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Abstract. High peak loads at distribution stations in domestic residences are 
expected where heating is provided merely by heat pumps with additional elec-
tric heating. Two scenarios are studied: the event of a black start and high elec-
tricity demand on a day with a very low outdoor temperature. The simulation is 
done with agents representing up to 100 dwellings based on PowerMatcher 
technology. The results demonstrate significant peak load reduction can be 
achieved at the expense of only a small decrease of comfort. This allows the  
usage of smaller load transformer units, reduces grid losses and benefits the 
lifetime of medium and low voltage transmission cables.  
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1   Introduction 

Currently in The Netherlands residential areas are built, aimed to reduce the energy 
consumption of households by using heat pumps for heating and cooling of all dwell-
ings. Uncommonly for the Netherlands, in newly built areas there is no opportunity 
for a gas infrastructure. Several heat pumps are connected to an aquifer of which a 
few are present in the surrounding. Electric power is served by a local distribution 
station which serves about 150 houses equipped with heat pumps. 

Although the houses are well insulated, it is expected that, on cold days, which 
may occur on the average only once or twice a year during a limited period of a few 
weeks, the power of the heat pump is insufficient to keep the temperature in the 
dwelling sufficiently high for user comfort. This is the reason why additional heating 
devices are present in the form of a simple electric resistance heating. As the power of 
the heat pump is typically 2.2 kW and the power of the auxiliary electric heating is 6 
kW, the total power is much larger than the typical power of 1-1.5 kVA, available at 
the distribution level for a Dutch household. So the local distribution station, which 
serves about 150 similarly accomplished houses, and the transmission cables need to 
be designed for a much larger peak load, thereby raising costs and negatively influ-
encing lifetime expectancy of the components. 

Network companies facing these problems have wondered whether smart grid solu-
tions can attribute to their design and maintenance problems by decreasing peak 
loads. During a field test with micro-CHP’s, coordination of micro-CHPs using the 
PowerMatcher has shown this ability [1].  
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They described two scenarios which would challenge a possible solution. One is 
the situation of a very cold day where heat pumps alone wouldn’t be able to satisfy 
the habitants overall need for heat. The other is the situation where a blackout has 
occurred on a cold day, all the houses are cooled down and where at the blackstart all 
the houses demand a large amount of heat. 

This is why software agents were designed and built for this case and used in a 
simulation to investigate the overall electric behavior and explore the possibilities of 
smart grid solutions based on the market algorithms the PowerMatcher employs [2]. 

According to the expected increase of the share of distributed energy resources in 
the electricity network, a proper integration operation of renewable devices into the 
network is necessary. 

This study is performed as part of the Dutch project “SmartProofs”, which aims at 
the development of a smart power system. This provides a proof-of-principle of success-
ful integration of renewable energy sources in the electricity network with preservation 
of the guarantee of the delivery service. At the initialization of the project the focus was 
on the introduction of micro-CHP. During the course of the project the network compa-
nies involved in the project recognized that the introduction of heat pumps leads to the 
above mentioned scenarios with high peak loads. This has leaded to a shift of at least a 
part of the effort in the project to investigate heat pump related issues. 

2   Multi-agent Systems and Electronic Markets 

The multi-agent approach localizes and confines data, processing and controlling in a 
bottom-up fashion, without an omniscient top-level. In comfort control this has sev-
eral benefits, such as 1) the generic description of installations 2) plug and play  
behaviour of appliances 3) adaptation to the circumstances instead of predefined be-
haviour and 4) no need for complex flow diagrams. For coordination of devices to 
match supply and demand in an electricity network, there has already been developed 
and tested a successful technology, ‘the PowerMatcher’. 

The PowerMatcher is a general purpose coordination mechanism for balancing 
supply and demand in electricity network [3]. This technique implements supply and 
demand matching (SDM) using a multi-agent systems and market-based control  
approach. SDM is concerned with optimally using the possibilities of electricity pro-
ducing and consuming devices in order to alter their operation in order to increase the 
over-all match between electricity production and consumption. Within a Power-
Matcher cluster, the agents are organized into a logical tree. In this study the leaves of 
this tree are a number of agents representing a device. This agent tries to operate the 
process it is associated with in an economical optimal way. 

