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This study aimed to design and implement a smart automatic cleaning and cool-
ing system for photovoltaic modules to be activated based on power drop result-
ing from dust accumulation and high temperature conditions. This was tested by
installing two side by side identical photovoltaic modules. The first module was
equipped with the prototype cleaning system while the second one was consid-
ered as standard. An optimized cleaning and cooling procedure was adopted us-
ing data acquisition system. The operational performance of both panels was
recorded and analyzed. An increase in energy yield of 8.7% was obtained as a
result of minimizing the operational disturbances of dust accumulation and high
surface temperature of the photovoltaic panel.

Key words: smart cleaning and cooling, dust effect, temperature effect,
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Introduction

Middle Eastern countries have dusty climates in addition to the high temperature
conditions especially in summer. Both of these disturbances affect the performance of photo-
voltaic (PV) power devices and reduce the desired energy yields. Thus, cleaning and cooling
processes seem to be crucial in this regards. The high water consumption needed for the
cleaning process of PV panels, in addition to the possible negative effect of unintentionally
wrong cleaning and cooling procedures call for more suitable solutions, especially in the pres-
ence of scarce water resources. In light of this, an optimized cleaning and cooling procedure
was adopted in this work based on the source of power loss. This was achieved by using a da-
ta acquisition system incorporated with high pressurized nozzles and wipers.

Reducing energy losses and increasing the amount of electricity generated per Watt
peak [W,] of installed PV capacity is very important. The PV cleaning and cooling is one of
the methods that can be used to achieve this goal. The PV cleaning and/or cooling were stud-
ied and assessed by several researches. In this context, many studies have been delivered in
last few years. A number of researchers have worked on cooling the PV panels with different
approaches. These approaches include passive and active cooling techniques. Air and water
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were used as cooling fluids. In the case of using air as cooling fluid fins are usually used to
enhance convection heat transfer by extending the heat transfer area. Mazon et a/. [1] focused
on the use of air as a cooling fluid to cool down PV panels placed onto the roof of a green-
house. In their work they obtained a low operating temperature which corrected and reversed
the effects produced by high temperature on efficiency.

As a good cooling media, water has been widely used for PV cooling in various
forms. Bahaidarah et al. [2] used PV back surface water cooling for hot climatic conditions.
In their work, the effect of cooling the module by incorporating a heat exchanger (cooling
panel) at its rear surface is investigated numerically and experimentally. Using active back
water cooling, the module temperature dropped significantly to about 20% leading to an in-
crease in the PV panel efficiency by 9%. Drews et al. [3] studied the long-term performance
modeling of a proposed solar-water pumping system. Cooling of the PV panel is achieved by
introducing water trickling configuration on the upper surface of the panel. They showed that
due to the heat loss by convection between water and the PV panel’s upper surface, an in-
crease of about 15% in system output is achieved at peak radiation conditions.

Nousia et al. [4] presented test results on hybrid solar systems, consisting of PV
modules and thermal collectors (hybrid PV/T systems). By proper circulation of a fluid with
low inlet temperature, heat is extracted from the PV modules keeping the electrical efficiency
at satisfactory values. Royne and Dey [5] proposed a cooling device based on jet impingement
for cooling of densely packed PV cells under high concentration. The device consists of an ar-
ray of jets where the cooling fluid is drained around the sides in the direction normal to the
surface.

The dust accumulation on the PV panel surface depends on different parameters like
PV panel inclination, kind of installation (stand alone or on tracker), humidity, etc. Many re-
searchers studied the performance of panel with dust concentration on the surface. Kimber et
al. [6] studied the dust effect on large grid connected PV system in state of California, USA,
and the ability of recovering part of these losses using distributed power electronics. They
showed that the maximum system loss was 6.2%. Moreover, they found that 40% of these
losses can be recovered by installing DC to DC converter per string.

The PV module cleaning methods include wet and dry cleaning techniques. In wet
cleaning, modules are sprayed with water. Compressed air, brush or rotating brush are used
for dry cleaning. For instance, Tejwani and Solanki [7] implemented an automated cleaning
system using 360° Sun tracking system for solar PV modules. A mechanism consists of a slid-
ing brushes was developed and the solar panels make a rotation of 360° in a day, which re-
sults in sliding of cleaning brushes twice over the panel modules. They found that the system
provides 30% more energy output as compared to static PV modules and 15% more energy
output as compared to PV module with single axis tracking.

