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Abstract: In the IEE project SEPEMO-Build a proposal for system boundaries and
corresponding SPF calculation models for heating and cooling of heat pump systems for the
use in field measurements has been developed. The system boundaries stretch from the
heat pump refrigeration cycle to the whole heating system boundary in heat pump systems.
The defined system borders will lead to a common system evaluation making a comparison
of the different systems measured possible. The definition of the system boundaries directly
impacts on the required measurement equipment to measure the parameters needed for the
calculation of the different SPF. Therefore a measurement guideline has been developed,
outlining the requirements for the measurement equipment in terms of accuracy, sampling
interval etc. to be able to analyse the systems according to the defined system boundaries.
To illustrate the use of the methodology and to show the influence of the auxiliary devices on
the system efficiency, the evaluation of 10 ground coupled heat pump systems according the
developed methodology is carried out.
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INTRODUCTION

In the past years it became more and more common to use field measurements for the
evaluation of the performance of heat pump systems. Unfortunately the results of the most
field trials are not comparable due to the differences in the defined system boundaries used
for the integration of the measurement equipment and the analysis of the measured data
[FAWA 2003], [ISE 2008], [Delta 2011].

Therefore one part of the IEE-project SEPEMO-Build is focused on defining common system
boundaries for calculating the SPF for heating and cooling of heat pump systems. These
borders directly impact on the necessary equipment needed to measure the essential
parameters for the calculation of the different SPF.

To allow system comparisons it is mandatory to develop a common monitoring methodology,
which ensures a certain data quality. Consequently it is important to set the requirements on
what to measure in order to make SPF calculations and to give information about the
measurement quality that is needed.

The quality of the measurements is directly influenced by the accuracy of the sensors and
the sampling intervals for storing data. Due to the fact that the various monitoring studies
have not selected the same system boundaries, a transparent presentation of the boundaries
will be necessary in the future. This will firstly simplify SPF calculations and should secondly
allow the comparisons of the results of different field monitorings. However, in the course of
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the SEPEMO-Build project (www.sepemo.eu) standardized system boundaries for field
monitoring will be defined.

2 SYSTEM BOUNDARY DESCRIPTION

For calculating the SPF for heating and cooling in heat pump systems, the system
boundaries have been set to fulfill different needs. The definition of the system boundaries
influences — in dependency on the impact of the auxiliary devices — also the results of the
SPF. Therefore the SPF should be calculated according to different system boundaries
(Figure 1).
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Figure 1: System boundaries for heating [SEPEMO D4.2, 2010]

This SPF-calculation method facilitates the quantification of the impact of the auxiliary
devices like brine pumps and fans on the performance of the heat pump system. It also
enables the comparison of heat pump system with other heating systems like oil or gas by
allowing for the calculation of the CO,- and primary energy reduction potential. Furthermore
the quantity of renewable energy supplied by the heat pump system can be calculated and
used for statistics. Therefore the system boundaries stretch from the heat pump refrigeration
cycle to the whole heating system boundary in heat pump systems. The nomenclature
defined in table 1 is used in the following figures and equations when describing the different
system boundaries.

Table 1: Nomenclature

parameter description unit
SH space heating []
DHW domestic hot water [-]
HP heat pump [-]
QHhp quantity of heat of the HP in SH operation [kWh]
Qw np quantity of heat of the HP in DHW operation [kWh]
Q 1w by quantity of heat of the back-up heater for SH and DHW [kWh]
E s fanjpump electrical energy use of the HP source: fan or brine/well pump for SH and | [kWh]

DHW

E 8 fanpump electrical energy use of the heat sink: fans or pumps for SH and DHW [KWh]
E bt pump electrical energy use of the buffer tank pump [kWh]
E uw np electrical energy use of the HP for SH and DHW [KWh]
E hw bu energy use of the back-up heater for SH and DHW [kWh]

for additional heating other then electrical back up heater the energy content of the fuel
demand has to be taken
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For systems with an additional heating system other than an electrical back up heater (e.g.
oil, gas or biomass) the quantity of heat and the energy content of the fuel demand have to
be determined for the calculation of the SPF according to the system boundaries. For any
additional (solar) thermal system, the electric auxiliary energy to run this system has to be
measured. With the heat energy delivered to the heating system by the additional heating the
energy supply ratio of the heat pump system is calculated.

