PPPPPPPPPPPPPPPP

Ground Source Heat Pump systems for
nearly zero energy buildings: Energy,
environmental and economic
assessment for Cyprus

Project No: DIDAKTOR/0311/37

Coordinator: Ass. Prof. Theodoros Zachariadis

Young Researcher: Dr. Apostolos Michopoulos

Research Group on Energy & Environmental Economics & Policy (3EP)

Department of Environmental Science and Technology
Cyprus University of Technology

Nicosia, May 25, 2015

3 E ENERGY | ENVIRONMENTAL
POLICY | ECONOMICS




Project Overview

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 (CO, emissions)

« Economic (NPV index in lifetime)

s s !\‘ V4 ‘/‘
:‘f \.%o A WY
7 ANy
STRUCTURAL FUNDS o
our ideas, actions for development

RRRRRRRRRRRRRRRR




Selection of the typical reference buildings for
Cypriot building stock

Within this frame the following actions have taken place:

— Building typology

— Building area and units ==

STRUCTURAL FUNDS
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Detailed analysis on the Statistical Reviews
— Building permits 2003-2012

A B c D E F G H 1 K L M N ) P Q R s
Kirbikac 2012 2011 2010 2009 2008 2007
KATHFOPIA EPFOY ApiBuGe Eppadov  ApiBudc | ApiBpd EpBadov  ApiBudc | ApiBude EpBabov ApiBpdg | ApiBuGe EpBadov  ApiBuce | ApiBuGe EpBabov  ApiBpdc | ApiBpdg EpBabov
. 1996 W) oot (w7 oIKioT. () owioT. () oIKIOT. () omioT. (%)
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3 11 |OioTiKd KTipia 4439 1471411 5879 5296 1635372  B,839 | 6426 2448379 14312 | 6482 2723777 16688 | 6,879 3487401 20,082 | 7,536 3,218,239
7 111 | Movokorokieg 3593 727863 2,761 4220 9429% 3731 503 1252538 5511 4988 1298410 6233 | 5110 1357,098 6263 | 5725 1474442
8 112 | Kripio yz Bilo f TepisobTEpEC KaTOIKiZG 841 442314 3118 1070 688555 5,108 1386 1,188,575 8801 1491 1419835 10,455 [ 1765 1829731 13819 | 1808 1,740,074
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14 12 |Mn oIKIoTIKG KTipIa 1222 325057 1199 612726 1221 447,599 1532 403,787 1,088 494,331 102 385,980
15 121 |Zevoboxein ka TTapouOIT KTipia 122 25612 173 29,037 152 10,410 143 7,774 138 56663 182 18192
16 Sevoboyeia 7 19118 17 18132 15 5104 7 2,298 7 1633 9 5388
17 ToupicTikés SlauzpioaTa Kol Ywpia 16 3,085 2 4,437 23 1947 16 1,448 22 4g442 27 7,487
18 ECTIOTopi0, KOPETEPIES Kal HTTUpOpiEC 98 2,841 125 6,188 14 3,359 119 3,567 108 4607 123 3,793
13 AAAa KTipio BiaKOTTEY 1 50 2 280 0 0 1 463 1 981 3 1,524
20 122 |Kripia ypogeiwy % 89715 125 184534 137 172,140 106 103545 13 129,078 90 75899
2 123 | Kripio yovBpikod ke Movikol zuTropiou 98 21748 125 133126 109 35560 131 58847 M2 51,137 M4 75709
2 124 | Kripio yeTagopdv Kai EmmKomwviv 2 5872 10 2873 3 13887 2 2727 0 0 0 0
23 125 | Biopnxovik kTipia Kol aTToBfKE 207 119,703 219 188681 237 143434 281 166337 254 211877 284 163816
24 126 | Kripia yia Spé i 8euera kai yio
25 wuxavwyIkolg, ekTraiBeuTkolg i
26 uyEoVOUIKelC TKOTTOlC 127 32181 184 31,390 134 44526 116 26089 91 23422 92 39307
7 127 |AMAa pn oKIoTIKE Kripia 570 30248 383 18727 49 22872 753 33468 380 22204 380 13,257
28 2 |Epya moAmikot pnxavikot 1,000 3,388 336 4,939 408 21927 319 8,895 283 7327 250 8,587
29 3 |Awipeon owomEBuy kai Spopol 453 590 841 543 585 633
30 4 i Bpouwv 58 86 80 74 1
31
32 EYNOAO 7472 1499866 5879 7506 2,253,037 8839 | 8777 2917905 14312 | 8950 3136459 16688 | 5,896 3,689,109 20,082 | 9,521 3,612,806
B WeyaAa tpya 931 698283 2,467 618 1232722 4,087 945 1625332 8,180 1023 1767808 9744 1206 2183574 12,515 1,150 1,973,103
34 Wikpd £pya 6241 801603 3412 | 6888 1020315 4752 7831 1289573 6152 7927 1368851 6944 7690 1505535 7,567 8371 1538,703
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Selection of the typical reference buildings for
Cypriot building stock

