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ABSTRACT 

During summer, the use of conventional electrically driven 
air conditioning systems often results in high electricity 
consumption. On the other hand, heat demand is very low, 
so heat from solar collectors or from Combined Heat and 
Power plants (CHP) cannot be used. Thermal driven 
desiccant assisted air conditioning systems offer the 
possibility to shift energy requirements from electricity to 
heat. Furthermore, as sorptive pre-drying air does not 
require cooling under the dew point for dehumidifying or 
any subsequent heating, cold sources at higher temperatures 
(e.g. 18°C) can be used for cooling (e.g. shallow 
geothermal energy). 

A research project from the Hamburg University of 
Technology combines a desiccant assisted air conditioning 
system with shallow geothermal energy. The geothermal 
system comprises 3 boreholes and 5 energy piles and 
supplies the cooling energy for the air conditioning system. 
The authors regard the two systems as a whole and focus on 
the combination as well as the interaction between them. 
The study and the numerically simulation of the heat 
injection rate of ground source heat exchanger and the air-
cooling in rooms are part of the research. It is found that the 
combination of desiccant wheels and earth energy systems 
yields considerable energy savings compared to 
conventional electric systems. Furthermore, a combination 
with solar thermal energy allows a sustainable air 
conditioning system. 

1. INTRODUCTION 

Due to the Energy Savings Ordinance for Buildings in 
Germany, the heat demand of new buildings has been 
drastically reduced in the past years. As a result of better 
housing insulation to meet the low energy standards, high 
inner and outer sensible loads in summer lead to room 
temperature peaks. This causes in an increasing demand for 
air conditioning systems even in milder climate zones with 
a maximum allowable conditions in the building of 26°C 
and 50% relative humidity. 

In conventional air conditioning systems, outside air is 
usually cooled below the dew point of about 12°C for 
dehumidifying and is subsequently heated to a desired 
supply temperature. Condensing out water from the air 
requires a large cooling capacity, which is often provided 
by electric compression chillers. Hence, conventional air 
conditioning leads to high electricity consumption. In a 
desiccant assisted system, moist air is first dehumidified by 
means of a desiccant wheel, as shown in Figure 1. 

The wheel consists of a honeycomb structure which is 
coated with desiccant materials like silica gel or lithium 
chloride. Water vapor is absorbed by desiccant material as 
humid air passes through the wheel. If the desiccant is 

regenerated by heating, the moisture is released. As the heat 
of condensation and sorption is discharged, the air 
temperature rises and is subsequently pre-cooled in a heat 
recovery unit (Figure 2 and 3). 

 

Figure 1: Desiccant wheel for dehumidification. 
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Figure 2: Scheme of a DEC-system. 

In the air conditioning cycles of a DEC - system (Desiccant 
Evaporative Cooling), final temperature reduction is usually 
accomplished by injecting water into the air stream using 
evaporative coolers (see Figure 2). Despite the fact that a 
compression chiller is not necessary for such systems and 
their electricity requirements are very low, they are not 
widely accepted in the European market. Some 
disadvantages are high investment costs, difficult control 
and poor dynamic properties, since cooling capacity is 
limited by air humidity. Furthermore, the use of potable 
water is a drawback in the view of environment protection. 
However, for the proposed system in this paper, no water 
evaporation takes place. Air is cooled by passing it through 
a conventional cooling coil instead. This “hybrid system” 
has been investigated in several studies. Unlike 
conventional systems, air passing through the coil does not 
need to be cooled below the dew point for dehumidifying or 
be subsequently reheated. Therefore, instead of 
conventional chillers, other cold sources such as borehole 
heat exchangers at higher temperatures (e.g. 18°C) may be 
utilized. Heat input at relatively low temperatures (e.g. 60-
70°C) is needed to regenerate the desiccant wheel, 
depending on the desiccant material. Due to desiccant 
technique, cooling demand can be reduced to 30% of the 
demand of a conventional system. Energy demand for air 
conditioning is shifted from electricity to thermal energy, 
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while primary energy consumption is also reduced (Casas, 
2005). 
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Figure 3: Scheme of the hybrid system. 