21 System boundary heat pump unit
The system boundary shown in Figure 2 contains only the heat pump unit. SPFy; evaluates

the performance of the refrigeration cycle and allows a calculation of the SPF of the heat
pump without the auxiliary drives to show the efficiency of the refrigerant cycle (Figure 2).
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Figure 2: System boundary SPF,;, for heating [SEPEMO D4.2, 2010]

SPFu1 = (Qu_np + Qw_hp)/Enw_hp Y

2.2 System boundary use with RES-Calculations’

The system boundary SPF,, contains the heat pump unit and the equipment needed to
make use of the source energy available for the heat pump. This level of system boundary
responds to the RES-Directive [RES Directive, 2009] requirements for calculating the used
renewable energy by the heat pump. SPF,, allows the calculation of the SPF including
auxiliary drives for the heat source, but without back-up heater (Figure 3).
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Figure 3: System boundary SPF,;, for heating [SEPEMO D4.2, 2010]

7

SPFh2 = (Qn_np + Qw _np)/(Es fanfpump * EHw hp) (2)

23 System boundary for comparing heating systems

The system boundary SPFy; contains the heat pump unit, the equipment to make the source
energy available and the back up heater (Figure 4). Itrepresents the heat pump system and

! According to the European RES-directive, Directive 2009/28 EC
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thereby can be used to compare heat pump systems with conventional heating systems e.g.
oil or gas fired systems.
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Figure 4: System boundary SPF;; for heating [SEPEMO D4.2, 2010]

SPFu3 = (Qn hp + Qw_nhp + Qrw _bu)/(Es_fanipump * Enw_np + Evw bu) (3)

24 System boundary including all heating system equipment

SPFy4allows a calculation of the SPF with the total produced thermal energy divided by the
total energy consumption (Figure 5). This system boundary contains the heat pump unit, the
equipment to make the source energy available, the back up heater and all auxiliary drives
including the auxiliary of the heat sink system. SPFy, represents the heat pump heating
system including all auxiliary drives which are installed in the heating system.
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Figure 5: System boundary SPF,, for heating [SEPEMO D4.2, 2010]

SPFus = (Qn np + Qw_np + Qrw bu)/(Es_fanipump + Enw_hp + Ebt_pump + Erw_bu + EB_ fanipump) (4)

3 COMPARISON OF THE SYSTEM BOUNDARIES USED IN STANDARDS AND
FIELD MEASUREMENTS

There are different existing standards and regulations for calculating the SPF. These
calculation methodologies are mainly based on input from the testing standard EN 14511.
The system boundaries of testing standards are however focused on the heating or cooling
unit itself. In comparing test results, the system integration is not taken into account.
Therefore these standards do not include the entire energy consumption of the auxiliary
drives on the heat sink and heat source side.

For field measurements, some Nordic standards are available (NTVVS076, 1989,
NTVVS115, 1997, NTVVS116, 1997). These standards have not been used on a broad
European level, but they have been used for field measurements in Sweden. The standards
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have been used as reference in the SEPEMO project when the system boundaries have
been established.

Due to the different framework conditions, there are differences between field testing and
testing on a test rig, which can’t be avoided because of reasons of practicability. The main
difference in the evaluation methodologies originates from the evaluation purpose. While
testing on a test rig is focused on the unit, the field measurements are determined by the
system. Hence, the system boundaries for testing and field measurements will be slightly
different and therefore have to be considered when comparing calculated and field measured
SPFs. Within the project IEE SEPEMO-Build the following differences concerning the
nomenclature of SPF, COP, EER, SCOP and SEER have been defined:

¢ SPF - evaluation of field measurement data according to the defined system
boundaries

¢ COP/EER — measurements on test rigs according to certain standards or regulations
e.g.: EN 15411, EHPA-Quality label

e SCOP/SEER - calculation out of testing results

4 MEASUREMENT EQUIPMENT

In order to implement a common system evaluation, it is not mandatory to use the same
measurement equipment, but it is obligatory that during the measurements the same
parameters have been recorded with comparable accuracies. The need for different
measurement equipment derives from the different system boundaries [SEPEMO D4.1,
2011].
Therefore it is important to define what to measure in order to apply SPF calculations and to
provide information about the measurement quality that is needed:

e Accuracy of the sensors

e sampling intervals of the data acquisition system

e measurement equipment quality (sensors)
Additionally, proper equipment integration into the system is highly important in order to gain
accurate measurement.

