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Abstract-- The fuel cell based distributed generation (DG) system
are gaining more attention due to stationary operation, reliable
power and less maintenance. Among the different types of fuel
cell, one of the high temperatures operating promising Solid
Oxide Fuel Cell (SOFC) is preferred due to reliable operation and
co-generation purpose. This paper presents the thermal and
electrical model of SOFC in connected to the grid and isolated
model of operation through power electronics interfacing circuit.
The developed model SOFC includes the mathematical expression
for thermal and electrical parameter variation inside the fuel cell.
The developed model for this study is implemented using
Matlab/Simulink environment and the simulation results reported
in this paper validated the load following performance of SOFC
based DG system.

Keywords: Distributed Generation, Solid Oxide Fuel Cell, Power
Electronics Interface.

[. INTRODUCTION

Distributed generation (DG) technologies can provide energy
solutions to some customers that are more cost-effective, more
environmentally friendly, or provide higher quality power or
reliability than conventional solutions. Various DG
technologies are available including gas turbines generators,
internal combustion engine and photovoltaic’s [1]. The
application of fuel cell technology to advance power
generation systems portends the most significant advancement
in energy efficiency, conservation and environmental
protection for next decade [2]. The application of fuel cell
technologies to DG portends the most significant advancement
in energy efficiency, conservation, and environmental
protection. SOFC are rapidly developed as the primary power
source in movable power supplies and DG. The voltage of
SOFC stack decreases largely as the load current increase, and
the voltage increases as the temperature increase at the same
current [1].

The modelling, control design and simulation study of a fuel
cell as a DG system has been explained and reported in [3].
The report [3], also explains the dynamic modelling of
PEMFC and power electronics interface are briefly explained
and methodologies are explained using Matlab/Simulink

Sanjeev Nayak is a Research Scholar in the Department of Electrical and
Electronics Engineering, National Institute of Technology Karnataka
Surathkal, Mangalore. INDIA (e-mail:nayaksanjeev82@gmail.com).

D. N. Gaonkar is an Assistant Professor at the Department of Electrical
and Electronics Engineering, National Institute of Technology Karnataka
Surathkal, Mangalore-575025, Karnataka, INDIA (e-mail:
dngaonkar@jieee.org).

978-1-4673-0766-6/12/$31.00 ©2012 IEEE

environment. The power quality requirement for demanding
load and the economic impacts associated with power quality
are characterized using lead acid batteries and diesel engines
are presented in [5]. A dynamic model of an anode supported
tubular counter flow SOFC is validates with an experimental
data in [6]. In the process of validation, it is observed that, the
mass transfer resistances inside the electrode play a key role in
determining the transient response of the system. A load
following strategy using either ultra capacitor or fuel
utilization with an SOFC is able to reduce or eliminate the
effect of a dynamic load perturbation on the utility grid is
presented in [7]. Along with active power filter proper design
of SOFC interconnection can produce model behaviour by
improving power quality and eliminating erratic power
demands is also coated in [7]. The dynamic modelling and
analysis of SOFC system response to grid connection using
PSCAD/EMTDC simulation software is presented in [8]. The
capability of exploring various fuels and the advantage of
SOFC on stationary power application and promising solution
for coal through the integrated gasification fuel cell application
are presented in [9]. An overview of the recent works on
dynamic modelling and control design for stationary fuel cell
systems including the research developed at ITC-Irst. Are also
presented the studies developed in different areas connected
with fuel cells systems ranging from power management to
freeze start-up in [10]. The non-linear comphernceive
dynamic model of SOFC that can be used to transient
behaviour studies based on electrochemical and thermal
equation is presented in [12].

This paper presents the thermal and electrical model of SOFC
in connected to the grid and isolated load through power
interfacing circuit. The model is developed using mathematical
expression and implement in Matlab/simulink environment.
The DC output voltage of SOFC is inverted to AC using power
electronics interfacing with DC link capacitor and line filters.
The simulation result of the developed model shows the load
following performance of SOFC with fuel utilization factor.

