LOW CARBON LIVING
CRC

SP0016 Building Code Energy Performance Trajectory
Final Technical Report




Authors Energy Action: Paul Bannister, Sam Moffitt, Hongsen Zhang, Daniel Johnston, Daniel Shen
Sustainable Buildings Research Centre (SBRC), University of Wollongong: Duane Robinson,
Paul Cooper, Zhenjun Ma, Laia Ledo, Lewis Green
CSIRO: Luke Reedman
Strategy. Policy. Research.: Philip Harrington

Title Building Code Energy Performance Trajectory project - Final Technical Report

ISBN N/A

Date 23 October 2018

Keywords Low carbon, regulation, built environment

Publisher Cooperative Research Centre for Low Carbon Living

Preferred citation Bannister, P., Robinson, D., Reedman, L., Harrington, P., Moffitt, S., Zhang, H., Johnston,

D., Shen, D., Cooper, P., Ma, Z., Ledo, L., Green, L. (2018). Building Code Energy
Performance Trajectory — Final Technical Report.

© 2018 Cooperative Research Centre for Low Carbon Living

Australian Government B us i ness

Department of Industry, Cooperative Research
Innovation and Science Centres Programme

Report Template | Page 2 of 372
[Q"\‘ LOW CARBON LIVING
< CRC



Acknowledgements

This research was funded by the CRC for Low Carbon Living Ltd supported by the Cooperative Research Centres program,
an Australian Government initiative.

The authors acknowledge the contribution of the Australian Sustainable Built Environment Council (ASBEC) and
ClimateWorks Australia to this study.

The project also established two Technical Advisory Groups (one for the residential sector and one for non-residential
buildings) comprising relevant experts in building design, construction and operation, energy performance in buildings,
building energy modelling and cost-benefit analysis. The authors gratefully acknowledge the generous and valuable input
they have provided throughout the project.

Disclaimer

Any opinions expressed in this document are those of the authors. They do not purport to reflect the opinions or views of
the CRCLCL or its partners, agents or employees.

The CRCLCL gives no warranty or assurance, and makes no representation as to the accuracy or reliability of any
information or advice contained in this document, or that it is suitable for any intended use. The CRCLCL, its partners,
agents and employees, disclaim any and all liability for any errors or omissions or in respect of anything or the
consequences of anything done or omitted to be done in reliance upon the whole or any part of this document.

Peer Review Statement

The CRCLCL recognises the value of knowledge exchange and the importance of objective peer review. Itis committed
to encouraging and supporting its research teams in this regard.

The author(s) confirm(s) that this document has been reviewed and approved by the project’s steering committee and by
its program leader. These reviewers evaluated its:

¢ originality

e methodology

e rigour

o compliance with ethical guidelines
e conclusions against results

o conformity with the principles of the Australian Code for the Responsible Conduct of Research (NHMRC 2007),

and provided constructive feedback which was considered and addressed by the author(s).

I_U LU [:H R Bon I_lUl n G SP0016 Building Code Energy Performance Trajectory Final Report 3
"<"° CRC


https://www.nhmrc.gov.au/_files_nhmrc/file/research/research-integrity/r39_australian_code_responsible_conduct_research_150811.pdf

Contents

Yo LoV (=T (o =T g g T=T ) OO PPR PRSP PPPPRP 3
DS CIAIMIET ...ttt et h et h ekt h e a4 E ekt h e Rt Rt e h ettt ettt 3
PEEI REVIEW SEALEIMENT ... .ttt e et e et e e h e e e ekt ee ek et e e e s b bt e e e et e e e kb e e e e an b e et e e nne e e s neneeeaas 3

[ ) B 1= o] =T TP TSRO R PP PRI 10

LIS Ao o U U TTUUPPURRPR 16

(€1 (0TS T oY PRSP 20

EXECULIVE SUMMIAIY ...ttt e ettt e e e ettt e e e e e e ettt e e e e e e s e aa e et e e e e e e e e s aaa e e e e e e e e e saatbe e e e e e e e e sassbeeeeeeeesanssasaeeaeeessnssanraeeeeesaanes 23

1 TpLige]e [UTox 1To] o H T T O T T TP TP O PO PR PP PPRPPROY 25
1.1 RN (SR L V(1w (o] VA o o] [=Tod APPSR PPRRO SRR 25

1.1.1 PrOJECE CONIEXL ... ———— 25
1.1.2 PrOJECT ODJECTIVES ...ttt etttk e et e e bt e e ettt e ket e e et e e et e e 25
1.2 OVErarching METNOUOIOGY ......cueveieiiie ettt ekt e e et e e e st e e e e e s e e e 25
1.3 INTENAEA OULCOMES ..ttt e et e et e ekt e e e bttt ookt e e e skt e e et e e e e b e e e e e b e e e nnne 26

2 Residential BUildiNg MOGEITING ........eeiiiiiiie ettt e e e e 27

2.1 [ oTo [ T qTo 1Y <11 oo (o] (o |V OO RPRRTPRIN 27
21.1 BaASE CaSE AT O Y P S. . i ———— 28
2.1.2 Optimisation of Multi-Dimensional SCENAMOS...........c.cuuiiiiiiiii e 31
2.1.3 Plug-in APPlIaNCE DEMANG.......cccoo i —————— 32
214 PV SIZING AN ANGIYSIS ...ttt 32

2.2 1ot =] g F= 1oL T TP P PP PP OO UPPTPUPPN 32
221 Scenario Design Parameters: What measures were investigated? .........ccccovvvieiriiiiniiieec e 32
222 Conservative Energy Efficiency Scenarios: What were the cost-effective measures included?.............. 37
2.2.3 Accelerated Deployment Energy Efficiency Scenarios: What were the high impact measures
Lol 18T [T PP PP PUP R PPPPR PP 40

2.3 BENETit COSE RALIOS ....ceiiiiiieeiiii et e bt e et e e et e e e e st e e e st e e e e e e nne 43

2.4 Energy Efficiency Trajectories: Energy Consumption after implementation of energy efficiency measures .... 44

25 Net Energy Trajectories: Energy consumption after implementation of energy efficiency plus on-site

GENETALION MEASUIES ....eeitiie ettt e ettt ettt e e ettt e e et e o1 bt e ookt e e ea b et e ookt ee 4 s b et e e ea bttt e ook et e e e n bt e e e bt e e nsbn e e e e nneeeeas 48
3 Commercial BUildiNng MOEIIING . .........eiiiiiiie ittt e e e e et e e 50
3.1 MOAENING MEINOUOIOGY ...ttt ekttt e et e e st e e et e e e e e e e et e e e nnne 50
3.2 Scenarios Design Parameters: What measures were investigated? ..........cvveoiiiioriiie i 51
3.2.1 Conservative Energy Efficiency Scenarios: What were the cost-effective measures included?.............. 53

3.2.2 Accelerated Deployment Energy Efficiency Scenarios: What were the high impact measures
Lol 18T [T PP UP R TPPPR P 60
3.3 BENETit COSE RALIOS ....eee ittt et e ettt et e e sk et e e es et e e e e e e e e e e e e e e nnee 68
3.4 Energy Efficiency Trajectories: Energy consumption after implementation of energy efficiency measures..... 70

3.5 Net Energy Trajectories: Energy consumption after implementation of energy efficiency plus on-site
generation measures

4 N et To] g F= T =Sy ] = U1 IO U PRSP P PR PPPPPPPPPPON
4.1 131 TeTo (o] oo |V PR TP PPRTRN 76
4.2 L= TS (o VA T\, o TP PP PPPTRN 76

Jk LUUJ [:H RBO” I.IVIn G SP0016 Building Code Energy Performance Trajectory Final Report 4
< CRC



421 RESIAENTIAI SECION ... 76

422 COMIMETCIAI SECION ...ttt ettt a etk e e bt eenbe et 79
4.3 ENEIQY COSE SAVINGS ..o ittiteeiitie ettt ettt e ettt e kbt e s sttt e e ettt e e aa bt e e a4 st et e e ek et e e e eabe e e e an b bt e e e anbe e e e enbte e e e nbeeeeanbneeeanne 82
431 RESIHENTIAI SECLOT ...ttt ekttt ettt ettt nene 82
4.3.2 COMMETCIAL SECLOT ...ttt ettt et e et e et e e ettt e ek e e e ettt e et e e e s e e e e annreeennnee 84
4.3.3 CUMUIALIVE ENEIQY COSE SAVINGS ...erieeiiiiiiiiiite e e ettt e e e e e e ettt e e e e e e e neee et eeaeaaaasteeeeeaaeasaastbseeeaeeasaannnnneaeens 87
4.4 INEIWOTK SBVINGS ...ttt ettt et e e ekt e e sttt e o s b et e ekt e e ettt e 4k et eeas et e e e e e e e e e e e e anbneeennnes
4.5 Emissions Reductions
451 RESIHENTIAI SECTON ...ttt etttk ettt e 91
452 COMMETCIAI SECTOT ...ttt ettt ettt e et e et et eenne e 92
453 Cumulative GHG emMiSSIONS FEUUCTIONS. .......eeiuiiiiiiieiiie ittt 93
45.4 Alternative trajectory GHG emiSSIiONS redUCTIONS ........cciuiiiiiiiiieeiieie et e e 94
4.6 Lifecycle COSES aNd DENETILS .......ooiiiiiii ettt e e e e 95
4.7 (0TS a0] e [=] o TP TP PO PO P UPPPPPP 96
Appendix A - ECONOMIC ANAIYSIS ASSUMPLIONS ......eiiiiiiiieiiiie ettt e et e e ekt e et e e e et e e e et e e nsnees 98
Al ENEIGY COSES oottt e ettt e oot e et e e e e et e e e e e e e e e e e e e e e 98
Al.1l DISCUSSION — ENEIGY COSES ....eiieitiiieiiiiie e itiee ettt e ettt e e et e e ettt e e et e e e e ab e e e antb e e e e nte e e e anbeeeeanteeeeaneeeeeannes 99
Al2 Discussion — Shadow CarbON PrICE ........ccuiiiiiiiiii it 99
FANPZ =ToTo] T ] 001 (o30 |V 1= 1 ToTo (o] o s | PR 100
A21 Baseline ECONOMIC SCENAITO ......cciutiiiiiiiiii ittt ettt 100
A.2.2 DiSCUSSION — DISCOUNT RALES .......eeieiiiiie ettt e et 100
A.2.3 Benefit COSt ANAIYSIS CHEEIION.......uiiiiiiiiiii ettt e et e e e 101
A2.4 FULUrE ECONOMIC SCENATTOS .....cuttiieiiite ettt ettt ekt e e sttt e et e e et e e e e e e

A.25 Discussion — Learning Rates

A3 DISCOUNT RELES ...ttt ettt h et a et e o st e a et e st et e e e et e st e et e e e et et eenne s
N 0 1) 11V [ Yo =1 [T To PSSP 102
A5 Other Costs and BENEefits INCIUAEM .........c.uiiiiiiiiiiii e 102
A5.1 Costs and BenefitS INCIUAEA ...........oiiiiiiiii e 102
A5.2 Other COStS anNd BENETIES ..ottt e e 103
Appendix B - Residential Methodology DEtallS.........coouuiiiiiiiieiiiie e 105
B.1 INFIRFALION RALES ...ttt e e a bt e ekt e e ab et e e et e e e e st e e s e e e e e e e eas 105
B.1.1 Ty igeTe [0 o 1To] o IR PSP PR PPPRPPPP 105
B.1.2 1= 1 o T PR UPTPP 105
B.1.3 Summary of Estimated Air Change Rates in ArChetYPES .........viiiiiiiiiiiiii e 106
(2 N o F= 4 1 4 1= T A (o] 1= 1Y o PP PO TP PPPRRTRIIN 107
B.2.1 FOIM DBTAIIS. ...ttt e et e et e e et e et e e e e 107
B.2.2 CONSLIUCTION DELAIIS ...ttt ettt e et e e e e e s e e e e e e eas 108

B.2.3 Operational Details

B.3 ARACNE HOUSE ...
B.3.1 (o] T D] = 11 N
B.3.2 (OF0 ] 1y (0Tt [0 ] T B 1<) =Y 3 110

Jk I.OUJ [:H RBO” I.IVIn G SP0016 Building Code Energy Performance Trajectory Final Report 5
< CRC



B.3.3 OPEratioNal DELAIIS ......uviiiiie it e e e e e e e e e e e et e e e e e e e e b e a e e e e e e e ra e e e e e s aaaaees 110

B4 DEACNEA NOUSE.......uiiiiieii ettt b ettt ekt b ettt 110
B.4.1 FOMM DBTAIIS. ...ttt h et bt bbb 110
B.4.2 CONSIIUCHON DEIAIIS ...ttt ekt b ettt et e bt e s e i 111
B.4.3 OPEratioNal DELAIIS .......eeeiiieiii et e e oottt e e e e e e ettt e e e e e e e e nte b et ee e e e e e e nnrbereeaeeeeanneeees 112

B.5 RESIAENTIAI BASE CASE .....eiiiiiiiiiiiiii ettt ettt e e a e e e ekt e ekt e e et e e e e st e e e e e 112

B.6 Glazing Analysis

B.6.1 Introduction

B.6.2 Overview Of the MethOAOIOGY ........uiiie i e e e e et e e e e e s et e e e e e e s eaaanees 113
B.6.3 Glazing Analysis ENErgy RESUILS .......ccoiiiiiiiiii et e e e e e e e s e e e e e e e s e e nnannes 117
B.6.4  Glazing BCA and Determination of the Improved Performance Glazing TargetS........cccccevvvveeeiiveeenns 121
B.6.5 Determination of Glazing Base Case Models for Multi-Dimensional Energy Analyses ..........ccccccven... 123
B.6.6 All Annual Thermal Energy Requirement Results Developed for the Residential Glazing Analysis. ..... 126
B.7 Residential Plug-in APPIIANCE LOAUAS .......ccoiiiiiiiiiiiieiiiee ettt 138
B.8 Residential DOMESHIC HOt WALET LOAAS .....cc.uvviiiiiiiiiiiiee ettt 140
B.9 [T | 1] o o T PO P PP R PPPPPP PRI 141
Appendix C - Residential Energy Modelling DETallS ..........ocuuiiiiiiiieiiii et ee e e e e 143
C.1  Single-Dimensional ENEIgy RESUITS. ........cuiiiiiiiiiiiie ettt e et e e e tb e e e ante e e e enneeaeasnneeeaas 143
C.1.1  Climate Zone 2 Single-Dimension ENErgy RESUILS .........cccuiiiiiiiiiiiiiiee e ieee s 143
C.1.2  Climate Zone 5 Single-Dimension ENErgy RESUILS .........cciuiiiiiiiiieiiiie e 149
C.1.3  Climate Zone 6 Single-Dimension ENErgy RESUILS .........cccuviiiiiiiiiiiiiee e 154
C.1.4  Climate Zone 7 Single-Dimension ENergy RESUILS ........ccocuiiiiiiiiiiiiiiee e

C.15 Slab Edge Insulation Single-Dimension Energy Results

C.2  Single-Dimensional Peak LOAd RESUILS ...........eiiiiiiiiiiiiie et
c21 Climate Zone 2 Single-Dimension Peak Load RESUILS.............ueiiiiiiiiiiiiiiecceeiiie e
c.22 Climate Zone 5 Single-Dimension Peak Load REeSUILS............uuiiiiiiiiiiiiiiicccee e 172
c.23 Climate Zone 6 Single-Dimension Peak Load RESUILS.............eiiiiiiiiiiiiiiiiecceeiie e 178
C.2.4  Climate Zone 7 Single-Dimension Peak Load RESUILS............cooiiiiiiiiiiiiiiiece e 183
C.2.5  Slab Edge Insulation Single-Dimension Peak Load RESUILS ............ccveiiiiiiiiiiiiiiiecc e 187
Appendix D - Economic Modelling Details for Multi-Dimensional Packages of Measures...........ccccccveeviivieiiiieeesiiieees 189
D.1  BENEfit COSEANAIYSIS ... eeeieiiiiie ittt ettt ekt ekt e ettt e e bt e e e e s bt e e e e e e e e e e e 189
D.1.1 CONSEIVALIVE TIAJECLOTY ...eeeiuittieiiteie ettt ettt e et e ettt e ekt e e ekt e e ek et e e e st e e e a bt e e e bbe e e e nbbeeeeanbreeean 190
D.1.2  Accelerated DeployMENt TIaJECIOIY ......cuiiaiiiiiiiieiee ettt ettt e e e e ettt e e e e e e et e e e e e e e e e snnbbeeeaaeeaaans 197
Appendix E - Economic Modelling Details for Single-dimensional MEASUIES............cccuuiiiiiiiiiiaeiiiiiieeee e 207
E.l BENETIT COSE ANGIYSIS ....eeeeeeee ittt ettt e e e e ettt e e e e e e ek bt e e e e e e e e e bbb e et e e e e e e nnbaeeeaaeeaaans 207
E.2 L1 (T o PO PP PR PPU PR PPN 208
E.2.1 (0= o1 = |l O 0 ] £ P T PRSP PPPPPTRTIN
E.2.2 Benefit Cost Analysis
E.3  WaAILINSUIALION ...t b e b et b et e st esen e
E.3.1 (0= o] 2= |l 00 11 FR O PSP PP PPPPTOTRPN