4.1 Minimum results

For a common monitoring evaluation the following results (Table 2) should be mandatory, in
order to compare the different systems in a reasonable way. To understand under which
operating conditions the heat pump system was running, it is important to record additional
information e.g. average supply temperature, indoor temperature, ...

Table 2: required results [SEPEMO D4.1, 2011]

parameter unit
Electric energy input — total [kWh]
Electric energy input backup heater [kWh]
Electric energy input pumps/fans heat source side [kWh]
Electric energy input pumps/fans heat sink side [kWh]
Energy output heating / cooling [kWh]
Energy output DHW [kWh]
SPF2 []
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SPF3 []

Average supply temperature heat sink* [°C]
Average return temperature heat sink* [°C]
Average supply temperature DHW* [°C]
Average return temperature DHW* [°C]
Average supply temperature heat source*® [°C]
Average return temperature heat source* [°C]
Average outdoor temperature* [°C]
Average indoor temperature* [°C]

*during operation of the unit

4.2 Measurement parameters

The measurement approach required consists of the determination of both, the heat
delivered and the electrical energy consumed, by the heat pump. In the following figure 6 the
mandatory measurement sensors needed to analyse the system according to the different
system boundaries are described on the example of a ground coupled heat pump system for
space heating and domestic hot water production.

|
Cm |
|
|

hot —(@r —

|
1
I
I
I
: water space
I
I
I

tank heatig buffe
: E tank

|
|
I —:T—
|
|
|
|
|
|

| 9
¢'=_=_=_=_=_=_=_=_=f?f?_=l _____________ |
o @ Temp
@ Elec
@

Figure 6: measurement sensors [SEPEMO D4.1, 2011]

According to the different system boundaries, different requirements on the mandatory
equipment are given. The mandatory equipment in figure 6 is highlighted in green. The
equipment marked light grey is optional to get additional information about the system
operation.

The mandatory measurement equipment can be separated into two parts: firstly the energy
meters for calculating the SPF according to the system boundaries and secondly the
temperature/humidity/pressure-sensors to gather information about the boundary conditions
under which the system was operating during the measurement season:

10" EA Heat Pump Conference 2011



e Energy meter:
o the electricity consumed by the heat pump compressor, controls and
circulating pumps or fans
o the heat delivered to the space heating and hot water systems

¢ physical performance measurements:
o heat source temperature
o heat sink temperatures
o indoor-/outdoor temperature
o outdoor air humidity

5 RESULTS ACCORDING DIFFERENT SYSTEM BOUNDARIES

Although the IEE project SEPEMO-Build was started in June 2009, the first field
measurements according to the “Concept for Evaluation of SPF* [SEPEMO D4.2, 2010] and
the “Field Measurement Guideline” [SEPEMO D4.1, 2011] have been started by the end of
2010 only. Consequently there are no measured data of a whole season available at the
moment. For showing the influence of the different system boundaries as described above,
the data of 10 ground coupled heat pump systems fulfilling as much as possible the criteria
of the project SEPEMO-Build have been selected. These sites have been measured by
Fraunhofer ISE in the course of the project "Heat Pump Efficiency" [ISE 2010].

The selected systems are typical ground coupled heat pump systems for the use in single
family houses with heat pumps covering a range of heating capacities between 8 and 12 kW.
All heat pump systems operate in DHW and SH mode. Figure 4 shows the quantity of heat
output from the heat pump for space heating and domestic hot water production and the total
amount of heat delivered by the electric back up heater to the system during the
measurement period of two years.

