NZEB Design Strategies for Residential Buildings in Mediterranean Regions

PREFAGCE ...ttt bbbt b bbbt e sttt n bt 10
1 THEORETICAL FOUNDATIONS. ..ottt 13
1.1 Objectives and DACKGrOUNG ...........cocereiieiieieisiese s 13
1.2 Definitions; challenges faced in the Mediterranean climate ..........cc.cccccvveviiverinnee. 14
1.3 Calculation Methods and TOOIS.........c.ccoeieiiiiiiiire s 16
1.4 Designing a HVAC SYSTEM for A Med-NZEB building..........c.ccocoovvininiennne. 19
1.4.1 CoNCEPLUAI DESIGN ....cveiiiiieieieiee et ree eaeees 20
1.4.2 Preliminary DESION .....cvciiiiiiiie ettt sttt st st e 20
1.4.3 Detailed DESIGN......ccuiiieieieieieestt st 21
1.5 Key Issues for a Residential Building Conceptual Design...........ccccoevevvivinerienne. 21
Small Internal Heat Gains. ..........cooiiiiiiieiiiiicese s 22
Varied USE OF SPACES. ....vcveiiiiiiriiie ettt 22
Small NUMDEE OF ZONES. ..ot 22
* Greatly Variable DiStribUtion LOSSES. ........coviveiiiiriiieniiieieicneesiee e 22
PArtial LOAAS. ....vecvveeeeiieeicie ettt st ettt ra et sreenaenne e 22
DenUMIAITICAION ISSUBS. .......everieiieiieieriesie et 22
Detached Single-Family HOUSE. ...........coiiiiiiiiieeee e 23
Multi-storey Single-Family HOUSE...........cccocoriiiiiniiceee e 23
MUIL-FAMITY HOUSES. ..ovveiecee ettt 23
1.6 Key Issues in Estimating Heating and Cooling Loads for Residential

BUITAINGS ... 23
Sensible Heating and Cooling Load through Fenestration. ...........cc.ccoovineiicine. 24

Sensible Heating and Cooling Load Through Opaque Parts of the
Building’s OULET SKITL .ovviiiiiiiiieeiie ettt stee e sae et sreesreessaesnaesnes 24
Ventilation Heating and Cooling LOAd. ..........ccceoireiriiiiiiieeesceee e 25
Dehumidification Load for Hot, Humid Climates. ..........c.ccocovvreinininincne e 26
Internal Heating and Cooling LOAGS. ..........ccoiuiriiiniiiieiseecesee e 26



NZEB Design Strategies for Residential Buildings in Mediterranean Regions

Cooling Load Time-Dependency, and Space DiVersity..........ccccooeveviveiieieieennennnnn, 26
1.7 Key Issues in Designing Cooling SYStEMS ........cccoviiiiirereeeeesesese s 27
Equipment Selection and OVErSIZING.........ccceieieeieiie et 27
Condensed Water DIAINAGE .......ccoovrvererreriereieeeese et 28
Thermostat SEt POINT...........ccoiiiiiii e 28
HUMIAILY CONEIOL ..o 28
Hybrid Heating and Cooling SYStEMS.........ccceirieeieie et 28
1.8 Key Issue in Designing Ventilation SYStEMS ..........ccccovereiiieiiniisinese e 29
1.9 Key Issue in RES INTEQration .........ccccveieiiieiiiie ettt 29
2 EFFECTS OF CLIMATE ON SYSTEM SELECTION ....cccooiiiiiiiviiieesee e 31
2.1 INTFOAUCTION ...ttt 31
2.1.1 System selection Methodology..........ccccoeiiiiiiiiiieee e 31
2.1.2 SEIECtION CrITEITAL .. ...eviteeeiiieie s 32
2.1.3 Recommendations in a NUEShell ... 32
2.2 EFFICIENCY FALIOS ..ecvvivicie ettt sttt st sre e 34
2.3 Classification of Air Conditioning SYSIEMS ........ccceviririririneese s 35
2.2.1 Combined Systems (Sustainable CooliNg).........ccocoerineieiiiiir e 37
2.4 Importance of Climate in System Selection .........ccccocceveiveie i 37
2.5. Case Studies on Climate and System Selection ...........ccccevvevieevcvieiiiene e 38
2.5.1 CaSE STUAY L ...oeiiiiieieiece ettt st nre e 38
2.5.2 CASE STUAY 2 ..ottt et renre e 40
2.5.3 CASE STUAY 3 ... 41
2.5.4 CaSE STUAY 4 ...ttt nne e 45
2.6 CONCIUSTONS ...ttt bbbttt 46
3. RESIDENTIAL VENTILATION ...ttt 47
B0 A [ 0o [N T SRR 47
3.2 Residential Ventilation Standards ...........c.coceveiiiiiinineeees s 47
3.2.1 COUNEIY STANUAIUS.....c.veiveeeieiesie ettt e aenre s 47
3.3. DESIGN CrITEITA ...ttt 48