The interactions of individual agents in multi-agent systems can be made more  
efficient by using electronic markets, which provide a framework for distributed deci-
sion making based on microeconomics. Microeconomics is a branch of economics 
that studies how economic agents make decisions to allocate limited resources, typi-
cally in markets where goods and services are being sold or bought. Whereas econo-
mists use microeconomic theory to model phenomena observed in the real world, 
computer scientists use the same theory to let distributed software systems behave in a 
desired way. Market mechanisms provide a way to incentivize parties (in this case 
software agents), that are not under control of a central authority, to behave in a  
certain way [4, 5]. A microeconomic theory commonly used in MAS is that of general 
equilibrium.  
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In general equilibrium markets all agents respond to the same price that is deter-
mined by searching for a price that balances all demand and supply in the system. An 
agent on such a market coordinates its actions with all other agents by buying or sell-
ing a commodity, here electricity. In order to do so, the agent communicates its latest 
bid (see below) to a so-called auctioneer and receives price updates from the auction-
eer. The bids express to what extent an agent is willing to pay for or receive a certain 
amount of power; a request is converted to an adaptive price signal. As bids are con-
structed in a process of weighing the profits versus the costs, thus they represent the 
utility function of the agent. The bids are ordinary demand functions d(p), stating the 
amount of electricity  the agents wishes to consume (or produce) at a price p. After 
collecting all bids, the auctioneer searches for the equilibrium price p*, i.e., the price 
that clears the market:  
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where N is the number of participating agents and da(p), the demand function of agent 
a. The price is broadcast to all agents. Individual agents can determine their allocated 
production or consumption from this price and their own bid. 

Figure 1 is a schematically example of how the electricity market will try to bal-
ance demand and supply, taking into account the bids of all agents. he communication 
between device agents and an auctioneer is very limited. The only information that is 
exchanged between the agents and the auctioneer are the bids and the price. The auc-
tioneer communicates the price back whenever there is a significant change. The 
PowerMatcher system thus optimally uses the possibilities of power producing and 
consuming devices to alter their operation in order to increase the over-all match 
between supply and demand real-time. It has been shown that a PowerMatcher cluster 
acts very well as a virtual power plant control [1]. 

 

Fig. 1. Matching supply by representation of the bidding curves (P is the exchanged power) 
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3   Agent Design 

For this specific case two software agents were developed i.e. a heat pump agent and 
a load agent.  

3.1   Heat Pump Dwelling Agent  

The heat pump dwelling agent represents a dwelling with a heat pump and auxiliary 
electric heating. A building model is incorporated in the agent, enabling the calcula-
tion of the indoor temperature. With the knowledge of the temperature and the set 
point temperature, certain strategies can be followed to calculate the amount of power 
demanded over the current price range. Knowing the price, the power can be deter-
mined that is allocated for both devices and the corresponding heat can be calculated 
which is released to the house, as well as the heat loss through windows, walls etc., 
depending on the outdoor temperature. The resulting room temperature is calculated 
after a certain time period, in a simulation typically 2 minutes. 

The agent accounts for the preferred operation of a heat pump to be turned on for a 
longer time span Tspan, e.g. 30 minutes, in order to obtain a good coefficient of  
operation (COP). This occurs once power is allocated above 2.2 kW. A power larger 
than this is allocated to the electric heating wire resistance. When this time span is 
passed and a power is allocated less than 2.2 kW, the power is allocated to the electric 
resistance heating. The set point value of the temperature depends on the presence and 
preferences of the habitant, which are resolved based on random parameters. A cer-
tain bandwidth around the temperature is employed, preventing the device from 
switching on and off too often.  

In market based agent software like the PowerMatcher flexibility to a certain de-
gree is needed [3]. As, besides peak load reduction, comfort for the inhabitant is the 
other major objective; it is chosen to incorporate in the bidding strategy a preference 
to supply more heat to those houses, which are the coldest. So the bid of the agent, 
which expresses the willingness to pay for heat, will depend on the indoor tempera-
ture. Thus implemented, it should be inferred from the results that the coldest houses 
are heated first. 

Next to this, it proved to be beneficial for the heating of the houses, i.e. circumven-
tion of overshoot of temperature, to implement a different bidding strategy when the 
difference between the indoor temperature and the setpoint value is below a certain 
value, TThreshold, of about 2 °C. Under these circumstances heat from the heat pump is 
offered as usual, but the maximum amount of heat offered from the auxiliary electric 
resistance heating and hence the slope of the bidding curve is smaller and depends on 
the ratio of the actual temperature difference and TThreshold. 

3.2   Load Agent  

The objective of the load agent is to prevent the supply of electricity from becoming 
so large, i.e. increasing above a certain maximum load, above which the likelihood of 
melting of the transformer is too large. In practice this means that the current or a 
certain representative voltage within the distribution station or even a certain 
temperature is surveyed and once this exceeds a certain cut-off value Lcutoff, which is 
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smaller but close to the maximum Lmaximum, a signal is send, preventing the demand 
agents from getting their full allocation. This translates for the PowerMatcher to a 
certain price increase of electricity, so that less electricity is supplied, but still within a 
region between Lcutoff and Lmaximum. 