* 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
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Architectural plan of the single-family
reference building

Single-family house — Ground floor
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Architectural plan of the single-family
reference building

Single-family house — Upper floor
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Geometrical model of the single-family
reference building

Single-family house
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Thermal characteristics of the single-family

reference building

Current practice: In compliance with current Regulations of Energy

Efficiency

Building Element

Thermal Transmittance U [W/(m?-K)]

Case Study KAl 432/2013
Masonry 0,58 0,72
Reinforce Concrete 0,69 0,72
Roof 0,61 0,63
Openings (UdUy): (2,8/2,8) U, 3,23

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
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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

SHP 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

Earth Energy Designer  LIMASSOL CY DIDACTOR OF.DAT  License for ENERGY DIVISION, AUTH.GR

MATLAB R20133

en da 2 a a =]
Fle Edtmode Fork

[ED Version 3.16 - wow.buildingphysics.com - License for ENERGY DIVISIO A

v
G2 # (51 50| b b \ClentES » MyDocments » Projects » 2013-DidectorCY b Buldngs b MFHouse » GrEx Smusbon » 1-Code
Input £ile:GiiNy Documents\Project=\2013 - Didactor—CT\Buildings)OF B -
This oucput file:LIMASSOL CT DIDACTOR OF.O0T Date: 10/19/3014 Time: Sorrest Falder = —d
% —a— Fluid temperature [Mame - ]| 10 new to samLam vistch s vicieo, see Examples, or read Geting Started, x| |[Neme ™
ERGRT WOTES R FRCIECT F - koo Do > Sa11_Thermal_Fius Con_tine_Seus_sacit
B AL i et Give the number of borenole/s: 7
[ | Lobarmal. Lo Ot .S Give the lengeh of the borehole in meters: 81.7
- _ Give the distance of the Top of borenole under the ground surface in meters: 1
Munree of boreholes = g Give the borehole in meters: 0.075
Borenale depra ot m Give the oucside radius of the Tube in meters: 0.016
H Gave the an each borenole: 2
H Give the thermal conductivity of the grout in W/mK: 2.4
PESIGN BATA H Give the density of the grout in kg/a3: 1800
Give The specific heat capacity of The grout in J/kgK: 1223
Give the thermal conductivity of the tube in W/aK: 0.42
GROIND Give the initial 301l Temperature in degC: 19
Give the thermal conductivity of the soil in W/aK:
Ground TheTmAl COMUCTIVIEY 1,750 W (oK) Give the density of the soil in kg/md: 1300
Ground heat capacity :100 13/ (w*+K) Give the specific heat capacity of the soil in J/koK: 1106
Ground surfece temperature 19.50 ¢ fi Give the number of desirable simslation yeas: 2
Geothermal heat flux 0.0000 W/mt
BOREHOLE
Cont igucst Lo 110M12 5 1k 12 line”) =
Borencle depen 12391 W
Borenole apacing 6.00 m {
Borehale installation Double-1f
Borehole dismeter 150.00 me
U-pipe diameter 32.000 me
U-pipe thickness 2.500 wm
U-pipe thermal conductivity 0.420 W () g
U-pipe shanic spacing 75.000 mo 9,018
Filling thermal condustivity 2.400 W {m-¥) 010a8X
Contact resistance pipe/filling 0.0000 fm-F) /¥ - 2
THEENAL RESISTANCES
Borenole chermal resizances are caleulated.
Mumber of muleipoles

