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Integration of the Vehicle-to-Grid Technology
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Abstract—With  the increasing pollution level and
environmental threats, the 21° century is moving towards green
and sustainable like plug-in hybrid electric vehicles. They have
vast scope and capabilities of energy storage. This feature of
vehicles is making them to utilize for energy storage and
distribute/sell it during 'peak' demand. The vehicle to grid (V2G)
technology with some improvement may present a promising
solution for future energy problems. The features, applications
and advantages of V2G are presented here, along with the
challenges to implement it. Many programs by automotive
industries, power generation units and government of different
countries are being performed to make V2G technology viable
for future use.

Keywords—vehicle to grid; automotive and power generation
units; renewable energy integration; plug-in hybrid vehicle; battery.

1. INTRODUCTION

Increasing pollution level and global warming are the major
areas of concern as the era head deeper into the current century.
Emissions of greenhouse gases, carbon dioxide (CO,), carbon
monoxide (CO), nitrogen oxides (NO,) and unburned
hydrocarbons (HCs) in large amount have caused
environmental pollution and global warming. A lot of these
emissions are caused for the fulfillment of the basic human
requirements such as electricity production, transportation,
industrial and commercial purposes. 28 percent of total
greenhouse gas emission is caused by the transport sector in the
United States [1]. 23 percent of total CO, emissions in the
world are caused by the transport sector which is 87 percent in
India. The modern transport sector relies on the internal
combustion engine based vehicles which use petroleum to
propel the vehicle and emit toxic gases; ultimately causing
harm to the environment and human life [2]. Eventually, there
has been a search for a more efficient and clean vehicle. Due to
the continuous decreasing level of fuel and energy resources,
hybrid and plug-in hybrid electric (PHEVs) vehicles are in the
spotlight for quite a while now. They are being seen as the
future of transportation with combustible fuel resources
depleting fast.

Owing to the need of efficient electric drive systems and
consumer interest in PHEVs, major automotive manufacturers
began launching PHEVs in 2010. The number of PHEVs has
grown over the years and the stored on-board energy in the
electrical storage systems (ESS) can be harnessed to provide
additional functionalities. Most of the customer-owned
vehicles stay parked more often than they are driven. This
offers an opportunity to utilize their stored energy while they
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are idle. The predictions reveals that, the vehicle fleet can
contribute up to two-thirds of the forecasted peak load [5].

Since the ESS on board in an electric vehicle allow two-
way power flow, they can be used to take power from or
supply power to a connected grid. The Vehicle-to-Grid (V2G)
concept stands on this principle. It describes a system in which
plug-in electric vehicles communicate with the power grid
when not in use and provide power to the grid during peak
power requirements and get charged from the grid during oftf-
peak hours. The fundamental idea is to set up an exchange
system between the grid and a vehicle with electrical energy
storage capabilities to benefit both the parties involved [3-4].
This is presented collectively in pictorial form as shown in

figure 1 [6].
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Fig. 1. Communication between Grid and PHEVs

While discussing and implementing the V2G technology,
there are some key issues which need to be addressed. Even
with the infusion of electric vehicles and other hybrids, There
are questions as to what additional hardware and software
would be required to deliver the stored energy outside the
vehicle, what communication systems are necessary, what
challenges may hinder the commercialization of the V2G
technologies, what would be the infrastructure costs
associated, what would be the initial target markets and so on.
Such issues would be discussed in detail in this article. The
article explores the current projects on this technology and
many other aspects.



