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Abstract—This paper proposes a generic methodology for
combined cycle gas turbines (CCGT) modeling. The main
objectives are the estimation of the CO: emissions for specific
units and their integration in an environmental power dispatch
that considers several plants. At first a design procedure aims at
calibrating the model using the sparse information advised by the
manufactures. Off-design points are also investigated in order to
estimate the CO2 emissions on the whole operating range of the
units. The obtained results show a good consistency with the
emission coefficients found in the literature for that type of units.
Then those carbon costs are used as input parameters for a unit
commitment problem (UC). The Mixed Integer Linear
Programming (MILP) formulation minimizes the global
emissions for a set of different units on Jurong Island in
Singapore. The grid emission factor finally obtained for the
simulated network displays values close to the registered field
data which validates the developed model.

Keywords—combined cycle gas turbine, design, CO: emissions,
environmental unit commitment, power dispatch, optimization

I. INTRODUCTION

The work presented in this paper has been led in the
framework of a wider study whose objective is to simulate the
operation of the Jurong Island power grid in Singapore. The
island has four thermal power plants with thirteen identified
combined cycle gas turbines (CCGT) [1]. The first concern is
to model the power generation on site to perform a power
dispatch that minimizes the amount of CO, generated. Such
unit commitment (UC) problems have been widely studied in
the literature. The traditional objective is to minimize the
generation cost while meeting the load and fulfilling system
operating constraints [2]. Here the objective only refers to the
minimization of the CO, emissions. Most of the time those
emissions are added to the objective function as a linear cost
with the generated power as in [3]. Another alternative consists
in considering a quadratic curve for the CO; emissions — the
same way it is commonly done for the generation cost — as well
as COs start-up costs [4]. Then either a bi-objective (cost/CO»)
optimization is performed or the CO; is simply added to the
conventional objective function while introducing carbon
penalties [2]. Cubic functions can also be found in the literature
[5] as well as exponential formula when other types of
pollutant are considered [6]. In addition to that variety of cost
models, their attached coefficients are rarely justified. They
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come from pre-established test cases and can display wide
ranges of values even for the same type of unit. Indeed, a great
part of such power systems studies mainly focus on validating
the problem formulation and the algorithms used to solve them.
In order to accurately model those emissions for thermal units
one must pay attention to energy conversion aspects and model
calibration. CCGT has received extensive attention, since it
offers enhanced performances compared to conventional gas
turbines (GT). An increasing number of heavy duty units has
been installed in electrical systems across the world in recent
decades to replace conventional coal/oil power plants [7]. Most
CCGT studies are concerned with optimal design that
minimizes the cost for the plant owner as in [8]. However, their
performance dramatically decreases when deviating from their
nominal operating point. Thus off-design operations have to be
considered carefully, especially when a power dispatch will
require the system to work on its whole operating range [9].
The main motivation of the present study is then to use a
CCGT model in order to get realistic coefficients for carbon
emissions in the environmental UC problem. The biggest
challenge lies in obtaining consistent values from the sparse
information given by the manufacturers for the identified units
- usually only the rated power and efficiency are advised. Then
major contributions of this work are:

e The cross disciplinary bridge between CCGT
modeling and power dispatch strategies.

e The development of a systematic comprehensive
CCGT model whose granularity is adapted to with the
MILP formulation for UC problems.

e The CO; start-up costs are not explicitly entered as
parameters in the UC. Instead the off design
performance is estimated below the minimum
operating point and start-up phases are modeled.

The rest of the paper is organized as follows. Section II
describes the model used to represent the considered units and
the obtained results. The general equations are given and a
particular attention is attached to the optimal procedures that
allow estimating both nominal and off design performance.
Then Section III introduces the environmental unit
commitment performed while considering four distinct power
plants. Some constraints equations are presented. The
conclusions are then presented in Section IV.
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Fig. 1. Simplified diagram of a typical CCGT unit
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II. CCGT MODELING

