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Abstract—This paper questions the sizing standardization of
small scale energy storage systems in a context of high penetra-
tion of renewable energies and non-deterministic load within the
power grid. The future electrical grid is more precarious than
the classic one by many reasons, inter alia, abrupt meteorological
variations are hard to predict. Therefore, the geographic expan-
sion beside high penetration of renewables certainly enhance the
grid viability. Furthermore, the employment of energy storage
systems, to mitigate the intermittence of renewable energy output
and uncertainty of the load, is necessary, however, storage is
conditioned by the randomness of the two aforesaid outputs.
Although the difficulties, once the randomness is decently defined,
the overall system is more secure. Accordingly, our procedure,
then, evaluates a standard probabilistic sizing by including prob-
abilistic calculations and applying the central limit theorem in
order to achieve more standard results which increase the system
scalability and efficiency. Finally, simulations with historical real
data was used to run a numerical case.

Keywords—Energy storage, Renewable energy sources, Sizing,
Standardization, Uncertainty.

NOMENCLATURE

Acronyms
c.d.f Cumulative distribution function

CLT Central limit theorem

ESS Energy storage system

p.d.f Probability density function

PSP Probabilistic Sizing Procedure

r.v. Random variable

RES Renewable energy source

Indices
mis+ Index for positive power mismatch, Charging power

for the ESS

mis− Index for negative power mismatch, Discharging

power for the ESS

L Index for the Load power.

mis Index for the mismatch power.

re Index for the RES power.

st Index for Storage

t Index for time.

Variables

This work was supported by the Institute for Research on Solar and New
Energies (IRESEN)-Morocco (reference: InnoTherm-13-MicroCSP).

Δt Length of time interval in hours

N (μX , σ2
X) Normal Distribution with mean μX and variance

σ2
X

En Standard energy rating

Pn Standard power rating

X The sample mean of the random variable X
E Energy

FX c.d.f of the r.v. X
fX p.d.f of the r.v. X
P Power

T Number of time intervals in the operating window

t Time variable (discrete or continuous)

I. INTRODUCTION

FThe adverse prevailing energetic conditions have urged the

world to consider renewable energy resources as an inevitable

alternative. Renewable energy is collected from natural re-

sources which are naturally restored such as sunlight, wind,

tides and geothermal heat. The data generated by [1] shows a

dominance of Hydropower technologies with a total installed

capacity of 1.02 TW in 2015, followed by Wind technologies

(420 GW) and then Solar ones (223 GW). However, solar and

wind powers abide by an increasing pattern of total installed

capacity which might be octuplicated by 2030. Despite the

attention favoring high penetration of these two resources,

their randomness and intermittence negatively impact stability,

reliability and security of the power grid. This impact has

furthered energy storage systems (ESS) to be integrated in

operations, planing and scheduling of the future grid with

various technologies such as Hydro pump stations with a

total rated power worldwide of 18.9 GW in 2015, Thermal

Storage (2.1 GW), Electro-chemical (0.8 GW), and Electro-

mechanical storage (0.2 GW) [2]. The purpose of ESS is

to store energy in base-load hours, and supply it in peak-

load hours. Drawn benefits from this energy concession are

unquestionable whether for active or reactive power manage-

ment within the grid [3]. When ESS supplies active power,

they serve to mitigate power fluctuations, frequency variations,

and improve the dispatchability of RES, also, while supplying

reactive power, the voltage profile is more stable.
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High penetration of renewable energy resources is

ubiquitously becoming unavoidable. Besides, distributed

configurations have taken a major place along this grid

metamorphosis, a rewarding yet challenging configuration [4]

due to renewable energy intermittence, reverse power flows,

voltage rise and effects on protection systems. Therefore,

combining high penetration of small scale RES-ESS plants

is strenuous [5] since the feasibility of this scheme is

still questionable and distributed control strategies are not

standardized. To lessen these difficulties, the foremost

investigation is to properly assess each effect in order to find

optimal solutions. Hence, this paper concern is to measure the

intermittence effect on sizing energy storage for renewable

energy and to standardize this process.

The last two decades have witnessed a considerable litera-

ture on sizing procedures of energy storage for renewable en-

ergy. ESS sizing methods can be mainly categorized as (i) time

domain approaches and (ii) frequency domain approaches. In

[6], authors proposed an optimal design and management of a

residential PV-Battery system in which the sizing procedure is

given by minimizing the daily electric bill, this design included

degradation of the system performances too. In [7], the dis-

tributed configuration had been induced and compared to the

aggregate one as to minimize the total microgrid expansion

planning cost. This perspective showed that the number of

ESS in a distributed configuration affects the grid cost on

different levels which stressed disadvantages in [8]. Similar

studies lay distributed ESS in a critical position requiring more

consideration. A frequency method was proposed in [9] to find

an optimal ESS size to lessen fluctuations of wind energy in

high penetration context.