Three sites, number 8, 9 and 10, use a horizontal collector as heat source system, all the
others are connected to borehole heat exchangers. Only the systems number 1, 6, 7 and 10
operate an electric back up heater. As the integrated back up heater in site 1 and 10 was
operated only for a very short period of time, the amount of heat delivered by the back up
heater of those systems was too small to be seen in Figure 7.
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Figure 7: quantity of heat delivered by the heat pump and the back up heater

Due to the fact that only 4 systems were operating an electric back up heater, the energy
coverage of the heat pump systems under surveillance is high and the results are between
95.5 % and 100 % (Figure 5). Additionally Figure 8 shows the ratio between heat used for
space heating and domestic hot water production. Depending on the type of heat pump
system the ratio is between 6 % and 51 %. The high demand on domestic hot water in site
number 6 can be explained with different user behaviour. Excluding system number 6, the
ratio between SH and DHW is between 6 % and 25 %, which is quite common for single
family houses in Mid-Europe.
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Figure 8: ratio between heat delivered by the heat pump and the back up heater

The total amount of electric energy needed to run the heat pump and its auxiliaries like
circulating pumps and back up heaters are shown in Figure 9. Depending on the system
design circulating pumps for a buffer tank are needed. Only the sites number 1, 4 and 9 have
buffer tanks integrated in the space heating system, all the other heat pumps are directly
connected to the heating distribution system. Due to the different system boundaries the
auxiliaries will have influence on the SPF, which will be analysed later on in Figure 9.
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Figure 9: electrical energy demand of the heat pump and auxiliaries

Figure 10 shows the ratio between the total amount of electric energy needed to run the heat
pump and the electric energy demand of the auxiliaries. The results for the electricity needed
to operate the auxiliaries are between 8 % and 27 %. Additionally Figure 7 points out that the
site numbers 1, 7 and 10 demand the highest amount of electric energy for their auxiliaries.
System number 7 has the highest demand for the electric back up heater of all the systems,
whereas site number 1 has the highest need for electric energy to run the buffer tank pump.
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Figure 10: ratio between electrical energy demand by the heat pump and auxiliaries

On the one hand the system efficiency is influenced by the set system boundary, but on the
other hand the operating conditions like the set temperatures on the heat sink side and the
temperatures on the heat source side have an impact on the system efficiency. Figure 11
shows the average temperatures of the supply temperature for SH and DHW and the outlet
temperature of the heat source during operation of the heat pump. Most of the systems
showed supply temperatures for SH lower than 35 °C. Only the systems 3 and 5 displayed
supply temperatures for SH higher than 40 °C. The average temperature for DHW is around
50 °C, except site 10 which had a rather high DHW-temperature of about 57 °C.

Furthermore Figure 11 shows the average heat source outlet temperature of the systems
during operation, where system number 10 was operated with rather low heat source
temperatures of about 0 °C. A too small designed horizontal collector could be the reason for
that. On the other hand site number 3 and 7 show rather high temperature levels of their heat
sources, which might be the result of well designed borehole heat exchangers. The
temperature difference between heat sink and heat source influence the efficiency of the
heat pump and therefore characterizes the operating conditions of the systems.
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Figure 12: SPF according different system boundaries

The SPF calculated according to the four defined system boundaries SPFy4, SPF,, SPFys
and SPFy, show how the efficiency of the different systems is influenced by the operating
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conditions and by the system design, which directly impacts on the auxiliaries needed
(Figure 12). According to the system boundaries SPFy, and SPFy; result in the same values
when the systems do not have an electric back up, therefore only the sites number 6 and 7
show different results for SPF, and SPFys.

Sites number 1 and 7 have the largest differences between SPFy, and SPF,. This can be
due to the highest ratios between the total amount of electric energy needed to run the heat
pump and the electric energy demand of the auxiliaries as explained above. In system
number 7 the operation of the electric back up heater influences the result substantially. The
big difference between SPFy, and SPFy, at site number 1 can be best explained with the
high amount of electric energy demand for the buffer tank pump and the circulation pump in
the heat source.

System number 4 shows the biggest drop between SPF,; and SPFy, of all the sites due to its
highest amount of electric energy demand for the circulating pump in the heat sink and the
buffer tank pump.