E.3.2 Benefit Cost Analysis

Jk I.OUJ [:H RBO” I.IVIn G SP0016 Building Code Energy Performance Trajectory Final Report 6
< CRC



E.4 WaAIl COIOUN ... 215

E.4.1 (O Vo] 1 = | @0 ) ¢TSS PO OPPPPPPPRRTRPONE 215
E.4.2 BENEIt COST ANGIYSIS ..ooiieiiiiiiiiie et e e e e e e e e e e e e s e et e e e e e e s e s b b e e e e e e e e e sanrbeaaeeeas 215
E.5  ROOF INSUIALION ...tttk ekt k ettt s bt bt et 218
E.5.1 (0= T = | I O 0 ] £ P E TSP PPPPPTRTIN 218
E.5.2 BENEIt COSE ANGIYSIS ..ceeeeeieieieeit ettt oot e e e e e ettt e e e e e e e naa bt e e e e e e e e nnsbeeeeeeeeaannrneeaeaens 218
E.6 ROIEE SNULTEIS ...ttt ookt oo s bt e e ekttt e ekt e e ettt e e st e e e e e s e e eeas
E.6.1 Capital Costs
E.6.2 BENEIt COST ANGIYSIS ..eeiieiiiiiiiit ettt e e e e e et e e e e e e s e et e e e e e e s e e b b e e e e e e e e e saarbeaaeaeas 221
E.7  ROOT VENHIALION ...tttk etttk etk e btk e st e st e e 226
E.7.1 (0= T o] 2= I O 0 1 = SRS URR TR 226
E.7.2 BENETIt COST ANAIYSIS ... eeeeeiieie ettt ettt ettt e et e e e e sttt e e et e e et e e e e st e e e enne e e e e tbeeeenntneeennees 226
E.8 E@VES EXEENSION ...ttt ettt ookt e et e e bt e et e et e e 229
E.8.1 (0= o] 2= |l O 0 1 - F T TP T PSP P TP PPPPT PRI 229
E.8.2 BENEFit COSE ANAIYSIS ....eeeeeiiii ettt e e et e et 229
E.9 SIAD EAGE INSUIALION ....coiiiiii ettt ettt e et e ekt e e st e e e e e b e e e 233
E.9.1 (0= T o] 2= I O 0 1 = SRS URR TR 233
E.9.2 BENETIt COSE ANAIYSIS ... eeeeeiiiiee ettt ettt et e e e e n et e e ettt e e et e e e e aste e e e nnne e e e e tbeeeaaneeeeennees 233
E.LO  TREIMAI IMBSS ...tttk b ekt ekt ekt e e bt ekt e bt ekt an et 234
O A O o1 = L 00 1] £ SRR SRRR PSR 234
E.10.2 Benefit Cost Analysis
0 R I To | 1 T TP SO TO PP PP PUPPPPPPRO
I A O o1 7= L O 0 11 (= O PP P U PP PUPPPPPPRRNE
E.11.2 Benefit Cost Analysis
E.12  DOMESHC HOU WWALET ... eeiiiieiiiii ettt b ekt b ekt e bbbt e bt et e bt e nen e
E.12.1  Scenario FOMMUIATION .......couiiiiiiiiie ittt s e e e e 244
E.12.2 ReSUItS — BASEINE ANAIYSIS .....coiiiiiiiiiiiiiie ettt ettt e e e e e e e e e aeeas 246
E.12.3  FUture ECONOMIC SCENAIOS ....ciuviiiiiiiiieiiiiee sttt et et s e e st e et et e e s e e e e e e 246
E.13  PhOtOVOIAICS (PV) ANAIYSIS ....eeiiiiiiiiiiiiie ittt ettt e e et e st e e et e e e nane 247
I T A Y F= Y] PO PP P PP PP PPPRPN 247
I T OF T o 7= L O 0 11 (= O PO P U PP PUPPPPPPRRNE 251
E.13.3  BENEfit COSTANAIYSIS .. .eiiiiiiiieiitit ettt e st et e et e e et e e e 252
[ A O[T To I 7= g PP PU TP PPPRPTRIIN 256
I R OF= T o] =1 I 01 £ F TP PPRTRN 256
E.14.2  COSt BENEFIt ANGIYSIS ...ttt e e e e e ettt e e e e e et et e e e e e e e e neb b bt e e e e e e e nnrreeeaaens 256
E.15 Energy Efficiency Ratio for Residential air conditioning (HVAC)........ccoiaiiiiiiiiiiiaeeaieieee e 259
E.15.1 Background @nd SCOPE.........ueeiiiiiiiiiiiiiiee e ettt e e e e ettt e e e e e s e n bbbt e e e e e e e e nb bbbt e e e e e e e nnr e eeaaens 259
I R O o] [T ox 1Y O TP P U PP PUPPPPPPPRNE
E.15.3 Methodology
E.L5.4  BASE CASE .iiiiiiiiiiiiie ettt oo et e e e et e e e e e a e e
E.15.5  BeNefit COSTANAIYSIS .. .eiiiiiiiieiiiii ettt ettt e a bt e ettt e et e et e e 260

k I.OUJ [:H RBO” I.IVIn G SP0016 Building Code Energy Performance Trajectory Final Report 7

é‘ CRC



RS LG T T U | 260

E.15.7  FUtUre ECONOMIC SCENAMIOS ....c.vviiiiietiieitie ettt ettt ettt ettt ettt ettt et et nen e 263
Appendix F - Commercial Methodology DELAIIS ..........cciiiiiiiiiiiiec et e e e e e e s e e e e e e s e e nanees 264
F.1 Commercial ArChEtYPE DELAIIS.........uieiii e e e e e st e e e e e e st e e e e e e s s aareeaeas 264
F.1.1 HOtEl - ClaSS 3 FOIMM B (BB) ...teiiiiieiiiiiiiiiiee e e ettt ettt e e e e e ettt e e e e e e e ettt e e e e e e e e anntbeeeeaeeeanneneeaeaens 264
F.1.2 (01Tl I @ o SR o 1 I N (7 AN PR PERRT
F.1.3 Retail - ClasS 6 FOIMM € (BC) ...uuiiiiiiiiiiiiiiiee et e ettt e e e e e ettt e e e e e et e e e e e e e e nntaeeeeaeeeaanneneeeeaens
F.1.4 Hospital Ward - Class 9a Form D (9aD)
F.1.5 School - Class 90 FOIM E (QDE) ....eiieiiiiiiiiecee et e e e et e e e e et a e e e e e s e aanees
F.2 Inputs from ABCB NCC2019 ANAIYSIS .....uvuiiiieeiiiiiiiiet e e ettt e e e e e e e e e et e e e e e s e ettt e e e e e e s e e sarbeaaeaeeaaias 273
F.3 [ (0T R g Y o] o] [F= T g ot e T To PRSPPI 274
Appendix G - Commercial Energy Modelling DELAIIS..........cuuiiiiiiiieiiiie ettt e e e e e aneeeeeenee 275
G.1  Single-Dimensional ENErgy RESUITS. ........oiiiiiiiiiiiii ittt e s 275
G.2  Single-Dimensional Peak LOAd RESUILS ...........eiiiiiiiiiiiiiei et 284
Appendix H - Commercial Multi-Dimensional ECONOMIC DELAIIS ...........cooiiiiiiiiiiiiiii e 291
H.1  BENEfit COSTANGIYSIS ... eeeeeiiiit ittt ekt e et e ettt e o bt e e e e sttt e et et e e i et e e aabr e e e nane 291
H.1.1 CONSEIVALIVE TTAJECIOIY .iiiiiiiiiiiiiei e e e e 292
H.1.2 Accelerated DepPlOYMENT TIAJECTONY .....uuuuuuuuereieirieeueeieueeeeeeeeeeaeeresaeaeeaeaeeeeaeeeaesesesaeeaesssssssrasesnsssssssssnrnrnes 298
Appendix | - Commercial EConomic MOdelling DeTalS ..........oueiiiiiiiiiiiieeiiie et e e s e 304
1.1 BENETIT COSE ANAIYSIS ..o tteieeiiiit ettt ettt e ettt e e et e e ekt e e e as e e e e ettt e e e nbe e e e an bt e e e anteeeennneeeeenneeeean 304
1.2 L= Lo ([l o] (o 11| ar P PO OO P PR UPP PPN 305
1.3 Overnight Ventilation, Infiltration and INSUlAtION MEASUIE ...........ueiiiiiiiiiiiiiie e 308

1.4 Overnight Ventilation and Active Thermal Mass

1.5 PaSSIVE TREIMMAI IMIBSS .....eeeeiiiii ettt e bt e e ettt e e bt e e e e e e b e e e
1.6 BIPV
1.7 LYo o1 100] o N Y TP PO PPPPPRTPN 319
1.8 GIAZING IMBASUIES ...ttt ettt oo ettt e o444k bttt oo 44 e R bbb ettt e e 44 e R bbbttt e e e e e e nnbb et e e e e e e e annbbaneeaeas 322
1.9 DAY IGNT HANVESTING ...ttt e oottt e e e oo e bbbttt e e e e e e bbbttt e e e e e e nnbbeeeeaeeaaaas 327
0 O > o PPN 331
{5 R U 1o 1 I PP TSP PP TS PPPPPPRPTRPPTN 334
112 CRIIEN QN PAC ...tttk e ekt e oottt ookt eea bt e e et e st e e e 334
[ T oo ] o] 1 1) 2K @3/ o1 L= OO PO PSP PP PUPPPPPRRIN 340
.14 OULSIAE Al TIEAIMIENT. .. .eeiiiiiiie ittt e e e s st e et bt e e et e e s ae e e e e e st e e e esn e e e s nnneeeeannreeennnee 344
[ T o] 4o 41117 (o] 11 o o [P E P TR SUUPPPPRPTRRRIN 349
[ G T I To | 1 o [T PU TSP PPPRPTRIN 349
A N | PP PO PRPTRRIN 354
Appendix J - Solar PNOTOVOIAICS ANAIYSIS ......ceeiiiiiiiiiie ettt e e e e e sttt e e e e e s e sbb b e e e e e e e s ansbereeaaeeaaanes

J.1l Residential PV Analysis Inputs and Methodology

J.11 ODJECHVES OFf PV ANAIYSIS ..ottt etttk e ettt e ettt et e e et e e
J.1.2 Methodology for Residential PV ANAIYSIS.........cuiiiiiiiiiiiie et
J.1.3 Tag] o] =T aaT=T gl e= Ui o] o HP P PP P PP PTPR 356

Jk I.OUJ [:H RBUn I.IUIn G SP0016 Building Code Energy Performance Trajectory Final Report 8
< CRC



J.1.4 Residential PV ANAlYSIS OULPULS.........uuiiiiiiee it e e e s et e e e e s e et a e e e e e e e saarbneaeaeas 357

J.15 Derivation of the Solar EXPOIt CUINVE.........cceiiiiiiiii et e et e e e e e e et e e e e e e e e aeaeeae s 362
J.2 Commercial PV Analysis Inputs and MethodOIOgY ..........coiiiiiiiiiiiiiiiiiies et 364
Appendix K - BUIldiNg STOCK MOEN .........uueiiiiiiiiiiieiie ettt e et e e e e e et e e e e e e e st bbb e e e e e e s eaaasreeaeeeseananees 366
K.1 Residential STOCK MOEI ..........viiiiiiee et et e e e e s 366
K.2 Non-Residential STOCK MOUEL............oiiiiiii et
K.3 Mapping Modelled Building FOrms t0 NCC CIASSES .......ccoiiiiiiiiiiieiiiiee ettt
K.4  Estimation of Energy Performance in Non-Modelled Climate Zones
K.4.1 NON-RESIAENTIAI FOMMS ...ttt
K.4.2 RESIAENTIAI FOIMIS ...ttt ettt 370

Jk LUUJ [:H RBO” I.IVIn G SP0016 Building Code Energy Performance Trajectory Final Report 9
< CRC



List of Tables

Table 2-1: Residential ArChetype DELAIIS .........cooriiiiiiiii it e e be e ne e 27
Table 2-2: Representative glazing types from the AccuRate Sustainability default glazing library.........cccccceivieiiineeene 30
Table 2-3: High performance glazing types from the AWA AccuRate Sustainability All Windows glazing library.............. 30
Table 2-4: Maximum DC System Size (KW) fOr PV SYSTEMS ......oooiiiiiiiiiieeciit e 31
Table 2-5: Apartment archetype design parameters for single-dimensional and multi-dimensional analysis.................... 35
Table 2-6: Attached archetype design parameters for single-dimensional and multi-dimensional analysis. ..................... 36
Table 2-7: Detached archetype design parameters for single-dimensional and multi-dimensional analysis .................... 37
Table 2-8: Conservative Energy Efficiency Trajectory Scenarios — Apartment Archetype ..........ccccevvvevieiiieniin e 38
Table 2-9: Conservative Energy Efficiency Trajectory Scenarios — Attached Archetype..........ccccooiviiiiiiceie e, 38
Table 2-10: Conservative Energy Efficiency Trajectory Scenarios — Detached Archetype ..........cccccovvveeiniiiiiniiece e 39
Table 2-11: Accelerated Deployment Energy Efficiency Trajectory Scenarios — Apartment Archetype .........cocceeevciveeene 40
Table 2-12: Accelerated Deployment Energy Efficiency Trajectory Scenarios — Attached Archetype...........cccocveeeviiieeens 41
Table 2-13: Accelerated Deployment Energy Efficiency Trajectory Scenarios — Detached Archetype
Table 2-14: Conservative multi-dimensional benefit-cost analySis reSUILS..........coocuviiiiiiiiiii e
Table 2-15: Accelerated multi-dimensional benefit-cost analysis reSUILS. ...........cveiviiiiiiiicic e 44
Table 2-16: Conservative Energy Efficiency Trajectory Household Energy (Heating and Cooling + DHW + Lighting + Plug
Y o] 11 E= Ta Lot RSP PP TSRS 44
Table 2-17: Conservative Energy Efficiency Trajectory Peak Heating POWET ............coiuiiiiiiiiiiiiiiee e 45
Table 2-18: Conservative Energy Efficiency Trajectory Peak Cooling POWEN ..........ccoiiiiiiiiiiiiiiiiiee e 45

Table 2-19: Accelerated Deployment Energy Efficiency Trajectory Household Energy (Heating and Cooling + DHW +
Lighting + PIUG APPIBNCES).....eeeiieiieeittie ettt ettt e e st e e e b et e e et e e e s b e e e e anbe e e e nne e e e s nneeeeas

Table 2-20 Accelerated Deployment Energy Efficiency Trajectory Peak Heating Power

Table 2-21 Accelerated Deployment Energy Efficiency Trajectory Peak Cooling POWET ...........cccccovviiieiiiiiiiniiecenineeene 47
Table 2-22: Conservative Technology Energy Efficiency Trajectory Net Household Energy (Heating and Cooling + DHW
+ Lighting + PIUG APPIIANCES = PVttt ettt e e e e e e e bbb e e e e e e e s e e bbb b e et e e e e e e nnbbaeeeaeas 48
Table 2-23: Accelerated Deployment Energy Efficiency Trajectory Net Household Energy (Heating and Cooling + DHW +
Lighting + PIUg APPHANCES = PV)....ciiiiiieeiit ettt et e et e e s bt e e et e e sbb et e s s e e e annreeena 48
Table 3-1: The archetypes to be used in the analysis. Area figures are gross floor areas. ..........ccccceeevviiiiiiiie i, 50
Table 3-2: Individual measures used in multidimensional @NAIYSIS. ..........cooiiiiiiii e 52
Table 3-3: Conservative measures selection for the hotel (3B) arChetype. ..o 53
Table 3-4: Conservative measures selection for the office (5A) archetype. ... 54
Table 3-5: Conservative measures selection for the retail (6C) arChetype. .........coooiiiiiiiiiiiiiee e 56
Table 3-6: Conservative measures selection for the ward area (9aD) archetype. .........cuuvveiiiiiiiiiiiiiiie e 57
Table 3-7: Conservative measures selection for the school (9bE) archetype.........cooouviiiiiiiiiiiii e 58
Table 3-8: Accelerated measures selection for the hotel (3B) archetype. .........ooovieiiiiiiieiiii e 60
Table 3-9: Accelerated measures selection for the office (5A) archetype. ........oooviiiiiiiieii e 61
Table 3-10: Accelerated measures selection for the retail (6C) archetype. ........coocueiiiiiiieiiiiii e 63
Table 3-11: Conservative measures selection for the ward area (9aD) arChetype. .........cccoevuviiiiiiiieiiiiie e 64
Table 3-12: Conservative measures selection for the school (9bE) archetype.........ooouviiiiiiiiiiii e 65
Table 3-13: CONSEIVALIVE BCRS ..ottt e et e e et et e e e e e st e e e e asre e e e nnre e e s nnreeenas 68
Table 3-14: ACCEIEIAIEU BCRS.......oii ittt e ekt e et e e s nr e e e ekt e e et e e s nr et e e asre e e e nnn e e e s nnreeenas 68

