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Abstract—In recent past, ancillary services gained attention
in grid management due to increased intermittent Renewable
Energy (RE) integration into the grid. Battery Energy Storage
Systems (BESS) are attracted more popularity for the usage of
ancillary services support due to its faster response. Since the
deployment of various battery technologies are under the pilot
stage and not take on large scale installations across the globe, the
cost of the BESS is quite expensive. Also, these battery systems
have restrictions of operation for a limited number of life cycles.
Given the economic aspects and limited life cycle operations, it is
essential to utilize the battery systems optimally, efficiently and
cost-economically. In this paper, a new algorithm called Dynamic
Frequency Regulation (DFR) is proposed which is based on the
prediction and historical operating data along with live data
profiles. It helps to enhance the life of the battery systems by
ensuring the necessary requirements of ancillary services applica-
tions. The proposed algorithm simulated through MATLAB and
the results are compared with real time Conventional Frequency
Regulation (CFR) output of the Li ion battery integrated with
the 22kV feeder located at Power grid Puducherry. The life
of the battery system is enhanced by 80% more compared to
the CFR methodology. Further, the proposed algorithm shall
be implemented on real-time grid-connected LiFePO4 BESS
of 500KW/250kWh capacity established by POWERGRID at
Puducherry, India.

Index Terms—Ancillary services, Dynamic frequency regula-
tion, Battery Energy Storage System, capacity degradation

I. INTRODUCTION

The higher quantum of the Variable Renewable Energy

Source (VRES) penetration into the grid enables the increase

in the requirements of the ancillary services support to ensure

the balance and reliability of the grid. Battery Energy storage

systems (BESS) are the best alternative resources to provide

effective ancillary service support due to its fast response,

higher ramp rate and modularity in size [1]. Due to its techni-

cal merits, BESS are being used for various applications like

Electric Vehicle (EV), standalone Microgrids (MG), Solar and

wind integrated grid systems and exclusive grid applications

such as frequency regulation, energy time shift, renewable

energy capacity firming, etc. [2]. BESS provides self-healing

property to the grid by acting as both generator and load

depending upon the requirement of the grid [3].

Lithium-ion group batteries are attracted more attention

compared to other technologies due to its faster response

and higher energy and power densities [4]. In respect of grid

applications, these battery systems majorly used for frequency

regulation which is one of the leading ancillary services

supports [5]. Apart from the merits, the main drawbacks of the

battery storage systems are the limited life cycle operations.

Also, the cost of the battery storage systems is quite expensive

due to limited production/usage in large scale grid applica-

tions. Hence it is necessary to use these resources optimally,

efficiently, cost-economically without effect in the ancillary

service requirements. Extensive research being carried out

for energy management, optimal usage and improvement in

efficiency of BESS linked applications. Energy management

of battery systems used in electric vehicles presented in [6].

[7] Presents battery lifetime enhancement through controllers

for standalone PV systems. Lifetime enhancement of batteries

used in EV through converters presented in [8]. [9] Presents

energy management and lifetime enhancement of BESS used

for micro grid applications. [10] Presents lifetime enhancement

of batteries based on the forecast for rooftop solar battery

systems. [11] Presents lifetime enhancement by optimal usage

by forecasts and battery degradation for standalone microgrid

applications. However, the lifetime enhancement of large-

scale battery systems used for ancillary service applications

has not presented so far.

In this paper, a new algorithm called dynamic frequency reg-

ulation proposed to enhance the life of the battery systems used

for frequency regulation application. The proposed algorithm

works based on the prediction and scheduling of historical data

along with live data profiles. Real-time grid frequency profiles

have been considered to evaluate the proposed methodology.

Simulation results presented and capacity degradation and

lifetime estimation made for both methodologies for variations

of real-time grid frequency profiles. The proposed algorithm

shall be implemented on LiFePO4 battery storage system
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of capacity 500KW/250kWh in the place of CFR which is

installed by POWERGRID at Puducherry.