Internal hear transfer betwsen upvard and dounward channel(s)

ie cons Select 3 flle to view detals
HEAT CARRIER FLUID

Thernal conguctivity 0.6000 W/ (-R)

Speciric hear capacicy 4182,000 3/ (Fa-K) i -

pensicy 598,300 Kg/m® —

Viseosir; 0.001003 Kgf (m-= 12 34 5 8 7 B 31011121314 151 1718 13 ;

¥ Eaf (m-=) & o 11,28 AM
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Design and simulation of the Ground Source
Heat Pump system

Single-family building, design and simulation results — Current practice
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the GSHP System [kWh,_/(m?-a)]
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Annual Electricity Consumption of

Location Boreholes Configuration 10
x Length

5
Nicosia 4x65m L:2X2
Larnaca 4x67m L:2 X2 0 = = = =

Nicosia Larnaca  Limassol Paphos Saittas

Limassol 4x64m L:2X?2 Location
Paphos 4x52m L:2X2
Saittas 3x55m Line:1x 3
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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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Energy, Environmental and Economic
Analysis — Single-family building

Single-family building — Energy evaluation
0% - 23.4% less
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Energy, Environmental and Economic
Analysis — Single-family building

Single-family building — Environmental evaluation

19.15% - 28.95% higher

BGSHP OHO+A/A BELPG+A/A

Carbon Dioxide Emissions

Nicosia

lLarnaca Limassol Paphos Saittas
, Location
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Energy, Environmental and Economic
Analysis — Single-family building

Single-family building — Economic evaluation
In mainland and southern areas: 3,000 € - 1,090 € higher
In northern areas: 3,050 € - 1,785 € lower

Location Nicosia Larnaca  Limassol Paphos Saittas

EGSHP OHO+A/A BLPG+A/A
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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
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Enhancement of the opagque envelope —
Thermal Insulation

Building Element
Reinforce Concrete Masonry Roof Floor above Ground Pilotis
Scenario
Thermal transmittance of the building elements (U — [W/(m?-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
SBEG6 0.30 - 0.27 0.30 0.27
SBE7 0.28 - 0.25 0.28 0.25
SBES 0.25 - 0.23 0.25 0.23
SBE9 - - 0.22 0.23
SBE10 - - - 0.22
SBE11 - - - 0.20
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Enhancement of the glazing envelope

Thermal transmittance of the Thermal transmittance of the Solar factor
Scenario window frame (U; — [W/(m?-K)]) | window glass (Ug — [W/(m?-K)]) (Ow)
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
SW5H 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
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External Shading: Horizontal overhang

Shading reduction factor

Scenario

Baseline 1.00
SS01 0.87
SS02 0.73
SSO3 0.58
SS04 0.44

= =
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Free Cooling

Opening percentage

Scenario

Baseline
SFC1 25%
SFC2 50%
SFC3 75%
SFC4 100%

= =
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Characteristics of the low energy single-
family building (NZEB)

