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Abstract—This paper proposes an oligopolistic model for a
wind power producer (WPP) with a market power to compete
with other Gencos and take part in day-ahead, intraday and
balancing markets. In order to model the mentioned oligopoly
markets from WPP’s viewpoint, a bi-level optimization
framework is proposed based on multi-agent system and
incomplete information game theory. In this context, the WPP
participates in the intraday market where demand response
resources are incorporated, to update its day-ahead offers.
The problem uncertainties, i.e., wind power and market
prices, are considered using a multi-stage stochastic
programming approach. Because of these uncertainties, a
well-known risk measurement, CVaR, is considered for
problem optimization. Several numerical studies are
accomplished and various aspects of the problem are
analyzed. According to the obtained results, the proposed
WPP model reveals that the prices of day-ahead and
balancing markets could be increased due to the market
power of WPP.

Keywords—Demand Response, Oligopoly, Wind power
producer.
I. NOMENCLATURE
Indices
i index of Gencos
j index of retailers
w index of scenarios
Parameters
a, yw,bi,w,c,’ﬂ, coefficients of Genco’s cost function
A offered price of block k of DRP
D,, demand of retailer j
e ,,w,f i coefficients of retailers’ income
MU, ,MD; minimum up and down times
A positive and negative imbalance ratios
w., wind power production
SR, required spinning reserve
a confidence level
p weighting factor of taking risk
A% A" start-up and shut-down costs
r, occurrence probability of scenario @
Variables
B, typical profit
CDRP, , cost of DR related to DRP
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Dﬁf,,,,l)f’fffw day-ahead and balancing bids of retailer j

DR, , amount of traded DR

F . ,w’F;(:l&:,w branch flow in normal and contingency states

I ito commitment state of unit i

P" P"  day-ahead and balancing WPP offers

pba pba day-ahead and balancing generations of
et iie - Genco i

p Res offer of Genco i to the day-ahead reserve
b market

P,S,j,h total scheduled power of WPP

‘Izk,w scheduled power of block k of DRP

YiiwZis0 start-up and shut down binary variables

A, total deviation of wind production

A',.A;,  positive and negative deviations

DA bal Res .
A A2 o day-ahead, balancing and reserve market

prices
é: value-at-risk
7, variable for computing CVaR

II. INTRODUCTION

Due to the increase in the energy consumption and
environmental conservation concerns and decrease of fossil
fuel resources, penetration of renewable resources has been
significantly growing throughout the world. Among the
renewable energies, wind power assigns a considerable
share of the generation portfolio [1]. Therefore, these
resources can play a dominant role in future of power
system. Under this context, this paper proposes an offering
strategy for a wind power producer (WPP) with market
power that competes with other Gencos and participates in
both of the day-ahead and balancing markets. On this basis,
a stochastic decision making model is presented for
participation of the WPP in day-ahead, intraday and
balancing oligopoly electricity markets.

In this paper, in order to simulate the mentioned
oligopoly markets from WPP’s point of view, a bi-level
optimization model is proposed based on multi-agent
system and incomplete information game theory. The
proposed method considers the Supply Function
Equilibrium (SFE), one of the most accurate models for
simulation of the game theory, to model the offering
strategy of players.



Furthermore, transmission constraints may create
opportunities for the market players to induce congestion to
make an uncompetitive market [2]. Therefore, considering
the network and security constraints in market simulation is
very vital [3]. For this purpose, in this paper, a security
constraint unit commitment (SCUC) method is utilized
including AC power flow limits. In order to take part in the
day-ahead market, the WPP is obligated to offer its
generations to the day-ahead market one day in advance,
with incomplete information about its hourly generations
[4]. Despite undeniable advancements of wind forecasting,
the day-ahead forecasts can cause the uncertainty of
electricity systems and consequently imbalances costs to be
increased. Utilization of DR [5], storage devices beside the
wind farms [6], and joint operation of wind farms and
hydro plants [7], are options presented to minimize the
imbalances costs. However, Ref. [8] indicates that the
option that has the highest flexibility and the lowest cost is
Demand Response Resources (DRRs). On this basis,
forming Demand Response eXchange market to mitigate
WPPs’ risk has been reported in [9]. Moreover, reducing
the periods of wind forecast from day-ahead to intraday can
drastically decrease the forecast errors and it has been
proposed as another solution to overcome wind power
uncertainties [10], [11].