I_U LU [:H R Bon I_lUl n G SP0016 Building Code Energy Performance Trajectory Final Report 10
"<"~‘ CRC



Table 3-15: Conservative NEt BCRS ........coooiiiiiiie 69

Table 3-16: ACCEIErated NEL BCRS .......ciiiiiiiieiiiiee ettt ettt e ettt e e s b e e ettt e e e aab et e e s bbeeeeanbeeeesnnbeeesnbbeeeeas 69
Table 3-17: Conservative TrajeCctory (KWH/M2)..........c et e e e e e e e s e et e e e e e e e e st ae e e e e e e s snsanees 70
Table 3-18: Accelerated Trajectory (KWh/M2)...........oiii it e e e e e e s e et e e e e e s e e et e e e e e e e e s enraeees 70
Table 3-19: Conservative Net Trajectory (KWH/M32) ...t 71
Table 3-20: Accelerated Net Trajectory (KWH/M2) ... ...ttt e e e e ettt e e e e e s et e e e e e e s e nnnneeeeens 71
Table 4-1: Conservative EE Trajectory, Cumulative energy cost savings to 2030, 2050 by State/Territory and National
[(ST1 LTl (o] = 1= PSP UP R PPPPPRPP 87
Table 4-2: Accelerated EE Trajectory, Cumulative energy cost savings to 2030, 2050 by State/Territory and National
(ST LTTeTqTe [o] = 1= PO PPP 87
Table 4-3: Conservative Net Trajectory, Cumulative energy cost savings to 2030, 2050 by State/Territory and National
({211 Lo g le [o | =T &) U PRTPPRP 88
Table 4-4: Accelerated Net Trajectory, Cumulative energy cost savings to 2030, 2050 by State/Territory and National
[(ST1LTeTqie (o] = 1= PO PO PO PPP TP TPPPPPPP 88
Table 4-5: Conservative EE Trajectory, Network Benefits, by State/Territory and National, 2030, 2050 ............ccccecvveeene 90
Table 4-6: Accelerated EE Trajectory, Network Benefits, by State/Territory and National, 2030, 2050 ..........cccccceevruneeee. 90
Table 4-7: Conservative EE Trajectory, Cumulative GHG emissions reductions to 2030 by State/Territory and National
(YL o a T o] o1 0 T= <) PR 93
Table 4-8: Conservative EE Trajectory, Cumulative GHG emissions reductions to 2050 by State/Territory and National
(L0 ToT a T o] o1 0 T= <) TP PP 93
Table 4-9: Accelerated EE Trajectory, Cumulative GHG emissions reductions to 2030 by State/Territory and National
(MITTION EOMNMES) ..ttt ettt ekttt e ekt e e st e 442 bt ook et e oo e b et e o4k et e e s et e e e abe e e e sk b et e e an b e e e e nnne e e s nnee s 93
Table 4-10: Accelerated EE Trajectory, Cumulative GHG emissions reductions to 2050 by State/Territory and National
(IMITTION EOMNES) ..ottt ettt ekttt e ekt e e skt e 442 bt e e ek et e oo s b et e a4k et e e s b et e e e abe e e e sk b et e e st e e e e nnn e e e e nneees 93
Table 4-11: Conservative Net Trajectory, Cumulative GHG emissions reductions to 2030 by State/Territory and National
(YL LTTo T g I o] T gL TR PP P PP TUTPPPPI 93
Table 4-12: Conservative Net Trajectory, Cumulative GHG emissions reductions to 2050 by State/Territory and National
(YL LTTo] gl o] T g[S TR PP PUT PP 94
Table 4-13: Accelerated Net Trajectory, Cumulative GHG emissions reductions to 2030 by State/Territory and National
(IMITTION EOMNES) ..ttt etttk ettt e ekt oo et e 44 e b et e ekt e oo e b et e o4k et e e s b et e e e ab et e e e b et e e st e e e e nnne e e s nneees 94
Table 4-14: Accelerated Net Trajectory, Cumulative GHG emissions reductions to 2050 by State/Territory and National
(IMITTION EOMNES) ..ttt ekttt e ekt e e skt e e oAb et e ekt e oo a b et e o4k et e e s et e e e ab et e e sk b et e e st e e e e nnne e e s nneees 94
Table 4-15: Conservative EE trajectory, Cumulative GHG emissions reductions using the Alternative, Lower Ambition
Emissions Trajectory to 2030 by State/Territory and National (Million tONNES) ..........oocuiiiiiiiiiiiiiii e 94
Table 4-16: Conservative EE trajectory, Cumulative GHG emissions reductions using the Alternative, Lower Ambition
Emissions Trajectory to 2050 by State/Territory and National (Million tONNES) ..........cocuiiiiiiiiiiiiiiii e 94
Table 4-17: Conservative EE Trajectory — Costs and Benefits for varying CLF assUMpPLions ............ccoooiiiiiieieeeeiiiiiieeeee e 96
Table 4-18: Cost of delay (lost energy bill savings, $B) at national and state/territory level, 2030, 2050................ccuuueee. 96
Table 4-19: Cost of delay (network costs, $B) at national and state/territory level, 2030, 2050 ............ccccvvrreeeeeiiiiveneenn. 96

Table 4-20: Cost of delay (lost cumulative GHG emission savings, Mt) at national and state/territory level, 2030, 2050 .96

Table 4-21 Summary of the equivalent infiltration air change rates (ACHso) determined for each archetype and climate
zone using the method SUMMATSEA ADOVE.........coiiiiiiiiie e e e e et e e e e e snnbeeeeaeas 107

Table 4-22: Construction specifications for the apartment, for reference orientation of 0°. ... 108

Table 4-23: Construction specifications for the attached archetype

Table 4-24 Construction specifications for the detached hOUSE. ...........coooiiiiiiiiiiii e 112

Table 4-25: Window types used in the glazing @nalySiS. ........cocuuiiiiiiiiiiie e 116

I_U LU [:H R Bon I_lUl n G SP0016 Building Code Energy Performance Trajectory Final Report 11
"<"~‘ CRC



Table 4-26: Matrix of options for the glazing @NAIYSIS. .........uuviiiiiiiiiii e e e s e e e e e e s e eanenes 116

Table 4-27 Example of changes in annual total (heating and cooling) thermal energy required as a function of glazing

characteristics on the principal fagade of the Apartment arChetype. .........cuevi i 117
Table 4-28 Example of changes in the peak heating electrical power required for heating as a function of glazing
characteristics on the principal fagade of the Apartment archetypPe. .........ccvveeiiiiiiiiiiie e 118
Table 4-29 Apartment glazing analysiS PAramMeter MALMX. .........eeoiieieiiiirieeiiiie e e e e s e e nreees 118
Table 4-30 Attached archetype glazing analySiS MAIIX ........cccuviiiiirrieiiiiee et e s neneeas 120
Table 4-31: Details of the glazing options for the detached NOUSE............cooiiiiiiiiiiii e 121
Table 4-32: Proposed ‘Improved Performance Glazing’ targets. ..........ooiuiiiiiiiiiiiiiee e 122
Table 4-33: List of AccuRate glass types (from default glazing library) used for the Multi-Dimensional 2016 6-Star
Compliant GlAzZING @NAIYSIS.........uviiieiiiiiiie e e e e e e e e et e e e e s e st e e e eeeeeearatbbaeeeaeeassntaareeeeeasaaaraeraeaeas 124
Table 4-34: Typical WWR percentages for Class 1 and Class 2 buildings for the indicated states and territories [data
8100}V Lo [=To l o)V @251 | (@ ] PO O PP PP PU PR PPPPPTT 124
Table 4-35: Typical WWR percentages for Class 1 and Class 2 buildings for the indicated states and territories
representing CZ2, CZ5, CZ6 and CZ7 by orientation [data provided by CSIRO] .......cccccciiriiiiiiiiieeiriee e 124
Table 4-36 Thermal and electrical loads for the residential archetypes in the two primary orientations for CZ2, Cz5, CZ6
=10 To [ 4 PRSP TPRRN 125
Table 4-37 Three occupant (apartment and attached archetype) nominal plug-in appliance load ............cccccoeiieennnen. 139
Table 4-38 Five occupant (detached archetype) nominal plug-in appliance load...........cccoccvviiiiiiiiiiiiee e, 139
Table 4-39 Electric DHW technologies CONSIAEIEM ........cuuiieiiiiiie ettt ettt et e et e e e et e e e snnteee e enneeas 140
Table 4-40 DHW energy use calculations for the residential townhouse (and apartment) based on occupancy of 3
PEISONS ... 141
Table 4-41 DHW calculations for the residential detached house based on occupancy of 5 persons............c.ccceevuneen. 141
Table 4-42 Base case (CFL) lighting energy results for the residential apartment............ccccoeiiiiiiiee i, 141
Table 4-43 Base case lighting results for the residential attached hOUSE..............coooiiiiiii e 141

Table 4-44 Base case lighting results for the residential detached hOUSE..............oooiiiiiiii s
Table 4-45 Energy analysis results for the Apartment Archetype for Climate Zone 2
Table 4-46 Energy analysis results for the Attached Archetype for Climate Zone 2...........ccccoviiiiiiiieiiiniiiiiieeee e

Table 4-47 Energy analysis results for the Detached Archetype for Climate Zone 2

Table 4-48 Energy analysis results for the Apartment Archetype for Climate Zone 5 ........ccoovvviieeiiieeinii e, 149
Table 4-49 Energy analysis results for the Attached Archetype for Climate Zone 5. 150
Table 4-50 Energy analysis results for the Detached Archetype for Climate Zone 5 ........ccccovviiiiiiiiiei i, 152
Table 4-51 Energy analysis results for the Apartment Archetype for Climate Zone 6 ...........cooooviieiieiiiniiiiieeeeee e, 154
Table 4-52 Energy analysis results for the Attached Archetype for Climate Zone 6............ccceeviiiieiiiic i 156
Table 4-53 Energy analysis results for the Detached Archetype for Climate Zone 6 ..........ccccoveveeiiiieeeniie e 158
Table 4-54 Energy analysis results for the Apartment Archetype for Climate Zone 7 .........ccccvvieeeiiieee s 161
Table 4-55 Energy analysis results for the Attached Archetype for Climate Zone 7. 162
Table 4-56 Energy analysis results for the Detached Archetype for Climate Zone 7 ..........ccccocovvvvieiiiiiiie v 163
Table 4-57 Energy analysis results for Slab Edge Insulation inclusion into Attached and Detached Archetypes for
ClIMAte ZONES 2,5, B ANG 7 ..eeiiiiieeiee ettt ettt e e e ettt e e e e e e e et t b eeeeee e e e taaeeeesessbtaaneeeessenraraaeeens 165
Table 4-58 Peak load results for the Apartment Archetype for Climate Zone 2...........cccceeiiiiiiiiiiiei e 166
Table 4-59 Peak load results for the Attached Archetype for Climate Zone 2..........ooeiiiiiiiiiiiiii e 168
Table 4-60 Peak load results for the Detached Archetype for Climate Zone 2..........ccuuveiiieiiiiiiiiiiiiee e 170
Table 4-61 Peak load results for the Apartment Archetype for Climate Zone 5.........cccuviiiiiiiiiiiii e 172

I_U LU [:H R Bon I_lUl n G SP0016 Building Code Energy Performance Trajectory Final Report 12
"<"~‘ CRC



Table 4-62 Peak load results for the Attached Archetype for Climate Zone 5..........oooiiiiiiiie i 173

Table 4-63 Peak load results for the Detached Archetype for Climate Zone 5.........cccovviiiiieiiiiiiiiiiiee e 175
Table 4-64 Peak load results for the Apartment Archetype for Climate Zone 6..........ccccvveveeeiiiiiiiiiiiee e 178
Table 4-65 Peak load results for the Attached Archetype for Climate Zone 6...........cccovveveeeiiiiiiiiiiiee e, 179
Table 4-66 Peak load results for the Detached Archetype for Climate Zone 6............ccveeiiiiieiriiie e 181
Table 4-67 Peak load results for the Apartment Archetype for Climate ZONe 7..........ccovveiiiiieiiiieee e 184

Table 4-68 Peak load results for the Attached Archetype for Climate ZONe 7 ..........coooveeeiiiiie e

Table 4-69 Peak load results for the Detached Archetype for Climate Zone 7

Table 4-70 Peak load results for Slab Edge Insulation inclusion into the Attached and Detached Archetype for Climate

ZONE 2,5, 8 @NG 7 ..ottt E e h et e et e 187
Table 4-71 Benefit Cost Ratios of different archetypes and orientation (conservative trajectory) ............ccccvveeeeeeiiiinnns 191
Table 4-72 Benefit Cost Ratios of different archetypes and orientation (accelerated deployment trajectory) ................. 198
Table 4-73. Per m2 insulation costs used for the analYSIS ..........ooiiiiiiiiiiie e 218
Table 4-74. Lighting annual energy demand for CFL and LED technologies for each archetype............cccccvevieiiiiinins 242

Table 4-75. Results of lighting benefit cost analysis. Note that the results do not include allowance for the 9% projected
efficiency improvement in LEDs; inclusion of this, however, has no significant impact to the overall outcome........ 244

Table 4-76. Electric DHW technologies considered. Efficiency COP is the number of units of hot water produced per
unit of energy put in, not including standing losses. It is noted that the actual efficiency of solar varies widely based

on the installation and climate zone, and the efficiency of heat pump units is temperature dependent. .................. 244
Table 4-77. DHW energy use calculations for the tOWNNOUSE ............coiiiiiiiiiiie e 245
Table 4-78: DHW calculations for the detached NOUSE. ............uiiiiiiiiiiie e 245
Table 4-79. Specifications Of the PV SYSTEIMS USE. ......ccuuiiiiiiiiiiiiiie ettt e et 247

Table 4-80. Roof areas of the Attached and Detached houses (0 degree orientation)

Table 4-81. The electricity generation of the Detached Archetype — Climate Zone 2..........ccccooviveeiiiieciniiie e

Table 4-82. The electricity generation of the Detached Archetype — Climate Zone 5.

Table 4-83. The electricity generation of the Detached Archetype — Climate Zone 6...........ccouiuiiiiiiiiiiniiiiiieeee e 249
Table 4-84: The electricity generation for the Attached archetype — Climate Zone 2. ..........coviiiiiiiiiiiniiiiiieeee e 250
Table 4-85. The electricity generation for the Attached Archetype — Climate Zone 5. 250
Table 4-86. The electricity generation for the Attached archetype — Climate Zone 6. .........ccccovciveeiiiiee i 251
Table 4-87 Proportions of units with BCR>1 or negative cost that have EER above various limits.............cccccevcvvennnnen. 262
Table 4-88 Modelled HVAC EER ... ittt ettt e ettt e e e e e sttt e e e e e e e s s tbeeeeeeeessantneseeeaaesaannnnes 263

Table 4-89. Internal loads for class 3 (hotel) buildings with proposed NCC 2019 lighting illumination power densities. 264

Table 4-90. Occupancy, lighting, equipment and HVAC schedules for class 3 buildings. ... 264
Table 4-91. Internal loads for class 5 (office) buildings with proposed NCC 2019 lighting illumination power densities. 266
Table 4-92. Occupancy, lighting, equipment and HVAC schedules for class 5 buildings. ... 266
Table 4-93. Internal loads for class 6 (retail) buildings with proposed NCC 2019 lighting illumination power densities. 268
Table 4-94. Occupancy, lighting, equipment and HVAC schedules for class 6 buildings. ... 268
Table 4-95. Internal loads for class 9a (ward area) buildings with proposed NCC 2019 lighting illumination power

[0 LT T 1TSS T PO PP PP OPPPPTPPRPON 270
Table 4-96. Occupancy, lighting, equipment and HVAC schedules for class 9a (ward area) buildings...........c.c.cccuvee.. 270
Table 4-97. Internal loads for Class 9b (school) buildings with proposed NCC 2019 lighting illumination power densities.