II. VEHICLE TO GRID DEFINITION

Vehicle to grid (V2G) technology can be defined as a
system in which there is a capability to control, bi-directional
flow of electric energy between a vehicle and the electrical
grid [3]. The integration of electric vehicles into the power
grid is called the vehicle-to-grid system. Any electric-drive
vehicle, has within them the energy source and power
electronics combining making it capable to drive the power
requirements of homes and offices. It has been calculated that
92% of the total vehicles remain parked even during the peak
hours [7]. When a vehicle is not being operated, the on-board
battery is connected to a nearby electrical grid via appropriate
communication devices. The idea is to use the power from the
idle vehicles to provide load-shedding and peak shaving and
many other functions. The vehicle batteries can be fully
charged during low-demand hours and the flow can be
reversed at any time according to the requirements. This can
be fulfilled by utilizing the concept of 'smart grid' which is an
electricity network capable of processing the information,
manages the electricity flow to fulfil the end users varying
power demand and is able to provide communication between
generation sources and end users. This concept works on the
balance the 'off-peak' and 'peak' demand. The Vehicle can get
charged during off-peak hours and can sell it back to the grid
during peak hours [8].

III. MOTIVATION

In the Vehicle to Grid (V2G) power flow, the major
stakeholders are participants (owners of the vehicle), the firms
responsible for providing power, vehicle manufacturers and
the society as a whole. In this section we analyze how each of
these stakeholders is motivated towards a V2G power flow.

A. Economic Incentives for Participants

When the vehicles of participants are not in use, they can
serve as storages connected to the power grid which provide
power during peaks. In return, for the use of the vehicles the
firms which provide power would pay the participants for their
service based on the amount of power supplied from the
vehicle. Companies simulating V2G predict that the
participants can earn up to $300 per month (cost of recharging
is taken into account).

B. Reduction in Investment for firms

1) Fixed cost: To meet the demands of excess power
during peak hours, the firms use old fashioned plants. The
implementation of V2G power flow would reduce the need for
such plants, thereby saving a large amount of money. A
conventional coal plant that can generate 600MW of power
requires $2 billion. Even if V2G would account for the storage
for one power plant it would save Billions of dollars for the
firm.

2) Recurring costs: Apart from the extremely high initial
cost of the power plant they require regular and elaborate
maintenance. The reduction in the use of these plants would
also mean reduced recurring costs.

C. Vehicle Manufacturers

The participant vehicles and grid would require bi-
directional power flow as well as increased battery durability
(repeated charging and discharging reduces battery lifespan).
To cater an increased demand for such vehicle's sale will
increase; higher sales implies higher revenue for the vehicle
manufacturers.

D. Society

1) Increases overall productivity: Through the integration
of V2G power flow the overall economic productivity of the
society increases. The cars that would otherwise remain idle
when parked are now acting as a power storage unit which
generate revenue and investments, it would otherwise be spent
on power stations is getting saved.

2) Scope for renewable energy: V2G technology can
further be used with solar vehicles, as a result the excess
power during peak does not depend on non-renewable energy
sources (coal and fossil fuels used in power plants). This
reduces the burden on the environment and adds to the
ecological balance.

IV. ADVANTAGES AND APPLICATIONS OF V2G IN PHEVS

PHEVs can be operated as a load while charging, a
distributed storage, including services like reactive regulation,
motor starting or a standalone energy source such as peak
shaving. Although care has to be taken while discharging the
on-board batteries as excessive discharge might affect the
battery life and its expectancy. PHEV fleet is large enough and
if a particular portion of the vehicle’s stored energy could be
tapped while parked, it would provide the power grid with
large amounts of energy at a given time of the day. This section
concentrates on the benefits of using PHEVs as a distributed
storage.

A. Peak shaving and other electrical benefits

The stored battery energy can be used to provide power to
help balance loads by charging at the night when the demand is
low (valley filling) and providing power to the grid when the
demand is high (peak shaving). Peak shaving also provides
additional advantages such as reduction of a variety of
unwanted factors like line losses, delay transmission,
transmission congestion, etc. It also helps in reducing the
stressed operation of a power system, thus adding to its
longevity in terms of lasting. This leads to avoid heavy
investments in installing peaking power plants. Power
regulation authorities have a good ability of predicting the peak
loads (mostly during summers due to the load of the ACs).
Using the hybrid vehicles as a distributed storage acts as a
robust alternative to expensive and capital demanding ‘peaking
plant’ generators. Generally power-seeking bodies purchase
electrical energy through long term contracts with generation
companies or from spot electricity markets in the short run.
Peak load periods, see the highest electricity prices. Peak
shaving applications of PHEV fleet, reduces the cost of
electricity during peak periods. The money saved in the case
can be used to further propel the utilities of PHEVs by