Verma et al. [8] carried out the effect of the new hybrid self-cleaning coating for PV
modules and the losses caused by accumulated dust at outdoor exposure in Spain and Japan.
They found that the dust losses in Spain are greater for the modules without self-cleaning
coating. The transmittance losses reached values near the 15%. This value decreases to 13%
in modules with self-cleaning coating. Moreover, they showed that in Japan, the power losses
of the PV module with coating were 7% less than that without coating after a year exposure.

Combined effect of cooling and cleaning is also presented by several researchers.
Elnozahy et al. [9] studied the performance of a PV module integrated with standalone build-
ing in hot arid areas. The module performance is enhanced by surface cooling and cleaning.
They found a decrease of about 45.5% and 39% in the module temperature at front and rear
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faces, respectively. Consequently, the cooled and cleaned surface module has an efficiency of
11.7% against 9% for the module without cooling and cleaning. Moreover, the maximum out-
put power produced by cooled and cleaned module is 89.4 W against 68.4 W for non-cooled
and non-cleaned module.

The performance of PV module is affected by environmental factors including dust
accumulation, wind speed and direction. The performance of the PV module is also affected
by the geographical location. Several studied were performed recently under outdoor climate
conditions in Pakistan [10, 11]. The effect of dust deposition on the performance of PV mod-
ules in Taxila, Pakistan was also studied recently [12]. Authors noticed a significant degrada-
tion under the effect of dust deposition.

In this work, an optimized, fully controlled cleaning and cooling mechanism was
adopted. A system, that will be put into operation when the efficiency of the PV panels drops
beyond a threshold value, was designed, installed and then used to improve the performance
of a PV panel. Two identical PV panels were installed side by side to study the effect of cool-
ing and cleaning under the same outdoor weather conditions. The electrical characteristics of
both PV panels were collected and analyzed for four weeks. The working performance was
monitored, analyzed, and illustrated. This research is unique in defining an optimized cleaning
and cooling technique based on the power output of the system.

Experimental set-up

In this research, an experimental set-up consisting of two identical PV modules has
been developed to study the effect of the suggested cooling and cleaning system is shown in
fig. 1. A schematic diagram of the complete set-up is shown in fig. 2.

The experimental set-up consists of the
main parts as follows: multi-crystalline PV
modules, micro inverters with accessories,
weather station, data acquisition system, three
wipes of length 0.55 meter each, and water
supply system.

Two PV modules each with maximum
power of (250 Wp) were used in this study.
These modules are integrated with three by-
pass diodes to protect solar cells from damage
caused by shadow effects. The electrical char-
acteristics of the PV modules used in this
study are given in tab. 1.

Two ABB micro-inverters were used t0  gjgure 1. Photograph of PV system and
convert the direct current to alternating cur-  weather station
rent. These micro-inverters can be plugged di-
rectly to a socket outlet and could harmonize the electrical power generated by the PV system
with that of the grid. The AC trunk bus is a 4 mm? cross-section cable homologated for out-
door applications with pre-installed connectors for micro-inverters. The AC accessories com-
plete the range, making it possible to create extension cables, terminations and connections to
other cables.

The VSN800 weather station used to automatically monitors site meteorological
conditions and PV panel temperature in real-time. It has three types of sensors; photoelectric
pyranometer was used to measure the global incident solar irradiance on the PV
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Table 1. Electrical characteristics of

the PV modules
Company Philadelphia Solar

Model PS-P60
Maximum power, P, 250 W
Short circuit current, /g, 892 A
Open circuit voltage, V. 37.66 V
II){;\t:;ir ,V(;lrzige at maximum 2094V
pRsS;ir f}lnlzfnt at maximum 835 A
Spectrum AM 1.5
Air temperature 25°C
1(\&;1;{(.1 is;nl?;)msolatlon 1000 W/m>

panel; weather temperature sensor was used
to measure the ambient temperature; and re-
sistance temperature detector sensor was at-
tached to the back rear of PV panel to meas-
ure the surface temperature of PV panel.

The data acquisition was used for mon-
itoring and controlling process can take up
to 50 kilo sample per second [kSs'] of
measurement readings. It is used to collect
the sensor measurements of the meteorolog-
ical station, to measure the AC current, to
measure the AC voltage and to control the
operation of water pump and wipers motor

Two AC current transducers type
(Chauvin Arnoux) were also used to meas-
ure the AC current. The current clamp
measures the current through wire and
transfers it to an equivalent value in milli-
volts. To supply the wipers movements for

cleaning processes a 90 W AC motor was used. The water supply system consists of: 0.5 hp
water pump, 1 m’ supply tank and a fiber water tank to recycle the water used for the cleaning
and/or cooling processes back to the supply water tank. Filters are used to stop dirts. The
amount of consumed water is 3.39 L per day. The water is compensated from the 1 m® tank.
To limit the wiper movement to be not exceeded the upper and lower limits two solid micro
switches were installed. The accuracies of the used instruments are listed in tab. 2.