................................................................................................................................................................................. 272
Table 4-98. Occupancy, lighting, equipment and HVAC schedules for class 9b buildings. ... 272

I_U LU [:H R Bon I_lUl n G SP0016 Building Code Energy Performance Trajectory Final Report 13
"<"~‘ CRC



Table 4-99: Results summary for the fabric COIOUI MEASUIE. ..........c.vviiiiii e 275

Table 4-100:
Table 4-101:
Table 4-102:
Table 4-103:
Table 4-104:
Table 4-105:
Table 4-106:
Table 4-107:
Table 4-108:
Table 4-109:
Table 4-110:
Table 4-111:
Table 4-112:
Table 4-113:
Table 4-114:
Table 4-115:
Table 4-116:
Table 4-117:
Table 4-118:
Table 4-119:
Table 4-120:
Table 4-121:
Table 4-122:
Table 4-123:
Table 4-124:
Table 4-125:
Table 4-126:
Table 4-127:
Table 4-128:
Table 4-129:
Table 4-130:
Table 4-131:
Table 4-132:
Table 4-133:
Table 4-134:
Table 4-135:
Table 4-136:
Table 4-137:
Table 4-138:
Table 4-139:

Results summary for the overnight ventilation, infiltration and insulation investigation. .............cccccceeeon. 275
Results summary for the overnight ventilation and active mass investigation. .............cccccceeeiviiiiieieee e, 275
Results summary for the passive thermal mass iNvVestigation. .............ceoeeiiiiiiieiie e 276
Results summary for the wall BIPV MEASUIE. .........coouiiiiiiiieeiiit et 276
Results summary for the Window BIPV MEASUIE. .........cciiiiiiiiiiiieiieee ettt 277
Results summary for the rooftop PV @NalySiS..........coouieiiiiiiiiiiiicee et 277
Results summary for the external glazing efficiency MeaSUres. ..........cccovvveeiiiiii e 278
Results summary for the daylight harvesting efficiency measures. ............cccovveiiieiiiiiiieee e 279
Results summary for the fan system effiCiENCY MEASUIES. .........ccoiiiiiiiiii e 279
Results summary for the pump effiCiENCY MEASUIES. ..........uiiiiiiiiiiie e 279
Results summary for the chiller and PAC unit efficienCcy MeasUres. ..........ccoccviiiiiee e 280
Results summary for the economy cycle iINVESHGAtIoN. .........ccoiiiiiiiiiiie e 281
Results summary for the outside air treatment efficiency Measures. .........cccoccveiviiieeiec e 281
Results summary for the commissioning INVESHGAtION. ........ccooiiiiiiiiiiee e 282
Results summary for the lighting effiCiEnCy MEASUIES. ........coiiiiiiiiiiie e 282
Results summary for the lift technology efficiency MEeaSUreS. .........cccvviiiiiii i 283
Results summary for the fabric COlOUr MEASUIE. ..........coiiiiiiiii e 284
Results summary for the overnight ventilation, infiltration and insulation investigation. ...............ccccceevee.. 284
Results summary for the overnight ventilation and active mass investigation. ............c.cccceevvveeevnieeen e, 284
Results summary for the passive thermal mass INVESHGAatioN. ...........cccooiiieeiiiiie e 284
Results summary for the wall BIPV MEASUIE. .........coiiiiiiiiiieeiiiite ettt 285
Results summary for the Window BIPV MEASUIE. ........cciiiiiiiiiiiiieiieee ettt 285
Results summary for the rooftop PV @nalySiS..........coiiiiiiiiiiiiiiie ettt 285
Results summary for the external glazing effiCiency MeasUres. ...t 286
Results summary for the daylight harvesting efficiency Measures. ... 286
Results summary for the fan system effiCienCy MEASUIES. .........ooi i 287
Results summary for the chiller and PAC unit efficienCy MEaASUIES. ..........oocuuiiiiiieiiiiiieee e 287
Results summary for the economy cycle iINVESHGAtioN. .........ccooviiiiiiiieeie e 288
Results summary for the outside air treatment efficienCy Measures. .........cccoccvviiiieeiiie e 288
Results summary for the commissioning INVESHGAtION. ........ccoiiiiiiiiiiiee e 289
Results summary for the lighting efficiency MEASUIES. .........cooiiiiiiiiiii s 289
Results summary for the lift technology efficiency MeaSsUres. ............viiiiiiiiiiiii e 290
Results summary for the fabric COIOUr MEASUIE. ......c.cii i e 306
Results summary for the overnight ventilation, infiltration and insulation investigation. .............cccccccoeeenee 309
Normalised construction cost for the active mass COMPONENt..............oiiiiiiiiiiiiiiiee e 311
Results summary for the active mass and overnight ventilation Measures. ..........cccooeeuviieiieeiiniiieeiene e 312
Normalised construction cost for the passive Mmass COMPONENL. .........ccoiiiiiiiiiiieiiiiie e 313
Results summary for the passive mass efficienCy MEASUIES. ........cc.uvveiiie it 314
Wall BIPV results summary for all arChetypes. ........oooueiiiiiiiieiiiee e 316
Rooftop PV analysis results and corresponding benefit COSt ratios. ...........ccovviiiiiiiiiiiiiee e 320

‘JL LU LU [:H R Bon LlUl n G SP0016 Building Code Energy Performance Trajectory Final Report 14

< CRC



Table 4-140:
Table 4-141:

External glazing efficiency MeEAaSUIe rESUILS. ..........eiiiiiiiiiiiiiee e e s e e e 323

Daylighting results — the hotel (3B) and retail (6C) archetype were not simulated as there was marginal

0= 0 1= {1 S TP T T TR U P PP PO PPRUPPPPPOPIN 328
Table 4-142: Fan system efficiency investigation energy savings and benefit cost analysis results. ............ccccccceevnnneee. 332
Table 4-143: Chiller and PAC efficiency increases for all model archetypes. ... 335
Table 4-144: ECONOmMY CYClE CAPItal COSTING. «.oiurriiiiiiieeiiiee ettt et e s e e s b e e e s s e e e nnn e e e s nreeas 340
Table 4-145: Economy cycle energy savings and benefit cost analysis reSults ... 341
Table 4-146: Heat exchanger and CO2 CONtrol CAPEX PHICING. ...vveeurreeeirreeeiairieeesteee et e e s st e e et re e s snne e e nreees 344
Table 4-147: Outside air treatment via the use of heat exchangers and CO2 control methods. ...........ccoecevvviiiieeiiiinnns 345
Table 4-148: Pricing methodology used for the lighting analySis............cccoiiiiiiiiiiii e 349
Table 4-149: Lighting efficiency and controls measures energy savings and benefit cost ratios for all archetypes. ....... 350
Table 4-150 Panel efficiency (and rating) VErsus trajeCLONY YE@I.........coiuueeeiiuiieeiiiieeiiieeeestieeeseeeeesstieeessaeeessneeeesnneeeas 355
Table 4-151: Specifications of the residential PV SYStEMS USEA .........ccoiuiiiiiiiiiiiiiiee et 356
Table 4-152: Roof areas of the detached, attached, and apartment archetypes (Orientation of 0°)..........ccccevvivveeriinenn. 357
Table 4-153: Maximum percentage of export of PV generation permissible while maintaining a BCR>1.25 .................. 357
Table 4-154: Conservative TrajeCtory PV @rTAY SIZES ......c..eiiiiiiie ittt sttt e et anne e 363
Table 4-155: Accelerated TrajeCtory PV GITAY SIZES ......cocueieiiiiie e iiiiee st e sttt et e e e st e e e s st e e e snaeeeeatreeesanaeeesanneeas 364
Table 4-156: COSt EffECHVE PV GITAY SIZES ...ccciiuiiiiiiiiie ettt sttt e et e et e e ettt e e e ante e e e sbt e e e s bbeeeeanteeeeanneeaesneeeas 364
Table 4-157: AMDItious TrajeCIOry PV GITAY SIZES .......ciiiiuiiieiiiiie et eiieee st e e sttt e e sttt e e e st e e sssteeeesnaeeeeantbeeesanteeeennneeas 365
Table 4-158: Coverage of NCC Classes by Modelled ArChetypes. .......couueieiiiiiiiiiiie e 369
Table 4-159: Estimation Factors for Energy Intensity of Non-Modelled Building Forms by Climate Zone — Non-

R (o (=T o 1= O TP O PP T PR PPPPPPT 370

Table 4-160:

Estimation Factors for Energy Intensity of Non-Modelled Building Forms by Climate Zone — Residential. 371

‘JL LU LU [:H R Bon LlUl n G SP0016 Building Code Energy Performance Trajectory Final Report 15

< CRC



List of Figures

Figure 1: Detached, single storey, archetype physical geometry (courtesy of S. Beazley) ......ccccccoovvvvvieiieeiiiiiiiiieneeeeen, 27
Figure 2: Attached, two storey townhouse, archetype physical geometry (courtesy of S. Beazley) ..........cccvvevvcvveennnnen. 27
Figure 3: Apartment archetype physical geometry (courtesy of S. BEAZIEY) ........ccccvviiriiiiiiiieeiie e 28
Figure 4: Graphical representation of Residential Conservative Energy Efficiency Scenario Trajectory .........c.cccoecvvvernee. 46
Figure 5: Graphical representation of Residential Accelerated Deployment Energy Efficiency Scenario Trajectory......... 47
Figure 6: Graphical representation of Residential Conservative Net Energy TrajeCtory.........ccccvveeeiiiiieeeeeeeeiiiiiireeeee e e 49
Figure 7: Graphical representation of Residential Accelerated deployment Net Energy Trajectory ........cccccceevvvvveereeeeennne 49
Figure 8: Daytime building operation facade provisions used in the commercial modelling. ............ccccoievieeniiiiiiineeeeen, 51
Figure 9: Overnight building operation facade provisions used in the commercial modelling............ccccoocveeeiiiiiiieeneeeeen, 52
Figure 10: Conservative Energy trajectories for Commercial arChetyPeS.........cueveiriiieiiiiie i 72
Figure 11: Accelerated Energy trajectories for commercial archetype. .........cooiiiiiiiiiiiiiiiie s 73
Figure 12: Conservative Net Energy trajectories for the commercial archetype. ..........cccovivviiiiiiiniiie e 74
Figure 13: Accelerated Net Energy trajectories for the commercial archetype. .........cccooviiieiiiiieeiiii e 75
Figure 4-1: Conservative EE Trajectory, Residential Building Energy Savings by Type, Australia (PJ), 2023-2050......... 77
Figure 4-2: Conservative EE Trajectory, Residential Building Energy Savings by Type, State/Territory (PJ), 2030, 2040,

P20 PRSPPI 77
Figure 4-3: Accelerated EE Trajectory, Residential Building Energy Savings by Type, Australia (PJ), 2023-2050........... 77
Figure 4-4: Accelerated EE Trajectory, Residential Building Energy Savings by Type, State/Territory (PJ), 2030, 2040,

F{ 0T PP PP PP PPPPPPPPPPPRPPRY 78
Figure 4-5: Conservative Net Trajectory, Residential Building Energy Savings by Type, Australia (PJ), 2023-2050........ 78
Figure 4-6: Conservative Net Trajectory, Residential Building Energy Savings by Type, State/Territory (PJ), 2030, 2040,

b0 LT PP PP PPPPPPPPPPPPPPPPPRY 78
Figure 4-7: Accelerated Net Trajectory, Residential Building Energy Savings by Type, Australia (PJ), 2023-2050.......... 79
Figure 4-8: Accelerated Net Trajectory, Residential Building Energy Savings by Type, State/Territory (PJ), 2030, 2040,

b0 O PP PP PP PPPPPPPPPPPPPRPPRY 79
Figure 4-9: Conservative EE Trajectory, Commercial Building Energy Savings by Type, Australia (PJ), 2023-2050 ....... 79
Figure 4-10: Conservative EE Trajectory, Commercial Building Energy Savings by Type, State/Territory (PJ), 2030,

2040, 2050 ... e eieieieieiei ettt et et et et ettt et ettt e et ettt ettt ettt ettt ettt ettt ettt ettt ettt ettt et ettt et et et et et ataaaaataaaas 80
Figure 4-11: Accelerated EE Trajectory, Commercial Building Energy Savings by Type, Australia (PJ), 2023-2050 ....... 80
Figure 4-12: Accelerated EE Trajectory, Commercial Building Energy Savings by Type, State/Territory (PJ), 2030, 2040,

b0 O PP PP PP PPPPPPPPPPPPPRPPRY 80
Figure 4-13: Conservative Net Trajectory, Commercial Building Energy Savings by Type, Australia (PJ), 2030, 2040,

b0 O PP PP PP PPPPPPPPPPPPPRPPRY 81
Figure 4-14: Conservative Net Trajectory, Commercial Building Energy Savings by Type, State/Territory (PJ), 2030,

2040, 2050 ...t tieiiiiieiei et —t et e et et ettt ettt ettt ettt et ettt ettt ettt ettt et et et et e et e et ettt et et ettt et eaatataaaaaes 81
Figure 4-15: Accelerated Net Trajectory, Commercial Building Energy Savings by Type, Australia (PJ), 2023-2050....... 81
Figure 4-16: Accelerated Net Trajectory, Commercial Building Energy Savings by Type, State/Territory (PJ), 2030, 2040,

b0 LT O PP PP PPPPPPPPPPPRPPRY 82
Figure 4-17: Conservative EE Trajectory, Residential Building Energy Cost Savings by Type, Australia (M$), 2023-2050

................................................................................................................................................................................... 82

Figure 4-18: Conservative EE Trajectory, Residential Building Energy Cost Savings by Type, State/Territory (M$), 2030,
2040, 2050 .....eeeeetee ettt b b E b e h e R e R £ ek e e R R e SR bt 4R b e e R b e e 1R Rt e R et e R et e nh e e eR Rt e nab e e b e e nab e e anneenane s 83

Figure 4-19: Accelerated EE Trajectory, Residential Building Energy Cost Savings by Type, Australia (M$), 2023-2050 83

I_U LU [:H R Bon I_lUl n G SP0016 Building Code Energy Performance Trajectory Final Report 16
"<"~‘ CRC



Figure 4-20: Accelerated EE Trajectory, Residential Building Energy Cost Savings by Type, State/Territory (M$), 2030,
20410, 2050 ...ttt iieeeiteeeiee ettt ettt ettt Et e bttt et e kbt e R et e R et e R et e R teeeR bt e R e e e eRee e R eeeeReeeaReeeeREeeanbeeenteeenbeeanteennaee s 83

Figure 4-21: Conservative Net Trajectory, Residential Building Energy Cost Savings by Type, Australia (M$), 2023-2050
................................................................................................................................................................................... 83

Figure 4-22: Conservative Net Trajectory, Residential Building Energy Cost Savings by Type, State/Territory (M$), 2030,
2040, 2050 ...eeeiitite et e h e R e e Rt oo R e e e oA R oo e R R et e e R et e e eR e e e e e R R et e e R R e e e e e E e e e n e e e s 84

Figure 4-23: Accelerated Net Trajectory, Residential Building Energy Cost Savings by Type, Australia (M$), 2023-2050

Figure 4-24: Accelerated Net Trajectory, Residential Building Energy Cost Savings by Type, State/Territory (M$), 2030,
20410, 2050 ...ttt iieeeiieeaiee et ettt e bt et et bttt e ettt ettt aR bt aE et e R et e R et e R ee e R bt e Rt e e eR e e e R teeeReeeaReeeenEeeenbeeenteeanbeeanteennaee s 84

Figure 4-25: Conservative EE Trajectory, Commercial Building Energy Cost Savings by Type, Australia (M$), 2023-2050
................................................................................................................................................................................... 85

Figure 4-26: Conservative EE Trajectory, Commercial Building Energy Cost Savings by Type, State/Territory (M$), 2030,
2040, 2050 ...eeeiuttit et o h e h e e o R e e e 4R e et aR R e e e e R e e e e e R et e eh et e e e R R et e e aR b et e e e b e e e nnne e e e nane s 85

Figure 4-27: Accelerated EE Trajectory, Commercial Building Energy Cost Savings by Type, Australia (M$), 2023-2050
................................................................................................................................................................................... 85

Figure 4-28: Accelerated EE Trajectory, Commercial Building Energy Cost Savings by Type, State/Territory (M$), 2030,
2040, 2050 ...ttt ettt bbbt R et R e R £ e eE e e R e oAbt R e e eR £ e eR £ SR £ oA R e e A bt oA et AR e e SR e e ARt e eR e e Rt e b e en bt Rt e ereenbeennean 86