II. SoLib OXIDE FUEL CELL (SOFC)

A fuel cell is an electrochemical device, which converts a
chemical energy to electrical energy directly by chemical
reaction releasing water and gases. On the other hand, there
are no moving parts in the device, hence noiseless and power
density of is between 200 and 300Wh/L which is
approximately ten times of battery. Hence fuel cell are
received a good attention for a DG source [2]. The Table.1
gives the performance of different DG sources.
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There are different type of fuel cell currently being
investigated for use in industry, they are Proton exchange
membrane fuel cellPEMFC), Molten carbonate fuel
cellMCFC), Phosphoric acid fuel cell(PAFC), Aqueous
alkaline fuel cell(AAFC) and solid oxide fuel cell(SOFC) are
being rapidly developed as the primary source in movable
power supply.

III. TABLEI
IV. PERFORMANCE OF DIFFERENT DG SOURCES
Technology Diesel Microtur | Mini Fuel cell
engine bine turbine

Size (MW) 0.03-10 0.03-10 0.5-10 -0.1-3
OEM(8/kWh 0.005- 0.004- 0.003- 0.002-

0.015 0.010 0.008 0.015
% of Electric 36-43 18-32 21-40 40-57
Efficiency(LHV)
Usable CHP 180-190 400-650 | 500-1100 140-700
Temp(Degree F)
Overall 80-85 80-85 80-90 80-85
efficiency?2 (%)
Availability 90-97% 90-98% 90-98% >95%
Footprint (Sq 0.25 0.25 0.30 0.90
ft/kW)

In this work, the model of SOFC assumed that, hydrogen is
obtained from the internal reformer. A SOFC can produce the
DC voltage by the reaction of hydrogen with oxygen. The
hydrogen and air is passed into the anode of fuel cell. The
hydrogen ion moves towards the electrolyte and electrons
moves through the external circuit. Fig.1 shows the basic
schematic model for the fuel cell used in this work.

s

mM'in fuel & T ,fuel m'out,fuel cell

[
m'in, air & Tair T out, fuel cell

Fig.1 Schematic model of fuel cell

To describe the mathematical model of SOFC, two parts of
cell model are considered. One is electrical model and another
is electrical model.

A. Electrical model

The output voltage of stack can be expressed by the following
equation [11, 12],
V.

stack

= NE,—V,

act

- I/con - I/ohm (1)
As it can be observed from the equation the voltage loss in the
fuel cell is caused by the activation polarization (V,.), the
ohmic polarization (V,,,) and the mass transportation loss or

concentration polarization (V,,,) which is the results of

electrochemical reactions. The voltage-current characteristic of
SOFC can be divided into three regions, the voltage change
has logarithmic relation with the current. In the medium
current density region, the voltage changes approximately
linearly with the change in current. The third part of the V-I
curve of a fuel cell is related to the concentration loss for high
current operation shown in Fig.2 and typical P-I curve is
shown in Fig.3.
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Fig.2 Typical V/I curve of fuel cell
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Fig.3 Typical P-I curve of fuel cell

The activation polarization loss can be calculated by equitation
explained in [11, 12] and it is given by,

RT 1,4 L J, Q)
4F AJ,
Vo =
CRT (T | BT L Lo
2F \(AJ, ) 4F A4J, 4 °

Where, T is the fuel cell temperature in Kelvin (K), I, is the
cell current in amperes (A).

Ohmic polarization occurs because of the resistance related to
the electron transfer from the anode to the cathode and proton
movement through the electrolyte. The ohimic resistance of the
cell is approximately by an equation.

V.

ohm

= rnhmlstack (3)
Concentration polarization occurs in all current densities, but
in more evident in large current densities and can be calculated

using an equation (4).

an :Eln 1— luuck
2F AJ

The current of SOFC is depends on the fuel flow rate and it
can be calculated by the equation (5).

4)

2Fm. ;.

Il =
stack N-MHZ

)

Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY SURATHKAL. Downloaded on April 09,2021 at 09:35:02 UTC from IEEE Xplore. Restrictions apply.



The output power of fuel cell stack can be obtained by the
equation (6).

