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The aim of the project is to assess the use of GSHP 

(autonomous, hybrid and conjugated) in nearly zero energy 

buildings of Cyprus.  This assessment is primarily focused on: 

• Energy (primary energy reduction) 

• Environmental (CO2 emissions) 

• Economic (NPV index in lifetime) 

Project Overview 



Selection of the typical reference buildings for 

Cypriot building stock 

Within this frame the following actions have taken place: 

• Detailed analysis on the Statistical Reviews 

– Building permits 2003-2012 

– Building typology 

– Building area and units 

 

 



• In-situ visits on recently finished and under construction buildings in 

order to capture the real construction practice and characteristics 

• Discussions with construction engineers and designers  

 

Selection of the typical reference buildings for 

Cypriot building stock 



Single-family house – Ground floor 

 

 

2 levels 

202.2 m2 

Architectural plan of the single-family 

reference building 



Single-family house – Upper floor 

Architectural plan of the single-family 

reference building 



Single-family house   

Geometrical model of the single-family 

reference building 



Current practice: In compliance with current Regulations of Energy 

Efficiency 

 

 

 

 

 

 

 

The energy demand of the single-family reference building was 

calculated on an hourly basis with the aid of EnergyPlus software in 5 

representative locations of Cyprus    

Building Element  
Thermal Transmittance U [W/(m2·K)] 

Case Study ΚΔΠ 432/2013 

Masonry 0,58 0,72 

Reinforce Concrete 0,69 0,72 

Roof  0,61 0,63 

Openings (Uf/Ug): (2,8/2,8) Uw: 3,23 

Thermal characteristics of the single-family 

reference building 



Energy demand of the single-family reference 

building 

Single-family building, energy simulation results – Current practice 
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Design and simulation of the Ground Source 

Heat Pump system 

GSHP Design: EED 3.16 

Energy consumption of the GHP: In-house software  

Energy consumption of the circulation pump: Methodology 

proposed by Sfeir et al, 2005 

 



Design and simulation of the Ground Source 

Heat Pump system 

Location 
Boreholes 

x Length 
Configuration 

Nicosia 4 x 65 m L: 2 X 2 

Larnaca 4 x 67 m L: 2 X 2 

Limassol 4 x 64 m L: 2 X 2 

Paphos 4 x 52 m L: 2 X 2 

Saittas 3 x 55 m Line: 1 x 3 
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Single-family building, design and simulation results – Current practice  



Energy, Environmental and Economic 

Analysis – Single-family building 

Analysis of the current building practice  

Conventional system: 

• Oil-fired boiler and air-to-air-heat pump and 

• LPG-fired boiler and air-to-air-heat pump and 

– Boiler efficiency: 0.92 

• Heat pump:  

– Air-to-air split type 

– Analysis on an hourly base using the: 

• Energy demand of the building envelope, 

• Ambient temperature retrieved from Meteonorm database 

• EER provided by HP manufacturer 
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Single-family building – Energy evaluation  

0% - 23.4% less 

 

 

 

Energy, Environmental and Economic 

Analysis – Single-family building 
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Single-family building – Environmental evaluation 

19.15% - 28.95% higher 

 

 

 

Energy, Environmental and Economic 

Analysis – Single-family building 
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Single-family building – Economic evaluation 

In mainland and southern areas: 3,000 € - 1,090 € higher 

In northern areas: 3,050 € - 1,785 € lower 

 

 

 

Energy, Environmental and Economic 

Analysis – Single-family building 



Optimization of the energy behavior of the 

building envelope  

Energy improvement interventions on the buildings’ envelope: 

• Enhancement of the opaque envelope  

– Thermal insulation 

• Enhancement of the glazing envelope  

– Enhance the thermal characteristics of the openings’ frame and glass 

• Minimization of solar thermal gains 

– External shading 

• Free cooling 
 

The optimum level of each intervention has been defined through a 

lifecycle cost analysis taking into consideration Regulation 

244/2012/EC 



Enhancement of the opaque envelope – 

Thermal Insulation  

Scenario 

Building Element  

Reinforce Concrete  Masonry Roof Floor above Ground Pilotis 

Thermal transmittance of the building elements (U – [W/(m2·K)]) 