Figure 4-29: Conservative Net Trajectory, Commercial Building Energy Cost Savings by Type, Australia (M$), 2023-2050

Figure 4-30: Conservative EE Trajectory, Commercial Building Energy Cost Savings by Type, State/Territory (M$), 2030,
2040, 2050 ... . ceeeeeiiie e e e eee ettt eeeeeta———aeeeeett———aeeeeett_—aeeetettanaaeeetettaeaeeeraraaaeaeanes 86

Figure 4-31: Accelerated Net Trajectory, Commercial Building Energy Cost Savings by Type, Australia (M$), 2023-2050
................................................................................................................................................................................... 87

Figure 4-32: Accelerated Net Trajectory, Commercial Building Energy Cost Savings by Type, State/Territory (M$), 2030,
P20 I 0L O PRSP 87

Figure 4-33: Conservative EE Trajectory, Peak Demand Savings by Sector, Australia (GW), 2020-2050 ...........ccccceenneee 89
Figure 4-34: Accelerated EE Trajectory, Peak Demand Savings by Sector, Australia (GW), 2020-2050 ...........ccccceeernnee 89
Figure 4-35: Conservative EE Trajectory, Residential Building GHG Emissions Savings by Type, Australia (kt), 2023-

................................................................................................................................................................................... 91

Figure 4-43: Conservative EE Trajectory, Costs and Benefits by type ($B), Residential Buildings, selected periods....... 95
Figure 4-44: Conservative EE Trajectory, Costs and Benefits by type ($B), Commercial Buildings, selected periods...... 95
Figure 45: Calculated price Paths fOr @IECIIICITY. .......ceiiiiii i e st e et e e naneeas 98

Figure 46: Shadow carbon price projections — ACIL Allen. The carbon price used for this study runs from $30/t in 2020
to $190/t in 2050, making it an intermediate case between the central and high price scenarios. ...........cccccevcvveene 100

I_U LU [:H R Bon I_lUl n G SP0016 Building Code Energy Performance Trajectory Final Report 17
"<"~‘ CRC



Figure 47: Cost of air-CoONditioNING SYSIEIMIS. .....icciiiiiiiiii ettt e e e e e e e s s e e e e e e s e et b e e e e e e e s aaabrreeeeeesaaaanreeeeeesaanes 103

Figure 48: Schematic of the Apartment building (IS2ACS 2007, P. 17) ..ccuvrriieieee et e e e e e 107
Figure 49: Floor plan of the Apartment building (IS2ACS 2007, P.17) ...cccuriiieie e e r e e e e 108
Figure 50: Facade of the attached house (1SAaCS 2007, P.16) ......eeeiriiiiiiiiieeiiiiee et eiiee ettt e et sbeee e sebe e e s et e e nenee 109
Figure 64: Attached, single storey, archetype adjusted physical geometry (courtesy of S. Beazley) ...........cccceeevvvrennnne 109
Figure 52: Floor plan of the ground and first floor of the attached NOUSE .............ccooiiiiiiiiiii e
Figure 66 3D sketch of the detached house (ISAACS 2007, P. 12) ..cccviiiiiiiieeiiiie et
Figure 67 Detached, single storey, archetype adjusted physical geometry (courtesy of S. Beazley)
Figure 68 Dimensions of the detached house (ISaacs 2007, P. 12) ....ccvvviieiieeiiiiiiieee e et r e e 111
Figure 69: Method of determining the shading factor for a given window (NCC2016, 3.12.2.2).......cccccvvveeeeiiiiireereeeeennn, 115
Figure 70 Principal fagade and reference orientation (north = 0°) and location of ‘principal fagade’ (blue arrows) used for
glazing analysis simulations for: a) apartment, b) attached, and c) detached archetypes...........ccccocoveviiiiiienieennn. 117
Figure 71 Example graphs for the Apartment archetype annual thermal energy required (total, heating and cooling) vs
SHGCXWWR for a Climate Zone 2 and principal fagade facing WeSt..........ccooiiiiiiiiiiiiiiec e 119
Figure 72: Example graphs for the attached archetype annual thermal energy required (total, heating and cooling) vs
SHGCXWWR for a particular climate zone and principal fagade orientation .............ccccvveeeiiiiieiniee e 120
Figure 73 Example graphs for the detached archetype annual thermal energy required (total, heating and cooling) vs
SHGCXWWR for a particular climate zone and principal fagade orientation............ccccoviieeeriiiee i 121
Figure 74: Example Energy vs SHGC x WWR plot showing the relative position of the cheapest option for Attached
ClMALE ZONE 2 NOITN. ..ttt h e b e btk e e e bt e ket ek bt e ehb e e bt e eb s e e skt e sar e e b e e san e e e s 122
Figure 75: Example Ut vs SHGC x WWR plot for Attached archetype in Climate Zone 2 North facing condition. ....... 122
Figure 76 Apartment archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window
TYPE FOF CHIMALE ZONE 2.tttk e ettt ook et e ek bt e e et bt e e s et e e aabb et e s nbe e e e nabneeesnbneeeeas 127
Figure 77 Apartment archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window
TYPE TOF CHIMALE ZONE 5.ttt oottt e e oo e ottt et e e e e e s abbb ettt e e e e e e s bbbe e e e e e e s aanbbbseeeeeesaannnnnee 128
Figure 78 Apartment archetype annual thermal energy required (total, heating and cooling) vs SHGCxXWWR and window
TYPE TOF CHIMALE ZONE B.......eeeeeeeieiiiee ettt ettt oo oot ettt e e oo e e e bbbttt e e e e e e ae b b e et e e e e e e aanbbbeeeeeeeeaanbbeneeeeeeeaannnnnee 129
Figure 79 Apartment archetype annual thermal energy required (total, heating and cooling) vs SHGCxXWWR and window
TYPE FOF CHIMALE ZONE 7 ...tttk e oottt e ok et e e s bt e e et et e e e s bt e e aabb e e e e sbe e e e nanneeesnnneeeeas 130
Figure 80 Attached archetype annual thermal energy required (total, heating and cooling) vs SHGCXWWR and window
TYPE FOI CHIMALE ZONE 2.ttt h e ekttt ookt e e e b bt e e et et e e s bt e e et b e e e e bbe e e e nane e e e s nbneeeeas 131
Figure 81 Attached archetype annual thermal energy required (total, heating and cooling) vs SHGCXWWR and window
TYPE TOF CHIMALE ZONE 5.ttt ettt e oo e e ettt et e e e e e e ae b b ettt e e e e e e s bbbe e e e e e e e aanbbbneeeeeeeaannnnne 132
Figure 82 Attached archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window
TYPE TOF CHIMALE ZONE B.......eeeeeeeieiiie ettt et oo oottt e e oo e e et bttt e e e e e e s aebb et e e e e e e e anbbbeeeeeeesaanbbbneeeeeesaannnnnee 133
Figure 83 Attached archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window
TYPE TOF CHIMALE ZONE 7. ...ttt ettt oottt e e oo e et b bttt e e e e e s abbb e et e e e e e e e nbbbeeeeeeeeaanbbtneeaeeesaannnnns 134
Figure 84 Detached archetype annual thermal energy required (total, heating and cooling) vs SHGCXWWR and window
TYPE FOI CHIMALE ZONE 2.ttt e ettt ookt e e bbbt e e ettt e e e e ab et e e aabb e e e enb et e e nabn e e e s nbbeeeeas 135
Figure 85 Detached archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window
TYPE FOr CHIMALE ZONE 5.ttt ettt e e bt e e bbbt e e ettt e e e ab et e e e bb e e e e nbr e e e nabn e e e s nnbeeeeas 136
Figure 86 Detached archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window
TYPE TOF CHIMALE ZONE B ...ttt ettt e oottt e e e e e e bttt e e e e e e e s aebb e et e e e e e e anbbeeeeeeeeeaanbbteeeaeeesaannnnes 137
Figure 87 Detached archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window
TYPE TOF CHIMALE ZONE 7 ...ttt ettt oottt e e oo e e et bttt e e e e e e e aebb e et e e e e e e aanbbbeeeeeeeeaanbbtneeaeaesaannnnnes 138
Figure 88: Pricing learning rate for LED down lIGhtS OVEr tIME........ccuiiiiiiiiiiiiiiee e 241
Figure 89: Efficacy learning rate for LED down lightS OVEF tIME .......cuiiiiiiiiiiiiiiie e 241

I_U LU [:H R Bon I_lUl n G SP0016 Building Code Energy Performance Trajectory Final Report 18
"<"~‘ CRC



Figure 90: Benefit cost results for DHW technologies relative to direCt €leCtriC...........cooiviiiiiiieiiiiiiiiiee e 246

Figure 91: Projected future economics of high efficiency heat pumps (relative to standard heat pumps) based on an
assumed learning curve for capital cost. It can be seen that the technology is expected to become cost effective

relative to standard heat pumps win 4-6 years at a capital cost of $3900-$4200. ........ccccveiriiiieiiiiieeiiiiee e 247
Figure 92Comparison of EER to cost per kW cooling capacity of ducted split units. The red line indicates the current

MINIMUM EER STANAIA OF 3.1 ...ttt ettt et e e e s ettt e e e e e s e naeeeeeeaaeeeanntbeeeeaeeaaannnbeneaaaaaannn 259
Figure 93 $/kW as a function of cooling capacity to determine base case ducted split UNItS............cccoeceeiiiiiiieiiinnnnnn 260
Figure 94 EER Distribution of Units with BCR>1 or having negative cost for Detached Archetype............ccccceeeviiieenns 261
Figure 95 EER Distribution of Units with BCR>1 or having negative cost for Apartment Archetype ..........cccccevvveeveeennns 261
Figure 96 EER Distribution of Units with BCR>1 or having negative cost for Attached Archetype........cccccccovviiniinennnnnn. 262

Figure 97. Cooling EERs — Split air-conditioners available in Australia 2000-2014. Source: Consultation Regulatory
Impact Statement — air-conditioners and chillers, E3, February 2016. Original data sourced from Energy Rating

Database www.energyrating.goVv.au AUGUST 2014 ........ccoiiiiioiiiiie ittt ettt e et e s naneeas 263
Figure 98: Building form B geometry as viewed in the IES <SVE> SOftWAIE. .........ccoviiiiiiiiiiiiiiiie e 264
Figure 99: Building form A geometry as viewed in the IES <SVE> SOftWArE. .........ccoiiiiiiiiiiiiiiiieeecee e 266
Figure 100: Building form C geometry as viewed in the IES <VE> SOftWAre. .........cocoveiiiiiiiiiiiiecieeceece e 268
Figure 101: Building form D geometry as viewed in the |ES SVE> SOftWAIE. ........cccveiiierieiiiie s 270
Figure 102: Building form E geometry as viewed in the IES <VE> SOftWAIE. ........cccviiiieiiiiiiie e 272

Figure 103: Percentage export as a function of the ratio of total generation to site energy use demand

Figure 104: Conservative trajectories solar PV system rating (kW) for each archetype..........ccccoviiiiiieiiee e

Figure 105: Conservative trajectories solar PV system yield (kWh/year) for each archetype ..........ccccoeoveiiieiiiiinens

Figure 106: Accelerated Deployment trajectories solar PV system rating (kW) for each archetype...........ccccoceeviieennn 360
Figure 107: Accelerated deployment trajectories solar PV system yield (kWh/year) for each archetype ............cccoc...... 361
Figure 108 Typical residential energy profiles. The non-solar profiles were used as input data for this analysis. Source:
https://www.daa.com.au/articles/case-studies/profiles-0f-POWEN ...........oooi e 362
Figure 109 Generic solar generation profile (ClEAr SKY) ......ooi i 362
Figure 110: Process to derive the required export percentage for 1.25 BCR. ..........ooiiiiiiiiiiiiiiiee e 363

Figure 111: Residential Building Stock Totals by Type, 2001 — 2050, Australia [Source: Strategy. Policy. Research.].367
Figure 112: Annual Floor Area Built to Code, Residential Buildings by Type, 2002 — 2050, Australia [Source: Strategy.

POLICY. RESEAICI.] ...ttt ekt e et e e o b et e e h bt e e eab e e et b b e e e e e st et e e e e e e nnreeas 367
Figure 113: Distribution of Total Residential Stock by State and Territory, 2017 (‘000 sqm, %). [Source: Strategy. Policy.
Yo Tl o N O PO O PP T PR PPPPPPT 367
Figure 114: Non-Residential (Identified) Stock Projection (‘000 sqm). [Source: Strategy. Policy. Research.]................ 368

Figure 115: Annual Build to Code, Identified Non-Residential Buildings (‘000 sgm). [Source: Strategy. Policy.
ST 1o o N TP UPPT ORI 368

Figure 116: Non-Residential (Identified) Building Stock by State/Territory, 2017. [Source: Strategy. Policy. Research] 368

Figure 117: Distribution of Identified Non-Residential Stock by Building Type, 2017. [Source: Strategy. Policy. Research]
................................................................................................................................................................................. 368

I_U LU [:H R Bon I_lUl n G SP0016 Building Code Energy Performance Trajectory Final Report 19
"<"~‘ CRC



Glossary

ABCB Australian Building Codes Board

ABS Australian Bureau of Statistics

Accelerated deployment energy efficiency scenarios and trajectories

The energy efficiency targets include all measures that are deemed to provide a material energy benefit,
and assume faster deployment of energy efficiency technologies.

Accelerated deployment net energy scenarios and trajectories

Net energy performance in these scenarios assumes that the entire available roof area of each building
archetype is covered with solar PV, allowing for maintenance access and installation angle for panels.

ACH Air changes per hour

AccuRate Simulation software used for residential modelling
AER Australian Energy Regulator

AHU Air Handling Unit

ASBEC Australian Sustainable Built Environment Council
BAU Business As Usual

BCR Benefit-cost ratio

BIPV Building Integrated PhotoVoltaics

COAG Council of Australian Governments

CO2 Carbon Dioxide

Conservative energy efficiency scenarios and trajectories

These include energy efficiency targets and the potential for net energy performance through on-site
renewables (assumed to be solar PV, taking into account average consumption profiles and available
roof space).

COoP Coefficient of Performance

CRC Cooperative Research Centre

CSIRO Commonwealth Scientific and Industrial Research Organisation
DEWHA Department of Environment, Water, Heritage and the Arts

DIS Department of Industry and Science

EA Energy Action

EER Energy Efficiency Ratio

Equivalent Star Rating

Star rating based on NatHERS assessment (energy levels) using non-standard assessment conditions,
e.g. increased infiltration rate.

Energy efficiency targets

Targets for energy performance to be included in the Code, excluding any on-site renewable energy

generation.
ENTR Electricity Network Transformation Roadmap.
GDP Gross Domestic Product

Greenhouse gas (GHG) emissions

Greenhouse gas emissions resulting from the operation of a building (‘Scope 1’ on-site energy emissions
or ‘Scope 2’ emissions from energy procurement only).

Gross floor area

Sum of the conditioned and unconditioned floor area for each archetype or model
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HStar Portal Portal where NatHERS assessment data is stored

HVAC Heating Ventilation and Air Conditioning

IES <VE> Integrated Environment Solutions (Software)
IPLV Integrated Part Load Value

kw Kilowatt

kWh Kilowatt-hour

kwth Kilowatt Thermal

MJ Megajoule

Multi-Dimensional Analysis

A range of scenario models, taking packages of the most effective technologies identified for that building
archetype from the one-dimensional analysis, and integrating them into progressively stringent packages
of measures that cover both existing technologies that are found to be cost-effective on current economic
assumptions and likely future availability of cost-effective technologies.

MWh Megawatt-hour

NCC National Construction Code

NatHERS National House Energy Rating Scheme
NEEBP National Energy Efficiency Building Project
NEPP National Energy Productivity Plan

Net energy performance
Annual energy consumption of a building minus the annual on-site renewable energy generation
Net energy targets

Targets for net energy performance to be included in the Code, accounting for on-site renewable energy
generation.

Net floor area  Total conditioned floor area of the models or archetypes
Net societal benefit

The benefit gained by an individual as a result of an action, plus the benefits gained by independent
parties (i.e. broader society), minus the costs borne by both the individual and broader society.

Net zero energy The annual on-site renewable energy generation is equal to or more than the annual energy consumption

NEXIS National Exposure Information System
Pa Pascal (unit of pressure)
PAC Packaged Air Conditioning

Regulated energy load

Annual energy consumption of the building from sources included in the scope of the Code (e.g. including
heating and cooling but excluding plug-in appliances).

RIA Regulatory Impact Assessment
RIS Regulatory Impact Statement
Single Dimensional Analysis

The sensitivity of the energy efficiency of each building archetype to changes in each of the identified
building element/design factors was assessed on a one-dimensional basis, i.e. varying one design
parameter while holding others constant.