Notwithstanding this spotlight, most researchers have

focused on steady state and deterministic analysis and

depreciated the dynamic and probabilistic behavior of

renewable energy and load which result in the ESS behavior.

Presumably, the shortage of data as well as properly definite

models of load and renewable energy outputs have had the

major role in this research gap, which is not to say that no

analysis has been conducted for this purpose. For instance,

in a probabilistic extent, authors of [10] present a heuristic

probabilistic-based PV and ESS sizing tool according to

historical load data to give a clear comparison of the sizing

possibilities. Also, [11] provides new tools to stochastically

optimize the size of ESS including forecast errors of the RES

and assuming a predictive control of the model. Furthermore,

oversimplified ESS models have been usually considered,

thus, drawn conclusions might lack in accuracy. Recent

studies have started to include more sophisticated features

such as degradation and ESS lifetime.

In this paper, we have brought our attention to intensely

distributed configuration of RES-ESS. Since climatic condi-

tions, e.g. solar radiance, wind speed, temperature and so

forth, change as the location changes, we have reevaluated the

geographic disposition of renewable energy within a scaled-

down area. Results showed that the grid responses smoother

to abrupt climatic variations. In this scope, we introduced

storage systems without specifying their types as long as

we focused only on the sizing procedure. ESS are sized

according to the required active and reactive powers which

correlatively respond to the uncertainties of the load and the

RES. Hence, the sizing should involve probabilistic features in

order to reach more accurate results. Generally, ESS sizing in

literature is based on investigating the optimal size regarding

operation and economic constraints through a deterministic

day-ahead unit commitment including renewable energy and

storage units. Herein, we adopt a similar approach with respect

to the random behaviors of load and renewable energy to

assess the ESS uncertainties. This assessment is done using the

central limit theorem CLT as the configuration contains a large

number of components to model the energy and power ratings

of a storage system, no optimal size is sought in this paper.

The probabilistic sizing procedure PSP is meant to identify

the size of the standard ESS.

The rest of the paper is organized as follows: Section II

presents a brief data analysis and describes the configuration,

Section III elaborates the PSP to emphasize the lack in accu-

racy in deterministic sizing procedures. Section IV provides

numerical results of a configuration of ten distributed RES-

ESS micro-plants, thence, the paper is concluded in Section

IV.

II. CONFIGURATION DESCRIPTION

A. Data analysis and problem statement

Distributed configurations are greatly advantageous for the

future grid. Indeed, many existing applications are motivated

by this configuration, for instance, control systems have been

recently based on distributed and decentralized technologies.

Similarly, the aforesaid configuration cannot be less than bene-

ficial to improve the grid reliability and resiliency. Small-scale

generators have been widely investigated and incrementally

implemented worldwide. In this paper, dense embedment of

RES and ESS is investigated. This scheme is illustrated in

Fig.1 and interpreted as the massive implementation of RES

and ESS within the microgrid/grid.

The idea behind this concept is threefold: i) unexpected

and unpredictable meteorological variations are local, then, the

wider is the grid, the more controllable are these variations

Fig.2, ii) the grid is conveniently expandable, and iii) it

includes the novel economic image of the power grid market.

Fig.3 compares real output powers generated from five

Photovoltaic sources and their sum over a day. The RESs

are identical in terms of their type, specifications, and size,

also, they are closely located in California, USA. The curves

are derived from real data [12] and show that small scale

plants inter-balance such that the sum is smoothed and

variations are less acute. In particular, losses are less intense

in this scheme since the RES-ESS plants are embedded
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Fig. 1: Densely embedded configuration of RES-ESS micro-

plants in a meshed network of three areas (Interconnected

Microgrids)
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Fig. 2: Illustration of the geographical expansion of the gird

impact on renewable energy output abrupt variations: a case

of two PV generators located in two different areas

beside the loads if not exactly at the load points. Thus, as

abrupt climatic variations might occur locally and affect

only several generation points, or at least, slowly the overall

system; a densely embedded configuration is favorable to

mitigate abrupt variations of the RES. Nevertheless, RES are

insufficient to completely meet the grid demand, embedding

the system with ESS is still mandatory. This embedding

should be done accordingly to the RES configuration which

is significantly high distributed. Our goal is to evaluate the
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Fig. 3: PV output power of five identical and closely located

stations in California and their aggregate output power

various system parameters in this new scheme. The first

considered issue herein is the sizing of storage units.