Although offering strategy in day-ahead market and both
of day-ahead and intraday markets have been respectively
reported in [12], the mentioned reference has not
considered the role of WPPs in oligopoly electricity
markets. Even though in some recent papers oligopolistic
behavior of WPPs has been studied [4], [13], other market
players have been considered completely competitive, who
offer to the market only based on their marginal costs.
Moreover, in these reports the uncertainty of market
players’ behavior has not been addressed. Since the aim of
WPP is to maximize the profit in all of the day-ahead,
intraday and balancing markets, in this paper a three stage
trading floor is proposed to cover the mentioned oligopoly
markets. In addition to wind power uncertainties, WPPs
should overcome the uncertainties of market prices. In this
regard, a multi-stage stochastic programming approach is
applied. Moreover, in order to represent the risk preferences
of the WPPs, a risk management strategy should be
considered. For this purpose, the risk aversion is
implemented using limiting the deviations of expected
profit by means of conditional value-at-risk (CVaR)
technique [14].

The paper continues as follows: The formulation of the
proposed strategic offering of WPPs is presented in Section
II. Section III presents the oligopoly model of electricity
market, the uncertainty characteristics and the multi-stage
stochastic programming. Section IV is designated to
numerical studies and Section V concludes the paper.

III. FORMULATION OF STRATEGIC OFFERING OF WIND
POWER PRODUCERS

A. DR modeling

According to the benefits of DR programs in reliability
and efficiency of power markets, the programs have been
legalized and implemented in numerous countries [15]. To
develop a market-based DR, a player called Demand
Response Provider (DRP) is proposed.

The DRP aggregates the customers’ responses to
participate in the intraday electricity market. A description
of the DRP price-quantity is formulated in (1)-(3).
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B. Incorporating risk control (CVaR)

In this paper, CVaR is considered to demonstrate the
integrated risk management problem of a WPP. The amount
of a is assigned to 0.95. The formulation of CVaR can be
expressed as (4)-(6) [1].
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The value of 7, is set to O if the profit of scenario @ is
higher than £. For the remaining scenarios, 7, are assigned
to the difference between ¢ and the related profit. The
constraints (5) and (6) are utilized to unify the risk-metrics
CVaR.

C. Objective function

The objective function of a WPP is maximizing the
expected profit that can be expressed as:

Max{Expected Profit} =
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The first term in (7) represents the WPP incomes
achieved from trading energy with the day-ahead market.
The second term is the cost of purchasing DR from intraday
market. The third term denotes the WPP incomes resulted
from trading energy in the balancing market. The next two
terms represent positive and negative imbalance costs,
respectively. Finally, the last term of the objective function
is related to risk modeling and it indicates the CVaR
multiplied by S. =0 denotes a risk-taker WPP and f=1
represents a risk-averse one. The other considered
constraints of the problem are expressed as below:
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Inequality (8) imposes that the offers in day-ahead
market should not be higher than the generation capacity of
units installed in the wind farm, P"*'. The total scheduled
energy of WPP in all of the day-ahead, intraday and
balancing markets is shown in (9). Inequality (10) limits the
total scheduled energy. Eqs. (11) and (12) are utilized to
calculate the total energy deviation using the last scheduled
energy. The bounds impose on the positive and negative
deviations are given by (13) and (14). By applying the
objective function to (5), the formulation of incorporating
risk can be obtained as (15).
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IV.MODELING THE OLIGOPOLY ELECTRICITY MARKET
FROM WIND POWER PRODUCER’S VIEWPOINT