investing in research facilities and expanding their horizon. The
average benefits from the V2G participation of an EV is
estimated to range from $392 to $561 annually per vehicle [9].
Thus PHEVs offer the power system with a flexible,
controllable load and could provide load levelling during off-
peak periods [10].

B. Ancillary and Regulation Services

Ancillary services account for 5-10% of electricity cost, or
$12 billion per year in the US; 80% of these payments are for
regulation and spinning reserve [11]. The ability of PHEV to
provide ancillary services leads to a more stable operation of
the power system, a reduction in the operation of protection
relays and possibly a reduction of the impact of some
contingencies. These services are characterized by short-term
high-value power flows to balance the constant fluctuations in
load and to adapt to unexpected equipment failures [12].

In order to balance the grid around its frequency set-point, a
sequence of control tasks is performed. The available power
resources for the regulation are called control reserves. They
may include various sources such as fast reacting gas turbines
and pumped storage power stations. However, PHEVs can be
used to provide these ancillary regulation services. The trip
schedules for the vehicle are assumed to be known at least one
day in advance, and the 'istribution Network Operators'
(DNO) are informed about the planned trip. When the vehicle
is idle, it is connected to the grid for ancillary services. The
DNO facilitates the charging and discharging actions
appropriately, taking care of the state of charge (SOC) of the
battery and ensuring its viability in further trips. The power-
seeking bodies would thus benefit from a reduction in
electricity tariffs. In addition, a compensation for the extra
battery degradation caused by regulation-related operations are
paid to the owner of the vehicle [4]. Thus, a PHEV can either
be deployed as a power supply or as a load in order to regulate
the frequency [10].

C. Renewable Energy Integration

One of the major problems associated with harnessing
renewable energy resources is its storage. Energy storage has
long been a subject of research within the electric community
as it would take advantage of low cost periods of generation.
Added storage would become a resource for the voltage
regulation needs discussed previously. The remote and
challenging locations also act as barriers to the procurement of
energy. Solar energy peaks around 1 pm, whereas wind energy
peaks overnight around 4.30 am [13]. The standard model for
the peak electricity demand predicts highest demand between 4
and 8 p.m. The peak, is thus shifted from the optimal hours of
the solar/wind generation capacities leading to major problems
in integrating renewable energy resources. Wind curtailment
also remains a big issue in harnessing wind energy. Sometimes
the energy generation overloads the grid and some turbines are
then shut down or temporarily impaired. The most important
role for V2G may ultimately be in emerging power markets to
support renewable energy [14].

V2G can help smoothen the fluctuations in output from the
wind farms. Electric vehicles can prove as the required demand
during the peak overnight hours of wind generation. Similar
approaches can be taken towards solar energy as well. A Cal
Berkeley study indicated that, an investment in 60MW of wind
power and 60 MW of solar power can satisfy the energy needs
of 580,000 vehicles [13]. Thus, hybrid vehicles and renewable
sources would benefit each other by providing complimentary
services [14].

D. Spinning reserves

Spinning reserves are known as the extra generating
capacity that is made available by switching on additional
generators already connected to the grid. This additional power
supply is made available within a short time from the time of
request. However, the capital costs of these reserves are higher.
V2G integration solves this issue by meeting sudden demands
for power. Connecting vehicles to the grid can go a long way in
eliminating the need of maintaining spinning reserves. At any
factory or workstation, where there are possibilities of sudden
requirements of peak power, the vehicles which could be of the
employees would remain connected to the grid and can be
called upon to provide the additional power supplies. This
creates a win-win situation for both the workplace and the
employees. The employees can get their vehicles charged back
during non-peak times and can also be paid a particular amount
for the usage of the vehicle [12]. Thus, V2G can indeed
provide a solution to reduce the need of spinning reserves.