2. SYSTEM DESCRIPTION 

A research project from the Hamburg University of 
Technology combines a hybrid system with shallow 
geothermal energy. The geothermal system comprises of 3 
boreholes and 5 energy piles and works as a heat sink for 
the air conditioning system in the summer case and as heat 
source in the winter case. Each borehole has a depth of 
around 75 m, and the energy piles have depths of around 14 
m. The combination scheme of the air conditioning system 
and the geothermal system is shown in Figure 4. 

geothermal system
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district heating system
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heat pump
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Figure 4: Scheme of the air conditioning system 
combined with the geothermal system. 

The air conditioning and geothermal systems are connected 
by hydraulic switches (Figure 9). There is no extra heat 
exchanger between the systems, and they lead heat transfer 
medium into and then extract it from the switch. This 
means the whole system uses the same heat transfer 
medium, which is a mixture of water and ethylene glycol 
(20 Vol.-%). The hydraulic switches make it possible, that 
the two systems can run hydraulic independently.  

2.1 Air Conditioning System 

2.1.1 Thermodynamic Basics of the Hybrid System 

The scheme of the air conditioning system is shown in 
Figure 3. The thermodynamic process is illustrated on the 

psychometric chart in Figure 5. Outside air (1) is first dried 
in the desiccant wheel. The pre-dried air (2) is cooled by 
passing it through the rotating heat exchanger followed by a 
supplemental cooling in a water/air heat exchanger (3). As 
the air does not require cooling under the dew point for 
dehumidification, cold sources at higher temperatures (e.g. 
18°C) can be used for cooling (e.g. shallow geothermal 
energy). 

 

Figure 5: Scheme of the air conditioning system 

The process uses the warm, dry air after the drying process 
(2) to preheat the exhaust air (5) in a rotating heat 
exchanger, because the regeneration of the desiccant wheel 
requires a temperature level of around 60°C. Additionally, 
the preheated exhaust air (6) must be heated by a different 
heat source (e.g. solar thermal energy). The warm 
regeneration air (7) carries moisture from the desiccant 
wheel to the surroundings. This process regenerates the 
desiccant wheel. 

For comparison, Figure 6 also shows a conventional air 
conditioning process with dehumidification by cooling 
below the dew point (2*) and the subsequent heating to the 
supply air temperature (4). The enthalpy difference between 
1-2* and 3-4 represents the reduction in cooling demand 
when using a desiccant system.  

2.1.2 Development of the Air Conditioning System 

It has been shown in several studies that the combination of 
a hybrid system and a geothermal system can lead to 
significant primary energy reduction in comparison to 
conventional air conditioning systems.  Anyway, the 
combination of an air conditioning system and a geothermal 
energy system needs further studies. On the one hand, a 
geothermal heat sink has to be well planed and controlled to 
provide a constant temperature level to control the supply 
air temperature. On the other hand, the air conditioning 
system has to prepare the air for using it with a geothermal 
heat sink (e.g. pre-drying). 

Therefore, the research project is divided into two parts: the 
design and development of the air conditioning system and 
that of the geothermal energy system. 

The equipment for air conditioning system including 
technical installations is placed in two 20’ construction 
containers. Other four 20’ office containers simulate an 
office, which will be supplied with the air conditioning 
system. The office containers were constructed to meet the 
standard of the German regulation for energy saving in 
buildings and building systems. At the south side of the 
office containers, 6 windows were placed to increase the 
heat load during summer time (see Figure 7). The U-
Values of the windows are U=1,1 W/(m2•K). The container 
is insulated by s=100 mm mineral rock wool at the 
surrounding areas. 

The air conditioning system with the usage of shallow 
geothermal energy is planned for the summer as well as for 
the winter case.  
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Figure 6: Thermodynamic processes of the air 
conditioning system. 