In this paper, aiming to improve the reality of the studies,
the electricity market is modeled as an oligopoly market
instead of being perfectly competitive. For this purpose, a
multi-agent environment based on bi-level optimization has
been developed. The agents do not have information of their
competitors. Hence, the mentioned environment for the
WPP becomes an incomplete information game theory [2].
The details of the proposed electricity market model from
the WPP’s viewpoint are expressed as follows:

A. Market players

In the proposed agent-based model, each market player
(e.g., Gencos and retailers) is independently modeled using
agents, so that their objective functions correspond to
maximizing their profit, participating in day-ahead and
balancing markets. The objective function of each Genco
agent can be formulated as follows:
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Inequality (17) denotes the wunit output limits.
Constraints of minimum up and down times are linearly
expressed in (18)-(21). Constraints of unit ramp up and
ramp down are presented in (22) and (23), respectively.

Retailers are the other considered market players. The
objective function of each retailer can be formulated as
follows:

Max{Expected Profit} =
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All agents utilize the prices of electricity markets
obtained from simulating the previous iteration of clearing
the transactions of market. After that, each agent maximizes
its profit by using the mentioned prices to obtain the optimal
amount of bid/offer in each hour of next iteration.
Afterward, the agents generate their bidding/offering
strategies by applying the optimal quantity and price using
supply function equilibrium (SFE) model [2]. Therefore,
each player uses the SFE vector (@, B5F) to submit its
offers/bids to the markets.

B. Clearing the electricity market transactions

In order to model the behavior of WPPs in a specific
period, in this paper, instead of optimal power flow (OPF),
the role of ISO in day-ahead horizon in clearing the
electricity market and determining auction winners has been
defined using a security constrained unit commitment
(SCUC) problem [3], which maximizes social welfare
considering security constraints. The SCUC problem
maximizes the offer-based social welfare as expressed in
(25). In addition, the objective of ISO in balancing market is
accomplished by a security constraint economic dispatch as
presented in (26). From ISO’s point of view, some other
constraints should be considered as presented below:
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Egs. (27) and (28) ensure the balance between supply and
demand. The required spinning reserve is expressed in (29).
Inequalities (30) and (31) consider the network limits in
normal and contingency states, respectively. The applied
formulation of power flow calculation has been presented in
[3].

In the model, each agent receives the daily prices of
energy and reserve markets from the previous iteration.
Each above-mentioned agent solves its self-scheduling
problem and offers/bids to the electricity markets by SFE
pairs. Then, the economic solution for the participant agents
in the markets is achieved including auction winners,
quantities, prices of energy and reserve markets.

C. Stochastic Programming Approach

In this paper, two major sets of uncertainty are
considered namely; wind uncertainty and market
uncertainty. Modeling the aforementioned uncertainties is
expressed as following:

The distribution function of wind speed is usually
considered using a Weibull distribution [16]. To this end,
the probability distribution function of wind speed can be
utilized to obtain produced wind power. Moreover, the
market prices are characterized by lognormal distribution in
each hour [17].

Different realizations of the wind power generation and
market prices are modeled using the scenario generation
process based on roulette wheel mechanism (RWM) [18].

In order to consider the impact of both sources of
uncertainty mentioned above on the strategic behavior of
wind power producer, they have been characterized as
stochastic procedures and the WPP problem has been
solved using a three-stage stochastic programming
approach. In the proposed approach, each stage denotes a
market session. The classification of decision variables of
each stage is presented as follows:

1) The first stage (here-and-now) stochastic decision
variables are (&, ,.b; ,» C; s €00 f10Dirgs 1
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2) Stochastic variables (CDRP, ,,DR, , and q['fw) are
the second stage (wait-and-see) variables.

3) The third stage (wait-and-see) stochastic decision
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V. NUMERICAL STUDIES

The proposed model has been evaluated by using a
modified IEEE 30-bus test system consisting of a 50 MW
wind farm and 4 thermal plants.