E. Backup during power outage

The energy from the vehicle can be used for personal
emergency power requirements of the owner as well. When
there is an outage of power, the vehicle can be connected to the
uninterruptible power supply unit of the house and most
appliances with not very high ratings of power can be run. The
Toyota Prius can produce at least three kilowatts of continuous
power, which is adequate to maintain a home’s basic function.
Thus a home’s basic functions can be quite easily met with a
PHEV [15].

V. MODES AND FUNCTIONALITIES IN CHARGING

The power flow to and from the grid can be useful to the
grid only if it is provided at the right time and in the right
manner. There are various modes in which the PHEV can be
charged. The Society of Automotive Engineers' (SAE) and
"National Electric Code' (NEC) recently have established the
AC and DC charging levels [3].

VI. IMPLEMENTATION ISSUES

While V2G may present a wide range of applications and
advantages, there are also certain implementation issues that
have to be addressed. Few implementation issues are stated
below.

A. Scalability

V2G would require the setting up of dedicated lines that
would link the vehicles to the power grid. The cost of setting
up these lines is very high and significant returns can only be
expected if the number of participating vehicles is high, i.e. as
the number of participating vehicles increases the average cost
of the dedicated lines goes on decreasing and the capacity of



power generation and storage goes on increasing. Thus, V2G
can only be profitably implemented in the large scale.

B. Uncertainty of charge

V2G uses the charge stored in the vehicles to supply power
during peaks. This may lead to complete or partial discharge of
the (storage system) vehicle, thus causing inconvenience to the
owner. It would also require a larger number of vehicles to be
charged at the charging stations, thus adding to the
inconvenience of the owners. This inconvenience is the major
de-motivating factor for vehicle owners.

C. Reduced battery life

The life of the battery of an electric vehicle depends on its
charging and discharging cycle. As the depth of discharge
(DOD) increases, the life of the battery gets reduced
significantly. DOD is complementary to state of charge and is
denoted as the percentage of the capacity to which the battery
is discharged. Reduced battery life further adds to the cost that
the owner has to incur for participating in V2G.

The expected average cycles (equivalent to battery life) is
related to the depth of discharge as illustrated in fig. 2 [15].
Consider that the vehicle is initially in a state of 30% DOD, its
expected average cycles is 2050. After participating in the grid
power transfer its DOD becomes say 50%, the expected
average cycles falls to 1150. A 20% increase in DOD over a
long period of time can reduce the battery life to about half its
initial value. This is an issue that needs serious consideration.

100,000

Expected Average Cycles
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Fig.2. Battery life decay with depth of discharge

D. Thermal issues

Rapid charge and discharge leads to heating up of the
battery. Prolonged exposure to heated environments can cause
the components of the vehicle to be damaged. This affects the
vehicle owner, as his vehicle needs to be serviced. This also
implies that the efficiency of operation is reduced (Heating
may damage the battery and may lead to d1storted/1nefﬁc1ent
charging cycles). The heat generated is glven by I’Rt where t is
the time, charging/discharging current is I and R is the load
i.e. engine. If the rate of charge/discharge is high, it would
mean higher I and higher heat generated. If the process lasts for
prolonged periods, i.e. higher t, it would also lead to higher

heat and elevated temperatures. The relation between
temperature and battery life is given in the fig. 3 [16]. If we
assume that the operating temperature is 30°C. An increase of
just 10°C reduces the battery life from 90% to 60%. This
causes a huge impact on the owners of the vehicle.
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Fig. 3. Battery life and capacity at different temperatures

E. Immaturity of V2G

V2G is still in the early stages of development, thorough
testing needs to be done before complete implementation.
Moreover the above issues continue to be a concern in the
implementation of V2G. These concerns are viewed as factors
of risk by the investors, thus they are reluctant to participate.

