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Introduction 
Air Conditioning – Challenges  

Source: www.asian-power.com/environment/in-focus/south-korea-bans-air-
conditioning-cope-worsening-power-crisis 

Source: www.theverge.com/2017/9/14/16290934/india-air-conditioner-cooler-
design-climate-change-cept-symphony 

Source: www.theguardian.com/environment/2015/oct/26/cold-
economy-cop21-global-warming-carbon-emissions 

Introduction 
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Introduction 
Thermal Comfort – Demands  

4 

Demand for air humidification during winter 

 

 

Introduction 
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Outline 

• Test facility and system layout 

 

• Experimental investigations and system evaluation 

» Thermal comfort 

» Overall system performance 

 

• Summary and outlook 

Outline 
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Test Facility 

Test facility 

Technical 
installations 

Solarthermal 
system 

Peripheral 
equipment  
of the 
geothermal 
system 

Test facility and system layout 



Introduction System evaluation Summary and outlook Outline Test facility and system layout 

October 3-5, 2018 ISEC 2018 6 

System Layout of the Test Facility 

Heat recovery wheel (Al) 

Desiccant wheel (LiCl) 

Test facility and system layout 
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Outside and Room Air Conditions 

Cooling period Heating period 

• Moderate winter period  

• 99.5 % of oda conditions outside comfort areas 
according to cat. I/II 

• Room air conditions satisfy cat. I for 67 % (cat. II: 
75 %) of operation time 

• Deviations primarily caused by low room 
temperatures in the morning 

• Moderate summer period  

• 66 % of oda conditions outside comfort area 
according to cat. I, 49 % according to cat. II 

• Room air conditions satisfy cat. I for 77 % (cat. II: 
99 %) of operation time 

System evaluation 
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Period Evaluation – Reference Systems 
Summer Mode 

• Dehumidification relying on dew point 
condensation 

• Compression chiller: EERel = 3.0 

• Supply air temperature: 𝜗sup = 16 °C 

Reference system DP-VC 

• Desiccant assisted dehumidification similar to 
the test facility 

• Replacing BHE by compression chiller 

• Compression chiller: EERel = 3.2 

• Supply air temperature: 𝜗sup = 22 °C 

Reference system DW-VC 

• oda conditions  Measured data 

• sup water content test facility 

• mass flow rate  (S-GEO) 

Similar air conditions 

System evaluation 
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Period Evaluation – System Comparison 
Summer Mode 

Electrical energy demand for air conditioning can be reduced significantly 

 

 
Additional demand of thermal energy has to be taken into account 

 

 

-17 % -50 % 

-34 % 

System evaluation 
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Period Evaluation – Reference Systems 
Winter Mode 

• Adiabatic humidification 

• Electrical powered impeller humidifier 

• Heat recovery efficiency: Ψ = 0.75 

Reference system HP-AH 

• Isothermal humidification  

• Electrical powered steam humidifier 

• Heat recovery efficiency: Ψ = 0.75 

Reference system HP-IH 

• oda conditions  Measured data 

• sup conditions  test facility 

• mass flow rate  (S-GEO) 

Similar air conditions 

System evaluation 
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Period Evaluation – System Comparison 
Winter Mode 

-7 % 

+18 % 

-44 % 

Demand-oriented air humidification can be provided 

 

 
Additional technical equipment is not required 

 

 

System evaluation 
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Summary and Outlook 

• Alternative desiccant materials are 
taken into account experimentally/ 
numerically 

• Numerical system model is built for 
full-year system operation 
modelling 

• Covering peak loads is investigated, 
e.g. dynamic responding BHE, PCM 

• Applicability of the system to large 
units is investigated considering 
space requirements of renewable 
heat sources and heat sinks 

Outlook 

• Desiccant and geothermal assisted 
air conditioning system is 
investigated experimentally during 
summer and winter mode 

• Investigated system can ensure 
highly comfortable indoor air 
conditions  

• Geothermal system can be 
operated efficiently throughout 
the year 

• Investigated system is beneficial 
against conventional air 
conditioning systems 

Summary 

Summary and outlook 
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Summary and Outlook 

Summary and outlook 
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Summary and Outlook 
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Appendix: Measurement Uncertainties 

Measured value Sensor type / measuring principle Measurement uncertainty 

Air and water temperature 𝑡  Pt100 (accuracy class W 0.1) ±1 3 ∙ 0.3 + 0.005 ∙ 𝑡   

Soil temperature 𝑡  Thermistor string ± 0.5 K  

Relative humidity 𝜑  Capacitive humidity sensor ± 2 %r. h. for 10…90 % r. h. 

Volume flow (air) 𝑉   Differential pressure ± 10 %  

Volume flow (water) 𝑉   Electromagnetic flow meter ± 0.5 % of reading ±1mm s  

Pressure difference ∆𝑝  Ceramic fulcrum lever technology ±2 % of full scale (range: 
0…300 Pa and 0…1000 Pa) 

Electric power 𝑃  AC energy meter ± 2 % of reading 
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Appendix: Different Operation Modes (1) 
Winter Mode 

System operation with desiccant 
wheel based on silica gel 

sup 

eta eha 

oda 
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Appendix: Different Operation Modes (2) 
Winter Mode 

System operation with desiccant 
wheel based on silica gel 

sup 

eta eha 

oda 
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Geothermal System – Soil Temperature Profile 

• Double U-tube BHE 

• Final drilling depth: 80 m 

• No significant ground- 
water flows 

Characteristics 

• Equalized energy balance 
of the soil 

• No influence on the 
surrounding soil 
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Geothermal System – System Performance 

MPF =
 𝑄 BHE d𝜏
 

m

 𝑃PU d𝜏
 

m

 

SPF =
 𝑄 BHE d𝜏
 

p

 𝑃PU d𝜏
 

p

 

SPFwi = 110 ± 11 

SPFsu = 153 ± 15 

SPFGHP = 3 