The Swift Current wind data is utilized for the wind farm
[19]. Based on the wait and see technique, different wind
power series are obtained for day-ahead, intraday and
balancing horizons. The intervals between minimum and
maximum amount of the uncertain parameters for day-
ahead and intraday markets are demonstrated in Fig. 1.
Moreover, three retailers have been added to this system to
retail the electricity to consumers. It should be noted that,
intervals 1 to 9am, 10am to 7pm and 8 to 12pm have been
respectively considered as low load, off-peak, and peak
periods.

In order to investigate the impact of the proposed model,
the locational marginal prices (LMPs) of Bus 5 achieved
from two cases have been compared namely; considering
completely competitive day-ahead and balancing markets;
and considering oligopoly markets. The LMPs of the
mentioned cases have been indicated in Figs. 2 and 3.

As it can be seen from Figs. 2 and 3, when WPP
participates in completely competitive day-ahead and
balancing markets, it is required to trade more in the
intraday market to insure its profit. Because of the increase
of DR, the price of intraday market is increased. In
addition, the averages of LMPs in both the day-ahead and
balancing markets are increased because of power market
of the WPP. In order to show the effect of DR on WPP’s
profit, the results obtained from two cases, i.e., without and
with intraday market are depicted in Figs. 4 and 5,
respectively. The imbalance ratios have been supposed to
be equal to 1.2 and 0.8. The amount of f is assigned to 0
that is related to a risk-taker WPP. It can be observed that,
enabling DR can take the opportunity for WPP to increase
significantly its balancing income in most of hours and
accordingly to increase its total profit.
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TABLE I
WPP’S COSTS AND REVENUES FOR DIFFERENT LEVELS OF DRP
PARTICIPATION

DRP participation levels 0% 10% 20% 30%
Day-ahead market income ($) 11010 12606 12901 13022
Intraday market cost ($) 0.00 2600 2670 2689
Balancing market income ($) -2042 1712 1782 1791
Imbalance cost ($) 2208 1006 1011 1013
CVaR ($) 6237 10165 | 10374 10403
Expected profit ($) 6759 10712 | 11001 11110
Profit increase (%) - 58.48 62.76 64.37

The effect of DRP participation level in the intraday
market on WPP’s profits has been investigated in Table I.
With increasing the participation of DRPs, the WPP prefers
to participate in the intraday market to modify its offers. As
can be observed, the increase in DRP participation level
causes significant increases in the WPP’s expected profits
up to 10% of DRP participation level. After that, the impact
of the intraday market on the WPP’s profit is decreased due
to WPP’s installed capacity; thus, the tendency of WPP for
participating in the intraday market is saturated.

VI.CONCLUSION

This paper proposed a model of WPP in oligopoly day-
ahead, intraday and balancing electricity markets. The
uncertain nature of wind power and market prices were
modeled using multi-stage stochastic programming.
Furthermore, conditional value at risk was applied as a risk
measure that WPP can specify its desirable weighting
between the expected profit and risk. The results indicated
that with increasing the DRRs, the WPP had more
participation in the intraday market to modify its offers.
The proposed oligopoly model of WPP in comparison to a
completely competitive one indicated that prices of day-
ahead and balancing markets could increase due to WPP’s
market power. This revealed the necessity of modeling
WPPs in oligopolistic form in power systems with high
penetration of wind power.

ACKNOWLEDGMENT

This work was supported by FEDER funds through
COMPETE and by Portuguese funds through FCT, under
Projects FCOMP-01-0124-FEDER-020282 (Ref.
PTDC/EEA-EEL/118519/2010) and UID/CEC/50021/2013,
and also by funds from the EU 7th Framework Program
FP7/2007-2013 under grant agreement no. 309048.

(1]

(2]

[3]

[4]

[3]

(6]

[7]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

REFERENCES

A. Botterud, et al. "Wind power trading under uncertainty in LMP
markets," IEEE Trans. Power Syst., vol. 27, pp. 894-903, 2012.

E. Bompard, T. Huang, and W. Lu, "Market power analysis in the
oligopoly electricity markets under network constraints," IET Gener.,
Trans. Distr., vol. 4, pp. 244-256, 2010.