Location
Building Element
Nicosia | Larnaca | Limassol Paphos Saittas
Thermal transmittance of the opaque
) 0.42 0.42 0.42 0.42 0.36
envelope [W/(m*-K)]
Thermal transmittance of the ground 0.34 0.38 0.38 0.38 0.25
floor [W/(m?-K)] ' ' ' ' '
Thermal transmittance of the roof 0.30 0.34 0.34 0.34 0.95
WI(m2K)] : : : : :
Shading redaction factor 1.0 1.0 1.0 1.0 1.0
Thermal properties of the window |2.0/16/|20/16/| 20/16/ [(2.0/16/| 2.0/1.6
elements [Us/ U, / gu] 0.54 0.54 0.54 0.54 / 0.54
Natural tilation — Windows’ '
atural ventilation indows’ opening 100% 100% 100% 100% 100%
percentage
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Energy demand of the NZEB single-family
reference building

Single-family building, energy simulation results — NZEB
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Design and simulation of the Ground Source
Heat Pump system

Single-family building, design and simulation results — NZEB
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Reduction: 29% - 33.5% = q
0@ 6 | .
_ Boreholes _ _ 2 B Reduction: 38% - 45.5%
Location Configuration BT 4 |
x Length R
2o 2
Nicosia 2x92m Line: 1 x 2 2%, : : : :
Larnaca 2%895m Line: 1 x 2 Nicosia Larnaca  Limassol ~ Paphos Saittas
: ' Location
Limassol 2x90.5m Line:1x2
Paphos 2X72.5m Line:1x2
Saittas 2x58.5m Line: 1x2
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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
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Energy, Environmental and Economic
Analysis — Single-family building

NZEB Single-family building — Energy evaluation
6.5% - 31.5% less

60

EGSHP mConventional System

50 N N R

Annual Primary Energy Consumption

204 [ [ FEEEEE Reduction
GSHP: 37.5% - 45.5%

NE @ B B e Conv.: 26.5% - 39%

Nicosia Larnaca Limassol Paphos Saittas

Location
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Energy, Environmental and Economic
Analysis — Single-family building

NZEB Single-family building — Environmental evaluation

N
ul

CO, Emissions [kg/m?/a]
= N
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14.5% - 26.0% higher

BEGSHP m®mDI+A/C BLPG+A/C

"""""""""""""""""""""""""" Reduction
GSHP: 37.5% - 45.5%
Conv.: 35.3% -43.2%

Nicosia Larnaca Limassol Paphos Saittas
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Energy, Environmental and Economic
Analysis — Single-family building

NZEB Single-family building — Economic evaluation
In Larnaca & Limassol: 2,150 € - 850 € higher
In other areas: 1,500 € - 300 € lower

Nicosia Larnaca Limassol Paphos Saittas

Location
0 -

-4,000 1

-8,000 1

-12,000 -

-16,000 -

Net Present Value (NPV) [€]

-20,000 1

[ Reduction: 20% - 24% ]
BGSHP mDI+A/C BLPG+A/C

-24,000 !

= =

RRRRRRRRRRRRRRRR



Architectural plan of the multi-family

reference building

Multi-family house — Typical floor (4 levels — 867.8 m?)
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Geometrical model of the multi-family
reference building

Multi-family house
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Thermal characteristics of the multi-family
reference building

Current practice: In compliance with current Regulations of Energy

Efficiency

Thermal Transmittance U [W/(m?-K)]
Building Element

Case Study KAl 432/2013
Masonry 0,58 0,72
Reinforce Concrete 0,65 0,72
Roof 0,61 0,63
Pilotis 0,59 0,63
Openings (UdUy): (2,8/2,8) U, 3,23

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
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Energy demand 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

SHP 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

Earth Energy Designer  LIMASSOL CY DIDACTOR OF.DAT  License for ENERGY DIVISION, AUTH.GR