NZEB Design Strategies for Residential Buildings in Mediterranean Regions

3.3 L AIMIOW RALES ..ot e 48
3.3.2 Load Calculation MOUEIS.........cceiiiiiieiiiiee e 49
3.4 Residential Ventilation Methods ...........cooviiiiieiiiiie e 53
3.4.1 Natural Ventilation.........ccoovoiiiieiiiese e 53
3.4.2 Mechanical Ventilation .........c.ccoceiiiiiiiicee s 54
SINGIE-FAN SYSIEM ... s 54
DOoUBIE-FaN SYSIEM.......cciiiiieie et 55
3.4.3 Heat-Recovery Ventilation Unit ...........cccooviiiiiiiinineieecesesee s 55
3.4.4 Decentralized SYSIEM........c.cciiiii i s 57
3.4.5 Mechanical Ventilation Control SYStemS...........cccceveierereiiniinesse e 58
Constant-Speed Ventilation SYSEM........c.cccoiviiiiii i 59
Demand-Controlled (DC) Ventilation SYStEMS ........ccccvvivieieiieeie e, 59
Single Space-point Mixing Chamber DC ..o 59
Multiple Space-points DC..........ccci e 60
3.4.6 Eco-design Requirements for Ventilation Units ........c.cccoevveevviniin e 60
4. ACTIVE EVAPORATIVE COOLING EQUIPMENT ....cccccviiiiiieieieescee e 62
O Y 72T o o SO 62
4.2 INTFOAUCTION ...ttt sttt sttt e ens 62
4.3 Direct Evaporative COOIING........ccoviieiiiieie et 63
4.3 Indirect Evaporative CooliNG .......ccoeviiiiiiieceec e 66
4.5 Combined Evaporative COOIING ........cccooviirieiiee st 67
4.6 Dew point evaporative CO0lING SYSIEMS ......ccvieriiiieiirerie e 68
VA1 =TI 1= o o OSSR 70
A.7.1 INSTAITALION. ....eeeiee e et 70
Y UL g1 (=T g o SR 71
4.9 EcOnomiC feasiDIlIty .......ccoveiiee e 71
4.10 Evaporative Pre-COOIBIS........ccoiiiieiieee et 72

5. HIGH PERFORMANCE HVAC SYSTEM SOLUTIONS AND
TECHNOLOGIES ... .o 74



NZEB Design Strategies for Residential Buildings in Mediterranean Regions

5.1 Heat PUMP TeChNOIOGIES.......cccviiiieiieicce ettt 74
5.1.1 ATr-10-ATl SYSIEBMS....ccuiiiieciicie sttt st sre e e renre s 77
5.1.2 AIr-t0-WALEr SYSTEMS ......oiviiiiiiiieieeieeeee s 77
5.1.3 Water-to-Air Heat Pumps for Cooling.........ccccceiveviiiiiciciinccceee e 78
5.1.4 Water-to-Water Systems (Ground Source Heat PUMPS).........c.ccoovrerenervennne 79
5.1.4.1 Water-to-Water Heat Pump Installation...........c.ccccooveveviiiiiiiiiic e 80

5.2 Variable Refrigerant Flow (VRF) SyStems ...........ccccooiviiiinnnsnecccccccne 81
5.2.1 Conventional TWO-Pipe VRF SYSIEMS .......cccciiviiiiiiiieriece et 82
5.2.2 Heat-Recovery VRF outdoor unit technology; Three-Pipe VRF
A1 (=] 1 PSR 82
5.2.3 Inverter Technology and Variable-Speed-Drive Compressors...........c.cccee.... 84
5.2.4 Variable Refrigerant Temperature (VRT) ....ccooveiieiiiiiiciece e 84

5.3 Additional Futures of Heat Pump Technologies ..........ccoovveieiiiniiniiincncieene 86
5.3.1 Continuous Heating OPeration...........cccccveveieieeieiieseeieese e se e e sree e sneas 86
5.3.2 HOt WaLer SOIULIONS.......ccuviiiiiiiiiieieeieee e 86

5.3.2.1 Heat-pump electric water heater .........ccccevvvieeieieeie e 86
5.3.3 PV-powered NEat PUMIPS ......c.crviitiriiiiieieiesicsie st 87
5.3.4 MOVEMENT SENSOIS. .....cuviiiiieiiieteeitee sttt ettt ettt sttt et et sbeeseee s 87
5.3.5 Infrared ground teMPErature SENSOT ..........ccocvierererrerrerieieeeesie st 87

5.4 HVAC System RecOmMmMENdations ..........cceciieeiiieeiie ettt 87

5.5 Heat Pump Selection and Performance Calculations: a Case Study ..................... 88
5.5.1 HEatiNg CAPACITY .......cveuriiiriiiieiieitesi ettt 90
5.5.2 CO0lING CAPACILY ...eveeeeeieeeeiee ettt ettt st 91
5.5.3 OPeration PEIIOU ......c.ceviiiriirierieite et 92
5.5.4 HEAtING ENEIGY COSL......iiuiiiiiiieiieeesieeiie sttt ettt seeereeee e 94

