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• Renewable energy constitutes a basic pillar in the strategy supported by EU to 
reinforce the sustainable development of our economies and citizens' welfare. 

• Almost 50% of the total European consumption of energy is  used for the 
generation of heating and cooling  for either domestic or industrial purposes.  

• Heating energy is mainly produced through  the combustion of  fossil fuels 

• Cooling is, with few exceptions, achieved by processes driven by electricity, 
which 

• The majority of energy use takes place in urban areas, characterized by higher 
population density where districts heating and  cooling networks  represent a 
critical infrastructure  to ensure large scale integration or renewable energy 
sources 



Renewable  geothermal energy in Green building   
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Geothermal energy in Europe  
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What is  Geothermal 
energy? 

The energy stored in the form of 
HEAT beneath the earth’s 

surface, at different temperatures 
in the ground and the ground 

water   at different temperature 
and Enthalpy value  according to 

the grade of deepness and the 
geology of the earth 
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The three typologies of thermal energy 

There are three main typologies of geothermal  energy  in relation to the 
Temperature extraction level 

T ≤ 30° C  (stable underground level , minor  than 400 m depths, extraction  by 
pumps for  heating and cooling  applications via  temperature adjustments ) 
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The three typologies of geothermal energy 

30 ≤ T ≤ 100°C  (stable ground and ground water  heat source, extraction by 
pumps  for direct heating) 
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The three typologies of geothermal energy 

3. Well over 100°C   up to 300°C (high Enthalpy, applications in electric power 
generation, heating applications  in industrial processes)  
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The  application fields  in the  Smart city concept 
 Cathegory 1:  

• Direct application in cooling systems,  heat or cold storage  (UTES: Undreground Thermo 
Energy Storage ) in commercial buildings. 

• Direct irrigation  and heating of green housed crops  

• Indirect heating by inclusion of thermodynamic devices such as heat pumps at low 
energy  level 
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The  application fields  in the  Smart city concept 
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 Cathegory 2:  

• Direct application in heating systems  for buildings , aquaculture and drying systems 

• Direct application in de-iceing systems in the smart cities  district roads and airports  
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The  application fields  in the  Smart city concept 
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 Cathegory  3:  

•  Electric power generation for private, pubblic, industrial  buildings 

• Direct application in endothermic chemical reactions and industrial energy 
eating process es  



Heating and cooling typologies  in residential 
applications in EU-27  

September ,,, 2013 21 



Potential contribution and Key Research  innovation areas up to 2020 in greenbuilding   
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Applications and  technologies for  residential buildings: 
 the shallow geothermal heat pump system  

• In the residential sector, the main geothermal technology to cover 
heating and cooling demand is the shallow geothermal heat pump 
system (the ground-source heat pump).  

• The technology is suitable for small, individual houses as well as larger 
multi-family houses or groupsof houses.  

• Capacities range from under 10 kWth to over 500 KWth.  

• The depths of geothermal heat exchange ranges from a few meters to 
more than 200 m, depending upon technology, local geology and 
design considerations 
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Applications and  technologies for  residential buildings: 
 the shallow geothermal heat pump system  

September ,,, 2013 Footer text here 24 

• Geothermal heat pumps can deliver all thermal energy required for: 

1.  space heating 

2. space cooling 

3.  domestic hot water (DHW) 
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Applications and  technologies for  residential buildings: 
 the shallow geothermal heat pump system  
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• The number of geothermal heat pumps with a capacity below 50 kW crossed 
the threshold of 1 million units in 2010. 

• Markets : Northern Europe: The highest numbers can be found in Sweden, 
Germany and France. The market penetration (installations per capita) is 
highest in Sweden, Finland and Austria.  

• Markets: southern Europe: Geothermal heat pumps are already used in 
Southern Europe, however, further R&D and practical experience is crucial to 
fully exploit the advantages of geothermal heat pumps in warmer climates in 
supplying heat and cold from one single installation. 



Technologies and applications  for  southern zones green 
building   
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The development plan for the shallow geothermal heat pump system 
for  residential buildings 
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Applications and  technologies for  residential buildings: 
 the  Ground Coupling Technology   
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The ground-coupling technology is the borehole heat exchanger (BHE)  

Features: 

• a good efficiency of a BHE results in a small temperature loss between the ground and 
the fluid inside the BHE. This temperature loss is controlled by the borehole thermal 
resistance which could be reduced by more than 40 % over the next ten years. 

• A study of the Swiss Heat Pump Association (Fördergemeinschaft Wärmepumpen 
Schweiz, FWS) calculated the cost for a BHE-system (drilling, heat exchanger, and heat 
pump) for a small house, and found a reduction of 27.5% over 12 years, from 1992 to 
2004. In fact, the situation concerning the first cost is a bit more complicated. While the 
specific cost for BHE and connections decreased, an increase can be seen for the 
required BHE length. 

• This solution is definitively more expensive  

 



the  Ground Coupling Technology BHE exchanger 
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The Borehole Heat exchanger 
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Applications and  technologies for  residential buildings: 
 the  BHE technology cost trend  
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Development EU plan for  the  BHE technology for residential application  
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Potential improvements by 2020 in terms of costs and performance for 
residential application  
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Characteristics of various thermal energy storage technologies for 
greenbuilding application  
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Generic Heat Pumps  development projects for greenbuilding application  
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Geothermal solutions projects for long term targets in  greenbuilding 
application  

September ,,, 2013 Footer text here 36 

• The medium to long term priorities for thermal energy storage can be expressed along three thematic 
lines: 

1.  reliable and efficient system performance of thermal storage; 

2. more efficient storage through improved heat transfer and heat transport; 

3.  increased storage density using phase change materials and thermo chemical materials. 

Where: 

1. The first line incorporates the integration and optimization of storage in the heating and cooling 
system,  

2. the second line aims at improving the main components in the storage auxiliary system and 

3. the third line is dependent on materials development and improvement 

 

Without forget that  systems for the domestic sector must operate minimizing human intervention 

 



Geothermal solutions  for District heating and cooling in  greenbuilding 
application  
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Geothermal solutions  for District heating and cooling in  greenbuilding 
application  
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Deep geothermal energy production is the technology application relevant to this sector, 
mainly based on direct heat supply by thermal water production and reinjection, but also 
using other technology like deep borehole heat exchangers (BHE) or heat from geothermal 
CHP plants. The capacity of such installations start from about 0.5 MWth (in particular 
deep BHE) and can achieve values in excess of 10 MWth. The heat is fed directly into a 
district heating system, if production temperature matches the required supply temperature, 
or it is used as a heat source for large heat pumps (including absorption heat pumps, 
engine-driven compression heat pumps, etc.). Moreover, cold production is possible through 
absorption chillers driven by geothermal heat. Further advancements in DHC technologies 
(including cascading67 and storage) will make it possible to use geothermal heat more 
efficiently. Geothermal technologies suitable for DHC networks can also be used for large 
individual buildings in the services sector 



Geothermal solutions  for District heating and cooling in  greenbuilding 
application  
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The ideal hibrid  solutions  for the SMART City  heating and cooling  

September ,,, 2013 40 



The ideal hibrid  solutions  for the SMART City  heating and cooling  
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