II. INDIAN POWER SCENARIO AND ANCILLARY

SERVICES

Indian power grid is one of the worlds largest synchronized

power networks with more than 370 GW of installed capacity

serving about more than 1.25 billion population. In the re-

cent couple of years, the Indian power generation witnessed

tremendous growth in renewable energy integration due to

technological advancements along with the huge changes

in the electricity policy framework. The Ministry of New

and Renewable Energy (MNRE), Government of India (GoI)

promotes various activities including installation of green

energy resources solar, wind etc. for power generation and

the contribution of energy from the RE sector is about 25 %

of the total capacity as on date. The Government of India has

set an ambitious target of adding 175 GW (100 MW solar and

60 MW wind) capacity of renewable energy into the grid by

2022. The intermittent nature of renewable energy (Wind and

solar) may pose threat to the grid network in terms of reliable

operation, power quality, voltage regulation and stability etc.

in view of these upcoming challenges, ancillary services are

gaining attention for effective grid management [12].

Ancillary services are essential grid support services as

part of power system operation and maintenance. It provides

services for quality, reliability and security of the entire

grid network. The major ancillary services are Frequency

regulation, energy time shift/peak shaving, voltage regulation

an black start etc. [13]. Traditionally, these ancillary services

support provided by the generators as the requirement of

these applications were limited. Due to increased solar and

wind energy integration into the grid, the scenario of ancillary

service support has entirely changed. It needs faster response

systems as per variations in the RE generation and also energy

time shift as the non-availability of solar generation during

night hours. The major applications of the ancillary services

can be listed as

• Frequency Regulation

• ETS / Peak Shaving

• RE firming

• T and D Enhancement

• Micro grid Applications

• Generation enhancement

• Regulatory compliances

• Energy cost control

III. CONVENTIONAL FREQUENCY REGULATION

(CFR)

Frequency regulation is one of the ancillary services that

entail moment to moment reconciliation of the difference

between the supply and demand. It is necessary to maintain

the grid frequency in a specified band to ensure the stability

and reliability of the grid. As per Indian Electricity Grid

Code (IEGC), the allowable variation in the frequency band is

49.7Hz to 50.05Hz without any penalty. In the real-time grid

frequency profiles, it has been observed that the grid frequency

operates below 50Hz for the majority of the time. Hence, the

operating limits of the CFR have been considered for optimal

operation as per the flow chart mentioned in Fig.1. If the grid

frequency is higher than the upper cut off frequency (FH),

then the BESS charge from the grid and if the grid frequency

varies below the lower cut off frequency (FL), then the BESS

discharges to the grid. If the frequency varies in between

threshold limits, BESS charge/discharge based on battery SOC

to maintain the optimum SOC for further grid applications.

As the grid frequency varies continuously, charging / dis-

charging operation of the battery system also changes ac-

cordingly. Figure 2 depicts the real-time charging/discharging

operation of battery and their SOC along with the grid

frequency on a typical day under CFR application of the BESS

(LiFePO4 Battery of 500kW/250kWh) at the POWERGRID

Puducherry, India. From the figure, it is clear that when the

variation in frequency from the allowable band is higher the

battery will discharge or charge accordingly with maximum

power capacity. The abrupt charging and discharging of battery

increases the stress in the battery and which in turn accelerates

the degradation of the capacity of the battery system. During

the CFR application, the BESS exchanges 4 to 5 cycles of

energy per day as per the real time frequency variations at

this sampled BESS pilot site.

Fig. 1. Conventional Frequency Regulation Flowchart

Calculation of capacity degradation and the lifetime es-

timation of the battery energy storage systems under any

application are very essential and important for grid ancillary

services. In general, the capacity degradation of any battery

system is due to cyclic aging which depends on its operation

and calendar aging due to storage. As the BESS operates

continuously for grid applications, capacity degradation due

to storage is negligible. Hence, the capacity degradation cal-

culated for cyclic aging using equation (1) [14].
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Cfade(nc, T, cd) = 0.00024∗e0.02717T ∗0.02982∗cd0.4904∗nc0.5
(1)

Where, nc is the number of cycles, T is temperature in

Kelvin, cd is cycle depth or depth of discharge (DOD) in

percentage

The capacity degradation of the BESS is estimated as 7.21%

per year and the lifetime of the system estimated as about 4

years if it is operated under conventional frequency regulation

application continuously.

