to the AC
side. Modeling of a hybrid system and simulation of the system’s
behaviour during a random day of the year was performed in
Matlab/Simulink environment employing SimPowerSystems
toolbox. The results show the cooperation of the battery energy
storage system and the photovoltaic power plant using system
control in order to satisfy load requirements.

Keywords — Battery, control, cooperation, energy storage, li-ion,
photovoltaic, Simulink.

1. INTRODUCTION

The share of renewable energy sources in total generation
capacity of the European Union continuously increases. This is
happening because of the efforts to decrease carbon dioxide and
other emission produced by power plants combusting fossil
fuels. There are also some problems with protection of nuclear
power plants against external damaging effects, therefore some
countries have decided to stop their operation and replace them
gradually.

The huge penetration of distributed generation based on
renewable energy sources into power systems brings some
concerns from the viewpoint of maintaining the existing
security, quality and reliability of electricity supply [1]. These
concerns have a reason arising from the nature of most
renewable energy sources types. They have a varying,
intermittent and hardly predictable power output, which varies
according to environmental conditions such as solar irradiance
or wind speed. In addition, energy price and load level are also
varying in time [2]. The residual load as the difference between
electricity demand and must-run generation of renewable
energy sources will become highly volatile. To avoid a system
blackout due to an insufficient technical and economical
flexibility of conventional power plants, storage technologies
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are becoming more and more discussed as one of the main
means to ensure the security of electricity supply in future [4].

Energy storage systems are one of the solutions necessary to
integrate renewable energy generation to the existing power
networks [4]. By their mutual cooperation mainly with
photovoltaic power plants or wind farms within hybrid systems
they can achieve powerful features. Control functions and
integration of renewable energy sources and energy storages are
provided by converters, which can also act as an interface
between the DC and AC power. Nowadays, development of
power electronics has resulted in more powerful and responsive
power converters, which allows controlling complex
distributed generators and various functions of energy storage
management system [6]-[8].

Photovoltaic power plants in combination with energy
storage form a significant part of distributed generators, since
with energy storage a solar system becomes a stable energy
source, which can be dispatched at request [7], [8]. Together
with power electronics, they can provide flexible energy
management solutions involving time shifting, improving the
power quality, end-user overall bill management, ramping
functions, and others. For example, in [8], Yukita ef al. present
a study of power quality parameters in a hybrid distributed
generator with and without battery-based energy storage. It was
clearly showed that voltage and frequency was improved in the
case of battery utilization. Thanks to rapid development of
batteries, battery energy storage has recently begun to be
utilized in a wide range of applications, such as frequency
regulation, grid stabilization, transmission loss reduction,
diminished congestion, spinning reserve, peak shaving, load
leveling, uninterruptible power sources, grid services, electric
vehicle charging stations, and others. Several control strategies
and configurations of hybrid photovoltaic distributed
generators have been proposed by many authors, and they are
further described in [8], [10]-[12].

This paper describes modeling of a photovoltaic-battery
hybrid system and its configuration to achieve a stable and
controllable power output in order to satisfy the load
requirements independent on weather conditions. By presented
approach it is possible to change the variable and intermittent
power generation, typical for photovoltaic power plants, to
generation of a constant or actually required power. In the next
section, every part and control of the system is described in
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detail. Section III deals with the simulation of the proposed
system and highlights the results of the simulated scenarios.

II. SYSTEM MODELING

A hybrid photovoltaic-battery generation system was
physically modelled wusing Matlab/Simulink software
employing SimPowerSystems simulation toolbox. It consists of
four basic parts, while all of them represent independent
functional units, namely, photovoltaic power plant, battery
energy storage system, utility grid, and dynamic load (Fig. 1).
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Fig. 1. Topology of the modelled system.

The proposed system can be divided into the DC and AC
side, which are interfaced by the voltage source converter
(VSC). The photovoltaic power plant and battery energy
storage are connected to a DC bus of the system by DC-DC
converters. VSC converts DC to AC power. Utility grid and
static load are connected directly to the AC side.

A. Photovoltaic Power Plant

Power generation part of the photovoltaic plant is PV array,
and it is modeled by one diode equivalent circuit. The
mathematical description of the model is further analyzed in
[13] and [14].
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Fig. 2. General equivalent circuit of a photovoltaic cell.

The whole generation unit consists of 66 parallel connected
strings, while each has five SPR-305-WHT modules by
SunPower Company connected into series. Basic parameters of
the module under standard test conditions are presented in
Table I.

TABLE1
MODULE SPECIFICATION UNDER STANDARD TEST CONDITIONS
Parameter Value
Open circuit voltage (V) 62.4
Short circuit current (A) 5.96
Number of series connected cells per module Ns (—) 96
Power (W) 305
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This configuration results in 330 modules, which creates a
photovoltaic plant with nominal output power of 100.7 kW and
voltage of 273.5 V at the maximum power point. PV arrays are
connected to an average model of DC-DC boost converter,
which is controlled by the maximum power point tracking
(MPPT) algorithm based on the perturb and observe technique.
This algorithm tracks the maximum power point by varying the
duty cycle of the converter. Duty cycle changes affect the
voltage of PV array, and it is changing according to extract
maximum power from the array at each time. Perturb and
observe and other MPPT techniques are further described in
[15]. Besides, the DC-DC converter boosts the actual voltage at
the maximum power point to constant reference value of 500 V.