MATLAB R20133

en da 2 a a =]
Fle Edtmode Fork

[ED Version 3.16 - wow.buildingphysics.com - License for ENERGY DIVISIO A

v
G2 # (51 50| b b \ClentES » MyDocments » Projects » 2013-DidectorCY b Buldngs b MFHouse » GrEx Smusbon » 1-Code
Input £ile:GiiNy Documents\Project=\2013 - Didactor—CT\Buildings)OF B -
This oucput file:LIMASSOL CT DIDACTOR OF.O0T Date: 10/19/3014 Time: Sorrest Falder = —d
% —a— Fluid temperature [Mame - ]| 10 new to samLam vistch s vicieo, see Examples, or read Geting Started, x| |[Neme ™
ERGRT WOTES R FRCIECT F - koo Do > Sa11_Thermal_Fius Con_tine_Seus_sacit
B AL i et Give the number of borenole/s: 7
[ | Lobarmal. Lo Ot .S Give the lengeh of the borehole in meters: 81.7
- _ Give the distance of the Top of borenole under the ground surface in meters: 1
Munree of boreholes = g Give the borehole in meters: 0.075
Borenale depra ot m Give the oucside radius of the Tube in meters: 0.016
H Gave the an each borenole: 2
H Give the thermal conductivity of the grout in W/mK: 2.4
PESIGN BATA H Give the density of the grout in kg/a3: 1800
Give The specific heat capacity of The grout in J/kgK: 1223
Give the thermal conductivity of the tube in W/aK: 0.42
GROIND Give the initial 301l Temperature in degC: 19
Give the thermal conductivity of the soil in W/aK:
Ground TheTmAl COMUCTIVIEY 1,750 W (oK) Give the density of the soil in kg/md: 1300
Ground heat capacity :100 13/ (w*+K) Give the specific heat capacity of the soil in J/koK: 1106
Ground surfece temperature 19.50 ¢ fi Give the number of desirable simslation yeas: 2
Geothermal heat flux 0.0000 W/mt
BOREHOLE
Cont igucst Lo 110M12 5 1k 12 line”) =
Borencle depen 12391 W
Borenole apacing 6.00 m {
Borehale installation Double-1f
Borehole dismeter 150.00 me
U-pipe diameter 32.000 me
U-pipe thickness 2.500 wm
U-pipe thermal conductivity 0.420 W () g
U-pipe shanic spacing 75.000 mo 9,018
Filling thermal condustivity 2.400 W {m-¥) 010a8X
Contact resistance pipe/filling 0.0000 fm-F) /¥ - 2
THEENAL RESISTANCES
Borenole chermal resizances are caleulated.
Mumber of muleipoles

Internal hear transfer betwsen upvard and dounward channel(s)

ie cons Select 3 flle to view detals
HEAT CARRIER FLUID

Thernal conguctivity 0.6000 W/ (-R)

Speciric hear capacicy 4182,000 3/ (Fa-K) i -

pensicy 598,300 Kg/m® —

Viseosir; 0.001003 Kgf (m-= 12 34 5 8 7 B 31011121314 151 1718 13 ;

¥ Eaf (m-=) & o 11,28 AM
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Design and simulation of the Ground Source
Heat Pump system

Multi-family building, design and simulation results — Current practice

20

[EEY
o

AN
N

(o)

the GSHP System [kWh/mZ2-a)]

Annual Electricity Consumption of

Location Boreholes x Configuration
Length 4
Nicosia 9x118 m Line: 1 X9
0 T T T T
Larnaca 10 x 112.5 m Line: 1 X 10 Nicosia Larnaca Limassol Paphos Saittas
Location

Limassol 9x120m Line: 1 X9

Paphos 8x112m Line:1X 8

Saittas 5x118 m Line: 1 x5
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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
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Energy, Environmental and Economic
Analysis — Multi-family building

Multi-family building — Energy evaluation — Preliminary results
13.5% - 25.4% less
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Energy, Environmental and Economic
Analysis — Multi-family building

Multi-family building — Environmental evaluation — Preliminary results
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Carbon Dioxide Emissions [kg/(m2-a)]
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-0.8% to 16.0% higher
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Energy, Environmental and Economic
Analysis — Multi-family building

Multi-family building — Economic evaluation — Preliminary results
In southern areas: 480 € - 4,760 € higher
In mainland and northern areas: 710 € - 12,065 € lower