Meteorological

: Meteorological
station ) Wiper  Two
station motor  relays
i | Nozzles l:'_:l
| |
""" Wipers 1 | L timit switch
Cleanded &
Standard
panel cooled panel [ Limit switch . .
- Figure 2. Schematic
__| Recycling water tank | diagram of the system
T (for color image see journal
inv[grrt%r Micro web site)
. inverter
Current Current
clamp clamp
Supply
Water water Relay
pump tank circuit DAS

mmm Water pipe

Procedure

mmm AC cable

DC cable

mmmm Mechanical fixture

Two PV modules were installed and mounted facing south with an inclination angle
of 26 degrees. The main goal of this work is to measure and compare the electrical character-
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istics of cooled and cleaned panel with the  Table 2. Instruments used and their accuracies
reference panel. It is aimed to estimate the

. . .. Weather station Accuracy
power gain resulting from optimized clean-
ing and cooling procedure. The current and | Pyranometer sensors 5%
power readings were taken each 200 milli- Ambient air temperature sensor £0.3 °C
seconds and the average values of theses
PV panel temperature sensor +0.3 °C

readings were recorded each one minute to
be analyzed. The weather conditions, in ad- | Anemometer 5%
dition to surface temperature of each panel,
were collected and fed into data acquisition —
system (DAS). . gﬁ‘ﬁ;ﬁgﬁgﬁ%symm +0.13%
In this study, the cooling procedure
will be started when the panel temperature reaches 30 °C. The power loss resulting from ris-
ing the panel surface temperate by 5 °C above standard test conditions (STC) is estimated to
be 2.6% as stated in the PV panel datasheet.

The DAS will handle the values of panel temperatures by a temperature sensor at-
tached to the back rear of PV panel. As the temperature reached 30 °C, DAS will activate the
water pump (0.5 hp) through its switch. The water will flow from water tank into nozzles. The
nozzles will spread the water droplets into PV panel front surface. After 20 seconds of contin-
uous cooling procedure, the DAS will turn off the water pump switch. Maximizing the cov-
ered water area of PV panel was achieved using 10 nozzles separated by short distance
(10 centimeters) and elevated above the front edge of the prototype structure by a suitable dis-
tance (20 centimeters). The 0.5 hp water pump can supply up to multiple of PV string.

Zorrilla-Casanova et al. [13] stated that dust not only reduces the radiation on the so-
lar cell, but also changes the dependence on the angle of incidence (AOI) of such radiation. In
addition, the irradiance losses are not con-

AC current transducers type 2%

stant throughout the day and are strongly 12 YT e
dependent on the sunlight incident angle and Tl sEes, Mono-Crystalline siicon
the ratio between diffuse and direct radia- 208 [Py | * Asloon
tion. Knisely et al. [14] studied the relation- 2 06 ta gt
ship between AOI and short circuit current. ' - s
The obtained results are shown in fig. 3. 04 s

The first three points in fig. 3 showed 0:2 - ta
slightly reduction i.n Is.. The fourth po.int 0, 20 20 60 50 100
clarifies fast drop in I as a result of in- AOI ]

creasing AOI to 18°.

Referring to point four in fig. 3, the
optimum point of /. reduction due to AOI
effect has been estimated to be 3.7%. Based on fig. 3. Cleaning process is directly related to
the short circuit current which is affected by the AOI due to dust accumulation.

The thickness of dust accumulated on the PV module was not measured in this
work. The presented study handles dust and temperature effect on AC side electrical charac-
teristics. The method used based on measuring the actual generated AC current of PV module
and compare it with the ideal one calculated using the mathematical eq. (1).

EG Anpanel ninverler (1 - R‘ )
V. . cosé

out

Figure 3. Relative short circuit current vs. AOI for
five modules (data logger method) [14]

(1)

I AC, ideal —
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where Eg is the measured global irradiance in plane, A — the panel area (= 1.63845 mz), Hpanel
— the panel efficiency (= 15.3%), #inverter — the inverter (= 90% to 96%), PL. — the loss in cables
(= 4%), Vou — output AC voltage (= 230 V), cosé — the phase shift between voltage and cur-
rent (power factor) to be determined by DAS.

When the actual AC current is reduced by 3.7%, compared with the ideal one, the
cleaning process will be activated. The cleaning procedure is achieved by activation a water
pump for 15 seconds and a wiper motor to clean the front surface of PV panel.