Fig. 2. Variation of Power and SOC w.r.t Frequency during Conventional
Frequency Regulation

IV. PROPOSED DYNAMIC FREQUENCY

REGULATION

Dynamic frequency regulation (DFR) can provide frequency

regulation support by optimizing the battery response. Here

the DFR algorithm is based on the historical as well as the

real time grid frequency data. The detailed flow chart of the

proposed DFR algorithm is given in Figure 3. Based on his-

torical frequency profiles, the charge/discharge operations are

divided into fixed time slots/intervals per day. Energy charge

or discharge for each particular time interval is pre-calculated

to cap the overall number of charge or discharge operations

during the day. DFR ensures that the battery parameters like

operating voltages, temperatures, SOC and DOD etc. are in

the permissible limit to enhance the lifetime of the battery.

Based on real-time grid frequency, rate of change of fre-

quency, battery SOC and other critical parameters, it divided

into three modes of operation under proposed dynamic fre-

quency regulation:

1) Mode-I: Charge/Discharge power based on SOC and

other BESS parameters

2) Mode-II: Charge/discharge based on real time grid fre-

quency variations

3) Mode-III: fast charge / discharge based on f/t and SOC

The DFR algorithm is simulated using MATLAB and sys-

tem parameters are taken from the 250kWh/500kW LiFePO4

battery energy storage system which is integrated with a 22kV

medium voltage distribution feeder. The frequency fluctuation

from the feeder as well as the battery parameters are monitored

and recorded using the SCADA system. The field data as well

as the system parameters of the existing BESS installation

is used to formulate the simulation of DFR. The frequency

band is not static in DFR like in FR, as it defines different

threshold frequencies for each slot depending upon the number

of variations in that particular slot. The energy discharge per

day is already defined and accordingly the selection of the

frequency band for each slot is calculated. The amount of

energy discharge to the grid by the battery is limited by

the amount of energy allocated to the particular slot. Hence

the energy discharge of the BESS is less compared to the

conventional frequency regulation.

Fig. 3. Dynamic Frequency Regulation Flowchart

Fig. 4. Variation of Power and SOC w.r.t Frequency during Dynamic
Frequency Regulation
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V. RESULT AND DISCUSSIONS

Dynamic frequency regulation is simulated based on the real

time parameters, which is taken from the pilot Battery Energy

Storage System project installed in Puducherry, India. The

250kWh/500kW LiFePO4 BESS is integrated with the 22kV

feeder. The BESS consists of Battery modules, Power Con-

version System (PCS), Battery Management System (BMS),

Power Management System (PMS) and Bay Control Unit

(BCU). Each LiFePO4 cell is of 3.2V and 80Ah capacity.

1728 cells are arranged in four clusters of series and parallel

connections to achieve a DC bus voltage of 691.2V. PCS

works as bidirectional AC/DC converter and a voltage reg-

ulator, while BMS is responsible for monitoring the battery

parameters like cell temperature, voltage etc. All control logics

are performed by PMS and the BCU collects the data from

different field devices and communicates with SCADA for

monitoring and controlling the entire system.

Fig. 5. SOC variation for CFR and DFR

Figure 4 shows the charge and discharge pattern as well as

the variation in SOC of the BESS w.r.t to grid frequency under

the proposed dynamic frequency regulation. As mentioned

above, the battery system utilized optimally based on variation

in grid frequency, availability of SOC and rate of change of

frequency (f/t). The battery energy charge and discharge is

comparatively low compared to CFR and hence the SOC of

the battery also changes accordingly. Total energy exchanges

per day are 2.05 cycles and 1606 cycles for one year. Capacity

degradation during DFR calculated using equation (1) as

5.172% for year and lifetime estimated as 6.54 years. Hence,

the lifetime of the BESS enhanced by 80% compared with

conventional frequency regulation operation.