SHGC Solar Heat Gain Coefficient, a measure of the proportion of solar heat gain that is transmitted through a
window.

Societal benefit cost analysis

Benefit-to-cost analysis that incorporates both local energy and broader society (network) benefits.
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Surface-to-volume ratio

Ratio of surface area to internal volume of the models

TAG Technical Advisory Group

tCO2-e Tonnes of Carbon Dioxide — Equivalent

UoW University of Wollongong

U-value Measured in W/m2.K (Watts per area per temperature), U-value relates to the thermal resistance i.e. a
higher U-value will allow more heat and visible light to transmit through the window, resulting in a higher
SHGC.

VAV Variable Air Volume

VSD Variable Speed Drive

\2) Visual Transmittance

WWR Window to Wall Ratio

Zero carbon Refers to a building with no net annual greenhouse gas emissions resulting from on-site energy or energy

procurement (Scope 1 and Scope 2) from its operation.
Zero Carbon Ready Code

A Building Code that maximises the cost-effective potential for new construction to contribute to
achieving the overarching zero carbon goal, and prepares new buildings for the 2050 zero carbon
environment in which they will still be operating.
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Executive Summary

The buildings sector is responsible for approximately 23%
of Australia’s carbon emissions. The Australian
Sustainable Built Environment Council (ASBEC), the
peak body for sustainability in the built environment, has
identified that improving the minimum standards for
energy efficiency of new buildings can assist in delivering
carbon emissions reductions. One of the key tools in
delivering improved building efficiency is the National
Construction Code (NCC), which sets the minimum
standards for new building work in Australia.

The goal of the analysis undertaken for this project is to
assess the contribution that the Code could make towards
achieving GHG emissions reductions in line with
overarching zero carbon targets.

The report Built to Perform — An industry led pathway to a
zero carbon ready building code, published on 3 July
2018, outlined a set of energy performance targets for
different building types across different climates, based
on societal cost-benefit analysis of energy efficiency and
on-site renewable energy opportunities. It estimates
these targets could reduce household bills by up to $900
per year for each household, while saving thousands of
dollars each year across a whole non-residential building.
This could also reduce electricity network investments
across Australia by $12.6 billion between now and 2050.
These benefits more than offset the upfront costs, noting
that electricity market reforms would be required to enable
network savings to be passed through to individual
building occupants. Achieving the targets could also
deliver 15 million tonnes of cumulative emissions
reductions to 2030, and 78 million tonnes to 2050.

This report is the Final Technical Report for the Building
Code Energy Performance Trajectory Project
accompanying the Built to Perform report. The intent of
this report is to provide more details on the underlying
assumptions and results from the modelling work
performed.

The study sought to identify energy efficiency measures
for which the capital cost is outweighed by financial
benefits (‘cost-beneficial’) from a societal perspective
over a 40 year lifetime of the technology. In both
residential and commercial buildings, a range of
measures were found to individually achieve a benefit-to-
cost ratio (BCR) of between 1.0 and 1.5 (where, a BCR of
1 brings the same lifetime value as cost and a BCR of 1.5
brings 1.5 times the value, e.g. $15,000 for $10,000 cost)
and when measures were combined there was increased
potential to implement more measures together while
remaining cost beneficial. The target range of BCR was
chosen so as to be consistent with the Australian

1 COAG, Best Practice Regulation: a guide for ministerial
councils and national standard setting bodies, October 2007.

2 Australian Government Department of the Prime Minister and
Cabinet, Office of Best Practice Regulation, Cost-Benefit
Analysis Guidance Note, February 2016.

Government's Best Practice Regulation guidelines! and
Guidance Note on Cost-Benefit Analysis.2.

The study examined multiple building archetypes located
in four climate zones, covering Australia’s largest
population centres (climate zones 2, 5, 6 and 7). Further
to the examination of energy efficiency measures, on-site
solar photovoltaic (PV) systems were considered, with
standard panel-based systems on both residential and
commercial archetypes and building integrated PV (roof
tiles, wall systems, glazing, etc.) on commercial
archetypes only. Alternative generation systems such as
photovoltaic thermal systems, micro wind turbines and
geothermal systems have not been included in this study.

The report provides the following key items:

1. Background, context and methodology for the
study.

2. Review of parameters used in the economic
assessment.

3. Baseline results for residential and commercial
building energy modelling.

4. Individual cost-benefit analyses results for
potential residential and commercial construction
upgrades.

5. Modelling results for residential and commercial
buildings, incorporating improvements that are
currently cost-beneficial.

6. Assumptions for residential and commercial
building energy modelling.

7. Stock model projections of the impact of proposed
residential and commercial upgrades at state,
territory and national levels.

Following is a summary of the two main components of
the report and their key findings respectively.

Residential Component

This study assessed a range of energy efficiency
opportunities across three building types: detached
houses, attached townhouses and individual apartment
unitss.

The study considered opportunities to improve efficiency
of the building ‘fabric’ (walls, ceilings, windows etc.) and
fixed equipment (hot water, lighting), but not plug-in
appliances, which are regulated separately. The analysis
used conservative assumptions and focused on simple
lowest common denominator opportunities to improve
energy efficiency.

Strengthening the energy efficiency requirements of the
Code could deliver between 19 and 25 per cent of the

% The apartment archetype does not include shared services or
common areas — these are covered in commercial parts of this
analysis as they sit within Volume 1 of the NCC.
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energy savings required to achieve net zero energy in
new residential buildings by 2030, compared with a
baseline that complies with the deemed-to-satisfy (DtS)
requirements of the 2019 Code.

Key findings in relation to the residential study are as
follows:

e Across all archetypes, infiltration (air-tightness),
domestic hot water and lighting energy efficiency
measures were found to be cost effective today.

e There was generally a high degree of variability in
the efficiency measures that were found to be cost
beneficial across all archetypes and climate
zones.

e In warmer climate zones (2&5) increased
ventilation (ceiling fans) and additional shading
(roller shutters and larger eaves) were often
economic now.

e When examining future scenarios, improved
insulation, shading control and thermal mass
measures were found to be cost-beneficial across
most of the archetypes and climate zones.

¢ Both attached and detached archetypes have high
rooftop PV potential in all climate zones and will
become net zero as a result very near into the
future, as early as 2022.

Commercial Buildings

Five building types were considered in this study (office
tower, hotel tower, medium retail shop, hospital ward and
school building).

The study considered opportunities to improve the
building fabric (external shutters, external colour,
infiltration, high-mass walls, and wall insulation) and
building services (air delivery system efficiencies,
dewpoint coolers, heat exchangers, lifts, lighting, and
economy cycle functionality).

Strengthening the energy efficiency requirements of the
Code could deliver between 22 and 34 per cent of the
energy savings required to achieve net zero energy in
new commercial buildings by 2030, compared with a
baseline that complies with the energy requirements
proposed for the 2019 Code.

Key findings in relation to the commercial study are as
follows:

e Across all archetypes a lighter wall fabric colour,
lighting controls and rooftop PV measures were
found to be cost effective today.

e There was generally limited consistency in
measures that were cost effective for each
archetype across the different climate zones.

e Hotels and wards benefited from installation of
external shutters in all climate zones.

e Wards and offices benefited from duct pressure
reduction across many climate zones.

e There is also potential for a single-storey hospital
ward to generate approximately one-third of its

annual energy use through rooftop solar PV, while
a single-storey school building could generate
over three-quarters of its energy use.
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1 Introduction

1.1 The Trajectory Project

1.1.1 Project Context

The buildings sector is responsible for 23% of Australia’s
carbon emissions. The Australian Sustainable Built
Environment Council (ASBEC), the peak body for
sustainability in the built environment, has identified that
improving the minimum standards for energy efficiency of
new buildings can assist in delivering carbon emissions
reductions.* One of the key tools in delivering improved
building efficiency is the National Construction Code
(NCC), which sets the minimum standards for new
building work in Australia. However, there have been no
significant increases in the NCC’s energy efficiency
stringency since 2010.

Currently, there is work underway to update the
provisions of Volume 1 of the Code (covering commercial
buildings) for release under NCC2019. However, there is
no stringency increase proposed for the provisions in
Volume 2 (residential); instead, updates for 2019 are
focussed on making Code requirements clearer and
easier to comply with, and include separate heating and
cooling caps to ensure buildings perform to a minimum
standard in both winter and summer, clearer building
sealing provisions and a new optional building sealing
verification method based on post-construction testing of
infiltration performance. An upgrade cycle of 3 years has
been instituted for both volumes of the NCC.

As with any sector of the economy, the construction
sector needs time to adapt and retool to changes in
regulation, so a regular update cycle brings the benefit of
some increased certainty about the timing of changes.
However, without some clarity about the technical
changes likely to occur, medium to long term planning is
difficult. This is particularly relevant given that the
construction cycle of large buildings can be of the order of
three years, and sometimes longer. Thus there is a need
to define the forward technical trajectory of the NCC
beyond 2019. Greater certainty in this respect will reduce
industry disruption and thereby potentially decrease
resistance to each incremental change.

This project — the Building Code Energy Performance
Trajectory Project — was a partnership between ASBEC
and ClimateWorks Australia, the research providers who
provided the modelling and other evidence described in
this report, and other stakeholders The aim of the project
was to bring together researchers, key industry
stakeholders and government policy makers to develop
an industry-led evidence base for the adoption of
ambitious long-term targets and forward trajectories for

4 Australian Sustainable Built Environment Council (ASBEC).
2016. Low Carbon, High Performance. ASBEC, Australia.

progressive increases in energy performance for new
building work under the Code.

In developing such targets and trajectories, it is necessary
to consider many factors, including:

» The economics of energy efficiency measures that go
beyond current NCC levels of stringency.

+ The potential to expand the range of measures in the
NCC to incorporate technologies or issues currently
not covered.

* Projected reductions in technology cost and
improvements in technology efficiency.

» Projected increases in energy costs.

In line with current government process, there has to be
an economic justification for all measures included in the
trajectory, hence the methodology for this study includes
cost-benefit analysis. However, in considering the
economics, barriers such as split incentives between
builders and owners are ignored as it is these economic
distortions that the NCC has to address to produce
optimal societal outcomes. Economic analysis is only one
of many factors to be considered when making decisions
about changes in the NCC energy requirements.

The research as set out in this Final Technical Report is
funded by the CRC for Low Carbon Living Ltd supported
by the Cooperative Research Centres program, an
Australian Government initiative. The authors would also
like to acknowledge the contributions of ASBEC and
ClimateWorks Australia to this study.

1.1.2 Project Objectives
The key objectives of this project are as follows:

+ Develop a baseline case of energy efficiency
measures that are cost effective today.

+ Develop a forward trajectory of energy efficiency
measures that can be projected to be cost-beneficial
in the future.

+ Develop a timeline of decreasing energy intensity
based on the projected forward trajectories.

+ Develop estimates of the impacts of the proposed
measures and timeline on the energy consumption of
the national building stock, allowing for projected
changes in the building stock due to new construction,
demolition, and refurbishment.

1.2 Overarching Methodology

This project involved analysis of two building sectors,
these being residential and commercial (i.e. non-
residential). The descriptions herein of these two parallel
streams of work have similar overall structures but differ
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in detail, due in part to the fact that significant work had
already been undertaken to determine current cost-
effective opportunities to increase of energy requirements
for commercial buildings as part of the update of the 2019
NCC led by the Australian Building Codes Board (ABCB),
while no such work has been undertaken for residential
buildings.

For the commercial analysis archetypes, five NCC
building classes were combined with five representative
building geometries to produce the simulation models.
The archetypes include a 3 storey hotel (NCC building
Class 3), a 10 storey office building (NCC building Class
5), a single storey retail building (NCC building Class 6),
a single storey hospital ward area (NCC building Class
9a) and a single storey school building (NCC building
Class 9b).

The residential analysis used three different building
types namely a single-storey standalone detached house
(NCC building Class 1a), a two storey attached
townhouse (NCC building Class 1a) and a single level of
a residential apartment dwelling (NCC building Class 2).
The analysis, for both streams of modelling, was
conducted over four climate zones including 2 (Brisbane),
5 (Sydney), 6 (Melbourne) and 7 (Canberra).

The modelling investigates a range of energy efficiency
improvements to the building fabric and fixed equipment,
and also investigates on-site renewables (PV). The
measures for both the residential and commercial
analysis vary, with lists of these measures presented in
the respective modelling methodology sections.

The analysis was specific to Climate Zones 2, 5, 6 and 7
as defined by the ABCB.

e Zone 2: Warm humid summer, mild winter;
e Zone 5: Warm temperate;

e Zone 6: Mild temperate; and

e Zone 7: Cool temperature.

¢ Single sites were used to represent the above climate
zones as opposed to multiple sites of the same
climate zone. The representative sites selected were
Brisbane, Sydney, Melbourne and Canberra.

To facilitate expedient simulation work to define the
performance at fixed points in the future, a 5 year step
period was used in the modelling process. Separate
models were developed for building performance and
economic viability at each time to determine how cost
effectiveness changed for technologies over time, e.g. 0
years refers to what’s cost effective today (and therefore
for the 2019 Code), 5 years refers to what will be cost
effective in 2024, 10 years for 2029 and 15 years refers
to what will be cost effective in 2034.

5 https://www.asbec.asn.au/wordpress/wp-
content/uploads/2018/07/180703-ASBEC-CWA-Built-to-
Perform-Zero-Carbon-Ready-Building-Code-web.pdf

The final trajectory was presented in 3 year step periods,
to match the NCC revision timeframe, and the simulated
results were interpolated to align with this sequence.

Economic variables such as energy pricing and
technology costs are projected forwards in time (refer
Appendix A -) in five-yearly increments.

After the efficiency measures were defined, a single-
dimensional analysis was undertaken to gauge the
benefit of changing an individual efficiency measure to the
buildings. Under the single-dimensional analysis, the
performance of a single measure was varied from the
baseline while keeping the performance of all other
measures constant. This was repeated for each individual
measure. Measures which had more than a 2% impact on
the annual building energy were identified for subsequent
analysis. A benefit-cost analysis was performed to
determine which measures are currently cost-effective.

The multi-dimensional analysis involved combining
multiple measures in a single model and examining the
overall impact of these measures being implemented
together. The accelerated deployment models (used for
the accelerated trajectory) incorporated all measures that
were predicted to have an impact on building energy of
greater than 2% from the single-dimensional analysis.
The conservative models were identified from the single-
dimensional analysis as those which had a benefit-cost
ratio greater than 1. The conservative multi-dimensional
models were tuned to achieve an overall benefit-cost ratio
between 1 and 1.5 by adding or removing efficiency
measures. This benefit cost ratio is the ratio of life cycle
energy costs over capital cost less network adjustments.

The project has established two Technical Advisory
Groups (one for the residential sector and one for non-
residential buildings) comprising relevant experts in
building design, construction and operation, energy
performance in buildings, building energy modelling and
societal cost-benefit analysis, and the project team
gratefully acknowledges the generous and highly
valuable input they have provided throughout the project.

1.3 Intended Outcomes

The results of this project will feed into the Built to Perform
report by ASBEC and ClimateWorks®, which form an
evidence base for governments and industry to adopt
time-bound targets and trajectories for Code energy
requirements. The Built to Perform report uses the
findings from this report to set out a series of feasible
forward pathways for Code energy requirements that
cover a range of building types and climates across
Australia.
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2 Residential Building Modelling

2.1 Modelling Methodology

This section summarises the modelling approach for the
residential building archetypes. Three baseline archetype
models were developed in consultation with project
stakeholders to represent a detached house, an attached
house, and a single mid-level apartment compliant with
the current NCC energy requirements.

For this component of the NCC Trajectories project, the
work was broken into two stages:

e Single-Dimensional Analysis: The sensitivity of the
energy efficiency of each building archetype to
changes in each of the identified building
element/design factors was assessed on a one-
dimensional basis, i.e. varying one design parameter
while holding others constant. This approach was
designed to provide an overall picture of the
importance of key building components and
parameters in improving the energy efficiency of the
building. The one-dimensional analysis was
completed in two steps: an energy analysis to
determine the energy impacts of each element; and
an economic analysis to estimate the cost-
effectiveness of each measure based on the energy
modelling results.

e Multi-Dimensional Trajectory Analysis: A range of
scenario models were completed, taking packages of
the most effective technologies identified for that
building archetype from the one-dimensional analysis,
and integrating them into progressively stringent
packages of measures that cover both existing
technologies that are found to be cost-effective on
current economic assumptions and likely future
availability of cost-effective technologies. These
packages can be characterised as: i) a ‘conservative’
scenario employing existing technologies with
extrapolations of current efficiency trends and
economics, and ii) an ‘accelerated deployment’
scenario with relaxed economic criteria to assess the
potential opportunity if costs or technologies improve
faster.