The temperature variation for both panels in addition to the current and power gen-
eration have been collected for four weeks, 12 hours a day, and one reading each one minute.
The energy yield of both panels was measured. The electricity consumption of the whole au-
tomatic cleaning and cooling system was estimated in addition to water consumption. The
performance ratios (ratio between actual and target yields) of both panels were calculated. Fi-
nally, a feasibility study was conducted based on actual cost in order to show the potential ap-
plicability of the system.

Discussion of results

In general, the findings indicated that an increase in the performance ratio by 8%
was achieved as a result of implementing the optimized cleaning and cooling procedure. The
major finding of the investigation was that the energy yield was increased by 8.7%.

Figure 4 shows average daily temperature variation of both panels. An estimation of
average daily temperature variations for both panels indicated how the voltage at maximum
power of standard panel is affected due to high temperature impact. The goal of cooling the
panel is to maintain the voltage at maximum power within certain limits. The electrical power
which was transferred between the generation point and the load side was increased as a result
of imitating the voltage at maximum power within certain limits. The maximum power point
tracker utilized slight voltage variations to get the maximum power point within a certain os-
cillation algorithm due to the cooling process.
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Figure 4. Average daily temperature variation of both panels

The absorption of solar radiation through panels was increased due to periodic cool-
ing process. When the temperature of a PV panel did not exceed 30 °C, the AC current was
increased. The net shifting of DC electrical characteristics was conducted on current at AC
side as shown in fig. 5.
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Irradiation [Whm-2]

The main advantage of taking PV panel performance at AC side was that the invert-
er efficiency increases as voltage at maximum power increased. Moreover, the inverter effi-
ciency is strongly dependent on AC current generation.

The relation between average panel temperature and average daily temperature is
shown in fig. 6. The average temperature of the standard panel is higher than that of the
cooled and cleaned panel.
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Figure 10. Accumul

ative energy yield of each panel

Maximizing the supplied DC power generated by PV panel has significant impact on
power electronics efficiency, increases the energy yield. The average daily solar irradiation

and power generation of both panels were

illustrated in figs. 7 and 8, respectively.
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The power difference
is a result four main param-

Table 3. Energy generation and performance ratios of both panels

. Total solar radiation, [kWhm 2] 131.5423

eters. The first one is repre- :
sented by increasing the Total energy yield of cleaned and cooled panel, [kWh] 30.0428
supplied DC voltage | Total energy yield of standard panel, [kWh] 27.42374
through COOling- The S€C~ | Energy difference, [kWh] 2.61854
ond parameter is spemﬁed Energy difference ratio 8.716%
by the voltage mismatch
resulting from indirect de- Performance ratio of cleaned and cooled panel 91.11%
terioration of DC voltage |Performance ratio of standard panel 83.16%
supplied to maximum pow- | performance ratio difference 7.95%
er point tracking (MPPT).
Reducing VOltage.mlsmat,Ch Table 4. Assumptions of simple financial model
between generation point
and load sides was | System size for study, [kW,] 160
achieved by maintaining |Number of PV panels 640
surface panel temp?rature Number of panels a single pump can support 20
below 30 °C. The third pa- VTV

. Project lifetime, [years] 20
rameter is represented by — : e
increasing the absorption of Electricity tariff, [JODkW "h'] 0.259
photons utilizing cleaning | Cost of one m’ of water, [JOD] 1
procedure. Thls.bOOSted th? Pump cost for 40 panels, [JOD] 35.00
current. generation and di- Pipes cost for single panel, [JOD] 10.00
rectly increased the power :
generation by improving Modified structure cost per panels, [JOD] 25.00
the efficiency of inverter. |DAS cost for the whole system, [JOD] 10,000.00
The inverter efficiency was | piscount rate 10%

considered as the last pa-
rameter which affects the power generation and ultimately energy yield. The relation between
the average power and the average irradiance is linear. Figure 9 shows clearly that the average
power of the cooled and cleaned panel is higher than that of the standard panel at the same ir-
radiance. The cumulative energy yield of each panel is shown in fig. 10.

Economic analysis

A simple financial analysis was made according to the assumptions listed in tab. 4.

An increase in energy yield has been conducted. This is due to maximizing the per-
formance ratio by cleaning and cooling the PV panel. Increasing performance ration by 7.95%
boosted the energy yield to 8.7% as shown in tab. 3. The average daily consumption of water
per panel is 3.39 liter.

Running the previous inputs in a financial module to calculate the net present value
(NPV) based on 10% interest rate, it has been noted that the NPV value is (2495 JOD) which
is positive and feasible to implement this experiment.