A. Fundamentals and Identified Generation on Site

Fig. 1 shows a simplified diagram of a CCGT. The
operation of such a unit lies on the combination of two
thermodynamic cycles. In the top Brayton cycle the input air
mass low m, (in kg/s) at ambient conditions is compressed with
a ratio 7. before entering the combustion chamber of the gas
turbine. The combustion with a fuel mass flow my (in kg/s)
allows the flue gases to reach the turbine inlet temperature 71T
(in ©C) before their expansion that produces a work Wer (in
MW). A nomenclature of all the considered parameters is given
on Table I. Among those both r. and TIT have the greatest
influence on the GT performances with highest values around
40 and 1600 °C respectively for the most efficient systems [7].
The main limitations come from the maximum stress that the
different materials can endure under operating constraints. In
the bottom Rankine cycle, the hot gases at the turbine exhaust
temperature TET (in °C) are used in a heat recovery steam
generator (HSRG) to produced superheated steam at high
temperature for a steam turbine. Note that typical architectures
for HSRG display up to three different pressure systems with
corresponding low, intermediate and high pressure steam
turbines. Thus the combine cycle (CC) units allow exploiting
the available heat in the exhausts gas of heavy duty and
enhancing the power generation efficiency from 40 % (¢r) to
60 % (ncc) [7].

Such units represent more than half the installed power
generation capacity in Singapore and up to 95 % of mix in term
of electricity generation [1]. Field data and manufacturers
websites identify five types of units on Jurong Island with the
characteristics advised in Table II and distributed among four
power plant as follows:

e Keppel Merlimau (KPL): Units A; and A,, Units B; and B..
e Pacific Light Power (PLP): Units C; and Co.

e SembCorp Cogen (SMB): Unit A, Units Dy and D».

e YLT Seraya (SRY): Units C; and C,, Units E; and E»,

TABLE L. NOMENCLATURE FOR THE CCGT MODEL

Ta ambient temperature ocC
e compression ratio -
ne compressor isentropic efficiency -
i mechanical efficiency -
Ma air mass flow kg/s
Ve air specific heat ratio in compression -
We compressor consumed power MW
Cpa specific heat of air kJ/kg/K
Nee combustion chamber efficiency -
A air/fuel ratio in combustion chamber -
LHV fuel lower heat value kl/kg
TITr turbine inlet temperature ocC
my fuel mass flow kg/s
mg flue gas mass flow kg/s
Cpg specific heat of flue gas kl/kg/K
Ve air specific heat ratio gas turbine expansion -
ngt gas turbine isentropic efficiency -
TET turbine exhaust temperature ocC
Wétnet gas turbine net output power MW
Ocr heat supplied to the gas turbine kJ/s
TNgen electrical generator efficiency -
ner gas turbine efficiency -
Ouv available heat in the flue gas kJ/s
Wstnet steam net output power MW
Wee combined cycle net output power MW
loe combined cycle efficiency -
SCE specific carbon emission kg/MWh
., des subscript for design values -
TABLE IL IDENTIFIED UNITS ON SITE

UnitA UnitB  UnitC UnitD UnitE
W6tner (MW) 240.0 165.0 260.0 256.0 292.0
Wstne (MW) 160.0  85.0 140.0 1520  115.0
Wee (MW) 400.0  250.0  400.0  408.0  407.0
TET (°C) 630.0 505.0 580.0 596.0 580.0
nar (%) 37.0 36.4, 38.5 37.8 40.7
nee (%) 32.0 53.1 58.8 56.7 59.0

B. Model Equations

This subsection describes the steady state equations
commonly used in the literature for the modeling of CCGT
units. Firstly the temperature at the output of the compressor
Teou (in ©C) is computed as well as the corresponding work W,
(in MW) as in (1) and (2) [10]. Note that C,, (in kJ/kg/K) is
estimated at the average temperature between Ta and 7. and
referring to the tables for air properties.

%71
o —1
T =T 14— ()
ne
_ ny, XCan(T;,out _T;l) )

¢ 1000x7,,

A complete combustion of pure methane is considered
(3). Similarly to [9] the combustion equations has to be solved
in order to estimate the fuel mass flow my (in kg/s) required to
reach the turbine inlet temperature. The heat capacity of the
flue gas Cp, (in kJ/kg/K) is also obtained after solving a second



order polynomial equation with the molar air fuel ratio A (4).
C,e is computed with the molar quantities and specific heat of
each component in the flues gas and using the corresponding
property tables. M,, My, n,, and nf'denote the molar masses and
quantities of fuel and air.