Location Nicosia Larnaca Limassol Paphos Saittas
0 -

-10,000 -
-20,000 +
-30,000 -
-40,000 -
-50,000 -

-60,000 -

Net Present Value (NPV) [€]

-70,000 -
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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
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Characteristics of the low energy multi-family
building (NZEB)

Location
Building Element
Nicosia | Larnaca | Limassol Paphos Saittas
Thermal transmittance of the vertical
) 0.42 0.42 0.42 0.42 0.33
opaque envelope [W/(m~K)]
Thermal transmittance of pilotis 0.37 0.42 0.49 0.49 0.97
W/(MK)] : : : : :
Thermal transmittance of the roof 0.34 0.34 0.38 0.38 0.95
WI(M2K)] : : : : :
Shading redaction factor 1.0 1.0 1.0 1.0 1.0
Thermal properties of the window |2.0/1.6/|20/16/| 20/16/ [20/16/| 20/1.6
elements [U;/ Uy / gu] 0.54 0.54 0.54 0.54 / 0.54
Natural ventilation — Windows’ opening
100% 100% 100% 100% 100%
percentage
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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

Multi-family building, design and simulation results — NZEB

[ Reduction: 25% - 43% ]

Location onliizzltis Configuration
Nicosia 6x111 m Line:1x6
Larnaca 6 X 106.5 m Line:1x6
Limassol 6x112.5m Line:1x6
Paphos 5x116 m Line:1x5
Saittas 7X63m Line: 1x7
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Annual Electricity Consumption of
the GSHP System [kWh/m?2-a)]
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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
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Energy, Environmental and Economic
Analysis — Multi-family building

NZEB Multi-family building — Energy evaluation

6% - 32% less

Annual Primary Energy Consumption [kWh/m?/a]
N
o
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GSHP: 32% - 49.5%
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Energy, Environmental and Economic
Analysis — Multi-family building

NZEB Multi-family building — Environmental evaluation
11.5% - 15.3% higher
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Energy, Environmental and Economic
Analysis — Multi-family building

NZEB Multi-family building — Economic evaluation

In Saittas: 7,800 € - 9,500 € lower
In other areas: 3,800 € - ~0 € higher

Location

Nicosia Larnaca Limassol Paphos Saittas
0 -

-10,000 1"l | T ==
W
E -20,000 1l | ==
£
S
< -30,000 4R | . )
g Reduction: 27% - 35.8% ]
5
@ -40,000 1+ | T ==
o
o
pd

-50,000 1Nl |

BEGSHP mDI+A/C BLPG+A/C
-60,000

= =

RRRRRRRRRRRRRRRR EUROPEAN UNION



Architectural plan of the office reference
building

Office Building — Typical floor
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Geometrical model of office reference
building

Office Building
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Thermal characteristics of office reference

building

Current practice: In compliance with current Regulations of Energy

Efficiency

Building Element

Thermal Transmittance U [W/(m?-K)]

Case Study KAl 432/2013
Masonry 0,58 0,72
Reinforce Concrete 0,69 0,72
Roof 0,61 0,63
Pilotis 0,59 0,63
Openings (UdUy): (2,8/2,8) U, 3,23

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
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Energy demand of the office reference
building

Office building, energy simulation results — Current practice
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Design and simulation of the Ground Source
Heat Pump system

SHP 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

Earth Energy Designer  LIMASSOL CY DIDACTOR OF.DAT  License for ENERGY DIVISION, AUTH.GR