The Density N denotes the number of micro-plants in the

grid. As the grid is assumed to hold a large number of micro-

plants (N → ∞) which they are random, independent and

unnecessarily identical, it is legitimate to apply the central

limit theorem and cut down the study to the sample mean

X , where X denotes the random variable associated to the

considered metric.

X =
1

N
(X1 +X2 + ...+XN ) (1)

{X1, X2, ..., XN} are the observations gathered from each

micro-plant. The sample mean portrays the standard ESS.

B. Sample Mean: Standard unit

1) Assumptions and Notations:
Hereafter, E in (kWh) is the electrical energy transferred at

the rate P to which is associated with:

E(t) =

∫ t

t−Δt

|P (τ)|dτ (2)

P denotes then the electric power in (kW), it is positive

when it is generated and negative when consumed.

To simplify, variables are assumed to remain constant for

the given period Δt. The power would be seen then as a linear

function of E. Hence:

E(t) = |P (t)|.Δt (3)

For a continuous random variable (r.v) X , a probability

density function (p.d.f) fX , and a cumulative distribution

function (c.d.f) FX are defined as:

fX(x) =
d

dx
FX(x) (4)
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If X ∼ N (μX , σ2
X) , then X has a normal distribution with

the mean μX and variance σ2
x. Its p.d.f is fX and c.d.f is FX :

fX(x) =
1√
2πσ2

x

e
− (x−μX )2

2σ2
X

FX(x) =
1

2

[
1 + erf

(
x− μX√

2σ2
X

)] (5)

Where erf is the error function.

For simplification intentions, dependencies between load

and renewable energy outputs are omitted, as well as temporal

dependencies among renewable energy outputs.

2) System Modeling:
The study framework consists of N (→ ∞) micro-plants,

each one consists of an ESS and RES, an aggregate load

is associated to the overall system. The ESS stores energy

when the RES outcome is greater than the load, and releases

energy when demanded. For each micro-plant i, we define

PL,i(t) as the load power and Pre,i(t) as the RES output

power at time t. The fundamental objective of the grid is to

match the load power to the generation, since renewable power

and load power are usually mismatched, Pmis,i(t) denotes the

difference between these two outputs at time t for each micro-

plant. As N is large, the central limit theorem is applied to

find their sample means PL(t), P re(t), and Pmis(t)

∀t ∈ {1, 2, ..., T} : P re(t) + PL(t) = Pmis(t) (6)

Energy ought to be stored in the ESS when Pmis(t) is

positive, RES output is greater than the load, and supplied by

the ESS otherwise. ESS size requirements depend mainly on

this mismatch.

Given that ∀t ∈ {1, 2, ..., T}

PL(t) ∼ N (μL,t, σ
2
L,t

), (7a)

and,

P re(t) ∼ N (μre,t, σ
2
re,t), (7b)

we have

Pmis(t) ∼ N (μre,t + μL,t, σ
2
re,t + σ2

L,t
), (7c)

where,

μX =

∑N
i=1 μXi

N
,

σ2
X

=

∑N
i=1 σ

2
Xi

N
,

(7d)

are the mean and the variance of the sample mean for each

r.v X , X stands for re, L and mis.

III. PROBABILISTIC SIZING PROCEDURE

Two parameters are needed for each random variable which

are the mean and the variance, appropriate weather and load

data are then required for better results. The so-called typical

meteorological year (TMY) is a collation of weather data for a

specific location, generated from a data bank which is longer

than one year. Its purpose is to present the range of weather

conditions for the location in question such as solar radiation,

wind speed, temperature and so forth which are consistently

averaged according to many years. Means and variances of

each r.v. are then drawn from this meteorological model in

order to find the distribution of each r.v.

A. Renewable Energy Source

Several methods are used for sizing Renewable energy

sources. For probabilistic methods, a simulation tool is used to

generate the TMY corresponding to the desired location, after

selecting the desired module, generation values are derived

according to the module specifications, such as the short circuit

current, open circuit voltage, and so forth. In this paper, only

photovoltaic PV sources are considered.

Generally, the most straightforward procedure to size a

PV source are designed for the steady state. This procedure

consists on dividing the annual energy consumption in kWh
by 365 (days per year) to find the average daily consumption,

then divide by the average of peak-sun hours which is assumed

to be 5.5 hours per day as PV modules collect energy only

during these hours. Finally, the PV array size is given after

taking into account the efficiency of modules. This size is

given to a simulation tool to provide its hourly generation

along one year using TMY for meteorological conditions.