Baseline 0.69 0.59 0.61 3.28 0.59 

SBE1 0.61 0.49 0.50 0.77 0.49 

SBE2 0.51 0.42 0.43 0.50 0.42 

SBE3 0.44 0.37 0.38 0.43 0.37 

SBE4 0.38 0.33 0.34 0.38 0.33 

SBE5 0.34 0.30 0.30 0.34 0.30 

SBE6 0.30 - 0.27 0.30 0.27 

SBE7 0.28 - 0.25 0.28 0.25 

SBE8 0.25 - 0.23 0.25 0.23 

SBE9 - - 0.22 0.23 - 

SBE10 - - - 0.22 - 

SBE11 - - - 0.20 - 

 



Enhancement of the glazing envelope  

Scenario 
Thermal transmittance of the 

window frame (Uf – [W/(m2·K)]) 
Thermal transmittance of the 

window glass (Ug – [W/(m2·K)]) 
Solar factor 

(gw) 

Baseline 2.8 2.8 0.78 

SW1 2.0 1.6 0.54 

SW2 2.0 1.6 0.34 

SW3 2.0 1.4 0.2 

SW4 1.6 1.6 0.54 

SW5 1.6 1.6 0.34 

SW6 1.4 1.6 0.54 

SW7 1.4 1.6 0.34 

SW8 1.0 1.6 0.54 

SW9 1.0 1.6 0.34 

 



External Shading: Horizontal overhang 

Scenario 
Shading reduction factor 

Baseline 1.00 

SSO1 0.87 

SSO2 0.73 

SSO3 0.58 

SSO4 0.44 

 



Free Cooling 

Scenario 
Opening percentage 

Baseline - 

SFC1 25%  

SFC2 50% 

SFC3 75% 

SFC4 100% 

 



Characteristics of the low energy single-

family building (NZEB) 

Building Element 
Location 

Nicosia Larnaca Limassol Paphos Saittas 

Thermal transmittance of the opaque 

envelope [W/(m2∙K)] 
0.42 0.42 0.42 0.42 0.36 

Thermal transmittance of the ground 

floor [W/(m2∙K)] 
0.34 0.38 0.38 0.38 0.25 

Thermal transmittance of the roof 

[W/(m2∙K)] 
0.30 0.34 0.34 0.34 0.25 

Shading redaction factor  1.0 1.0 1.0 1.0 1.0 

Thermal properties of the window 

elements [Uf / Ug / gw] 

2.0 / 1.6 / 

0.54 

2.0 / 1.6 / 

0.54 

2.0 / 1.6 / 

0.54 

2.0 / 1.6 / 

0.54 

2.0 / 1.6 

/ 0.54 

Natural ventilation – Windows’ opening 

percentage 
100% 100% 100% 100% 100% 

 



Energy demand of the NZEB single-family 

reference building 

Single-family building, energy simulation results – NZEB 
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Heating: -26% to -34% 

Cooling: -37% to -49% 



Design and simulation of the Ground Source 

Heat Pump system 

Location 
Boreholes 

x Length 
Configuration 

Nicosia 2 x 92 m Line: 1 x 2 

Larnaca 2 x 89.5 m Line: 1 x 2 

Limassol 2 x 90.5 m Line: 1 x 2 

Paphos 2 x 72.5 m Line: 1 x 2 

Saittas 2 x 58.5 m Line: 1 x 2 

Single-family building, design and simulation results – NZEB 

Reduction: 29% - 33.5% 
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Energy, Environmental and Economic 

Analysis – Single-family building 

Analysis of the NZEB building 

Conventional system: 

• Oil-fired boiler and air-to-air-heat pump and 

• LPG-fired boiler and air-to-air-heat pump and 

– Boiler efficiency: 0.92 

• Heat pump:  

– Air-to-air split type 

– Analysis on an hourly basis using: 

• Energy demand of the building envelope, 

• Ambient temperature retrieved from Meteonorm database 

• EER provided by HP manufacturer 

 

 

 



NZEB Single-family building – Energy evaluation  

6.5% - 31.5% less 

 

 

 

Energy, Environmental and Economic 

Analysis – Single-family building 
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NZEB Single-family building – Environmental evaluation 

14.5% - 26.0% higher 

 

 

 

Energy, Environmental and Economic 

Analysis – Single-family building 
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NZEB Single-family building – Economic evaluation 

In Larnaca & Limassol: 2,150 € - 850 € higher 

In other areas: 1,500 € - 300 € lower 

 

 

 

Energy, Environmental and Economic 

Analysis – Single-family building 
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Reduction: 20% - 24% 



Multi-family house – Typical floor (4 levels – 867.8 m2) 

Architectural plan of the multi-family 

reference building 



Multi-family house 

Geometrical model of the multi-family 

reference building 



Current practice: In compliance with current Regulations of Energy 

Efficiency 

 