B. Battery Energy Storage System (BESS)

BESS consists of lithium-ion batteries and bidirectional DC-
DC converter. A battery block from Simulink library was used.
It implements a generic battery model. Nominal voltage and
discharge current of the batteries is 260 V, 260 A. Nominal
output power of 67.7 kW is obtained by these values. Rated
capacity is 3000 Ah. The number of cells and their connection
inside the battery container were neglected. It was modeled as
a one large-capacity battery. Typical discharge characteristic is

shown in Fig. 3.
Nominal Current Discharge Characteristic at 0.086667C (260A)
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Fig. 3. Nominal current discharge characteristic at 0.195 C.

The bidirectional DC-DC converter allows the current to
flow in both directions. It is used for battery charging or
discharging according to the actual power request. The required
power is obtained by a simple equation, which describes active
power balance between the production and consumption side:

Pigag + AP = va + Ppate €Y

Battery power Py is the required power from the battery. Ppy
is the DC power generated by the photovoltaic array, and AP
reflects power losses in power electronic of converters, a
coupling transformer, and LC filter. The result of this equation
is fed to bidirectional DC-DC converter as a required power
command. The converter is based on the inductor and MOSFET
transistors in both directions. For example, when the converter
obtains a positive value of the required power, it means that the
battery is discharging. In this case, current is calculated from
power command. It is subtracted by actual current and then this
error is fed into the PID regulator. The output of the PID is
compared with the carrier signal, and when it is higher or equal,
the firing pulse is sent to the gate of MOSFET. At this time, it
causes that the transistor acts as a small resistance and the
current can flow from the battery. By this simple logic and fast
transistors switching in combination with inductor, it is



Power and Electrical Engineering

2016/33

achieved that the current can flow in the required direction with
the requested value according to the power commands.

C. Utility Grid

Utility grid is modeled as a 22kV medium-voltage
distribution feeder connected to a transformer. The feeder
consists of couple lines and loads. The other side of the
transformer is connected to the equivalent of a 110 kV high-
voltage distribution grid with a 2500 MV A three-phase short-
circuit apparent power.

Utility grid serves as the main source when simultaneously
the power generated by photovoltaic and the battery power is not
available or as a complementary source in the case when the
power generated by a hybrid system is not sufficient to satisfy
the load. It is also used for compensation of small- and short-
duration power unbalance between the power generated and the
power needed by the load.

D. Dynamic AC Load

The load is connected at the AC side of the system and it is
modeled by the dynamic load block from Simulink library. The
nominal active power of the load is 60 kW. This value is
changing in time according to a signal, which describes a typical
daily load curve of a small commercial customer for a simulated
day.

III. SIMULATION AND RESULTS

A random day in the year 2015 was chosen and simulated —
20th September — to verify the validation of the model. It was a
partly cloudy day. Solar irradiation (Fig. 4) and load curve
(Fig. 5) during this day were implemented as inputs into the
described model, and behavior of the system was observed.
Simulation time was 86 400 seconds, and an ode45 (dormand-
prince) solver was used with a 5 x 107 s sample time for control
part, and 2.5 x 10 s for power system components.
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Fig. 6 demonstrates the active power generated by the
photovoltaic power plant. It can be seen that it is changing
according to solar irradiance. Peaks and hollows of power
generation occur many times during the day, because of the
cloudy weather.
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Fig. 6. Power delivered by the photovoltaic power plant.
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Fig. 7. Battery required and delivered power.

The battery reacts on the photovoltaic power generation and
tries to deliver such amount of power that is needed to satisfy
the load and cover the power losses in every time of the day.
This is happening according to power commands, counted
based on the equation (1). This process is described in Fig. 7 —
the power required represents the counted power command, and
the power delivered is veritable power delivered by the battery.
The positive values of the battery power represent battery
discharging, and vice versa.

It was assumed that at the beginning of simulation, the
battery was fully charged. It means that the battery state of
charge (SOC) equaled 90 %. During the simulated day, there
was not enough power generated from the photovoltaic power
plant, therefore the battery was discharged almost all day long.
This caused decrease in SOC slightly above 10 %, which is its
minimal value (Fig. 8). After exceeding this value, the customer
must be supplied only from the utility grid or both the utility
grid and the photovoltaic power.
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Fig. 5. Simulated load curve.
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Fig. 8. Battery state of charge.
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Also the voltage and current of the battery were observed
during the whole simulation. Voltage was decreasing according
to discharge characteristic (Fig. 9), and current was following
the current calculated from the power commands (Fig. 10).
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Fig. 9. Battery voltage.
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Fig. 10. Battery current.

The resulting power delivered by the photovoltaic power
plant in combination with battery into the AC bus, where the
dynamic load is connected, is shown in Fig. 11. It is marked
with a blue line and follows the green one, which represents the
load power demand.
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Fig. 11. Load required and delivered power.