VII. NOTABLE STEPS TOWARDS V2G IMPLEMENTATION

V2G is being implemented in many countries in the world
to move towards the green tomorrow with the participation of
government bodies and automobile industries.

A. Hydro-Quebec, Montreal (July 26, 2012)

Hydro-Quebec's research institute (IREQ) awarded
GRIDbot Canada the contract for the development and supply
of an advanced bidirectional charging station for an
experimental project on V2G and vehicle-to-home (V2H)
power exchanges [17]. According to this, IREQ will assemble
an electric test vehicle that will showcase Quebec-designed
technologies. TM4, a Hydro-Quebec subsidiary, will supply a
latest-generation TM4 MO®TIVE™ electric power train system
for this project. B3CG Interconnect, a company from Saint-
Eustache, along with its partners, developed a bidirectional
charger that will be integrated into the charging station built
by GRIDbot. This project received significant support from
the Quebec government as part of its 2011-2020 action plan
for Electric Vehicles.

B. University of Delaware first implementation (May 2, 2013)

University of Delaware along with NRG Energy Inc.
started its own small scale power grid. The power grid
consisted of 15 electric vehicles that were successfully
integrated with the campus power supply [18].

C. University of Delaware and Honda (Dec. 5, 2013)

Honda joined a demonstration project for experimental
V2G technology. The following are the significant points of



this initiative [19], according to which the Honda technology
builds off the research conducted by the University of
Delaware and now supported by NRG Energy Inc. Honda is
supplying an Accord Plug-In Hybrid with added V2G
capabilities to investigate the potential of this technology to
benefit the electrical grid, vehicle owners and society. The
participation of global automakers like Honda will ensure
renovation and refine the technology.

D. Green Gears (since 2007)

Green Gears was contracted by Google and PG&E to
perform hands on installation of parts and equipment for V2G
and PHEV demonstration and testing. Google’s philanthropic
foundation invested about $10 million to accelerate the
development of battery technology, plug-in hybrids and
vehicles capable of returning stored energy to the grid. These
initial proofs of concept demonstrations have spurred on
further development and integration by Nissan and other
automakers [20].

VIII. CONCLUSION

The applications of V2G are vast and provides a wide
array of possibilities for reliable power generation and storage.
V2G also promises a more sustained approach where the
environment is also a major concern. However, it still faces a
lot of criticism. The major reasons for this criticism are high
initial cost, lack of government subsidy, resistance to change,
be the people and manufacturers. The view of most people can
be considered as narrow and negligent as they are only
looking at the initial situation, they are ignoring the future
prospects of V2G. The recent projects in the V2G
implementation have shown promising results and encouraged
further research in the field. As and when more durable
batteries and cost efficient grid lines become common, V2G
will become a widespread phenomenon. Until then the views
of people and manufacturers must be monitored. Lastly, a
widespread propagation of the V2G idea, its prospects and
opportunities by the governments of developing and
developed countries will make the path of V2G
implementation much easier. And definitely, smart grid
technologies have the latency to meet up the future power
demand, which will support V2G.

REFERENCES

1. United stataes environmental protection Agency, “Sources of greenhouse
gas emissions”, (as accessed on 9/10/2014)
http://www.epa.gov/climatechange/ghgemissions/sources.html.

2. A. Panday and H. O. Bansal, "Green Transportation: Need, Technology
and Challenges", Int. J. Global Energy Issues, Inderscience publishers,
Vol. 37, No. 5/6, pp. 304-318.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

A. Briones, J. Francfort, P. Heitmann, M. Shey, S. Shey and J. Smart,
“Vehicle-to-grid (V2G) power flow regulations and building codes review
by the AVTA”, INL/EXT-12-26853, September 2012.