Residential archetypes were developed to represent
simplified versions of typical buildings with a range of
surface-area to volume ratio (bracketing the range of
exposure to outdoor weather conditions), and were
designed to characterise the energy performance of
typical building types under typical operational conditions.
There were three residential archetypes modelled
including a standalone detached house, an attached
townhouse, and an apartment (refer to Table 2-1, and
Figure 1 to Figure 3). Similar models were developed and
used to undertake the single-dimensional energy
efficiency analysis and to benchmark the multi-
dimensional energy efficiency trajectory analysis.

Table 2-1: Residential Archetype Details

Building type Description

Standalone
detached house

Class 1A, Single level,

Gross floor area ~ 213 m?,

Net floor area ~ 189 mz,
Nominal dimensions ~ 21.7 x
12.7 m (ceilings 2.4 m),
Surface-to-Volume ratio ~ 1.17

Attached Class 1A, Two storey,
townhouse Gross floor area ~ 146 m?,
Net floor area ~ 128 mz,
Nominal dimensions =~ 10.1 X 7.3 m
(ceilings 2.4 m),
Surface-to-Volume ratio ~ 0.52
Residential Class 2, Mid-level apartment,
apartment Gross floor area =~ 90 mz,

Net floor area ~ 76 m2,

Nominal dimensions =~ 15.2 x 7.4 m,
(ceilings 2.7 m),

Surface-to-Volume ratio ~ 0.39

Figure 1: Detached, single storey, archetype physical geometry
(courtesy of S. Beazley)

Figure 2: Attached, two storey townhouse, archetype physical
geometry (courtesy of S. Beazley)
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Figure 3: Apartment archetype physical geometry (courtesy of
S. Beazley)

The archetype models and major inputs and assumptions
(including form details, construction details and operation
details) used for each archetype are presented in
Residential Methodology Details. The archetypes were
adjusted throughout the project in response to feedback
from the project’s Technical Advisory Group (TAG).

Each archetype was developed to enable ‘single-
dimensional’ energy efficiency performance measures to
be applied at various levels of stringency starting with a
base case aligning with NCC 2016 requirements.

The archetypes were modelled using AccuRate
Sustainability software (V2.3.3.13 SP3 - Research
Version), a building rating tool accredited under the
Nationwide House Energy Rating Scheme (NatHERS).
The AccuRate Sustainability software utilises the
CSIRO’s Chenath Engine. A small number of
modifications to the software were made by the CSIRO
specifically for this project to improve access to data and
modelling outcomes.

For the apartment analysis, the project looked at only a
single, mid-level apartment dwelling averaged across four
different orientations in order to expand the applicability
of the results to apartment blocks of different sizes. This
approach is conservative (in keeping with virtually all the
modelling undertaken in this study) as it does not allow for
opportunities for whole-building design responses such
as trade-offs in different orientations, or ceiling insulation
on a top-floor, and insulation above a basement car park,
for example. It also does not account for the variability in
performance across different apartment dwellings in the
one dwelling. The lower-rated apartments in a building are
likely to have greater opportunities for improvement than
the higher-rated apartments. The apartment archetype
does not include shared services — these are covered in
commercial parts of this analysis as they sit within Volume
1 of the NCC.

2.1.1 Base Case Archetypes

The Base Case detached and attached archetypes were
developed to comply with the National Construction Code
2016 Deemed-to-Satisfy (DtS) Elemental Provisions and

5 Ambrose MD and Syme M (2015). House Energy Efficiency
Inspections Project — Final Report. CSIRO, Australia.

provide a 6-Star rating under NatHERS at the default
infiltration rate (i.e. as it would be entered for accreditation
purposes) for each of the four climate zones considered
(Climate Zones 2, 5, 6 and 7). As there are no DtS
Elemental Provisions for Class 2 (apartment) buildings,
the apartment archetype base case was also modelled at
a 6-Star rating at the default infiltration rate. Thus all base
case archetype models provided a NatHERS 6-Star rating
at default infiltration rate.

For all archetypes the base case simulations were
adjusted to achieve an infiltration rate of 15 ACH at 50 Pa
in keeping with the estimated average infiltration rate of
new residential buildings from a recent CSIRO-¢ study
(further details are provided in Section 2.1.1.1 Air
Tightness and Infiltration).

Glazing types for base case models were initially based
on details of typical windows as provided by the project’s
TAG. This was later adjusted to ensure better alignment
with the Code DtS requirements and to match data on
new builds for 2016 onwards from the Home Energy
Rating System HStar portal, as provided the CSIRO. DtS
requirements for glazing where relevant were determined
using the NCC Glazing Calculator Spreadsheet ensuring
that glazing met DtS requirements for at least one
orientation for each archetype, in each climate zone for
the single-dimensional analysis (Refer to Section B.6 in
Appendix B - Residential Methodology Details).

For the modelling work the detached dwellings were
assumed to have five occupants, and for the attached and
apartment dwellings three occupants were assumed.
Standard NatHERS Software Accreditation Protocol
occupancy profiles were assumed for each of the
archetypes (Refer to Appendix B - Residential
Methodology Details).

2.1.1.1Air Tightness and Infiltration

To ascertain the impact of air tightness
improvements/changes, the base case archetype models
were developed with air tightness values of 15 ACH that
approximately matched the average from blower door
survey data made available by the CSIRO in their “House
Energy Efficiency Inspections Project” report’. This report
stated that the average air change rate for the buildings
tested in situ was 15.4 ACH (at 50 Pa). This figure
included buildings up to 10 years old. To ensure that the
ACH (at 50 Pa) data was as closely representative of
buildings in the present Building Code Energy
Performance Trajectory project as possible, only the city-
by-city mean values provided by Ambrose and Syme for
newly constructed buildings (up to 3 years old) were
averaged. Thus, it could be inferred that the buildings in
this dataset were built close to current NCC energy
performance standards (noting that 6-Star NatHERS
applied in most jurisdictions, with some less stringent
requirements used in others). The resultant average air

" House Energy Efficiency Inspections Project (Ambrose &
Syme 2015, p10).
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change rate was then calculated to be 14.7 ACH (at
50 Pa).

The UOW team developed a method to estimate the
impact of improving the airtightness of the building
envelope on the energy and thermal performance of a
new dwelling; this method is outlined in some detail in
Section B.1 of Appendix B - Residential Methodology
Details. The infiltration rates in the three archetype
buildings were adjusted in Accurate Sustainability by the
addition of wall vents so as to implement a baseline air
envelope air tightness of close to the target value of 15
ACH (at 50 Pa)8. However, it should be noted that it was
not always possible to match this value exactly in the
AccuRate Sustainability simulation tool, due to the nature
of the in-built infiltration algorithms.

It should also be noted that the term Equivalent Star
Ratings is sometimes used in this report as a reminder to
readers of the fact that the many of the energy simulations
have been undertaken with the 15 ACH (at 50 Pa) base
case air tightness indicator (which is generally higher than
the default assessment rate). While this approach has the
benefit of setting a consistent air tightness benchmark
across the different archetypes, it does mean that care
needs to be taken with the interpretation of results, since
they will differ somewhat from simulations using standard
NatHERS-compliant software protocols. This is a result of
the fact that when using the standard NatHERS software
protocols air tightness and infiltration will vary significantly
across multiple specific building designs according to the
number and type of air leakage paths included (e.g.
through downlight fittings, etc.). Whereas, in the present
project it has been important to maintain consistent base
case and increased stringency air tightness values since
this parameter has a very significant influence on building
heating and cooling energy requirements.

2.1.1.2Glazing

Several types of glazing options for the multi-dimensional
energy analysis were developed for the three building
archetypes based on the following.

i) 2016 6-Star Compliant Glazing: From glazing types
available to the modellers in the AccuRate
Sustainability  default glazing library,  six
representative glazing types were chosen (refer to
Table 2-2 which contains the Solar Heat Gain
Coefficient (SHGC) and the heat gain/loss U-value
parameters for each glass type) following relevant
advice of the TAG and other stakeholders and
practitioners. Typical window sizes and window-to-
wall ratios (WWR) currently adopted by the industry
were implemented. The cheapest representative
glazing option for each fagade from Glass 1 to Glass
6 from that provided the relevant archetype with a
NatHERS 6-Star rating, at default infiltration rate, in
all four climate zones, was used for the single-

8 The baseline infiltration value is equivalent to approximately
12.8 m¥/mz.hr for the detached house archetype, 15.2 m¥/m2.hr
for the attached house, and 11.1 m¥/mz2.hr for the single
apartment, at 50Pa

dimensional and multi-dimensional base case
energy analysis.

i) Improved Performance Glazing: For the same
glazing types and typical window sizes and window-
to-wall ratios of the 2016 6-Star Compliant Glazing,
a new set of targets for glazing were established
based on the principle of using the smallest and
cheapest windows while maintaining the required
performance stringencies, ventilation and natural
lighting requirements of the NCC. This approach was
initiated by the EA team and developed in
conjunction with UOW modelling work. The targets
were a maximum value for Uror (the area weighted
U-value of the glazed and non-glazed component of
each fagade of the archetype) and SHGCxWWR
(which are functions of parameters including building
archetype, orientation and climate zone). Improved
Performance Glazing provides close to the lowest
cost in terms of construction in order to meet
performance requirements. Improved Performance
Glazing was used for the multi-dimensional energy
analysis presented in this report (see Section B.6 of
Appendix B - Residential Methodology Details for
further information).

iii) High Performance Glazing: From glazing types
available to the modellers in the AccuRate
Sustainability default glazing library, four climate
optimised glazing types were chosen (refer to Table
2-3) following relevant advice of the TAG and other
stakeholders/practitioners. Similar to the “Improved
Performance Glazing”, typical window sizes and
window-to-wall ratios currently adopted by the
industry were implemented. The relevant glazing
option for each climate zone was used for the
Accelerated deployment Energy Efficiency (EE)
scenarios energy analysis (where that option
provided improved energy performance over the
relevant Improved Performance Glazing option).
High Performance Glazing was developed to
nominally represent the best in currently available
window technologies.

2.1.1.3Single-Dimensional Base Case

The following list summarises the process by which the
Single-Dimensional Analysis archetype glazing base
cases were determined.

a) The archetype geometries, including windows sizes,
were largely derived from archetypes published in
the report by Isaacs®. In addition, the modelling team
took advice from members of the TAG and other
stakeholders on a number of relatively minor layout
and design modifications. The resultant glazing
areas were larger than the minimum window to floor
area ratio for daylighting requirements (which are

® Isaacs, T. “Development of Housing Stock Model to predict
heating and cooling energy use in Victoria”, Tony Isaacs
Consulting, 2007.
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required in part 3.12 of the Code i.e. >10% Window-
to-Floor-Area-Ratio).

b) The same glass type was used on all facades of a
given dwelling, regardless of orientation. This
approach was taken to reduce the number of
possible combinations of windows to be resized
under different orientations, climates, etc. to a
tractable cohort that could be processed with the
resources available to the project. To date the only
time this constraint has been relaxed was for the
Glazing Energy Analysis described in Section B.6 of
Appendix B - Residential Methodology Detalils.
Glass types were chosen following relevant advice
of the TAG and other stakeholder/practitioners from
the options available in the AccuRate Sustainability
default glazing library. The glass types used are
listed in Table 2-2 below.

The single-dimensional analysis was undertaken to
enable prioritisation of the design parameters for
increasing stringencies. Results of the single-dimensional
analysis are provided in Appendix C - Residential Energy
Modelling Details.

2.1.1.4Multi-Dimensional Base Case

The sub-set of glazing types from the AccuRate
Sustainability default glazing library remained as per the
single-dimensional analysis (specified in Table 2-2).
However, the glass types used in the models varied from
the single-dimensional to account for an increased
stringency in performance at the lowest cost via the
‘Improved Performance Glazing’ targets.

The initial multi-dimensional glazing base case was set
using sizes representing the minimum window to floor
area ratio for day lighting requirements of the Code (i.e.
this ratio must exceed 10% as detailed in NCC Vol. 2,
2016, clause 3.8.4.2). The lowest performance glazing
option Glass 1 was first trialled in the NCC Glazing
Calculator for the Detached and Attached archetypes,
and substituted by higher performance glazing options if

compliance was not achieved. This approach was later
adjusted for consistency to utilising typical WWRs based
on new construction data for actual windows, provided by
the CSIRO, and adjusting glazing types in each individual
cardinal fagade orientation on the same basis, i.e. starting
with the cheapest glazing, until 6-Star compliance was
achieved at the default infiltration rate. In the case of the
Apartment archetype glazing was chosen in the same
manner noting the NCC does not have a DtS pathway for
Class 2 buildings.

For each archetype, in a given climate zone, the glazing
type and window sizes were held constant for all
orientations of the building. In other words, no attempt
was made to ‘optimise’ the design of glazing for the
building as a function of orientation, climate zone or adjust
window sizes according to visual transmittance. This was
done to maintain consistency of designs, and to limit the
number of glazing configurations. While this might be
contrary to the approach taken by a good building
designer, the key objective of setting the base case for
this analysis was to facilitate the evaluation of improved
performance in individual building elements, not to
develop the highest performance building possible.

For the purposes of the Multi-Dimensional energy
analyses, the glazing of an archetype in a particular
climate zone was deemed to meet the requirements of the
present study if the building complied with NCC glazing
requirements in at least one cardinal orientation (N, S, E
or W). The Detached and Attached archetypes were also
checked for compliance with the NCC Glazing Calculator
(the previous requirement being to comply in at least one
cardinal orientation), and all archetypes (including the
Apartment) had to achieve at least an 6-Star rating with
AccuRate Sustainability at default infiltration, in at least
one orientation.

For more details on the glazing selection method for the
Multi-Dimensional analysis Base Case models refer to
Section B.6 in Appendix B - Residential Methodology
Details.

Table 2-2: Representative glazing types from the AccuRate Sustainability default glazing library

Type U-value | SHGC VT Frame AccuRate Description
(W/mz2K) ratio (%) | Window Code

Glass 1 6.7 0.70 0.90 0.24 ALM-002-01 A | Aluminium Frame, Single glazing (SG) clear glass

Glass 2 4.6 0.46 0.61 0.19 CMP-002-04 1 | Composite frame, SG low solar gain and low-E

Glass 3 4.3 0.53 0.75 0.24 ALM-004-03 A | Al frame, double glazing (DG), air fill, glass: high solar
gain, low-E, clear

Glass 4 2.3 0.25 0.45 0.20 PVC-004-04 uPVC frame, DG, air fill, glass: low solar gain, low-E,

w clear

Glass 5 2.9 0.51 0.75 0.24 ATB-006-03 B | Al frame, Thermally broken, DG, argon fill, glass: high
solar gain, low-E, clear

Glass 6 2.6 0.53 0.82 0.35 TIM-006-01 W | Timber frame, DG, argon fill, glass: clear, clear

Table 2-3: High performance glazing types from the AWA AccuRate Sustainability All Windows glazing library.

Climate U-value SHGC VT AccuRate Description

Zone (W/mz2K) Window Code

CzZ2 1.22 0.13 0.27 ETD-004-02 W Cedar Tilt 'n” Turn Window, Triple Glaze, TPS Space
4SB70XL-8Ar-4-8Ar-4ET

AL, LOW CARBON LIVING
"<"® CRC

SP0016 Building Code Energy Performance Trajectory Final Report




CzZ5 1.84 0.50 0.57 MAR-028-09 W* | Clad Ultimate Glider, DG, 4clr/10Ar/4LoE 180

Cz7

1.60 0.39 0.71 CTD-004-04- uPVC Fixed Windows, Double Glazed, 4-14-4SB60
W**
CZ 6 & | 173 0.71 0.77 SOV-016-04 W Single Hung Super Spacer, Double Glaze, 4/14Ar/ATiPS

* used on archetypes with similar heating and cooling demand

** ysed on archetypes where cooling demand was higher than heating demand

Table 2-4: Maximum DC System Size (kW) for PV Systems

Archetype | Climate Zone | Maximum DC PV System Size (kW)
2019 (O yr) | 2022 (3yr) | 2025 (6 yr) | 2028 (9 yr) | 2031 (12 yr) | 2034 (15 yr)
Apartment | CZ 2 0.25 0.27 0.30 0.32 0.35 0.37
Cz5 0.25 0.27 0.30 0.32 0.35 0.37
CZ6 0.25 0.27 0.30 0.32 0.35 0.37
cz7 0.25 0.27 0.30 0.32 0.35 0.37
Attached Cz2 3.75 4.11 4.47 4.83 5.19 5.55
Cz5 3.75 4.11 4.47 4.83 5.19 5.55
CZ6 3.75 4.11 4.47 4.83 5.19 5.55
Ccz7 3.75 4.11 4.47 4.83 5.19 5.55
Detached | CZ2 13.13 14.39 15.65 16.91 18.17 19.43
Cz5 13.13 14.39 15.65 16.91 18.17 19.43
CZ6 13.13 14.39 15.65 16.91 18.17 19.43
Ccz7 14.75 16.17 17.58 19.0 20.41 21.83

2.1.2 Optimisation of Multi-Dimensional Scenarios

For the multi-dimensional trajectory analysis, two
scenarios were established for each trajectory year of
increasing stringency (3 yearly review periods of NCC
adjustments): ‘conservative’ energy efficiency scenarios;
and ‘accelerated deployment’ energy efficiency
scenarios.

