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OUTLINE
1. Main Objectives of the Study

2. Two Illustrative Examples
a) Description of the GSHP System
b) Theoretical Analysis of the GSHP System

3. Conclusions
      



1. Main objectives are:

• 

•to denote the importance of exergy 
analysis in GSHP systems 

•to present  a methodology for 
performing exergy analysis of GSHPs



2. GSHP Systems
a) A GSHP System

A Schematic of a GSHP System



A Sketch Showing the Meaning of GSHPs

GSHPs are money minters.



2.b) Terminology
Some Terms  used to describe GSHPs

Item  
no. 

 

Description 

1 Earth energy heat pumping systems 

2 Surface water heat pump systems 

3 Earth energy systems 

4 Ground-source systems  

5 Groundwater heat pumps (GWHPs) 

6 Earth-coupled heat pumps (ECHPs) 

7 Well-source heat pump system  

8 Ground-source heat pumps (GSHPs) 

9 Geothermal heat pumps (GHPs) 

10 Ground-coupled heat pumps (GCHPs) 

11 Ground-water source heat pumps 

12 Well water heat pumps 

13 Solar energy heat pumps 

14 GeoExchange systems 

15 GeoSource heat pumps 

 Source : Hepbasli, A. & Ertoz, O.  “GSHPs : The Technology of the Future”,  the   

 Proceedings of HVAC and Plumbing  Congress, Izmir, Turkey, 1999 (in Turkish).



2.b) Terminology 
Efficiency and Performance Terms used in Heat Pumps

 

Item 

no. 

Nomen. Description 

 

1 

 

COP 

 

Coefficient of Performance 

2 COPh Coefficient of Performance for Heating 

3 COPc Coefficient of Performance for Cooling 

4 EER Energy Efficiency Ratio 

5 HSPF Heating Seasonal Performance Factor 

6 IPLV Integrated Part Load Value 

7 KWT kW/ton 

8 SEER Seasonal Energy Efficiency Ratio 

9 SPF Seasonal Performance Factor 

10 SCOP Seasonal Coefficient of Performance 

11 CSPF Combined Seasonal Performance Factor 
 



2. Two Illustrative Examples
2.1.

Objectives:

To conduct an energy and exergy analysis 
of a a GSHP system installed at Ege
University in Izmir, Turkey 

To study  exergy efficiency aspects.

To compare the calculated exergy 
efficiencies with actual data for different 
thermodynamic parameters.
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General balance equations

The mass balance equation in the rate form:

in outm m= 

The general energy balance:
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General balance equations

The general exergy balance can be expressed in the rate form as
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The rate form of the general exergy balance can also be written as
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General balance equations

The rate form of the entropy balance:
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Exergetic efficiency:



Thermodynamic characteristic of the GSHP system 
investigated 



Exergy and entropy balance equations of the GSHP 
system



Exergy rates and eficiency values



Exergy balance diagram

(Grassmann diagram) 



2.2.
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An Example of Exergy Loss and Flow Diagram 
for a Heat Pump System

(Grassmann diagram) 

21



5. Conclusions

✓ Exergy analysis is an effective method, using the conservation 
of mass and conservation of energy principles together with 
the SLT, that can be employed for the design and analysis of 
thermal systems. 

✓ It is therefore an efficient technique revealing whether or 
not and by how much it is possible to design more efficient 
thermal systems by reducing the inefficiencies.

✓ Two illustrative examples are presented to highlight the 
importance of understanding and considering exergy as a 
potential tool.

✓ The potential usefulness of exergy analysis in addressing and 
solving environmental problems is substantial.
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