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Benchmarking the Energy Efficiency of
Diverse Automated Storage and
Retrieval Systems

Automated Storage and Retrieval Systems (AS/RS) are core components of
intralogistics systems. Revealing the potentials regarding energy efficiency
and further optimizing these systems are of importance.

A benchmarking procedure for AS/RS was developed to characterize
parameters and specifications in order to derive energy efficiency
indicators. The benchmarking procedure for AS/RS has recently been
varified. A comprehensive test series was conducted to rate the energy
efficiency of three AS/RS systems that are available on the market:
Miniload-Crane, Horizontal Carousel- and Shuttle-Systems.

This paper presents the investigation methods as well as the final results

for the energy efficiency of all three AS/RS types based on comparable
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1. INTRODUCTION to rate the energy efficiency of three AS/RS systems
namely: miniload-, horizontal carousel-, and shuttle-
systems.

An overview of the benchmarking method is

depicted in Figure 1.

The high energy consumption of material handling and
storage systems in intralogistics is due to the fact that
these systems operate a large amount of electrical
devices. Only little knowledge about specific potentials
to reduce the energy consumption and few standards to
calculate or measure energy efficiency were available.
In order to close the gaps, standardized procedures to
measure and calculate values indicating the energy
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of a method to evaluate the energy efficiency of
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2. ENERGY EFFICENTCY BENCHMARKING FOR

DIVERSE AS/RS
Figure 1: Overview - benchmarking method for AS/RS [6]

The benchmarking concept of AS/RS that was
published in [6] can be used as a step-by-step procedure
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The benchmarking method provides an energy
efficiency indicator e, that confronts the electrical
energy demand with a logistical performance (see
Formula (1)).
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To evaluate the energy demand, the power usage of
each system is measured over time while the system is
operated in a pre-defined Representative Operating
Cycle (ROC). This cycle is defined by a load spectrum
that consists of several operating states (full load, partial
load and standby) and specific reference points
according to standard guidelines [1-4] that are
approached by the storage and retrieval machines during
the test operations.

2.1 Reference application of the benchmarking
method

To verify the benchmarking method for AS/RS the
procedures have been exemplarily conducted on three
different types of AS/RS systems that are available on
the market. Table 1 lists the most important charac—
teristics of the AS/RS systems that have been chosen for
the energy efficiency benchmarking.

Table 1: Characteristics of chosen AS/RS systems

MLC Shuttle HCS
system

Storage capacity of
the system [#] 1.056 800 400
Storage capacity of
single aisle rack [#] 240 200 400
Levels [#] 11 10 10
Columns [#] 24 20 40
Length [m] 15.50 10.00 9.80
Height [m] 4.10 4.5 3.9
MLC ... miniload crane
HCS ... horizontal carousel system

Specification of the virtual rack and the reference points:
The specification of the virtual rack dimensions as
outlined in [6] is based on the capacity of the smallest
AS/RS. In the presented case the horizontal carousel
system is only equipped with a storage capacity of 400
unit loads. The storage capacity of the HCS was used to
calculate fictitious virtual rack dimensions of a single-
aisle miniload crane and Shuttle system.

This virtual racks are necessary to ensure
comparability as the compared systems are equal in
terms of their logistical functionality. The virtual rack
dimensions conserve the ratio height/length of each rack
in order to provide the same geometrical and dynamic
conditions of the real systems.

The following guidelines that are suggested in [6]
were chosen to define the reference points:

1) Miniload systems: VDI 3561 [2]

2) Shuttle system: Kartnig & Oser [5]

3) Horizontal carousel systems: VDI 4480-3 [4]

The calculated virtual rack systems and the specified
reference points are also depicted in Figure 2.

Specification of the Representative Operating Cycle

The load spectrum is defined for double cycle
operation and consists of the following three phases: full
load operation, partial load operation and standby. The
total amount of time used for all recommended
operating states sums up to 7y = 1 A. Each period is a
percentage of Ty and can be calculated according to
Formula (2).
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Figure 2. Virtual rack systems and reference points

The different payloads within the load spectrum are
defined by the relative loading M: of the nominal load
My = 2388  During full load operation 90% of the
unit load’s payload and during partial load operation
50% of the unit load’s were used. The time period for
full load operation resembles 20% of the total time used
for the measurement, while partial load operation
consumes 60%. Standby operation corresponds to 20%
of the total time. Figure 3 outlines the defined load
spectrum.
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Payload m. time period f.
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Figure 3. Load spectrum and operation states

Since horizontal carousel systems are dynamic
warehouses, the same coefficients were used for each
operating state with regards to the percentage of the
total system payload.
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2.2 Measurement of the energy consumption

Point of measurement and measurement system

In order to conduct proper power measurements to
determine the electrical energy demand, the system
boundaries of each system have to be defined. The
system boundaries include the complete construction
ranging from drive trains, regulator control elements to
control systems, and thus contain everything necessary
to store a unit load. The measurement includes all
electric appliances of the AS/RS system.