Due to its lowest heat source temperature and the highest temperature level for DHW the
heat pump system number 10 has the lowest SPFy4. Also site number 6 reaches a quite low
SPFy1 compared to the other systems, which can be explained by the rather high ratio for
DHW of 51 % as explained above.

Generally figure 12 points out that the different system boundaries show the impact of the
integrated auxiliaries and that additionally for an interpretation of the SPF the operating
conditions of the systems must be considered.

6 CONCLUSION

Measuring and reporting SPF of heat pump systems is an important means to determine the
long term performance of the heat pump unit installed in the heating system. Depending on
the specific topic to be reported, different system boundaries and hence different equations
to determine the SPF should be used.

For comparing different field trials it is mandatory to use the same system boundaries for
calculating the SPF as the definition of these boundaries directly influences the SPF of the
system. In order to guarantee the quality of the recorded data to make a significant system
evaluation it is highly important to set minimum requirements on the measurement
equipment and in a second step, a proper equipment installation in the heat pump system is
obligatory.

The efficiency of heat pumps systems represented as SPF is mainly influenced by the
operating conditions and the set system boundaries for calculating the SPF. Therefore it is
important to define minimum results for field trials in order to get a hint under which
conditions the heat pump was operated. Furthermore it is necessary to calculate the SPF
according to different system boundaries display the impact of the auxiliaries integrated in
the system.

The IEE project SEPEMO-Build deals with these two main points in the “Concept for
Evaluation of SPF* [SEPEMO D4.2, 2010] and the “Field Measurement Guideline” [SEPEMO
D4.1, 2011]. An analysis of the 10 selected ground coupled heat pump systems according to
the defined system boundaries SPFy,, SPF,, SPF3 and SPFy4together with the operating
conditions shows, that the different system boundaries give a good overview on the impact of
the different auxiliaries on the efficiency of the system, but to get the whole picture the
operating conditions have to be taken into account.

By adopting this approach, different field measurements of heat pump systems will be much
easier to compare in the future. It will also be easier to make comparisons to other heating
systems efficiencies.

10" EA Heat Pump Conference 2011



-14 -

7 REFERENCES

Delta 2011: Delta Energy & Environment, "Heat Pumps in the UK: How Hot Can They Get?”
— A Delta Whitepaper, 2011

FAWA, 2004: Bundesamt fir Energie ,energieschweiz, FAWA Feldanalyse von
Warmepumpenanlagen 1996-2003; 2004

ISE 2008: Fraunhofer ISE - Institut Solare Energiesysteme, Presseinformation Nr. 35/08,
Freiburg 4. Dezember 2008

ISE 2010: Fraunhofer-Institut fur Solare Energiesysteme ISE, "WP-Effizienz -
Felduntersuchung von Warmepumpen der fihrenden Hersteller"
Forschungsvorhaben (Bundesministerium flir Wirtschaft und Technologie): 0327401A, 2010

NTVVS076, 1989. Large heat pumps - Field testing and presentation of performance.
Utgava 1, May. (Nordtest.) Esbo, Finland.

NTVVS115, 1997. Refrigeration and heat pump equipment: General conditions of field
testing and presentation of performance. Utgava 1, May. (Nordtest.) Esbo, Finland.

NTVVS116, 1997. Refrigeration and heat pump equipment: Check-ups and performance
data inferred from measurements under field conditions in the refrigerant system. Utgava 1,
May. (Nordtest.) Esbo, Finland.

RES Directive, 2009: “DIRECTIVE 2009/28/EC OF THE EUROPEAN PARLIAMENT AND
OF THE COUNCIL”, April 2009

SEPEMO D4.1, 2011: “D4.1. guideline for heat pump field measurements for hydronic
systems — Version 1.0, The guideline contains information on what to measure in order to
calculate SPF and about the required measurement quality”, IEE SEPEMO-Build, February
2011

SEPEMO D4.2, 2010: “D4.2. Concept for evaluation of SPF - Version 1.0,

A defined methodology for calculation of the seasonal performance factor and a definition
which devices of the system have to be included in this calculation”, deliverable in the
Project IEE SEPEMO-Build, June 2010

10" EA Heat Pump Conference 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