A. Ashouri, M. J. Benz and L. Guzzella, “Comparing control strategies
for EV and PHEV fleets providing regulation ancillary services”, 2012
IEEE Int. Conf. Control Applications, Dubrovnik, Croatia, October 3-5,
2012, pp. 739 - 744.

R. Sioshansi and P. Denholm, “The value of plug-in hybrid electric
vehicles as grid resources”, Energy Journal , vol. 31, no. 3, paper no.
01/2010.

A. B. Rolufs, "Kansas City Plug-In Electric Vehicle Demonstration
Project", Missouri Transportation Institute, Missouri university of science
and engineering.

W. Kempton, J. Tomic, S. Letendre, A. Brooks and T. Lipman, “Vehicle-
to-grid power: battery, hybrid, and fuel cell vehicles as resources for
distributed electric power in California”, UCD-ITS-RR-01-03, June 2001.
T. Morgan, "Smart grids and electric vehicles: Made for each other?",
Summit Int. Transport Forum, on Seamless Transport: Making
Connections, Leipzig, Germany, 2-4 may 2012, discussion paper no.
2012-02, OECD.

M. Ehsani, M. Falahi and S. Lotfifard, "Vehicle to Grid Services:
Potential and Applications." Energies, vol. 5, no. 10: 4076-4090, 2012.

M. E. Chehaly,O. Saadeh, C. Martinez and G. Joos, “Advantages and
applications of vehicle to grid mode of operation in plug-in hybrid electric
vehicles”, IEEE Electrical Power & Energy Conf., Montreal, QC, 22-23
Oct. 2009, pp. 1 - 6.

W. Kempton and V. Udo, Ken Huber, K. Komara, S. Letendre, S. Baker,
D. Brunner and N. Pearre, “A test of vehicle-to-grid (v2g) for energy
storage and frequency regulation in the PJM system”, nov. 2008.

E. Sortomme, "Combined bidding of regulation and spinning reserves for
unidirectional  vehicle-to-grid," IEEE ~ PES Innovative Smart Grid
Technologies, Washington, DC, 16-20 Jan. 2012, pp.1,7.

A. Papavasiliou, A. Lee, P. Kaminsky, I. Sidhu, B. Tenderich and S.
Oren, “Electric power supply and distribution for electric vehicle
operations”, Global Venture Lab Technical Brief #2008.2.v.1, November
21, 2008..

S. Morash, "Vehicle to grid: plugging in the electric vehicle", Senior
Capstone Projects, paper 200.
Electropaedia, “Battery Life
http://www.mpoweruk.com/life.htm.
Discover Energy Corp, “Why does temperature have such a dramatic
effect on  batteries?”  Retrieved from:  http://www.discover-
energy.com/why-does-temperature-have-such-dramatic-effect-batteries-0
(accessed on 9/10/2014)

Hydro-Québec launches experimental project on plug-in vehicles and the
power grid (V2G-V2H): GRIDbot Canada selected to build an advanced
bidirectional charging station.(accessed on 9/10/2014)
http://www.newswire.ca/en/story/1012685/hydro-quebec-launches-
experimental-project-on-plug-in-vehicles-and-the-power-grid-v2g-v2h-
gridbot-canada-selected-to-build-an-advanced-bidirectional-c.

Electric vehicles at UD earn revenue from power grid. Retrieved
from:(accessed on 9/10/2014).
http://www.udel.edu/udaily/2013/may/vehicles-grid-050213.html

V2G partnership. Retrieved from (accessed on 9/10/2014)
http://www.udel.edu/udaily/2014/dec/honda-delaware-v2g-120513 html.
V2G becomes a reality. Retrieved from:(accessed on 9/10/2014)
http://greengears.net/v2g-becomes-a-reality/.

(and  Death)” Retrieved from:


https://www.researchgate.net/publication/281581362


<<
  /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