The proposed dynamic frequency regulation algorithm is

verified through MATLAB modeling of grid connected BESS

and compared with conventional frequency regulation. Real-

time grid frequency data and operational limits of the battery

system have been considered for the simulation. Capacity

degradation and lifetime estimation is evaluated for both appli-

cations. As the battery system responds to real-time frequency,

the rate of power discharge from the BESS is more during CFR

compared to DFR. The proposed DFR algorithm optimizes

the BESS utilization by considering historical profiles of grid

frequency and SOC. It operates in three different modes based

on real-time grid frequency, rate of change of frequency,

availability of SOC and other BESS parameters. Fig 5 shows

the variation of SOC for both applications w.r.t to variation of

real-time grid frequency. The discharge power is more during

CFR application which results in an increase in temperature,

increase in stress on the battery and reduction in life of the

battery system.

• In the case of CRF, it has been estimated that the

average energy exchange per day is around 4.4 cycles

and capacity degradation estimated as 5.4% per year and

total lifetime estimated as 3.64 years.

• The battery life enhances during DFR by optimum usage

and total energy exchange per day is around 2.45 cycles.

Capacity degradation estimated as 3.057% per year and

total lifetime estimated as 6.54 years.

• Lifetime of the BESS enhanced from 3.64 years to 6.54

years which is almost 80% increase in battery life with

proposed DFR algorithm.

TABLE I
LIFE OF BESS UNDER CFR AND DFR APPLICATION

Sl.No Description CFR DFR
1 Energy exchange per day (no. of cycles) 4.4 2.45
2 Energy exchange per year (no. of cycles) 1606 895
3 Capacity degradation per year (%) 5.4 3.057
4 Lifetime in years 3.64 6.54

VI. CONCLUSION

The importance of ancillary services increases in grid

management due to increased intermittent Renewable Energy

(RE) integration into the grid. Energy storage system is one

of the best alternatives to provide ancillary service support.

Due to faster response and modularity in size, Battery En-

ergy Storage Systems are more focused on these types of

applications compared to other energy storage systems. The

major drawbacks of BESS are limited life cycle operation

and also the cost of the battery systems is quite expensive

nowadays. Given the economic aspects and limited life cycle

operations, it is essential to utilize these battery systems

optimally, efficiently and cost-effective. In this paper, a new

algorithm called Dynamic Frequency Regulation (DFR) is

proposed which is based on the prediction and scheduling

of historical data along with live data profiles. It helps to

enhance the life of the battery systems by ensuring the neces-

sary requirements of ancillary service applications. Capacity

degradation and lifetime estimation along with simulation

results presented for both conventional frequency regulation

and proposed dynamic frequency regulation. It is estimated

that the lifetime of the battery system can be enhanced by

80% with the proposed DFR algorithm. Further, the proposed

algorithm shall be implemented and validated in real-time

grid-connected LiFePO4 BESS of 500KW/250kWh capacity

by POWERGRID at Puducherry, India.

ACKNOWLEDGMENT

Authors are thankful to the management of POWERGRID

for granting permission for presentation of this paper. Views

2020 IEEE International Conference on Power Electronics, Drives and Energy Systems (PEDES)

978-1-7281-5672-9/20/$31.00 ©2020 IEEE
Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY WARANGAL. Downloaded on November 27,2025 at 05:58:25 UTC from IEEE Xplore.  Restrictions apply. 



expressed in the paper are of the authors only and need not

necessarily be that of the organization in which they belong.

REFERENCES

[1] A. Poullikkas, A comparative overview of large-scale battery systems for
electricity storage, Renewable and Sustainable Energy Reviews, vol.27,
pp. 778788, 2013.