Further the measurement system and setup was chosen
considering the complexity of electrical power
measurement. Due to the high number of converters and
power adapters a significant portion of the power
consumption occurs at high frequencies (Figure 4). To
record such electrical loads, the entire measurement
equipment has to feature high sample rates. The chosen
measurement system is a computer-based Dewetron 800
and includes the sensors listed in

Table 2. A sample rate of 100 kHz was used
throughout the benchmarking tests.

Figure 5 illustrates the measurement system applied
to the point of measurement of a MLC system.
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Figure 4. FFT analysis of reactive power and corresponding
currents (3 phases, harmonics 0-40)

Table 2: Specification of the measurement system

Measurement system for current:

Sensor Prosys Current clamp

CP300 Measuring range 300A
Sample rate 100 kHz
Accuracy class 0,05

+10V analog signal
Data Dewetro | Low-voltage data acquisition
acquisition | n Input range+/- 50mV to +/-
DAQP- 50V
LV Sample rate 300 kHz

Accuracy class 0,05

Measurement system for voltage:

Sensor Dewetro | High-voltage data acquisition
n Measuring range 1400 V
DAQP- | Sample rate 300 kHz
HV Accuracy class 0,05

To measure the energy demand of AS/RS while
operating in a specific Reference Operating Cycle
without hassle, it is favourable that the systems runs
repeatedly in an automated way. Unfortunately the tested
AS/RS systems weren’t able to provide such automated
mode. A manual trigger of each movement from the

332 = VOL. 46, No 3, 2018

control panel was required and lead to system downtime.
This circumstance was taken into account while
processing the data later on. The downtime and the
corresponding energy consumption during these phases
was subtracted. The adjusted data is outlined below.

To exclude specific behaviour during the warm-up
phase of each system and to ensure repeatability of the
test results, a thermal conditioning of each system was
conducted prior to the measurements. The throughput of
each operating phase was measured by simply counting
the unit loads.

i

-
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Figure 5. Measuring the electrical energy consumption of a
miniload crane that is used in a field application

2.3 Data processing and results

The acquired data was processed using the power mea—
surement toolbox that is included in the software Dewe—
soft X2. The electrical energy and power consumption
was calculated using the three phases of current and
voltage and considers the full sample rate according to
Formula Error! Reference source not found..
T

E=| _ P(t)dr [Wh] A3)

In the following the results for the three types of
AS/RS are presented separately:

Miniload crane (MLC):

The double cycles within the Representative Operating
Cycle (ROC) were measured ten times for each load
state. Figure 6 exemplarily illustrates the energy and
power demand while operating a double cycle com—
mand. The figure also shows the movements of the
crane that can be identified easily.
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Figure 6. Energy and power consumption of MLC while
executing a double cycle
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As can be seen in the offset of the cummulated
energy consumption, the horizontal acceleration of the
crane causes a considerable amount of electrical energy.
The results of the measurement and the calculation of
the specific energy demand is listed in Table 3. All
numbers are mean values whereas all numbers in round
brackets represent the standard deviation.

The Figure also shows the movements of the HCS. As
can be easily seen in the peaks of the electrical power,
the movement of the carousel’s lift consumes a
considerable amount of electrical energy, whereas the
horizontal movement does not.