Due to the dry supply air, other cooling systems such as 
ground floor cooling or cooling beams can be used. Within 
the described office building, both systems were integrated. 
The ceiling contains four cooling beams, each with a size of 
4 m*0.84 m. Additionally a floor heating/cooling system 
was placed at ground level. The cooling beams and the 
ground floor cooling system are directly connected to the 
geothermal energy system by hydraulic switches. 

The heating system is supplied by several heat sources as a 
solar thermal system, a district heating system and a heat 
pump. The combination of a natural geothermal heat sink 
and e.g. a solar thermal system allows an air conditioning 
system based on renewable energy systems. 

2.1.3 Description of the Air Conditioning System 

The office area has a base area of 57.5 m² and a total height 
of 2.5 m. The total volume of the office area is 144 m³. The 
air conditioning system has a designed supply air flow rate 
of 1100 m³/h, which can be increased to a maximum of 
1600 m³/h. 

The solar energy system has a total area of 20 m² and is 
oriented directly to the south. The solar collectors are tilted 
at the angle of 45° and series connected in a group of 4 
panels (see Figure 7) 

Beside, the air conditioning system includes a district 
heating connection as high temperature source (~75 °C) and 
a conventional heat pump for low temperature sources 
(~35°C). The district heating system is used as backup 
system for the summer case and the heat pump is used for 
the radiant heating in the winter case as well as backup for 
the summer case. 

The heat sources are connected to 1000 liter stratified heat 
storage. The cold sources are only used in the summer case 
and connected to a 1 m³ PCS (Phase Change Slurry) storage 
tank. Using a PCM-storage the geothermal energy system 
can be downsized. 

Additionally, the heat pump can be used in the summer 
case. Connected to the supply flow of the hybrid system, 
the heat pump can after-cool the heat transfer medium 

coming from the earth. The combination of heat pump and 
natural cooling for the summer and the winter case, 
combined with a hybrid system opens a new market for 
geotechnics and building service engineering. 

2.2 Geothermal Energy 

2.2.1 Basics of Soil Heat Exchangers 

Measurements at the test site show that the underground 
and groundwater temperatures from a depth of 10m under 
the ground surface are constantly between 11°C and 13°C 
(Figure 8). As this temperature is relatively stable 
throughout the year, it gives rise to the opportunity of heat 
discharge and extraction for environmental and economical 
heating and cooling. 

 

Figure 7: Desiccant assisted air conditioning system 
with use of shallow geothermal energy. 

 

 

Figure 8: Undisturbed soil temperature measured at 
different times at the test site. 

The test site for the pilot plant, which has a base area of 
460 m², was installed with 8 soil heat exchangers consisting 
of 5 energy piles (EP) and 3 borehole heat exchangers 
(BHE). Energy piles are one of the most used thermo-active 
ground structures. Statically required piles were assembled 
with plastic U-tubes (seldom with metallic tubes) and then 
filled with a heat transfer medium. During circulation of the 
heat transfer medium in the U-tubes, heat can be extracted 
from or discharged into the ground. The double function of 
the piles enables a cost reduction during manufacturing. 
BHE are not statically required and are therefore flexible in 
their performance. 

2.2.2 Arrangement of Heat Exchangers 

Four of the five energy piles are arranged under the corner 
point of the office containers (Figure 9). The other is 
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located in the center. None of the piles are determined 
statically, since the last of the containers is very low. They 
are only used as energy sources. 

Figure 9 shows the position of the three BHE. BHE 1 and 2 
supply the air conditioning system. In order to cover the 
peak load in summer and to improve the temperature of 
heat transfer medium in winter, a heat pump is installed. In 
normal situation, the heat pump is connected to the BHE 3 
for summer operation. In winter, the BHE and energy pile 
are used as heat source and are connected to heat pump. 

 

Figure 9: Site plan of the geothermal system. 

The hydraulic plan of the geothermal system is shown in 
Figure 10. Each soil heat exchanger is fed by one pump. In 
this way, their mass flow can be controlled separately. The 
air conditioning, heat pump and geothermal systems are 
connected by hydraulic switches.  

 

Figure 10: Scheme of hydraulic plan of the geothermal 
system. 