CH, +2A(0,+3,76.N,) > ...

3
...CO, +2H,0+2.4.3,76N, +(2.1-2).0, ©)

My X(C XTIT=C,, XT,

¢ out) =y X(LHVn, =, XTIT)
my _Myxn, My
m M 2 XN, B M, X A

a

C B an CPCQ + nHzo.Cszo +nN2 'CpN2 + n02 .Cpoz B (4)
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Cocts 210 =2Cpp, Con, +2X376C,, +2C,0 A
1+(2x3.76+2)4

The computation of the GT output work Werier (in MW)
requires the estimation of the turbine exhaust temperature 7ET
(in ©°C) as shown in (5) and (6). The overall CC net ouput
power is then obtained following (7). Note that the HSRG is
not fully modeled here with the superheater, the economizer,
the deaerator and condenser equations. In this work the steam
turbine work output Wsr,e:, once the heat is extracted from the
exhaust gas, is given as an input fixed parameter at design
conditions (input parameter Wsrae/). The specific CO, emissions
SCE (in kg/MWh) consider the CO, molar mass Mco2 and the
fuel molar quantity n, (9).

1

TET=TITx l—ngtx 1- = %)
e v
_myxC, X(TIT-TET)
WGTnet - 1000 ><nm Xngen - VVL (6)
Wee =Worner + Wstner (7
n,xmM x 3600
SCE =1~ 9)

1000 X W

The heat supplied to the gas turbine Qgr (in MW) [8] is
used to compute the thermal efficiencies for the GT and the
overall CC unit as follows:

=mg XCPgX(TIT_Tc,out) (8)
or 1000
WGT net WCC
Ngr =——— and 7)cc =—— )
QGT QGT

Fig. 2. Inputs/Outputs of the CCGT model
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C. Off-Design Operations

The previous equations describe the behavior of a typical
CCGT at the design operating point. Such a representation with
a more detailed model of the HSRG is used in [8] to perform
the optimal sizing of a CCGT unit with regard to capital and
operating costs. In power system studies the units never operate
at the nominal point all along the considered time horizon [9].
It is obvious with the totality of a variable load fed by a finite
numbers of units as it is the case in the system modeled here.
Thus a particular attention has to be paid to the off-design
operating points and constraints. Especially the objective is to
estimate the carbon emissions on the whole operating range of
the units. The first off-design constraint refers to the fulfillment
of the schoked conditions of the gas turbine with a constant
swallowing capacity (10). Here the compression ratio is used
instead of the compressor output pressure [9].

maX 1T — ma,a’esx VTITZJe' PN Gsh — Gth
e rc,des
Reference [11] establishes semi empirical equations for the
behavior of the steam turbine under off-design conditions. The
output power has to be corrected regarding the deviations of
the flue gas mass flow m, (in kg/s) and TET from their design
values while considering 7., the Carnot cycle efficiency (9).
Wstet then tends to decrease in the same time than Qy4y the heat
available in the GT exhaust gas ((10) and (11)). Note that a
more accurate representation of the off-design performances
should take the deviations of the isometric efficiencies for the
compressor and the gas turbine into account. It is not
considered here and constant values are used.
T

=]1-—2 9
. TET )

2
Qur _( TET ] Mg
QA V.des TETdeS mg,des

_ "V STnet,des 776
i STnet — X ...

(10)

(10)

Ry X ngen nc,des

0 0.2 (11)
.| —0.32063+1.64575 ><i—><0.32872L2
QAV,des

AV ,des



D. Optimization for Design and Part Load Operating Points

The model developed for CCGT units displays the
architecture shown on Fig.2 with fixed parameters
LHV =48685 kl/kg and T, =30 °C. The next step consists in
calibrating the model. The objective is to optimize all the
inputs (i.e. both design and operating variables) in order to
minimize the error between the outputs and the values advised
by the manufacturers (noted with the superscript .P). The
design objective odj” is then expressed as the sum of the errors
regarding the values for TET, Wqme and ner. (12). The CC
output power and efficiency are implicitly fit as the ST net
power is entered as a fixed parameter here. For the off-design
operations only the three operating variables are optimized.
The unit operation consists in the control of the inlet guide
vane of the compressor. The operation is based on IVG control
up to 30 % air flow reduction with constant 7ET followed by a
maximum air flow control [9]. The operating controls are then
optimized considering their design values as upper bounds
(ma>0.7%mgq4es). The off-design objective odj°° aims at
ensuring the shocked conditions, maintaining TET at the
highest possible value while minimizing the error with the part

load CC output power W52 .