 

 

 

 

 

 

The energy demand of the multi-family reference building was 

calculated on an hourly basis with the aid of EnergyPlus software in 5 

representative locations of Cyprus    

Building Element  
Thermal Transmittance U [W/(m2·K)] 

Case Study ΚΔΠ 432/2013 

Masonry 0,58 0,72 

Reinforce Concrete 0,65 0,72 

Roof  0,61 0,63 

Pilotis 0,59 0,63 

Openings (Uf/Ug): (2,8/2,8) Uw: 3,23 

Thermal characteristics of the multi-family 

reference building 



Multi-family building, energy simulation results – Current practice 
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Design and simulation of the Ground Source 

Heat Pump system 

GSHP Design: EED 3.16 

Energy consumption of the GHP: In-house software  

Energy consumption of the circulation pump: Methodology 

proposed by Sfeir et al, 2005 

 



Location 
Boreholes x 

Length 
Configuration 

Nicosia 9 x 118 m Line: 1 X 9 

Larnaca 10 x 112.5 m Line: 1 X 10 

Limassol 9 x 120 m Line: 1 X 9 

Paphos 8 x 112 m Line: 1 X 8 

Saittas 5 x 118 m Line: 1 x 5 

Multi-family building, design and simulation results – Current practice  
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Energy, Environmental and Economic 

Analysis – Multi-family building 

Analysis of the current building practice  

Conventional system: 

• Oil-fired boiler and air-to-air-heat pump and 

• LPG-fired boiler and air-to-air-heat pump and 

– Boiler efficiency: 0.92 

• Heat pump:  

– Air-to-air split type 

– Analysis on an hourly base using: 

• Energy demand of the building envelope, 

• Ambient temperature retrieved from Meteonorm database 

• EER provided by HP manufacturer 

 

 

 



Multi-family building – Energy evaluation – Preliminary results 

13.5% - 25.4% less 
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Multi-family building – Environmental evaluation – Preliminary results 

-0.8% to 16.0% higher 
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Multi-family building – Economic evaluation – Preliminary results 

In southern areas: 480 € - 4,760 € higher 

In mainland and northern areas: 710 € - 12,065 € lower 
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Optimization of the energy behavior of the 

building envelope  

Energy improvement interventions on the buildings’ envelope: 

• Enhancement of the opaque envelope  

– Thermal insulation 

• Enhancement of the glazing envelope  

– Enhance the thermal characteristics of the openings’ frame and glass 

• Minimization of solar thermal gains 

– External shading 

• Free cooling 
 

The optimum level of each intervention has been defined through a 

lifecycle cost analysis taking into consideration Regulation 

244/2012/EC 



Characteristics of the low energy multi-family 

building (NZEB) 

Building Element 
Location 

Nicosia Larnaca Limassol Paphos Saittas 

Thermal transmittance of the vertical 

opaque envelope [W/(m2∙K)] 
0.42 0.42 0.42 0.42 0.33 

Thermal transmittance of pilotis 

[W/(m2∙K)] 
0.37 0.42 0.49 0.49 0.27 

Thermal transmittance of the roof 

[W/(m2∙K)] 
0.34 0.34 0.38 0.38 0.25 

Shading redaction factor  1.0 1.0 1.0 1.0 1.0 

Thermal properties of the window 

elements [Uf / Ug / gw] 

2.0 / 1.6 / 

0.54 

2.0 / 1.6 / 

0.54 

2.0 / 1.6 / 

0.54 

2.0 / 1.6 / 

0.54 

2.0 / 1.6 

/ 0.54 

Natural ventilation – Windows’ opening 

percentage 
100% 100% 100% 100% 100% 

 



Energy demand of the NZEB Multi-family 

reference building 

Multi-family building, energy simulation results – NZEB 
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Design and simulation of the Ground Source 

Heat Pump system 

Location 
Boreholes 

x Length 
Configuration 

Nicosia 6 x 111 m Line: 1 x 6 

Larnaca 6 x 106.5 m Line: 1 x 6 

Limassol 6 x 112.5 m Line: 1 x 6 

Paphos 5 x 116 m Line: 1 x 5 

Saittas 7 x 63 m Line: 1 x 7 

Multi-family building, design and simulation results – NZEB 

Reduction: 25% - 43% 

Reduction: 32% - 50% 



Energy, Environmental and Economic 

Analysis – Multi-family building 

Analysis of the NZEB building 

Conventional system: 