B. Energy Storage System

To size the standard ESS, two main characteristics are

sought, the standard power rating Pn in (kW) which is the

highest input power allowed to flow through the ESS, and the

standard energy capacity En in (kWh) which is the highest

amount of energy that can be charged in or discharged from

the ESS. These characteristics ought to be found for the ESS

sample mean using the CLT.

The r.v Pmis(t) is decomposed into the difference of its

positive and negative parts:

Pmis(t) = P
+

mis(t)− P
−
mis(t) (8a)

where

P
+

mis(t) = max{Pmis(t), 0} (8b)

and

P−mis(t) = max{0,−Pmis(t)} (8c)

which are not, in general, independent. The negative part

denotes the discharging power whose c.d.f is F
mis

−
,t

, while

the positive part, with a c.d.f F
mis

+
,t

indicates the charging

power.
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By definition we have:

F
mis

+
,t
(P ) = P(P

+

mis(t) < P ) (9a)

Which leads to:

F
mis

+
,t
(P ) = P(Pmis ≤ P, 0 ≤ P ) (9b)

Hence:

F
mis

+
,t
(P ) =

{
0 if P < 0;
Fmis,t(P ) otherwise.

(9c)

Also:

F
mis

−
,t
(P ) =

{
0 if P < 0;
1− Fmis,t(−P ) otherwise.

(9d)

Where Fmis,t is the c.d.f of the r.v. Pmis(t).

1) Energy Rating Sizing: The stored energy level in the

ESS Est is given by the following iterative equation:

∀t : Est(t) = Est(t−Δt)+ηc.Δt.P
+

mis(t)−ηd.Δt.P
−
mis(t)

(10)

Where ηc and ηd are the charging and discharging efficiencies

respectively. If ηc = ηd = η and Est(0) = Emin, the

cumulative energy at the time t is:

Est(t) = Emin + η.Δt
t∑

τ=1

Pmis(τ) (11)

And this r.v has a normal distribution:

Est(t) ∼ N (Emin + η.Δt.
t∑

τ=1

μL,τ , η
2.Δt2.

t∑
τ=1

σ2
L,τ

) (12)

The system is decently sized if and only if Est,t does not

attain negative values.

The energy rating is the maximum capacity which could be

held by the ESS:

En = max
t∈{1,..,T}

{Est(t)} (13)

If FEn
defines the c.d.f of the standard energy rating En, it

is expressed then by definition as in:

FEn
(E) = P(En = E) (14a)

Accordingly:

FEn
(E) = P(Est(1) < E, ..., Est(T ) < E) (14b)

Which leads to:

FEn
(E) = P(Est(1) < E)× ...× P(Est(T ) < E) (14c)

Finally:

FEn
(E) =

T∏
t=1

FEst(t)
(E) (14d)

Where FEst(t)
(E) is the c.d.f of the cumulative energy at time

t defined in (12) and given by (5).

TABLE I: Locations and stations IDs

Location Station ID

Arcata 24283
Bakersfield 23155
Camarillo 723926

Dagget 23161
Fresno 93193

Imperial 747185
Los Angelos 23174
Sacramento 23232
San Diego 23188
Sandberg 723830

2) Power Rating Sizing: The second part of the sizing

procedure is to determine the standard power rating Pn,

defined by,

Pn = max
t∈{1,..,T}

{|Pmis(t)|} (15a)

Then,

Pn = max
(
max

t
{P+

mis(t)},max
t

{P−mis(t)}
)

(15b)

Where |.| is the absolute value. The distribution of Pn can be

deduced as follows:

FPn
(P ) =

T∏
t=1

F
mis

−
,t
(P )×

T∏
t=1

F
mis

+
,t
(P ) (16a)

Finally,

=
T∏

t=1

Fmis,t(P )×
(
1− Fmis,t(−P )

)
(16b)

IV. SIMULATION & RESULTS

This evaluative study was done using real historical data

for a photovolotaic PV source and residential loads and run

on Matlab. Annual Load and renewable energy data had been

taken from System Advisor Model SAM developed by NREL

[12].

The purpose of this paper is to measure uncertainties of

renewable energy and load on the ESS sizing. This measure

allows for having more control on ESS specifications within

high penetration context of renewables. The optimal size is

beyond the scope of this paper. For the given load, the same

module specifications were simulated for ten locations in

California, USA Tab. I.

First, hourly data is rearranged so the probability density

function of load power and PV power at each hour is to be

specified using TMY3 given by [12], then, hourly means and

variances are determined for renewable energy and the load.