Progressions of the photovoltaic power generated, total
power delivered to the AC bus by the hybrid system, battery
power generation, and consumption and power required by the
dynamic load show the behavior of the simulated system. This
power balance is demonstrated in Fig. 12.
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Fig. 12. Power balance of the system.

IV. CONCLUSION

In this paper, modeling of a hybrid system that consists of a
photovoltaic power plant in combination with a battery energy
storage system, load and utility grid was proposed. Each main
model part and its implementation were also described, and
random day simulation intended to confirm the validity of the
model was done.

During the simulated day, battery state of charge decreased
to 10 %, therefore the battery was discharged — there was not
enough power produced by the photovoltaic plant to satisfy the
load and the difference was supplied by the battery power.

The behavior of the system showed that it was working
properly. The power delivered to the AC bus by the hybrid
system followed the power required by load; however, a slight
oscillation around the reference value was noted. This might
have been caused by the ripple current of the bidirectional DC-
DC converter and also by the perturb and observe algorithm.
Improvement of these issues will be the subject of future study.

ACKNOWLEDGMENT

This work was supported by the Slovak Research Agency
No. VEGA 2/0071/16 project.



Power and Electrical Engineering

2016/33

(1

[2]
(3]

(4]

(3]

(6]

(7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

REFERENCES

P. J. Hall and E. J. Bain, “Energy storage technologies and electricity
generation,” Energy Policy, vol. 36, 2008, pp. 4352—4355.
http://dx.doi.org/10.1016/j.enpol.2008.09.037

K. L. Dinh and Y. Hayashi, “Coordinated BESS control for improving
voltage stability of a PV-supplied microgrid,” in 48th Int. Universities
Power Engineering Conf., UPEC, Sept. 2-5, 2013, pp. 1-6.
http://dx.doi.org/10.1109/UPEC.2013.6715027

S. Sieling, J. Welsch and H.-J. Allelein, “Modeling and evaluation of
combined photovoltaic-battery systems in the decentralized German
power generation,” in Int. conf. on Renewable Energy Research and
Application, ICRERA, Oct. 19-22, 2014, pp. 770-775.
http://dx.doi.org/10.1109/ICRERA.2014.7016489

N. Garimella and N. C. Nair, “Assessment of battery energy storage
systems for small-scale renewable energy integration,” in TENCON 2009
— IEEE Region 10 Conf., Jan. 23-26, 2009, pp. 1-6.
http://dx.doi.org/10.1109/TENCON.2009.5395831

Ch. K. Sao, P. W. Lehn, “Control and power management of converter fed
micro-grids,” IEEE Trans. on power syst., 2008, pp. 1088—1098.
http://dx.doi.org/10.1109/TPWRS.2008.922232

ESA — Energy Storage Association, Washington, USA, 2016. [Online].
Available: www.energystorage.org

L. Baoqi, et al., “An integrated control strategy of PV-battery hybrid
systems,” in Electron. and Appl. Conf. and Exposition, PEAC, Nov. 5-8,
2014, pp. 419-422.

K. Yukita, ef al., “A study of electric power quality using storage system
in distributed generation,” in 9th Int. Conf. Electrical Power Quality and
Utilisation, EPQU, Oct. 9—11, 2007, pp. 1-4.
http://dx.doi.org/10.1109/epqu.2007.4424142

X. Li, D. Hui and X. Lai, “Battery Energy Storage Station (BESS)-Based
Smoothing Control of Photovoltaic (PV) and Wind Power Generation
Fluctuations,” IEEE Trans. Sustain. Energy, vol. 4, no. 2, April 2013,
pp. 464—473. http://dx.doi.org/10.1109/TSTE.2013.2247428

J. F. Reynaud, et al., “A novel distributed photovoltaic power architecture
using advanced Li-ion batteries,” in /4th Int. Conf. Power Electronics and
Motion Control, EPE/PEMC, Sept. 6-8, 2010, pp. S9-6-S9-12.
http://dx.doi.org/10.1109/epepemc.2010.5606548

T. V. Thang, et al., “Flexible System Architecture of Stand-Alone PV
Power Generation With Energy Storage Device,” Energy Conversion,
vol. 30, no. 4, Dec. 2015, pp. 1386-1396.
http://dx.doi.org/10.1109/TEC.2015.2429145

A. Islam and M. Chowdhury, “A Simulink based generalized model of PV
cell/array,” in 3rd Int. Conf. Developments in Renewable Energy
Technology, ICDRET, May 29-31, 2014, pp. 1-5.
http://dx.doi.org/10.1109/icdret.2014.6861683

S. Said, et al., “A Matlab/Simulink-Based Photovoltaic Array Model
Employing SimPowerSystems Toolbox,” J. of Energy and Power Eng.,
vol. 6, Dec. 2012, pp. 1965-1975.

M. A. G. de Brito, et al., “Comparative analysis of MPPT techniques for
PV applications,” in Int. Conf. on Clean Elect. Power, ICCEP, June 14—
16,2011, pp. 99-104. http://dx.doi.org/10.1109/ICCEP.2011.6036361

39




<<
  /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