Conclusions

The optimized cleaning and cooling procedure was implemented to rectify power
drop which was resulted from dust accumulation and high temperature conditions. During the
period of the experiment, it was concluded as follows.
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A performance ratio increase equal to 8% was calculated.

An increase in the energy yield was obtained and it was calculated to be 8.7%.

The PV panel surface temperature was maintained below 30 °C.

The supplied DC voltage and current were increased by cooling and cleaning PV
panel.

The MPPT mismatch error was reduced as a result of cooling.

The inverter efficiency was improved by increasing the supplied DC voltage and AC
current.

e  Water consumption was found to be reasonable.

Acknowledgment

Authors would like to acknowledge Al Zaytoonah University of Jordon for the fi-
nancial support.

References

[1] Mazon, R., et al., Development of an Installation to the Temperature of PV Modules and Improve their
Efficiency, Proceedings, International Conference on Renewable Energies and Power Quality, 10™
ICREPQ, Granada, Spain, 2010, pp. 245-253

[2] Bahaidarah, H., ef al., Performance Evaluation of a PV (Photovoltaic) Module by Back Surface Water
Cooling for Hot Climatic Conditions, Energy, 59 (2013), Sept., pp. 445-453

[3] Drews, A., et al., Monitoring and Remote Failure Detection of Grid Connected PV Systems Based on
Satellite Observations, Solar Energy, 81 (2007), 4, pp. 546-564

[4] Nousia, T., et al., Hybrid Photovoltaic and Thermal Solar-Collector Designed for Natural Circulation of
Water, Solar Energy, 72 (2002), 3, pp. 217-234

[S] Royne, A., Dey, C., Design of a Jet Impingement Cooling Device for Densely Packed PV Cells under
High Concentration, Solar Energy, 81 (2007), 8, pp. 1014-1024

[6] Kimber, A., et al., The Effect of Soiling on Large Grid-Connected Photovoltaic Systems in California
and the Southwest Region of the United States, Proceedings, IEEE 4™ World Conference on Power
Conversion, Waikoloa, Hi., USA, 2006, pp. 219-228

[7] Tejwani, R., Solanki, C., 360° Sun Tracking with Automated Cleaning System for Solar PV Modules,
Proceedings, 35™ IEEE In Photovoltaic Specialists Conference (PVSC), Honolulu, Hi., USA, 2006, pp.
002895-002898

[8] Verma, L., et al., Self-Cleaning and Antireflective Packaging Glass for Solar Modules, Renewable En-
ergy, 36 (2011), 9, pp. 2489-2493

[9] Elnozahy, A., et al., Performance of a PV Module Integrated with Standalone Building in Hot Arid Are-
as as Enhanced by Surface Cooling and Cleaning, Energy and Buildings, 88 (2015), Feb., pp. 100-109

[10] Ali, H. M., et al., Outdoor Testing of Photovoltaic Modules during Summer in Taxila, Pakistan, Ther-
mal Science, 20 (2016), 1, pp. 165-173

[11] Bashir, M. A., ef al., An Experimental Investigation of Performance of Photovoltaic Modules in Taxila,
Pakistan, Thermal Science, 19 (2015), Suppl. 2, pp. S525-S534

[12] Ali, H. M., et al., Effect of Dust Deposition on the Performance of Photovoltaic Modules, Thermal Sci-
ence, 21 (2017), 2, pp- 915-923

[13] Zorrilla-Casanova, J., et al., Analysis of Dust Losses in Photovoltaic Modules, Proceedings, World Re-
newable Energy Congress, Linkdping, Sweden, May 8-13, 2011

[14] Knisely, B., et al., Validation of Draft, International Electrotechnical Commission 61853-2 Standard,
Photovoltaic Reliability Laboratory, Arizona State University, Tempre, Ariz., USA, 2013

Paper submitted: October 4, 2015 © 2017 Society of Thermal Engineers of Serbia.
Paper revised: April 28, 2016 Published by the Vin&a Institute of Nuclear Sciences, Belgrade, Serbia.
Paper accepted: June 9, 2016 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions.


http://www.vin.bg.ac.rs/index.php/en/


<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 300

  /ColorSettingsFile ()

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /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.)

    /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 <>

  >>

  /DetectBlends true

  /DetectCurves 0.10000

  /DoThumbnails false

  /DownsampleColorImages false

  /DownsampleGrayImages false

  /DownsampleMonoImages false

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 300

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /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

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile (None)

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Remove

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [2159.000 2794.000]

>> setpagedevice