P

v =V,

stack'lstack (6)
B. Thermal model

The ambient air consists of 21% of oxygen and 79% nitrogen
is been considered and the chemical reaction in the fuel cell
can be explained as fallows

2H, +0O, +3.76 N, — H,0+3.76N, %)

From equation (7), every 2 moles of hydrogen (fuel) are
required one mole of oxygen and 3.76 moles of nitrogen.
Based on this, the relation between the fuel and air flow rate is
given as,

m'air = Km'fuel (8)
Where, K is a constant. But in reality not all the hydrogen fuel
is consumed in the fuel cell. Whereas, the rate of reaction
depends on the fuel utilization factor. The fuel utilization
factor is ratio of reacting fuel and input fuel and it can be
defined as,

U, = (IstackNJ* A/{”z )
2F m' ;.

Considering the utilization factor and neglecting the mass loss
the chemical reaction would be written as,

'
m air O + m air N -
2 2 2

mvﬁ,{el H,+ >

—m‘f“’UHO v (1-U)H (10)
> A1, +mﬁlel(_ JH,

+%(I—UZ )0, +%3.76N2

Thus, considering that the water has been condensed, the
exhaust of fuel cell can be calculate by an equation [12],

M foetcen = n}\;ﬂd [(1 -U. )(ZMH2 +M,, )+ 3.76M \, ]
" (11

During the condensing process there is a slight decrease in the
temperature of exhaust, which is neglected in this work. The
thermal power generated inside the fuel cell can be written as,

Wy=W'y-F. f (12)

Where, W', is the heat generation rate by the chemical
reaction. Considering the enthalpy change of the consumed
fuel only and neglecting other species. It is possible to obtain.

(13)

W — (m'/uel ]AH
ch — Yz J

H2

Where, AH; is the heat combustion of the hydrogen(J/mol). A
portion of the thermal power generated in the fuel cell stack is
consumed to consequently increase the input and air
temperature. The energy used to increase the fuel temperature
in neglected. The reaming power is released to environment by
the radiation. This thermal energy flow can be described as,

dl W'nmh+W'alr (14)

Where, W,,,, is the transferred power to the ambient[11,12]
and can be denoted as,

W o= APy (T - 7—;mb) (15)

The thermal power that increases the inlet air temperature,
W, can be expressed by an equation,

W', =m,,C (T—T,,) (16)

air air

Where, Cp is the specific heat ratio of air.
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Fig.4 Fuel cell connected to the grid and isolated load

The fuel cell connected to the grid and load through the power
interfacing circuit is shown in Fig 4. The proposed model is
divided is divided into three major parts namely SOFC model,
voltage source inverter (VSI) controller and grid connected fuel
cell system, respectively.

o [ ]

[

Current |

Concelration and activation loss

a2

T Ohimicloss -
X02 Vaoltage(ED)

Air folw rate

Owgen

XH20

Water

T
XH2

3
Fuel flow rate

Hydrogen

Tin Tout

Thermal model

Fig.5 Schematic of SOFC model using Maltab/Simulink
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Fig.6 Matlab/Simulink schematic of SOFC connected to grid

V. POWER ELECTRONICS INTERFACE

A. Isolated mode

The developed model of SOFC using Maltab/simulink is
connected to the grid using power electronics interface is
shown in Fig.6. The power electronics VSI controller is use to
supply the AC power form the SOFC DC power. The VSI
and SPWM switches are developed in Matlab/simulink are
used as basic controller design. In the voltage control loop,
the measured three phase voltages are fed to the phase locked
loop (PLL) in order to detect the phase angel and angular
position of the voltages. The PLL is responsible for providing
the basic voltage synchronizing signal with angle. The
measured value of voltage is in per unit and a constant are fed
in a maximum block to calculate the maximum voltage signal.
Output signal of the maximum block is then passed through
the filter to attenuate the voltage transients and signals are
compared with a reference voltage. An error is observed and
fed to the voltage lag-lead functional block.