Table 5: Terms of the energy consumption of a HCS

Total measured time of ROC (RE1-RE10) [s] 230,665
Table 3: Energy consumption and cycle times of a MLC Measured time without idles [s] 216,86
Operating | E; t; DC/t; t/DC Energy demand (216,86s) [Wh] 72,18
state [Wh/DC] [min] [#] [s/DC] Standbyload [W] 911,29
Full load 19.14 12 23.35 30.84 Energy demand of standybyload during ROC 54,895
(0.46) (0.66) [Wh]
Partial load | 18.79 36 71.07 30.39 Energy demand of moving part in ROC [Wh] 17,283
(0.94) (0.41) Adjusted energy demand moving part [Wh] 37,312
Standbyload | 316.85 [W] | 12 - - Adjusted energy demand of ROC 92,207
[W] (2.69) (RE1-RE10) [Wh]
Below the calculation of the specific energy demand gral Refeud
of the MLC is outlined according to the proposed ;
definition in [6], Table 3 and Formula (1):  Hoist to
: PuAl |RE2 |RE3 RE4 .
19.14~23.35+18.79-71.07+316.84-% "“.\I RES RES /
23.35+71.07+0 a® D
= . RE7
e, = 19.55 0% : 1
DC

Horizontal Carousel System (HCL):

The double cycles within the Representative Operating
Cycle were measured ten times for each load state. As
already stated, the same coefficients specifying the load
spectrum were used to define the percentage of the
HCS’s total payload within each operating state.
According to the manufacturer’s data the total payload
of the chosen HCS is 4.800 kg.

Due to limitations of the tested HCS, which is used
in a field application, the prescribed payload for each
operating state of the ROC deviated during the
measurements. The mathematical correction of this
deviation is shown in Table 4.

Table 4: Nominal and corrected payload of the HCS

Average mass of stored LU [kg/LU] 5.79
Storage capacity HCS [#] 400
Filling level 96%
Payload stored [kg] 2.223,6
Payload according to ROC [kg] 4.800
Deviation [kg] 2.576,4

Also the energy consumption of the system has to be
adjusted due to the deviation of the real payload to the
proposed payload of the ROC. The adjustment was done
by assuming a linear dependency between the energy
demands of the moving parts and the load states.

The correction was done using the ratio that is
shown in Formula (5).

4800
S payioad = 576,40 (4)
Table 5 provides the results of the measurement and
the calculation of the specific energy demand including
the correction.
Figure 7 depicts the electrical power demand and the
cumulated energy consumption of ten double cycles.
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Figure 7. Energy and power consumption of a HCS while
executing ten double cycles

The results of the measurement and the calculation
of the specific energy demand is listed in Table 6. All
numbers in the first row represent the measured values
while numbers listed in the second row (blue) are
adjusted results derived from the data processing.

Table 6: Energy consumption and cycle times of a HCS

Operating E; t DC/t; t/DC
state [Wh/DC] [min] [s/DC]
Full and 7.22 48 132.80 | 21.69
parital load () )
Full and 9.22 48 132.80 | 21.69
parital load ) )
adjusted

Standbyload | 911.29 W 12 - -

[W] (1.45)

Below the calculation of the specific energy demand
of the HCS is outlined according to the proposed
definition in [6], Table 6 and Formula (1):

9.22-132.80+911.29-£
60

e, =

s 132.80+0
e =10.59Z—Z

Shuttle System:
The movements of the elevator and the movements of

the shuttle were measured separately as these move—
ments are executed independently in practice. Further—
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more, the control panel of the investigated system was
only able to manually trigger the movements of one
subsystem. The energy consumption and the cycle times
of the elevator and the shuttle while operating in the
ROC were computed linearly in the data processing
step.

The benchmarked shuttle system is composed of ten
storage levels each equipped with one shuttle. Since the
power measurement of only one shuttle is of interest, all
other shuttles either have to be removed from the
system or their electrical standby-load needs to be
compensated mathematically. This can be done by
dividing the measured standby-power by ten and
subtracting the constant power consumption of nine
shuttles from the total power consumption.

Figure 8 depicts the total electrical power and
cumulated energy consumption of the elevator. Figure 9
illustrates the total electrical power and cumulated
energy consumption of one shuttle and also quanti—
tatively shows the subtracted standby load of nine non-
operating shuttles.
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Figure 8. Energy and power consumption of the elevator
performing a double cycle
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Figure 9. Energy and power consumption of one shuttle
performing a double cycle

The results of the measurement and the calculation
of the specific energy demand is listed in Table 7. All
numbers in the first two rows represent the measured
values while numbers listed in the blue rows are
adjusted results derived from the data processing.
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Table 7: Energy consumption, cycle times and standyload
of a Shuttle system