2.2.3 Installation of Heat Exchangers 

The energy piles are pre-cast concrete piles. U-tubes and 
temperature strings are fixed directly on the reinforcement 
cage. Outside of them is a 4 cm concrete covering, which 
protects both the reinforcement cage and the U-tubes. After 
concreting, they are transported to the test site and driven 
into the underground. 

In a standard energy pile, 2 U-tube loops are assembled. As 
a variation, 3 U-tube loops are embedded in two of the five 
test energy piles (Table 1).  

Both, the begin of feeding tube and the end of the return 
tube, between which the maximal temperature difference 
exists, stand at the top of piles. In order to reduce the 
undesirable heat transfer between them, thermal insulation 
is installed on return tubes of the last meter. 

Table 1: Configuration of the 5 energy piles 

Pile  Number 
of U-tube 
loops 

Thermal insulation 
at the last meter of 
U-tubes 

Temperature 
measurement 

EP1 2 Yes -0.5, -4.5, -
12.5m 

EP2 3 No -0.5, -8.5 m 
EP3 3 Yes -0.5, -4.5, -8.5,    

-12.5 m 
EP4 2 No No 
EP5 2 No -0.5, -4.5, -8.5,   

-12.5 m 

The quality of pre-cast can be well guaranteed, especially 
by the installation of U-tubes and temperature strings. The 
drawback of cast-in-place concrete piles is the potential 
noise and swinging emissions during pile-driving. In urban 
regions, these piles can only be applied under certain 
conditions. 

 

Figure 11: Soil buildup of the test site (cross section B1-
B2-B3). 

Around the test site, there are several swinging-sensitive 
buildings, such as the SAP-building, Vattenfall heat plant 
and the tunnel for the subway line No. 4. In order to insure 
the driving work and to monitor the driving causing 
swinging, evidences were preserved and driving 
accompanying swinging-measurements were carried out. 

Cone penetration tests showed that the soil up to 8 m under 
the top surface is hard compact. In order to minimize 
swinging and noise, the soil was pre-drilled and loosened 
up to 8 m before the piles were driven with hydraulic 
hammer. 

The holes for the BHE were produced using the hydraulic-
circulation drilling method. U-tubes were plugged after the 
final depth of the borehole was reached. The boreholes are 
the filled with a cement-clay mixture with a thermal 
conductivity of 2 W/(m·K). 

2.2.4 Measurements Program 

The geothermal system is accompanied by a complex 
measuring program, which includes the measurement of 
temperature in boreholes, piles, and soil; pore water 
pressure in soil; the return temperature of the heat transfer 
medium; and the mass flow and pressure drop in the soil 
heat exchangers. 
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Penetration test with lost cone was utilized to install 
temperature string in the soil. One temperature sensor was 
installed in the penetration cone, and the other sensors were 
located in the wire (Figure 12). The cone and the wire build 
a temperature string, which was penetrated into the 
underground. 

All the measurement sensors are connected to a central data 
acquisition system, which uses LabVIEW as data collecting 
software.  

 

Figure 12: Penetration cone with installed temperature 
sensor. 

3. SYSTEM PERFORMANCE 

To make a reliable statement about annual energy 
requirements, different outside air conditions and sensible 
loads of the building have to be considered. 

3.1 Air Conditioning System 

The hybrid air conditioning system combined with a 
geothermal energy system can be used in the summer case 
as well as in the winter case. In the summer case the hot and 
humid air is dehumidified and cooled by the desiccant 
assisted air conditioning system. In the winter case the 
system can be used for remoistening the supply air by the 
humid outgoing air.  

While using a natural geothermal heat sink within building 
service engineering it is important to pre-dry the air in the 
summer case. Moist air could cause dew formation in the 
building.  Figure 12 shows the performance of the desiccant 
wheel for late summer 2009. Please note that these values 
are only for scientific reasons due to the very low moisture 
content in the supply air.  The results can approve the 
operability of the desiccant assisted air conditioning system.  