The PLL also provides the voltage synchronization signal in
which it is multiplied by SPWM switching frequency of 1.6
kHz, which is 33 times of the system operating frequency in
order to convert the carrier ramp signal into the carried signal
of whose amplitude is between -1 and +1. In the SPWM
technique, by comparing the triangular carrier signal with
voltage modulating signal, the firing signal operated the
switches with anti parallel diode combination to get AC
output from the DC voltage.

B. Grid connected mode

The Matlab/Simulink model of grid connected fuel cell and its
power interface circuits are shown in Fig.6. The SOFC system
connected to the grid includes a fuel cell, power interfacing
circuit with resistive, inductive RL filter and step up
transformer. The fuel cell output power depend upon the DC
link current, The vq control for the inverter will match with
SOFC output power and phase sequence. The transformer is
used to increase the voltage level over a boost converter.

VI. RESULTS AND DISCUSSION

A. Grid connected

The SOFC power is connected to the grid through the power
interfacing circuit. The demand power varies at t=0.4 sec. The
variation of fuel cell power and the fuel utilization factor are
shown in Figs 7 and 8 respectively. From the reported Fig.7
and 8 it is observed that, the fuel demand increase with
increase in demand power. The DC link current depend upon
the load , the variation of DC link current and load voltage are
shown in Figs 9 and 10 respectively. The SOFC developed for
only providing an active power where as the reactive power
supplied by the fuel cell is zero, thus the variation of active
and reactive power is shown in Fig.11. Form the reported
Fig.11 it is observed that, only there is a variation in active
power where as the reactive power is almost zero. The
variation of load current is shown in Fig.12.
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B. Isolated mode

In this mode of operation, the SOFC is connected to an
isolated load through the power interfacing circuit. The
variations of fuel cell power and fuel utilization factor are
shown in Fig(s). 13 and 14 respectively. The variation of DC
link voltage and current are shown in Fig(s) 15 and 16. The
load current and voltage are shown in Fig(s) 17 and 18. The
active and reactive powers are shown in Fig.18. From all the
reported results Fig(s) 13 to 19 shows the load flowing
performance, within their parametric value variation. From
the Fig. 19 it is observed that, fuel cell can supply only active
power where as the reactive power supplied by the fuel cell
Zero.
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VII. CONCLUSION

The thermal and electrical model of SOFC system in grid
connected and isolated mode of operation is performed and
presented. The developed SOFC is categorized into thermal
and electrical model based on the mathematical expression
and it is implemented using Matlab/Simulink. From the
simulation results, it is observed that, the SOFC output power
is following the load by varying the output power, fuel
utilization factor. The DC power of fuel cell is been integrated
to the grid using power electronics interfacing circuit. The DC
link capacitor and RL series filter are used to improve the
power quality. The developed model of SOFC system can be
used for studying and performance analysis of electrical
phenomena that occurs when a fuel cell is connected to the
grid and isolated load. This work can accelerate the thermal
model with other(gas turbine or microturbine) combined DG
system strongly contributing clean, reliable and cost effective
energy in the future.

VIII. REFERENCES

[1] Haiping Xu, Ermin Qiao, Xin Guo, Xuhui Wen and Li Kong,
"Analysis and Design of High Power Interleaved Boost Converters for
Fuel Cell Distributed Generation System" IEEE 36™ International
Conference on Power Electronics Specialist PESC.05 pp.140-
145,2005.

[2] HaiPing Xu, XuHui Wen and Li Kong, “High Power DC-DC converter
and Fuel Cell Distributed Generation System” IEEE 39" Annual
Meeting, Conference Record, pp.1134-1139, vol, 2, 2004.

[3] C. Wang, M. H. Nehrir, and H. Gao, "Control of PEM Fuel Cell
Distributed Generation Systems" [EEE Power Engineering Society
General Meeting, vol.21, Issue. 2, pp.586-595, 2006.

[4] Ricardo J. Sousa Lima, Anibal T. de Almeida Andre M. S. Mendes and
A. J. Marques Cardoso “High Power Quality System with Fuel Cell
Distributed Generation - Simulation and Tests” IEEE International
Symposium on Industrial Electronics, pp.2697-2702, 2007.