MATLAB R20133

en da 2 a a =]
Fle Edtmode Fork

[ED Version 3.16 - wow.buildingphysics.com - License for ENERGY DIVISIO A

v
G2 # (51 50| b b \ClentES » MyDocments » Projects » 2013-DidectorCY b Buldngs b MFHouse » GrEx Smusbon » 1-Code
Input £ile:GiiNy Documents\Project=\2013 - Didactor—CT\Buildings)OF B -
This oucput file:LIMASSOL CT DIDACTOR OF.O0T Date: 10/19/3014 Time: Sorrest Falder = —d
% —a— Fluid temperature [Mame - ]| 10 new to samLam vistch s vicieo, see Examples, or read Geting Started, x| |[Neme ™
ERGRT WOTES R FRCIECT F - koo Do > Sa11_Thermal_Fius Con_tine_Seus_sacit
B AL i et Give the number of borenole/s: 7
[ | Lobarmal. Lo Ot .S Give the lengeh of the borehole in meters: 81.7
- _ Give the distance of the Top of borenole under the ground surface in meters: 1
Munree of boreholes = g Give the borehole in meters: 0.075
Borenale depra ot m Give the oucside radius of the Tube in meters: 0.016
H Gave the an each borenole: 2
H Give the thermal conductivity of the grout in W/mK: 2.4
PESIGN BATA H Give the density of the grout in kg/a3: 1800
Give The specific heat capacity of The grout in J/kgK: 1223
Give the thermal conductivity of the tube in W/aK: 0.42
GROIND Give the initial 301l Temperature in degC: 19
Give the thermal conductivity of the soil in W/aK:
Ground TheTmAl COMUCTIVIEY 1,750 W (oK) Give the density of the soil in kg/md: 1300
Ground heat capacity :100 13/ (w*+K) Give the specific heat capacity of the soil in J/koK: 1106
Ground surfece temperature 19.50 ¢ fi Give the number of desirable simslation yeas: 2
Geothermal heat flux 0.0000 W/mt
BOREHOLE
Cont igucst Lo 110M12 5 1k 12 line”) =
Borencle depen 12391 W
Borenole apacing 6.00 m {
Borehale installation Double-1f
Borehole dismeter 150.00 me
U-pipe diameter 32.000 me
U-pipe thickness 2.500 wm
U-pipe thermal conductivity 0.420 W () g
U-pipe shanic spacing 75.000 mo 9,018
Filling thermal condustivity 2.400 W {m-¥) 010a8X
Contact resistance pipe/filling 0.0000 fm-F) /¥ - 2
THEENAL RESISTANCES
Borenole chermal resizances are caleulated.
Mumber of muleipoles

Internal hear transfer betwsen upvard and dounward channel(s)

ie cons Select 3 flle to view detals
HEAT CARRIER FLUID

Thernal conguctivity 0.6000 W/ (-R)

Speciric hear capacicy 4182,000 3/ (Fa-K) i -

pensicy 598,300 Kg/m® —

Viseosir; 0.001003 Kgf (m-= 12 34 5 8 7 B 31011121314 151 1718 13 ;

¥ Eaf (m-=) & o 11,28 AM
< >
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Design and simulation of the Ground Source

Heat Pump system

Office building, design and simulation results — Current practice
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. Boreholes x . )
Location Length Configuration 3
Nicosia 12x120m Line: 1 X 12 0
Nicosia Larnaca Limassol Paphos Saittas

Larnaca 12 x 126 m Line: 1 X 12 Location

Limassol 12x123 m Line: 1 X 12

Paphos 10x 118 m Line: 1 X 10

Saittas 9x125m Line:1x9




Energy, Environmental and Economic
Analysis — Office 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-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
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Energy, Environmental and Economic
Analysis — Office building

Office building — Energy evaluation
20.8% - 31.4% less
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Energy, Environmental and Economic
Analysis — Office building

Office building — Environmental evaluation — Preliminary results
14.0% - 29.3% higher
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Energy, Environmental and Economic
Analysis — Office building

Office building — Economic evaluation — Preliminary results
In mainland and southern areas: 16,235 € - 23,230 € higher
In northern areas: 3,580 € - 5,725 € lower

Nicosia Larnaca Limassol Paphos Saittas

Location

0 -
-10,000 -
-20,000 -
-30,000 A
-40,000 -
-50,000 -
-60,000 -
-70,000 A
-80,000 -
-90,000 -

et Present Value NPV [€]