To evaluate the energy efficiency of a hybrid system 
coupled with a geothermal heat sink it is necessary to take 
the auxiliary power of the additional equipment into 
account (e.g. circulating pump). To compare the energy 
requirement of the geothermal coupled air conditioning 
system with a conventional system a characteristic number 
is introduced (see Chapter 3.2). 

3.2 Geothermal System 

The injected heat into the underground (E) is calculated 
using the difference between inlet and outlet temperatures 
(ϑi, ϑo) of the heat transfer medium 

( )dtcAvE oihtmhtmhtm∫ −= ϑϑρ , 
(1) 

where A is the inner cross section of the U-tubes, ρhtm, vhtm, 
and chtm are the density, flow velocity and specific heat 
capacity of heat transfer medium. The specific cooling 
capacity (Pc) of each soil heat exchanger can then be 
calculated by 

TL

TE
Pc ⋅

= )(
, 

(1) 

where E(T) is the injected heat during the time T and L the 
length of the heat exchanger. The analyzed specific cooling 
capacity (SCC) is a daily average, since it is considered to 
be a better indicator of the long-term evolution than 
instantaneous values (Wood et al., 2009).   
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Figure 13: Measurement results for the desiccant 
assisted air conditioning system (08.09.2009) 

Because of irregular maintenance and optimization work, 
the pilot plant has been in use only for several days. The 
total operation time amounts between 70 to 95 hours (Table 
3). The injected energy is not so much that an overheating 
of the subsoil can’t occur. As a result, a reduction of SCC 
with time is not to detect. 

The average SCC of EP over the whole operation time is 
about 40 W/m, which compares to the numerically 
calculated value of 42 W/m very well (Table 3). The BHE 
have relative lower SCC values of about 30 W/m. It is even 
lower than the recommended specific heat capacity (SHC) 
in clay (35-50 W/m, VDI, 2001). The reason for the low 
SCC value may be attributed to the low average flow 
velocity of the heat transfer medium in the U-tubes (0.22 
m/s, Table 3).   

It can be seen, that EP 2 and 3 have a larger SCC than that 
of EP 1 and 5. The reason being that in EP 2 and 3 three U-
tube loops were installed, which increase the heat transfer 
area between heat transfer medium and the subsoil and 
therefore the heat transfer velocity. EP 4 also has a high 
SCC value, which ascribes to its beneficial location. It lies 
in the shade of the office container and its top most meters 
have least effect from the temperature change of the 
atmosphere, which is higher than the temperature of the 
subsoil in summer.    

In EP 1 and 3 the last meter of the tube is heat insulated. 
Compared with EP 5 and EP 2, their SCC is larger. 
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Although the increasing factor amounts only 1.7% for EP 1 
and 5.4% for EP 3 and can thus be neglected. 

The geothermal energy is available all over the world, but it 
is not free for use. In our system, circulation pumps are 
needed to transfer heat from air conditioning system to the 
subsoil. To evaluate the efficiency of the geothermal 
system, the cooling performance factor (CPF), analog to the 
seasonal performance factor (SPF) of heat pump is 
introduced in this paper. It is defined as 

GSE

E
CPF = , 

(3) 

where EGS is the energy consume of the pump to discharge 
the heat energy E into the soil. 

Table 3: Summarization of the energy piles and 
borehole heat exchangers 

heat exchanger EP 1 EP 2 EP 3 EP 4 EP 5 BHE 1 BHE 2

flow velocity of HTM 
(m/s) 0.31 0.31 0.31 0.32 0.31 0.22 0.22
injected energy [kWh] 46 53.7 56.3 55.5 44.7 167.8 155.7
energy consume of 
pumps [kWh] 2.5 2.8 2.8 2.8 2.1 1.6 1.4
total operation time [h] 94 93.5 93 92 92.8 74.7 70.7
length of heat exchanger 
[m] 14 14 14 14 14 75 75
injection capacity [kW] 0.49 0.57 0.61 0.60 0.48 2.25 2.20
specific injection 
capacity [W/m] 35.0 41.0 43.2 43.1 34.4 30.0 29.4
cooling performance 
factor (CPF) [-] 18 19.4 20.4 19.8 21.7 107.8 110.2

 

The CPF of EP amount about 20. BHE obviously have 
higher CPF values of about 110. This means that the BHE 
need only about 1/5 energy for the same energy output of 
EP. The reason being, that the U-tubes in BHE have a 
larger diameter (40 mm) than those in EP (20 mm), and 
therefore the hydraulic resistance in BHE is 
correspondingly smaller, which leads to higher SCC values. 