In a simulation no current, voltage or temperature can be determined. However it is 
possible to derive the total power that is allocated by all heat pump dwelling agents. 
This is accomplished through the possibility of an agent in the PowermMatcher 
system to ask the auctioneer to send the aggregated bid and given the price, determine 
the load. 

Opposed to practice, in simulations the size of the transformer unit can be varied to 
any extent. In this study   Lmaximum is always chosen to be proportional to the number 
of houses and to be lower than the highest possible overall demand. 

The heat pump dwelling agents are designed that no power can be consumed at the 
maximum price Pmaximum. When the load becomes equal to Lmaximum, the load agent is 
designed in such a way that the price will become Pmaximum. The bid curve of the load 
agent is then almost zero at all prices. At loads below Lcutoff the price is allowed to 
become Pminimum, the bid curve of the load agent in this case has a high value at all 
prices. In the region between Lcutoff and Lmaximum the bid curve is near zero for low 
prices and has a high value above a certain load price, which is a parameter that is 
calculated by the load agent. 

4   Results 

The simulations reported here were performed with an amount of dwellings varying 
from 4 till 100 and an according maximum load Lmaximum for the transformer unit. The 
range of Lmaximum varied from 70% to 24% of the sum of the powers of the devices in 
all households. 

Outdoor temperatures used in the simulation are actual recorded temperatures in 
2000. Fig. 2 shows the result of a simulation with 4 dwellings at black start when 
outdoor temperatures are as low as 0 °C. As can be seen the total load does not exceed 
the Lmaximum and remains above Lcutoff.  

The scenario of a cold winter morning was studied as well. Fig. 3 shows the result 
of a simulation with 20 dwellings. Indeed in this scenario the load does not exceed the 
maximum peak load. 

Next the simulation was extended to comprise 100 dwellings represented by as 
much agents. Fig. 4 shows the total load on a substation on a cold winter’s morning 
with and without PowerMatcher control. In the uncontrolled situation a very high 
peak demand occurs after a black start. At about 6:30h another peak demand occurs 
due to households demanding heat for the comfort of their inhabitants as they wake 
up. Notice this peak is not as elevated as after the black start as people tend to wake 
up at different times, so the demand is a little outstretched in time. With the 
PowerMatcher control for 100 dwellings the load never exceeds the maximum 
permitted load which is 30% of the maximum load. 
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Fig. 2. Peak load reduction after a black start. The simulation comprises 4 dwellings and a 
distribution station operating at a maximum permitted load which is 70% of maximum load 
without control. 

 

Fig. 3. Peak load reduction achieved at a substation on a cold morning for 20 dwellings. The 
distribution station operates at a maximum permitted load which is 30% of maximum load 
without control.  

Since after a black start and at a cold morning in a PowerMatcher controlled 
situation less electricity is allocated for the heating devices of the household this 
means that less energy is available for heating the dwelling. This may result in decline 
of user comfort. To assess the extent of infringement with respect to user comfort the 
ascent of temperatures in a dwelling with and without PowerMatcher control were 
compared, which are shown in Fig. 5. 
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Fig. 4. Load at a substation for 100 dwellings after a black start and on a cold morning with and 
without PowerMatcher control. Maximum permitted load is 30% of maximum load without 
control. 

 

Fig. 5. Temperature in a dwelling with and without PowerMatcher control in a simulation of 
100 dwellings. The initial temperature is 9 °C, the set point temperature at night is 17.5 °C and 
during the day 21 °C. 

As can be seen from Fig. 5 the time it takes to reach the set point temperature in 
the controlled situation is delayed with respect to the uncontrolled situation, as is 
expected. However, the degree of delay may be quite acceptable.  

The data of Fig. 4 can be transformed into a load duration curve, which is shown in 
Fig. 6. The large peak at the left of the diagram without control has disappeared in the 
controlled situation. Note that the surface below both curves are comparable, meaning 
that control did not affect the amount of energy (electricity) supplied to the dwellings. 
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Fig. 6. Load duration curve for substation with 100 dwellings with and without PowerMatcher 
control. Maximum permitted load is 30% of maximum load without control. 

5   Discussion 

The simulation results indicate that, after a black start, reduction of peak load is 
possible. Fig. 2 shows that after a black start the load at a distribution station stays 
well below a certain maximum load and most of the time remains above a certain  
cut-off load. So the transformer can be protected against high loads exceeding  
the transformer limits, thus preventing it from melting. As also the longevity of the 
transmission cables will increase, PowerMatcher control offers potential benefit to the 
distribution system operator (DSO). This accounts for the low-voltage network as 
well as the medium voltage network which does not have to deliver high currents to 
the distribution station. 