M. Shafie-khah, M.P. Moghaddam, M.K. Sheikh-El-Eslami, and
J.P.S. Cataldo, "Fast and accurate solution for the SCUC problem in
large-scale power systems using adapted binary programming and
enhanced dual neural network," Energy Conversion and Management,
vol. 78, pp. 477-485, 2014.

L. Baringo, and A. J. Conejo, "Strategic Offering for a Wind Power
Producer," IEEE Trans. Power Syst. vol. 28, pp. 4645-4654, 2013.

J. Aghaei, and M.I. Alizadeh, "Demand response in smart electricity
grids equipped with renewable energy sources: A review," Renew.
Sustain. Energy Reviews, vol. 18, pp. 64-72,2013.

A. Dukpa, I. Duggal, B. Venkatesh, and L. Chang, "Optimal
participation and risk mitigation of wind generators in an electricity
market," IET Renew. Power Gener., vol. 4, pp. 165-175, 2010.

H.M. Ghadikolaei, A. Ahmadi, J. Aghaei, and M. Najafi, "Risk
constrained self-scheduling of hydro/wind units for short term

electricity markets considering intermittency and uncertainty,"
Renew. Sustain. Energy Reviews, vol. 16, pp. 4734-4743, 2012.

B.M. Nickell, Wind dispatchability and storage interconnected grid
perspective, presentation for the U.S. Department of Energy Wind
and  Hydropower  Program,  2008. [online]  Available:
www.nationalwind.org/pdf/Nickellstoragestory-Public.pdf

M. Shafie-khah, et al. "Strategic Offering for a Price-Maker Wind
Power Producer in Oligopoly Markets considering Demand
Response Exchange," IEEE Trans. Industrial Informatics, doi:
10.1109/T11.2015.2472339.

D.T. Nguyen, M. Negnevitsky, and M.D. Groot, "Pool-based demand
response exchange-concept and modeling," IEEE Trans. Power Syst.,
vol. 26, pp. 1677-1685, 2011.

A. Fabbri, T. G. S. Roman, J. R. Abbad, and V. H. M. Quezada,
"Assessment of the cost associated with wind generation prediction
errors in a liberalized electricity market," IEEE Trans. Power Syst.,
vol. 20, pp. 1440-1446, 2005.

M. Moreno, M. Bueno, and J. Usaola, "Evaluating risk-constrained
bidding strategies in adjustment spot markets for wind power
producers," Int. J. Electr. Power Energy Syst., vol. 43, pp. 703-711,
2012.

M. Zugno, J.M. Morales, P. Pinson, and H. Madsen, "Pool Strategy
of a Price-Maker Wind Power Producer," IEEE Trans. Power Syst.,
vol. 28, pp. 3440-3450, 2013.

A. A. S. de la Nieta, J. Contreras, J. I. Munoz, and M. O’Malley,
"Modeling the impact of a wind power producer as a price-maker," IEEE
Trans. Power Syst., vol. 29, pp. 2723-2732, 2014.

S. Chua-Liang, and D. Kirschen, "Quantifying the Effect of Demand
Response on Electricity Markets," IEEE Trans. Power Syst., vol. 24,
pp. 1199-1207, 2009.

R. Karki, P. Hu, and R. Billinton, "A simplified wind power
generation model for reliability evaluation," IEEE Trans. Energy
Convers., vol. 21, pp. 533-540, 2006.

A.J. Conejo, F.J. Nogales, and J.M. Arroyo, "Price-Taker Bidding
Strategy Under Price Uncertainty," IEEE Trans. Power Syst., vol. 17,
pp. 1081-1088, 2002.

T. Niknam, R. Azizipanah-Abarghooee, and M. R. Narimani, "An
efficient scenario-based stochastic programming framework for
multi-objective optimal micro-grid operation,” Applied Energy, vol.
99, pp. 455-470, 2012.

Canada’s National Climate Archive, 2006. [online] Available:
http://www.cli mate.weatheroffice.ec.gc.ca




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00333
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00333
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for IEEE Xplore. Created 15 December 2003.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