Operating E; t DC/t; t/DC
state [Wh/DC] [min] [s/DC]
Full load 37.53 12 9.90 72.72
(2.29) (4.30)
Partial load 35.54 36 31,02 69.63
(1.46) (2.99)
Full load 7.94 12 9.90 72.72
adjusted (0.48) (4.30)
Partial load 6.74 36 31.02 69.63
adjusted (0.28) (2.99)
Standbyload | 911.29 W 12 - -
[W] (1.45)

Below the calculation of the specific energy demand
of the Shuttle system is outlined according to the
proposed definition in [6], Table 7 and Formula (1):

7.94-9.90+6.74-31.02+1627.51- %

9.90+31.02+0

e =7.83Z—2

Benchmarking results:

Finally the individual results of each system are to be
compared to conclude the energy efficiency
benchmarking process. The energy efficiency indicators
€5 of the tested AS/RS systems are shown in Figure 10.
The graph clearly reveals the potentials of savings in
electrical energy.

Specific Energy Demand eg of AS/RS

20 19,55

12 10,59

Shuttle System  Carousel System Miniload Crane

Figure 10. Specific energy demands of different AS/RS
systems

2.4 Conclusion and outlook of AS/RS benchmarking

A direct comparison of different types of material
handling and storage systems is of complex nature.

It is a challenging task to fulfil all requirements
necessary for accurate measurements — such as
automated operation of the ROC, exact loading of an
HCS according to the defined load spectrum or
repetition of load cycles just to name a few. More times
there was the need to calculate the data by post
processing significantly to ensure comparability. These
adjustments for the measurement as well as calculation
tasks need to be done carefully in order not to interfere
repeatability.

The results in this investigation are reliable findings
that compare miniload cranes, shuttle system and
horizontal carousel systems regarding their energy
efficiency.
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The following general statements can be recapped:

= The specific energy demand, which was chosen as
an indicator, is a quantitative rating that enables the
benchmarking of different technical implemen—
tations of AS/RS.

= The consequent consideration of the comparable
logistical performance, based on the standardised
double cycle of miniload cranes, as a function of the
energy input was processed.

= The following main factors have relevant influence

on the electrical energy consumption and efficiency
of the individual systems:

oGeneral: The dynamic movement of equipment
results in high power peaks.

oGeneral: The standby operation has a relevant
impact on the cumulated energy consumption.

oMiniload crane: The acceleration/deceleration of the
crane for horizontal movements causes the highest
power peaks as well as share of energy
consumption.

oHorizontal carousel system: The acceleration/de-
celeration of the lift for vertical movements causes the
share of energy. The effective mass stored in the HCS
has a low impact on the energy consumption while
moving the carousel horizontal.

o Shuttle systems: The standby power consumption of
non-operational shuttles is highly significant.
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YHOPEIHA NTPOOEHA EHEPI'ETCKE
E®UKACHOCTHU PA3JIMUUTUX CUCTEMA
AYTOMATCKOI CKJIAJUIITEBA POBE

T. lItya, M. lllagaep, H. Xadguep

CucteMH ayTOMATCKOT CKIIAMHUIITEHha U MPOHATAKEHHa
yeknaaumTene pobe (AS/RS) mpencrarspajy TiaBHE
KOMIIOHEHTE HMHTPAIOTHCTHYKUX cucTeMa. OTKpUBambe
MOTEHIIMjalla 3a EHEepreTcky e(UKacHOCT W Jajby
ONTHUMH3AIM]Yy OBHX CHCTEMa je O] BEJHMKOI 3Hayaja.
[Moctynak ynopenne npouene 3a cucreme AS/RS je
pa3sBujeH y NWJby KapakTepu3alije IapameTrapa H
cnenu(uKaIyje HHINKATOpa eHePreTCKe e(puKacHOCTH.
HemnasHo je oBaj moctynak u BepudukoBaH. M3BpIieH je
HU3 HCIUTHBama Yy LWbBY IPOLECHE EHEepPreTcKe
epuxacHoctu Tpu cucrema AS/RS koju ce mory Hahu
Ha TPXKUINTY: MHHHU JI0a], XOPM30HTAJIHU Kapycesl H
marti. [lpukazaHe cy MeToJe HCTpaKHBama |
pe3yiTaTH KOjH ce OJHOCE Ha €HEepreTcKy e(hMKacHOCT
CBa TpU HaBelleHa CHCTeMa, KOjU Cy 3aCHOBaHM Ha
YIOPEAUBUM JIOTUCTUYKUM TephopMaHcama.

VOL. 46, No 3, 2018 = 335




<<
  /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