ObjD — (WGTnet — WGDTnet)2 + (TET_ TETD)Z + (ﬂGT — ngT)Z (12)
WGDTnet2 TETD2 ngTz

oD _ (WCC_WCOCD)2 + (TET_TETD)z + (Gsh _Gth)z
2

£ 5 (13)
wap TET” Gh

obj

The two optimization problems described above are solved
using the Sequential Quadratic Programming embedded in the
Matlab Optimization Toolbox. For every design and every part
load point of each unit the problems are run with a hundred
starting points randomly taken within the bounds for the
variables. Note that the off-design operation points are
considered between 30 % and 100 % off the nominal load with
a step of 5 %.

E. Obtained Results

Design results shows good performances. The errors for the
output CC power and T7ET are below 0.1 % while e the
maximum registered deviation for the efficiencies is only
0.6 %. The results also display the specific CO, emission
estimated for the different units ranging from 391 kg/MWh to
457 kg/MWh The observed values are close as it is expected
for units with similar performances in terms of efficiency.
Those SCE values are consistent with the ones found in the
literature for Singapore field data [1]. Fig. 3 shows the results
obtained while running the off-design model for Unit A.
Especially the operating variables variations are consistent with
the considered control strategy [12]. TET remain constant while
the air mass flow and the compressions ratio decrease to reach
load points below 100 % of the nominal load (Fig. 3a). Once
the lower bound for m, is met (0.7), TET starts decreasing
allowing the unit to work a lower output powers.

Fig. 3. Performances of Unit A — a) Operating veraibles — b) efficiencies
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Consequently, the CC efficiency drops around 20% for the
unit works at 30 % of the nominal load. The same observation
can be made concerning the SCE which increase significantly
when the output power decreases (Fig. 4a). Plotting the SCE
allows ranking the units from the dirtiest (Unit B) to the
cleanest (Unit A). Multiplying the specific emissions by the
corresponding output power for the units allows estimating the
net emissions in tons. Note that the emission for Unit B are
significantly lower as the rated power is less important than for
the other technologies (250 MW Vs 400 MW). Fig. 4b
highlights the fact that the emissions E; for for the i unit can
be expressed with a linear formulation (14). That will be used
as an input parameter for the objective function of the UC
problem in the next part. Table III gives the values for the
different a;, b; obtained with regression coefficients greater
than 0.99.

EWee)=a; x Wee +b,

i (14)
CC,des

III. ENVIRONMENTAL UC

A. CCGT Units Operations

Typical constraints for thermal units in power dispatch
proecedures refer to the ramping limitation and minimum
up/down times [2]. More accurate approaches for thermal
units consist in introducing the different phase for the
operations as well as discriminating the start-up types [20].

TABLE III. LINEAR COEFFICIENTS FOR CO2 EMISSIONS
Unit A Unit B Unit C Unit D Unit E
ai (in tons) 126.56 94.00 135.16 141.51 143.34
bi (in tons) 27.67 19.13 28.00 29.59 26.94




Fig. 5. CCGT unit operation
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When a CCGT unit is committed it first enters in a
synchronization phase where the turbine shaft reaches the
synchronization speed with the grid frequency (Fig. 5). Then a
soak phase occurs with the output power that increases until
the minimum operating point. The dispatchable phase then
starts with the i unit power flowing within the range P,;,; and
Paxi. When the unit is decommitted the power then returns to
zero during the desynchronization phase. In this work both
synchronization and soak phase are combined as the only
available duration is the total start time (dotted line model in
Fig. 5). The start-up time tends to increase with the prior
reservation time during which the unit is turned off. Three
start-up types /= hot, warm, cold are then commonly
considered with associated duration 7Ts;.