• Oil-fired boiler and air-to-air-heat pump and 

• LPG-fired boiler and air-to-air-heat pump and 

– Boiler efficiency: 0.92 

• Heat pump:  

– Air-to-air split type 

– Analysis on an hourly basis using: 

• Energy demand of the building envelope, 

• Ambient temperature retrieved from Meteonorm database 

• EER provided by HP manufacturer 

 

 

 



NZEB Multi-family building – Energy evaluation  

6% - 32% less 

 

 

 

Energy, Environmental and Economic 

Analysis – Multi-family building 
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NZEB Multi-family building – Environmental evaluation 

11.5% - 15.3% higher 

 

 

 

Energy, Environmental and Economic 

Analysis – Multi-family building 
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NZEB Multi-family building – Economic evaluation 

In Saittas: 7,800 € - 9,500 € lower 

In other areas: 3,800 € - ~0 € higher 

 

 

 

Energy, Environmental and Economic 

Analysis – Multi-family building 
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Office Building – Typical floor 

 

 

4 levels 

1,350.2 m2 

Architectural plan of the office reference 

building 



Office Building 

Geometrical model of office reference 

building 



Current practice: In compliance with current Regulations of Energy 

Efficiency 

 

 

 

 

 

 

 

The energy demand of the single-family reference building was 

calculated on an hourly basis with the aid of EnergyPlus software in 5 

representative locations of Cyprus    

Building Element  
Thermal Transmittance U [W/(m2·K)] 

Case Study ΚΔΠ 432/2013 

Masonry 0,58 0,72 

Reinforce Concrete 0,69 0,72 

Roof  0,61 0,63 

Pilotis 0,59 0,63 

Openings (Uf/Ug): (2,8/2,8) Uw: 3,23 

Thermal characteristics of office reference 

building 



Office building, energy simulation results – Current practice 
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GSHP Design: EED 3.16 

Energy consumption of the GHP: In-house software  

Energy consumption of the circulation pump: Methodology 

proposed by Sfeir et al, 2005 

 

Design and simulation of the Ground Source 

Heat Pump system 



Location 
Boreholes x 

Length 
Configuration 

Nicosia 12 x 120 m Line: 1 X 12 

Larnaca 12 x 126 m Line: 1 X 12 

Limassol 12 x 123 m Line: 1 X 12 

Paphos 10 x 118 m Line: 1 X 10 

Saittas 9 x 125 m Line: 1 x 9 

Office building, design and simulation results – Current practice  
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Analysis of the current building practice 

Conventional system: 

• Oil-fired boiler and air-to-air-heat pump and 

• LPG-fired boiler and air-to-air-heat pump and 

– Boiler efficiency: 0.92 

• Heat pump:  

– Air-cooled chiller  

– Analysis on an hourly base using: 

• Energy demand of the building envelope, 

• Ambient temperature retrieved from Meteonorm database 

• EER provided by HP manufacturer 

Energy, Environmental and Economic 

Analysis – Office building 



Office building – Energy evaluation 

20.8% - 31.4% less 

 

 

 

0

10

20

30

40

50

60

Nicosia Larnaca Limassol Paphos Saittas

A
n

n
u

a
l 

P
ri

m
a
ry

 E
n

e
rg

y
 C

o
n

s
u

m
p

ti
o

n
 

[k
W

h
/(

m
2
·a

)]

Location

GSHP Conventional

Energy, Environmental and Economic 

Analysis – Office building 



Office building – Environmental evaluation – Preliminary results 

14.0% - 29.3% higher 
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Office building – Economic evaluation – Preliminary results 

In mainland and southern areas: 16,235 € - 23,230 € higher 

In northern areas: 3,580 € - 5,725 € lower 
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Optimization of the energy behavior of the 

building envelope  

Energy improvement interventions on the buildings’ envelope: 

• Enhancement of the opaque envelope  

– Thermal insulation 

• Enhancement of the glazing envelope  

– Enhance the thermal characteristics of the openings’ frame and glass 

• Minimization of solar thermal gains 

– External shading 

• Free cooling 
 

The optimum level of each intervention has been defined through a 

lifecycle cost analysis taking into consideration Regulation 

244/2012/EC 



Characteristics of the low energy Office 

building (NZEB) 