Applying the CLT, the sizing procedure was executed only to

the standard ESS (sample mean) in order to find the standard

size ESS Figures. 5 and 4 show wide ranges of possible values

for power and energy ratings. For Pn which is the maximum

power that could be taken by the ESS whether to charge or

to discharge, and by the mismatch of the load to the RES

outputs, oscillates between 140kW and 280kW and averages

at 210kW . Furthermore, En range is more important, which
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Fig. 4: Cumulative Distribution Function of the standard power
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Fig. 5: Cumulative Distribution Function of the standard

Energy Rating En

is the capacity in kWh of the ESS, and is given between

3000kWh and 500kWh with a mean of 400kWh.
As shown by results, high penetration of renewable energies

lead to important range of energy and power ratings of ESS.

Although, our procedure defines these intermittence effects

which is significantly helpful in further operations upon the

grid. The application of the CLT is useful since it includes

all possible values for RES generation and load in a single

model, the study of the sample mean paves the way toward

more standardized procedures.

V. CONCLUSION

This paper investigates the densely embedded configuration

of RES-ESS for the future grid and presents a straightforward

probabilistic procedure of storage sizing within this scope.

Our study highlights two extents: first, the noteworthiness

of densely embedding the grid by RES and ESS, and second

measuring the impact of high penetration of renewable energy

and load randomness on the storage sizing. It can be concluded

from this evaluative analysis that the randomness of the sizing

process is significant and it should be included for accurate and

satisfactory results, although no optimal size was to be found.
The application of CLT for similar studies is relevant since it

allows to more standardized results, in particular, standardiza-

tion is the more critical feature of distributed configurations.

Therefore, more characteristics could be investigated for the

densely embedded configurations of RES-ESS namely for

control strategies.

REFERENCES

[1] IRENA. (2015) Renewable energy technologies. [Online]. Available:
http://resourceirena.irena.org/gateway/dashboard

[2] Office of Electricity Delivery And Energy Reliability. (2016)
Doe global energy storage database. [Online]. Available:
http://www.energystorageexchange.org/projects/data visualization

[3] R. Abhinav and N. M. Pindoriya, “Grid integration of wind turbine and
battery energy storage system: Review and key challenges,” in Power
Systems (ICPS), 2016 IEEE 6th International Conference on. IEEE,
2016, pp. 1–6.

[4] A. Yazdani and F. Katiraei, “Control and monitoring requirements for
distribution systems with high penetration of renewable energy sources,”
in 2012 IEEE PES Innovative Smart Grid Technologies (ISGT). IEEE,
2012, pp. 1–5.

[5] A. Mohd, E. Ortjohann, A. Schmelter, N. Hamsic, and D. Morton, “Chal-
lenges in integrating distributed energy storage systems into future smart
grid,” in 2008 IEEE international symposium on industrial electronics.
IEEE, 2008, pp. 1627–1632.

[6] D. Zhu, Y. Wang, N. Chang, and M. Pedram, “Optimal design and
management of a smart residential pv and energy storage system,” in
2014 Design, Automation & Test in Europe Conference & Exhibition
(DATE). IEEE, 2014, pp. 1–6.

[7] I. Alsaidan, A. Khodaei, and W. Gao, “Distributed energy storage sizing
for microgrid applications.”

[8] H. Kuang, S. Li, and Z. Wu, “Discussion on advantages and disad-
vantages of distributed generation connected to the grid,” in Electrical
and Control Engineering (ICECE), 2011 International Conference on.
IEEE, 2011, pp. 170–173.

[9] I. N. Moghaddam and B. Chowdhury, “Optimal sizing of hybrid energy
storage systems to mitigate wind power fluctuations,” in Power and
Energy Society General Meeting (PESGM), 2016. IEEE, 2016, pp.
1–5.

[10] X. Zhu, J. Yan, and N. Lu, “A probabilistic-based pv and energy storage
sizing tool for residential loads,” in Transmission and Distribution
Conference and Exposition (T&D), 2016 IEEE/PES. IEEE, 2016, pp.
1–5.

[11] K. Baker, G. Hug, and X. Li, “Energy storage sizing taking into
account forecast uncertainties and receding horizon operation,” IEEE
Transactions on Sustainable Energy, vol. 8, no. 1, pp. 331–340, 2017.

[12] N. Blair, A. Dobos, J. Freeman, T. Neises, M. Wagner, T. Ferguson,
P. Gilman, and S. Janzou, “System advisor model, sam 2014.1. 14:
General description,” Nat. Renew. Energy Lab., Denver, CO, USA, Tech.
Rep. NREL/TP-6A20-61019, 2014.

710



<<
  /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