TABLE IV. OPERARTING PARAMETERS

UnitA UnitB UnitC UnitD UnitE

Ramp (MW/min) 50 30 10 22 10
Ts"'; (min) 30 60 60 30 60
Ts™™; (min) 90 120 120 90 120
Priini (MW) 80 75 120 142 122
Pax.i (MW) 400 250 400 408 407

Table IV gives the operating variables for the considered
units. Note that with a daily UC cold start (after more than
120 h off) is not considered. The load is considered with a
30 min discretization (Af= 30 min) based on the data for the
whole year 2016 [1]. With such a time step the ramp
constraints do not need to be considered. It appears that the
studied units can fully operates on their whole range during
only one increment of time. Also the duration of the
desynchronization phase is neglected as they are usually lower
than the start-up phase time.

B. Problem Formulation

In the present study the MILP is considered for the UC
formulation. The problem is formulated in MATLAB using
YALMIP and is solved using CPLEX 12.7.1. As already
mentioned the objective of the UC here is to meet the load
with the minimum amount of CO,. The objective function is
expressed as in (15) with the output power of the i unit at
time ¢ P;; and the on/off status u;,. A nomenclature for some of
the symbols used in the UC is given in Table V.

obj: Min ZZ(a X —— +b xu”]xAt (15)

teT ieU

Note that the start-up costs (in tons of CO;) don’t appear in
the function as it is commonly done in such studies [5]. That
information is not available for the considered units. Thus the
models previously developed are used to estimate the start-up
emissions while extending the off-design operations a lower
values of the delivered power. With a non null duration for the
start-up phase the corresponding CO, cost is computed when
considering the output power trajectories from 0 to P
(Fig. 5). Consequently, and as expected, warm start-ups will
be costlier with a longer duration. Then the first set of
constraints attached to the UC problem describes the start up
type selection based on the reservation times bounds 7% and
T% prior the start up. 7% = 8 h for hot start and 7% = 24 h for
warm start. 7% = 0 h for hot start and 7% = 8 h for warm start.
The constraints in (16) allows selecting the start-up type
depending on the prior reservation time and Eq. (17) ensures
that only one type is selected among S [12]. The unit
immediately enters in start-up phase when v;, is set to 1 (18)
while Eq. (19) ensures that only the appropriate start phase is
considered. The power delivered by the unit 7 in start-up phase
[ at time ¢ is computed by multiplying the step power Pl ; by
the duration of the phase before 7 (20). The reader can refer to
[12] for a compete formulation of the UC involving logical
constraints for the units operations.

-1
I
v, < Y w, (16)
=T +1
_ 1
Vie = Z Vit a7
leS
t
I _ ! 18
us;, = Vi (18)
t=Ts;+1
us;, = Zus[]’l (19)
leS
1
Ps;, = z Zus X Pyyepi and Ps;, < B, ;Xus;, 20)
t=Ts;+1 leS
TABLE V. NOMENCLATURE FOR UC PROBLEM
Uiy unit i committed at time ¢
usi unit 7 in start phase at time ¢
us's; unit 7 in start phase typle / at time ¢
Vit unit 7 started at time ¢
Vi unit i started type / at time ¢
Wit unit ; shut down at time ¢
Pi; power generated by unit i at time ¢
Psi; power generated by unit i in start phase at time ¢
a; b; coefficients for the CO, emissions of unit 7
Poini/Pmax;  min/max power of unit i in dispatchable phase

Ts; start up type / duration

Plgep i power increment of unit of during start up type /
T, T bounds for start up type / intervals
T,US set of time steps, units and start-up types
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A. Obtained Results

At first the simulation is performed without considering
the constraints for the start-up phases. The obtained confirms
that the cleanest units (A and C) are run in priority all along
the day while the dirtiest (D) are much less solicited (Fig. 7).
Without considering the start-up phases some units displays
multiple starts and stops during the simulated day which is
unrealistic and would dramatically increases the costs of
generation (Fig. 7a). Introducing the start-up constrains solves
the problem by avoiding multiple commitments within the
same day for the dirtiest units as shown on Fig. 8. It can be
noticed that the base load is still fed by the cleanest units
while the peak load is meet with the commitment of units D in
PLP and E; in SRY (Fig. 8b and Fig. 8d). Note that the dirtiest
units B in KPL are not used at all. The simulation allows
computing the grid emission factor (GEF) which represent the
amount of CO; per kWh generated. The obtained values is
0.406 kg/kWh. That is consistent with the recorded GEF of
0.431 kg/kWh for the year 2016 in Singapore which also
considers grid losses as well as well 5% of the electricity
mixed coming from oil steam plants [1].