Building Element 
Location 

Nicosia Larnaca Limassol Paphos Saittas 

Thermal transmittance of the vertical 

opaque envelope [W/(m2∙K)] 
0.49 0.49 0.49 0.49 0.42 

Thermal transmittance of pilotis 

[W/(m2∙K)] 
0.37 0.42 0.49 0.49 0.27 

Thermal transmittance of the roof 

[W/(m2∙K)] 
0.50 0.50 0.50 0.50 0.38 

Shading redaction factor  0.58 0.58 0.58 0.58 0.58 

Thermal properties of the window 

elements [Uf / Ug / gw] 

2.0 / 1.4 / 

0.2 

2.0 / 1.4 / 

0.2 

2.0 / 1.4 / 

0.2 

2.0 / 1.4 / 

0.2 

2.0 / 1.4 

/ 0.2 

Natural ventilation – Windows’ opening 

percentage 
100% 100% 100% 100% 100% 

 



Energy demand of the NZEB Office reference 

building 

Office building, energy simulation results – NZEB 

0

5

10

15

20

25

30

35

Nicosia Larnaca Limassol Paphos Saittas

A
n

n
u

a
l 

E
n

e
rg

y
 D

e
m

a
n

d
 [

k
W

h
/(

m
2
·a

)]

Location

Heating

Cooling

Heating: -6% to +21% 
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Design and simulation of the Ground Source 

Heat Pump system 

Location 
Boreholes 

x Length 
Configuration 

Nicosia 12 x 103 m Line: 1 x 12 

Larnaca 9 x 116 m Line: 1 x 9 

Limassol 10 x 117 m Line: 1 x 10 

Paphos 10 x 114 m Line: 1 x 10 

Saittas 12 x 92 m Rec: 3 x 4 

Office building, design and simulation results – NZEB 

Reduction: 2% - 31% 

Reduction: 39% - 55% 
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Energy, Environmental and Economic 

Analysis – Office building 

Analysis of the NZEB building 

Conventional system: 

• Oil-fired boiler and air-to-air-heat pump and 

• LPG-fired boiler and air-to-air-heat pump and 

– Boiler efficiency: 0.92 

• Heat pump:  

– Air cooled chiller 

– Analysis on an hourly base using: 

• Energy demand of the building envelope, 

• Ambient temperature retrieved from Meteonorm database 

• EER provided by HP manufacturer 

 

 

 



NZEB Office building – Energy evaluation  

32% - 50.5% less 
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NZEB Office building – Environmental evaluation 

20% - 40% higher 
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NZEB Office building – Economic evaluation 

In Saittas: 4,000 € - 1,900 € lower 

In other areas: 15,000 € - 9,000 € higher 
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Hybrid System: GSHP + Chiller  

Office Building – Current practice – GHEx Design 

 

 

 Location 
Boreholes x 

Length 
Configuration 

Nicosia 12 x 120 m Line: 1 X 12 

Larnaca 12 x 126 m Line: 1 X 12 

Limassol 12 x 123 m Line: 1 X 12 

Paphos 10 x 118 m Line: 1 X 10 

Saittas 9 x 125 m Line: 1 x 9 

Location 
Boreholes x 

Length 
Configuration 

Nicosia 7 x 70 m Rec.:  2 x 3 

Larnaca 6 x 78.5 m Rec.:  2 x 3 

Limassol 6 x 76 m Rec.:  2 x 3 

Paphos 6 x 77 m L.:  3 x 5 

Saittas - - 

Hybrid 



Hybrid System: GSHP + Chiller 

Office Building – Current practice – Energy Evaluation 
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Hybrid System: GSHP + Chiller 

Office Building – Current practice – Economic Evaluation 
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Hybrid System: GSHP + Chiller  

Office Building – NZEB – GHEx Design 

 

 

 Location 
Boreholes x 

Length 
Configuration 

Nicosia 8 x 70 m Line:  1 x 8 

Larnaca 7 x 78 m Line:  1 x 7 

Limassol 7 x 70 m Line:  1 x 7 

Paphos 8 x 73 m Line:  1 x 8 

Saittas - - 

Hybrid 

Location 
Boreholes 

x Length 
Configuration 

Nicosia 12 x 103 m Line: 1 x 12 

Larnaca 9 x 116 m Line: 1 x 9 

Limassol 10 x 117 m Line: 1 x 10 

Paphos 10 x 114 m Line: 1 x 10 

Saittas 12 x 92 m Rec: 3 x 4 



Hybrid System: GSHP + Chiller 

Office Building – NZEB – Energy Evaluation 
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Hybrid System: GSHP + Chiller 

Office Building – NZEB – Energy Evaluation 
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Thank you very much for your 

attention!! 

 

Discussion …. 