The power remains above a certain cut-off peak load. This means that after the 
black start the energy network hardly looses any capacity in delivering power and 
hence profit for the energy supplier as well. The equal ratio of surfaces below the load 
duration curves of fig. 6 further confirms this assumption. 

Fig. 5 shows that all the houses can be heated immediately, meaning that, within 
the limits of the network, comfort returns to the habitants as soon as possible. With 
respect to the heat pump, it can also account for good operational circumstances, as 
the power is turned on for at least 30 minutes. It is not considered to be a problem if 
this time period needs to be a little longer in practice. 

The rather steep rise of indoor temperature after change of set point value may be 
surprising considering the employment of heat pumps in combination with floor 
heating. Floor heating is associated with a slow process and it should take more time 
before reaching the set point value. The cause is due to a simplification in the building 
model heat pump agent. It is assumed that the heat generated by the heat pump is 
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transferred directly to the dwelling rooms in stead of first to the floor. Although 
subject to improvement, with respect to peak reduction the essence of matter 
presented here is not affected by this simplification. 

During a black out period some houses might become much colder than others. 
From a human physiology point of view, one might argue that those homes should be 
heated first as comfort sharply decreases with decreasing temperature [7]. The 
algorithm employed by the heat pump agents ensures that the coldest houses are 
heated first and the temperature difference between the houses is leveled out  
quite soon. 

In this study the maximum number of dwellings is 100. This number can further be 
increased as there is no limit due to a maximum allowable number of agents running 
in a simulation or any other software or hardware limitation1. As the simulations were 
performed with 100 households this result favorably suggests that the algorithm is 
scaleable, as claimed by the real-time price based algorithm the PowerMatcher 
employs [3]. 

6   Conclusions 

The simulation results suggest that using PowerMatcher control peak load reduction 
in a dwelling resort of up to 100 households is possible without hardly any infringe-
ment of user comfort. In the scenarios of a black start and in the morning of a cold 
winter day peak loads can be avoided.  

Acknowledgments. The Smartproofs project is partly financial supported by 
Agentschap NL, project partners are Stedin, Alliander, Enexis, TNO and Humiq. 

The Powermatcher is developed by a large number of people. The Power Matcher 
team currently consists of: Rene Kamphuis, Koen Kok, Pamela MacDougall, Olaf van 
Pruissen, Bart Roossien, Gerben Venekamp and Cor Warmer, with support from 
Sjaak Kaandorp and Arie de Waard. 

References 

1. Roossien, B., Hommelberg, M., Warmer, C.J., Kok, J.K., Turkstra, J.W.: Virtual power 
plant field experiment using 10 micro-CHP units at consumer premises. In: SmartGrids for 
Distribution CIRED Seminar, number 86 (2008) 

2. Kok, J.K., Warmer, C.J., Kamphuis, I.G.: PowerMatcher: Multiagent Control in the  
Electricity Infrastructure. In: 4th International Conference on Autonomous Agents & 
Multi-Agent Systems, Utrecht, Netherlands (2005) 

3. Kok, J.K., Scheepers, M.J.J., Kamphuis, I.G.: ntelligence in Electricity Networks for  
Embedding Renewables and Distributed Generation. In: Negenborn, R.R., Lukszo, Z.,  
Hellendoorn, J. (eds.) Intelligent Infrastructures, pp. 179–209. Springer, New York (2010), 
http://www.intelligentinfrastructures.net 

                                                           
1 On Microsoft Windows XP the maximum number of agents running on a single computer can 

be increased by setting MaxEndPoints in the registry to the desired value. 



94 O. van Pruissen and R. Kamphuis 

4. Dash, R.K., Parker, D.C., Jennings, N.R.: Computational mechanism design: A call to 
arms. IEEE Intelligent systems 18(6), 40–57 (2003) 

5. Sandholm, T.W.: Distributional rational decision making. In: Multiagent Systems:  
A Modern Approach to Distributed Artificial Intelligence, pp. 201–258. The MIT Press, 
Cambridge (1999) 

6. Kok, J.K.: Short-term Economics of Virtual Powerplants. CIRED. In: 20th International 
Conference on Electricity Distribution, paper 1059 (2009) 

7. Fanger, P.O.: Thermal comfort analysis and applications in environmental engineering. 
McGrawHill, London (1970) 


	Suppressing Peak Load at Simultaneous Demand of Electric Heating in Residential Areas
	Introduction
	Multi-agent Systems and Electronic Markets
	Agent Design
	Heat Pump Dwelling Agent
	Load Agent

	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