IV. CONCLUSIONS

The CCGT model described in this paper aims at
estimating the CO; emission coefficients that are used in an
environmental UC. Compared to conventional UC studies
with CO, costs taken from the literature, the methodology
developed here allows the representation of specific units.
Especially the start-up emission doesn’t have to be guessed
and is estimated by introducing the start-up phase with a
specific duration. Despite the sparsity of the information
available from unit manufacturers, the calibrated models
display very good agreement with real data in terms of GEF.
The global objective of the study is to model the power system
management on Jurong Island in Singapore. Further work
should focus on the grid modeling that would lead to
additional operating constraints to be fulfilled in UC.
Attention will have to be paid to the problem formulation in
order to avoid prohibitive computational times. The
aggregation of the units in the same plant could be
investigated in order to reduce the number of variables and the
attached solution time.

REFERENCES

[1] Energy Market Authority. “Singapore Energy Statistics”. 2016 (web:
WWW.ema.gov.sg).

[2] K. Van den Bergh, K. Bruninx, E. Delarue, W. D’haeseleer, “A Mixed-
Integer Linear Formulation of the Unit Commitment Problem”, KU
Leuven, TME working paper, 2014

[3] L. Deng, B. F. Hobbs, P. Renson, “What is the Cost of Negative Bidding
by Wind? A Unit Commitment Analysis of Cost and Emissions”, IEEE
Transaction on Power Systems, Vol 30, No 4, pp 1805-18014, 2015.

[4] D. Yamashita, T. Niimura, R. Yokoyama, M. Marmiroli, “Trade-off
Analysis of CO2 versus Cost by Multi-objective Unit Commitment”,
Power and Energy Society General Meeting, Providence, USA, 2010.

[5] S. Krishnamurthy, R. Tzoneva, “Impact of price penalty factors on the
solution of the combined economic emission dispatch problem using
cubic criterion functions”, Power and Energy Society General Meeting,
San Diego, USA, 2012.

[6] D. W. Gong, Y. Zhang, C. Qi, “Environmental/economic power dispatch
using a hybrid multi-objective optimization algorithm”, Electrical Power
and Energy Systems, Vol 32, pp 607-614, 2010.

[71 M. P. Boyce. “Handbook for cogeneration and combined cycle power
plants”. ASME Press. 2™ Edition. 2010.

[8] Y. Zhu, H. C. Frey, “Simplified Performance Model of Gas Turbine
Combined Cycle Systems”, Journal of Energy Engineering ASCE, pp 82-
90, 2007.

[91 T.S. Kim. “Comparative analysis on the part load performance of
combined cycle plants considering design performance and power control
strategy”. Energy. Vol 29. pp 71-85. 2004.

T. K. Ibrahim. M. M. Rahman. “Thermal Impact of Operating Conditions
on the Performance of a Combined Cycle Gas Turbine”. Journal of
Applied Research and Technology. pp 567-577. 2012.

G. Zhang. J. Zheng. A. Xie. Y.Yang. W. Liu. “Thermodynamic
performance simulation and concise formulas for triple-pressure reheat
HRSG of gas—steam combined cycle under off-design condition”. Energy
Conversion and Management. Vol 121. pp 372-385. 2016.

C. K. Simoglou, P. N. Biskas, A. G. Barkirtzis, “Optimal Self-Scheduling
of a Thermal Producer in Short-Term Electricity Markets by MILP”,
IEEE Transactions on Power Sytems, Vol 25, No 4, pp 1965-1977, 2014.

[10]

[11]

(12]




<<
  /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