[2] J. Rocabert, R. Cap-Misut, Ral S. Muoz-Aguilar, J. I. Candela and P.
Rodriguez, Control of Energy Storage System Integrating Electrochem-
ical Batteries and Supercapacitors for Grid-Connected Applications,
Transactions on Industry Applications, vol: 55 , no. 2, March-April 2019,
DOI: 10.1109/TIA.2018.2873534

[3] M. T. Lawder, and B. Suthar, Battery Energy Storage System (BESS)
and Battery Management System (BMS) for Grid- Scale Applica-
tions, Proceedings of the IEEE,vol. 102, no. 6, June 2014, DOI:
10.1109/JPROC.2014.2317451

[4] J. Arteaga1, H. Zareipour, and V. Thangadurai, Overview of Lithium-
Ion Grid-Scale Energy Storage Systems, Curr Sustainable Renewable
Energy Rep, 2017, DOI: 10.1007/s40518- 017-0086-0

[5] Daniel-Ioan Stroe, V. Knap, M. Swierczynski, Ana-Irina Stroe, and R.
Teodorescu, Operation of Grid-Connected Lithium- Ion Battery Energy
Storage System for Primary Frequency Regulation: A Battery Lifetime
Perspective,IEEE, 2016 DOI:10.1109/TIA.2016.2616319

[6] T.Mesbahi, N. Rizoug, P. Bartholomes, and P. Le Moigne, A New Energy
Management Strategy of a Battery/Supercapacitor Hybrid Energy Stor-
age System for Electric Vehicular Applications, 7th IET International
Conference on Power Electronics, Machines and Drives, PEMD, 2014

[7] W. Jinga, C. H. Laia, D. K.X. Linga, W. S.H.Wonga, and M.L. Dennis
Wongb, Battery lifetime enhancement via smart hybrid energy storage
plug-in module in standalone photovoltaic power system, Journal of
Energy Storage,vol.21, pp. 586-589, 2019.

[8] Y. Mahadik, and K. Vadirajacharya, Battery Life Enhancement
in a Hybrid Electrical Energy Storage System Using a Multi-
Source Inverter, World Electric Vehicle Journal, vol.10, 2019,
DOI:10.3390/wevj10020017

[9] D. Tran, and A. M. Khambadkone, Energy Management for Lifetime
Extension of Energy Storage Systemin Micro- Grid Application, IEEE
Transactions on Smartgrid, vol.4, no. 13, pp. 1289 1296, 2013.

[10] G. Angenendt, S. Zurmhlen, R. Mir-Montazeri, D. Magnor, and D. U.
Sauer, Enhancing Battery Lifetime In PV Battery Home Storage System
Using Forecast Based Operating Strategies, Energy Procedia 99 pp. 80
88, 2016.

[11] Khalid Abdulla, Julian De Hoog, Frank Suits, Kent Steer, and Andrew
Wirth, Optimal Operation of Energy Storage Systems Considering
Forecasts and Battery Degradation, IEEE Transactions on Smart Grid,
pp. 1949-3053, 2016.

[12] M. Bahloul and S. K. Khadem Design and control of energy stor-
age system for enhanced frequency response grid service, IEEE
International Conference on IndustrialTechnology (ICIT), 2018.DOI:
10.1109/ICIT.2018.8352347

[13] S. R.Deeba, Rahul Sharma, T. K. Saha, D. Chakraborty, and A. Thomas,
Evaluation of technical and nancial benets of battery-based energy stor-
age systems in distribution networks, IET Renewable Power Generation,
vol. 10, no. 8, pp. 1149 1160, 2016.

[14] M. Swierczynski, Daniel-IoanStroe, Ana-Irina Stan, R. Teodorescu, and
S. K. Kr, Lifetime Estimation of the Nanophosphate LiFePO4/C
Battery Chemistry used in Fully Electric Vehicle, IEEE Transactions
on Industry Applications, Vol. 51 , no. 4, 2015.

2020 IEEE International Conference on Power Electronics, Drives and Energy Systems (PEDES)

978-1-7281-5672-9/20/$31.00 ©2020 IEEE
Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY WARANGAL. Downloaded on November 27,2025 at 05:58:25 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 100
  /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
    /Shruti
    /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