5.6 Hydronic Heating and Cooling SYSTEMS ........ccovviiiiiniieneeeesesse s 95
5.6.1 Radiative heating systems (high-efficiency hot water systems) ...........c..c....... 95
5.6.2 Radiative cooling systems (high-efficiency chilled water systems) ................ 96

5.7 ENErgy RECOVEIY SYSIEIMS ......c.uiiiiieiirieeieite ettt 96

5.8 District Cooling/Heating SYSIEMS ........ccooiiiiiieieieee e e 97

IS I o R 1= 1< 11 o] o S 97



NZEB Design Strategies for Residential Buildings in Mediterranean Regions

6 RENEWABLE ENERGY SOLUTIONS AND INTEGRATION .......ccovviveiieneriene 99
6.1 INEFOTUCTION ...ttt ettt 99
6.2. Solar Thermal ENEIQY ......ccooceiiiiiiiiisie e 99

6.2.1 Components of Solar Thermal Installations.............cccoceveveviiiicniiece e, 100
Thermal SOlar CONBCIOIS........oiiiiee et 100
SOIAN TANKS. ...ttt s 102
Hydraulic CIrCUIT dESINS ......coviviiiieeeeee e 102

6.2.2.Energy Produced by Solar Thermal Installations.............cccccevevievieineienenne. 103
Energy Demand fOr DHW ... 103
EXAMPIE: ot res 104

(08 TT g g =L ol @] To 11 1 To] S PR 105
Solar thermal installation data: ...........cccoveveiirriieiie e 105
CalCUIALIONS: ...t et 105
RESUIES ...ttt nre e 105

6.2.3 OPErating SChEMES .....ccvcii e e 106
Electrical resistance + Solar Thermal ENergy.........ccccooeveieiiivniinienenc e 106
Gas boiler + Solar Thermal ENergy ........ccccoveveiiiiciicieieccc s 107
Heat pump + Solar thermal Nergy ..........ccocviiiiiiiineieicees e 107

6.3.PhotoVOoItaic SOIar ENEIQY ......cc.coveiiiiiiieiiectecie ettt 107

6.3.1 Operation of Photovoltaic Installations..........c..cccceeeveeiiiiicviniceccc e 109

6.3.2 Energy Produced by Photovoltaic Installations .............ccccecviiiieveiiciienneane. 110

6.3.3 Self-Consumption: Energy Consumed vs Produced...........cccocvvvvevvnviierinnne. 110

6.3.4 Photovoltaic Installations Connected to The Grid ........ccccevevirienvieiienne 111

6.2.5. Photovoltaic Installations with Batteries............cccevevieviveveniesieerese e 113

6.3.6 Photovoltaic Installations Connected to Thermal Equipment..............c......... 113

6.3.7 Thermal Photovoltaic SyStemS (PVT) .....coviviiiiiiinieieeeesese e 115

6.3.8 Concentrator PhotovoltaiC (CPV) .......oocviieiiiiiee e 115

6.4.BIOMASS ENEIGY ....ccuiiiiiiiiiiiiieieee sttt 116

6.4.1 Dimensioning of The Biomass Installation.............ccccooceveiviiiiinineicneen 116

6.3.2 PraCtiCal CaSB.......ccueueiiiiriiiiiiie st 117
BOIIEr SEIECTION ... 117



NZEB Design Strategies for Residential Buildings in Mediterranean Regions

Volume of the deposit of INertia ...........cccccveiviviiiei s 117
Biomass Storage VOIUME ..........ooviiiiieiceeee s 117

Required space for the boiler and for the rest of the elements to be
INSEAIIE ... s 118
6.4.3 Operating SCNEMES ..o 118
6.4 CASE STUTIES ...vveviiiiieeie et bbbttt e 119
B.4.1 CaSE STUAY L ..oveveieieieieee ettt 119
6.4.2 CASE STUY 2 ..ot st res 120
6.5 Integrating Renewable ENergy SOUICES.........ccooviiiiiirineieieese e 120
7 COST EFFECTIVENESS, OPTIMALITY, BENEFIT AND CO-BENEFIT ............. 122
7.1 From cost-optimal analysis to new economic evaluation tools..............c.ccccveneee 122
7.2 COSt—hENEFit @NAIYSIS. ... cveveieiecieisere e 122

7.3 Multiple benefits and co-benefits related to energy efficiency measures

in residential BUIldiNg.........cccooiiiiiiii i 126
Reduced GHG EMISSIONS ......cc.viiiieieieieeeisese et 127
Increased real eState VAlUE. ..........cccveieieeiiie e 128
Improved of indoor environmental quality and health conditions...................... 128
IMProved ENErgy SECUITY........cviiiirierierieieie et 129
SUDSIAIES AN INCENTIVES .....ooviiiiiiiiie e 129
MacroeconOMIC DENETILS ........ccviieiiiice e 129
8 GENERAL CONCLUSIONS ..o ittt 131
8.1 CONCIUSIONS ...ttt sttt st ere e be s e e e e ste e e sbeereeneeaneas 131
REFERENGCES .......o oottt sttt ettt e e s be e et e e s bee e nnee e e 133