H
o
o
o
o
o

<.110,000 -
-120,000 -

-130,000 4 EGSHP @EDI+A/C BLPG+A/IC |
-140\,000

REPUBLIC OF CYPRUS EUROPEAN UNION



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
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Characteristics of the low energy Office
building (NZEB)

Location
Building Element
Nicosia | Larnaca | Limassol Paphos Saittas
Thermal transmittance of the vertical
) 0.49 0.49 0.49 0.49 0.42
opaque envelope [W/(m*-K)]
Thermal transmittance of pilotis 0.37 0.42 0.49 0.49 0.27
WI(MZK)] : : : : :
Thermal transmittance of the roof 0.50 0.50 0.50 0.50 0.38
W/(mZK)] : : : : :
Shading redaction factor 0.58 0.58 0.58 0.58 0.58
Thermal properties of the window | 2.0/1.4/|20/14/| 2.0/14/ [20/14/| 2.0/1.4
elements [Us/ U, / 9] 0.2 0.2 0.2 0.2 /0.2
Natural tilation — Windows’ '
atural ventilation indows’ opening 100% 100% 100% 100% 100%
percentage
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Energy demand of the NZEB Office reference
building

Office building, energy simulation results — NZEB
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Design and simulation of the Ground Source
Heat Pump system

Office building, design and simulation results — NZEB

8

[o)]

[ Reduction: 2% - 31% ]

Annual Electricity Consumption of
the GSHP System [kWh/m?2-a)]
N

Location onliizzltis Configuration ?

Nicosia 12 x 103 m Line: 1x 12

Larnaca 9x116m Line:1x9

Limassol 10x 117 m Line: 1 x 10

Paphos 10x 114 m Line: 1 x 10 [ Reduction: 39% - 55% ]
Saittas 12x92m Rec:3x4
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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
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Energy, Environmental and Economic
Analysis — Office building

NZEB Office building — Energy evaluation
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Annual Primary Energy Consumption [kWh/m2/a]

32% - 50.5% less
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Energy, Environmental and Economic
Analysis — Office building

NZEB Office building — Environmental evaluation
20% - 40% higher

10

CO, Emissions [kg/m?/a]

EGSHP @DI+A/C ®BLPG+A/C

Reduction
GSHP: 39% - 55%
Conv.: 37% - 55%
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Energy, Environmental and Economic
Analysis — Office building

NZEB Office building — Economic evaluation
In Saittas: 4,000 € - 1,900 € lower
In other areas: 15,000 € - 9,000 € higher

Nicosia Larnaca Limassol Paphos Saittas

Location
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Hybrid System: GSHP + Chiller

Office Building — Current practice — GHEXx Design

[

Hybrid

Location Bo[i?lgltis X Configuration
Nicosia 12x 120 m Line: 1 X 12
Larnaca 12 x 126 m Line: 1 X 12
Limassol 12x 123 m Line: 1 X 12
Paphos 10x 118 m Line: 1 X 10
Saittas 9x125m Line: 1 x9

Location Boiizgﬁs X Configuration
Nicosia 7x70m Rec.: 2x3
Larnaca 6XxX78.5m Rec.: 2x3
Limassol 6X76m Rec.: 2x3
Paphos 6X77m L.. 3x5
Saittas - -
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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 ioiirr]](g)jltis Configuration
Nicosia 12 x 103 m Line:1x12
Larnaca 9x116m Line:1x9
Limassol 10x 117 m Line: 1 x 10
Paphos 10x 114 m Line: 1 x 10
Saittas 12x92m Rec: 3x4
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Hybrid

Location Boiizgﬁs X Configuration
Nicosia 8x70m Line: 1x8
Larnaca 7X78m Line: 1x7
Limassol 7x70m Line: 1x7
Paphos 8x73m Line: 1x8
Saittas - -
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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 ....