[5] Abraham Gebregergis, Pragasen Pillay, Debangsu Bhattacharyya and
Raghunathan Rengaswemy, “Solid Oxide Fuel Cell Modelling” /EEE
Transaction on Industrial Electronics, pp.139-149, vol56,n0.1,January
2009.

[6] Debangsu Bhattacharyya and Raghunathan Rengaswamy, “Dynamic
Modelling and System Identification of a Tubular Solid Oxide Fuel
Cell (TSOFC)” American Control Conference, Hyatt Regency
Riverfront, St, Louis, MO, USA, Junel0-12, 2009.

[7] Allie E. Auld, Jack Brouwer, Keyue Ma Smedley, and Scott
Samuelsen, “Load-Following Strategies for Evolution of Solid Oxide
Fuel Cells Into Model Citizens of the Grid” [EEE Transaction on
Energy Conversation, pp. 617-625, vol.24,n0,3,Sep 2009.

[8] A.A.Salam, M.A.Hannan and A.Mohamed, “Dynamic Modeling and
Simulation of Solid Oxide Fuel Cell System” IEEE 2" International
Conference on Power and Energy, pp.813-818, 2008.

[9] Luning Xu, Li Han, and Zuomin Dong, “Modeling and Simulation of
Integrated Coal Gasification and Solid Oxide Fuel Cell System”
IEEE/ASME  International Conference on Mechatronics and
Embedded System and Application, pp.364-369,2010.

[10] A. Tomasi, S. Modena “Modeling and Control of Proton Exchange
Membrane and Solid Oxide Fuel Cells for Stationary Systems” IEEE
International Conference on Control and Automation, Guangzhou,
pp.971-975, 2007.

[11] Atideh Abbasi and Zhenhua Jiang, “Multidisciplinary Modelling and
Simulation of a Fuel Cell/Gas Turbine Hybrid Power System” [EEE
Power and Energy Society General Meeting. PES’09, Calgary, AB,
pp.1-7,26-30 July 2009.

[12] Kanhu Charan Bhuyan and Kamalakanta Mahapatra, “An Intelligent
Control of Solid oxide Fuel cell voltage” IEEE International
Conference on Power and Energy System, pp.1-6, 20011.

[13] Ankur Goel, S. Mishra and A.N. Jha, “Power Flow Control of a Solid
Oxide Fuel-Cell for Grid Connected Operation” [EEE International
Conference on Power Electronics, Drives and Energy Systems, pp.1-5,
2006.

IX. BIOGRAPHIES

Sanjeev K Nayak was born in Hiregulbal L T, of Bagalkot deistic,
Karnataka, India. He received his M Tech degree from UBDT College of
Engineering Davengere, Kuvempu University Shimoga Karnataka, in the
year 2007. He is working as a faculty in the Department of Electrical and
Electronics Engineering, at Nitte Meensakashi Institute of Technology,
Bangalore for duration of three years. Currently he is pursuing his Ph.D
research work in the Department of Electrical and Electronics Engineering at
National Institute of Technology Karnataka Surathkal. His areas of research
interests are Distributed Generation-Microturbine, Fuel cell and Power
Quality. He published the few journal paper and technical papers in national
and international conference, in India, Saudi Arabia and Thailand.

D. N. Gaonkar (M’2008) has received his Ph.D. degree from the Indian
Institute of Technology Roorkee, India; in the year 2008. He was a visiting
research scholar at the University of Saskatchewan Canada in the year 2008.
He has edited and written a chapter in the book titled DISTRIBUTED
GENERATION, which is published by INTECH publication Austria. He has
published many papers in international journals and conferences. Presently
he is working as an Assistant Professor in the Department of Electrical
Engineering, National Institute of Technology Karnataka, Surathkal,
Mangalore, INDIA. His research  areas of interest are Power System
Operation and Control, Power Electronics and Distributed Generation
Systems.

Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY SURATHKAL. Downloaded on April 09,2021 at 09:35:02 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /SABAEN44
    /SAKURAalp
    /Shruti
    /SimSun
    /STSong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