4. CONCLUSIONS AND OUTLOOK 

The realization of the desiccant assistant air condition 
system combined with shallow geothermal energy was only 
possible with careful planning and coordination with the 
participatory authorities and companies.  

The specific cooling capacity of soil heat exchangers 
depends on a lot of parameters and is not easy to be 
estimated exactly. The measurements in HafenCity 
Hamburg show that The BHE point lower SCC but better 
CPF values compared to EP. 

The measurement will be continued in this winter and next 
summer. More variation performances will be carried out to 
get detailed information about the relationship between 
SCC and its dependent parameters. The long term 
temperature development of subsoil around the soil heat 
exchangers will also be investigated. Further, numerical 
simulations with in-situ soil characters and varied boundary 

conditions are planned to investigate the thermodynamic 
reaction of EP and BHE systems under other conditions. 

Another important research point is the interaction of the air 
conditioning system and geothermal system, which requires 
close team work between thermodynamic and geotechnical 
engineers.  

REFERENCES  

Burns P.R., Mitchell J.W., and Beckman, W.A.. Hybrid 
Desiccant Cooling Systems in Supermarket 
Applications. ASHRAE Transactions, Part-1B, Vol. 
91, (1985), pp. 457-468. 

Casas, W.: Untersuchung und Optimierung 
sorptionsgestützter Klimatisierungsprozesse, Cuvillier 
Verlag, (2005), Göttingen (in German). 

Casas, W., and Schmitz, G.: Experiences with a gas driven, 
desiccant assisted air conditioning system with 
geothermal energy for an office building. Energy and 
Buildings, Vol.37 (2005), pp. 493-501, Elsevier, 
London. 

Dhar, P.L., and  Singh, S.K.: Studies on solid desiccant 
based hybrid air-conditioning systems. Applied 
Thermal Engineering, Vol. 21, (2001), pp. 119-134. 

German Energy Saving Ordinance for Buildings: 
Verordnung über energiesparenden Wärmeschutz und 
energiesparende Anlagentechnik bei Gebäuden 
(Energieeinsparverordnung -- EnEV,  (2007), in 
German). 

Kang, T.S., and Maclaine-cross,I.L.: High performance, 
solid desiccant, open cooling cycles, J. Solar Energy, 
Engineering, Vol. 111, (1989), pp. 176-183  

Ma, X., and Grabe, J.: Influence of Ground-water Flow on 
Efficiency of Energy Piles, Proceedings, Int. Conf. on 
Deep Foundations - CPRF and Energy Piles, (2009), 
Frankfurt 

Maclaine-cross, I.L., and M. Airah.: Hybrid desiccant 
cooling in Australia. Australian Refrigeration, Air 
Conditioning and Heating,  Vol. 41, Nr. 5, (1987), pp. 
16-25. 

Schmitz, G., and Möckel,R.: Development of a Small-Scale 
Directly Gas-Fired Integrated HVAC System. 
Proceedings of the International Gas Research 
Conference, San Diego, California, USA, (1998), Vol 
IV, pp. 771-777. 

Schmitz, G., Wrobel, J., and Joos, A.: A new solar-gas 
driven air conditioning system for small family houses. 
IGRC (2009), Paris. 

VDI 4640-2.: Thermal Use of the Underground – Ground 
source heat pump systems. Part 2, VDI-Guideline, 
(2001) 

Wood, C.J., Liu, H., and Riffat, S.B.: Use of Energy piles in 
a Redidential Building, and Effects on Ground 
Temperature and Heat Pump Efficiency. 
Géotechnique, Vol. 59 (2009), pp. 287-290 

 



<<
  /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 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