The ‘conservative’ energy efficiency scenarios were
determined based on increasing stringencies using the
outcomes of the single-dimensional analysis to establish
which measures provided a positive energy savings
performance and a suitable benefit to cost ratio (BCR)
based on energy savings and peak power reductions.
Measures were then prioritised for each trajectory year
based on BCR, with higher BCRs preferred.

The multi-dimensional model optimization process
described in this section was repeated for each archetype
and each climate zone at each trajectory time step. The
optimization process only applied to the ‘conservative’
energy efficiency scenarios, not the ‘accelerated
deployment’ energy efficiency scenarios.

The purpose of the optimization process was to ensure
that the total package of measures produced a building
that had a BCR in the target range. This ensured that:
opportunities for additional stringency were not lost
because whole building BCRs were greater than 1.5; and
excessive stringency was not imposed because whole
building BCRs were less than 1. This approach of
targeting a BCR range of 1-1.5 is consistent with
guidelines from the Office of Best Practice Regulation.
The steps for optimisation were as follows:

Step 1. lIdentify the worst and best performing
orientations of the archetype in the relevant climate
zone using NCC 2016 6-Star compliance (2016 6-Star
Compliant glazing applied to the base case model).
These orientations became the two ‘primary’

orientations carried through the optimisation process
for each archetype and climate zone (and also used for
the ‘accelerated deployment’ scenarios).

Step 2. lIdentify the core economic new Code measures
(with a BCR>1) from the single-dimensional analyses
as a starting point. For the remaining measures,
including next step measures for glazing, rank these in
terms of descending benefit cost ratio, and determine
which, if any, are not to be considered further.

Step 3. Apply the identified core economic new Code
measures derived from the single-dimensional
analyses relevant to the Improved Performance
Glazing archetype, climate zone and time step to the
two primary orientation models.

Step 4. Calculate the overall BCR for the economic
model using core new Code measures relative to the
corresponding NCC 2016 6-Star compliant base case.
Select the orientation model with the lowest BCR for
the optimization process.

Step 5. Ifthe BCRin Step 4 is in between 1-1.5, proceed
to Step 8. Otherwise, if the BCR is greater than 1.5,
select the remaining unapplied measure(s) with the
highest BCR. Assess the impact of adding this
measure.

o |If the added measure achieves a result in the
region of BCR 1-1.5, incorporate as it stands, or

e Ifthe added measure achieves a BCR less than 1,
consider scaling the scope of the measure back
(reduced stringency, reduced coverage) to get the
BCR in the 1-1.5 region, or

¢ Ifthe added measure achieves a BCR greater than
1.5, adopt the measure in full, and

e Move to Step 7.
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Step 6. If the BCR in Step 4 is less than 1, select the
adopted measure with the lowest BCR. Assess the
impact of removing this measure.

o If the added measure looks to achieve a result in
the region of BCR 1-1.5, remove the measure, or

e If the added measure looks to achieve a BCR
greater than 1.5, consider scaling the scope of the
measure back (reduced stringency, reduced
coverage) to get the BCR in the 1-1.5 region, or

e Ifitlooks to achieve a BCR less than 1, discard the
measure in full.

Step 7. Run the adjusted model and return to Step 5.

Step 8. With the model having a total BCR in the region
of 1-1.5, apply the optimized measure set to the
orientation model with the better original BCR (i.e. the
model not selected in Step 4) to complete the process.

At the completion of the optimisation process, the
projection forward of economic inputs and assumptions
(e.g. electricity prices, technology costs, industry learning
rates, etc.) to each of the trajectory years using
conservative  economic  assumptions/inputs  was
completed as per the steps above, including recalculation
of BCRs for existing and additional elements. The result
of this analysis was the ‘conservative’ energy efficiency
trajectory scenarios.

‘Accelerated deployment’ energy efficiency trajectories
were produced based on selected high impact measures
that had a positive energy impact greater than 2% of
regulated energy load, and as a minimum included all the
‘conservative’ energy efficiency scenario stringency
increases for the relevant archetype and climate zone,
without further optimization. Accelerated deployment
scenarios also included high performance glazing, where
applicable, as per Section 2.1.1.2.

2.1.3 Plug-in Appliance Demand

An allowance for residential/domestic plug-in appliances
were included in the total household energy use figures
for the multi-dimensional analysis. Two levels of the plug-
in appliance loads were determined based on occupancy
rates (refer to Section B.7 for details), at 4,157 kWh/year
(21.95 kWh/mz2/yr) for the detached archetypel?, and
3,303 kWhlyear (24.56 kWh/m2/yr and 43.22 kWh/m?/yr)
for the attached!! and apartment!2 archetypes. These
were summated with the energy results from the heating
and cooling modelling, domestic hot water (DHW)
requirements, and lighting demand calculations to
establish total household energy use. It is noted that the
losses from a minimum plug—in appliance load of
1,807 kWh/year (not area adjusted) is included in the
AccuRate Sustainability tool calculation of heating and
cooling requirements of the archetypes.

10 Detached house area used 189.39m2
11 Attached area used 134.50

2.1.4 PV Sizing and Analysis

The objective of the residential photovoltaic (PV) systems
analysis was to determine an appropriate amount of on-
site PV to be included in the ‘Net Energy Trajectories’,
based on the maximum cost-effective amount of PV for
each building type in each climate zone, with average
assumptions about building occupancy, available
roofspace and energy consumption patterns.

In this analysis, the PV system was assumed to be
installed on the north, east and west roofs of the
archetypes with sloped roofs. The maximum space
available for the installation of PV systems for each
residential archetype was based on roof dimensions,
accounting for the slope and orientation of each
archetype roof. For the apartment archetype, a portion
(relative to the number of units) of the overall building (flat)
roof was assumed available. A usable roof space factor
of 0.5 (for detached and apartment) and 0.4 (for attached)
was used to determine the maximum DC system size in
increments of panel size. A mounting factor of 0.5 was
also included for the apartment with panels rack-mounted
facing north for all apartment orientations.

For each archetype the calculated maximum percentage
export permissible while maintaining a BCR>1.25 was
determined based on pricing for energy savings
(internally used PV generation) and export of local PV
generation to the grid, for the net energy performance of
the ‘conservative’ energy efficiency scenarios (up to the
maximum DC system size used for the ‘accelerated’
technologies net energy performance scenarios).

The resulting maximum DC system sizes for the PV
systems for each archetype are included in Table 2-4. A
panel efficiency increase (due to assumed technology
development) of 2.5% every 5 years was assumed over
the trajectory period.

2.2 Scenarios

2.2.1 Scenario Design Parameters: What measures
were investigated?

A range of energy efficiency design factors/measures
were considered by the project team, which were
informed by suggestions provided by the TAG. The 'base
case' selected for each measure, with the exception of
glazing in some cases, was in minimum compliance with
the deemed-to-satisfy (DtS) elemental provisions of NCC
2016 for the single-dimensional analysis or NatHERS 6-
Star compliant (at default infiltration) for the multi-
dimensional base case . These design factors are briefly
described below and detailed in Table 2-5 to Table 2-7 for
each archetype, showing a maximum of four levels of
increased stringency for each design parameter.

12 Apartment area used 76.42m?2
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Table 2-5 details the measures adopted for the one-
dimensional simulation scenarios for the apartment
archetype. The grey areas of the table indicate situations
that are not suitable for the application of the
corresponding technical option. Table 2-6 summarises
the one-dimensional simulation scenarios designed for
the attached archetype. Table 2-7 summarises the one-
dimensional simulation scenarios designed for the
detached archetype. The simulation results under the
Climate Zones 2, 5, 6 and 7 are summarised in Appendix
C - Residential Energy Modelling Details.

2.2.1.1Insulation

In many residential archetypes, insulation is considered
as one of the most practical and cost effective measures
to maintain indoor thermal comfort and improve building
energy performance. We assessed the likely benefits
through increasing the insulation levels of ceilings, walls,
under floors and floor edges.

2.2.1.2Surface Colour of Walls and Roof

External surface colour will impact solar absorption and
therefore the amount of solar heat gains. The impact of
surface colours of external walls (for all archetypes) and
roof (for attached and detached archetypes) was
investigated.

2.2.1.3Glazing

Glazing is a very important element influencing building
energy consumption. In order to limit unwanted heat gain
in summer and heat loss in winter, window size should be
minimised. However, the nature of a window is to allow
the penetration of natural light and fresh air, and offer
views that connect interior living spaces with outdoors. In
addition, winter solar heat gains can aid in decreasing the
heating demand, while in summer cross-ventilation can
be used to diminish the cooling demand. In order to
determine the appropriate values that should be used in
the one-dimensional analysis, the impact of the type of
window glazing in terms of thermal transmittance (U-
value), solar heat gain coefficient (SHGC), and window-
to-wall ratio (WWR) on the energy performance need to
be considered.

The analysis of glazing was undertaken separately from
the other design parameter analysis due to the
complexities of glazing performance (as described
above). The objective of this separate work package was
to determine the impact of the type of window glazing, in
terms of thermal and solar transmittance (i.e. window U-
value and Solar Heat Gain Coefficient, SHGC), and
window-to-wall ratio (WWR) on the annual heating and
cooling energy requirements of the three residential
archetypes that represent apartments, attached terrace
townhouses, and detached houses.

2.2.1.4Infiltration

Infiltration is the uncontrolled movement of air through
windows, cracks or other openings in the building
envelope principally due to natural buoyancy and wind

13 The Level 1 stringency infiltration is equivalent to
approximately 5.1 m3/m2.hr for the detached house archetype,

effects. By contrast, ventilation is an intentional
introduction of air from the outside into the building, either
driven mechanically by fans, etc. or by the control of
natural ventilation through openable windows.

The rate of air leakage through the building envelope, i.e.
the volume flow rate of the air that passes through the
building envelope, is dependent on the quantity, size and
type of leakage paths which in turn determine the building
envelope airtightness or permeability.

Different levels of airtightness were considered using the
in-built algorithms in the AccuRate Sustainability
software. The base level used was 15 ACH while the
Level 1 stringency for air tightness was estimated to be
approximately 6 ACH (at 50Pa) 13 from the Accurate
Sustainability simulations of archetypes. The archetypes
upgraded to Level 1 air tightness stringency were
designed so that well sealed building components were
used throughout, including ‘sealed’ exhaust fans (i.e.
exhaust fans that incorporate a sealing device/damper).

2.2.1.5Thermal Mass

The thermal mass of any building (e.g. thermal mass of
the floor and external walls) has a potentially significant
impact on the energy performance of the residential
archetypes. We investigated the impact of using reverse
brick veneer, increasing the thickness of the exposed
concrete floor, and the combination of both these
approaches on the energy performance of the building
archetypes.

2.2.1.6External Shading

External shading can have an important impact on house
energy consumption, particularly in cooling dominated
climates. In the analysis, the impact of two external
shading options on the performance of the three
residential archetypes has been assessed, i.e. i)
extending the eaves of the building as a passive measure,
and ii) inclusion of roller shutters as an active measure.

2.2.1.7HVAC Efficiency

While improvements in building performance will reduce
the total heating and cooling load, improving the
performance of HVAC systems reduces the actual energy
required to service these loads. The highest performing
split-system units on the market were analysed compared
with the performance of a typical split-system unit.

2.2.1.8Energy Efficient Appliances and Lighting Controls
The default lighting technology for each archetype was
chosen as compact fluorescent lights (CFL) for baseline
energy consumption calculations. The transition to
alternative lighting technologies, (e.g. LEDs), was then
considered as a way to further reduce lighting-related
energy consumption.

2.2.1.9Roof Ventilation

Roof insulation slows the heat transfer between outdoors
and living areas via roof materials and roof spaces, it does
not prevent heat entering over an extended period of time.

6.1 m3/mz2.hr for the attached house, and 4.4 m3/mz.hr for the
single apartment, at 50Pa
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Removal of a component of this heat transfer can be
achieved through implementation of additional roof
ventilation. This can be via additional vents or ventilation
systems. For the single-dimensional analysis the addition
of hurricane ventilators was considered as an addition to
relevant roof areas to achieve two levels if increased roof
ventilation.

2.2.1.10 Roof type

Roof construction type can also influence heat transfer, in
addition to better understood mechanisms related to
insulation and ventilation. The use of tiles was compared
with various configurations (% coverage) of steel deck
roofs.

2.2.1.11 Domestic Hot Water Upgrades

Domestic hot water energy consumption requirements
based on typical usage rates were considered for each
archetype in the overall energy consumption calculations.

Hot water heating with standard and high performance
heat pumps and electrical boosted solar were considered.

2.2.1.12 Ceiling Fans

Ceiling fans were considered as a means to facilitate air
movement to improve occupant summer thermal comfort
and reduce demand for air conditioning. Ceiling fans are

14 Australian Bureau of Statistics, Environmental Issues: Energy
Use and Conservation, 4602.0.55.001, March 2008.

currently an option under the NCC deemed-to-satisfy
provisions.

Ceiling fan installation data from the Australian Bureau of
Statistics for pre- and post-regulations show that the
installation of fans has been generally stable over
previous decades and higher in locations that are warmer,
i.e. Queensland and the Northern Territory!4. Ceiling fans
are included in the baseline model for the Apartment
Archetype and as stringency increases for the Attached
and Detached Archetypes.

2.2.1.13 Solar Photovoltaic Systems

Solar photovoltaic systems were considered at a high
level as a measure to offset energy consumption in the
residential archetypes. Photovoltaic systems sized to take
up 40% and 50% of the available roof surfaces on north,
west, and east facing roof areas were considered for the
attached and detached archetypes respectively. The
available apartment archetype roof area was considered
as a portion of the entire roof top based on the number of
apartments in the building and similar percentages of roof
space available as other archetypes. Grid integration
issues have not been considered in the analysis.
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Table 2-5: Apartment archetype design parameters for single-dimensional and multi-dimensional analysis

Design parameters [Base case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Insulation* Climate Zone 5 and 6: |Climate Zone 5 and 6:|Climate Zone 5 and|Climate Zone 5 and|Climate Zone 5 and 6
South wall (R-value 2.4(South wall (R-value 2.9|(6: 6: :
Km2/W): W/mzK): South wall: (R-value[South wall (R-value|South wall (R-value
90mm of Glass fibre|90mm of Glass fibre|3.5 m2K/W): 4.0 m2K/W): 4.8 m2K/W):
batts  and 18mmibatts and  27mm|90mm of Glass fibre|90mm of Glass fibre|90mm of Glass fibre
Polystyrene extruded. |Polystyrene extruded |batts and 49mmibatts and 68mm|batts and 90mm
Other walls (R-value|Other walls (R-value|Polystyrene Polystyrene Polystyrene extruded
2.9 Km?/W): 3.5 m2K/W): extruded. extruded Other walls (R-value
90mm of Glass fibre(90mm of Glass fibre|Other walls (R-value|Other walls (R-value|5.8 m2K/W):
batts and 27mm|batts and 49mm|4.2 m2K/W): 4.9 m?2K/W): 90mm of Glass fibre
Polystyrene extruded |Polystyrene extruded. |90mm of Glass fibre(90mm of Glass fibre|batts and 118mm
batts and 73mmj|batts and 92mm|Polystyrene extruded
Polystyrene Polystyrene
extruded. extruded
Climate Zone 2:|Climate Zone 2:[Climate Zone 2:[Climate Zone 2:|Climate Zone 2:
IS South wall (R-value 2.9|South wall (R-value 3.5|South wall (R-value|South wall (R-value|South wall (R-value
E m2K/W): m2K/W): 4.2 m?K/W): 4.9 m2K/W): 5.8 m2K/W):
= 90mm of Glass fibre(90mm of Glass fibre{90mm of Glass fibre|90mm of Glass fibre|90 mm of glass fibre
:0:) batts and 27mmy|batts and 49mm|batts and 73mmjbatts and 92mmj|batt and 118mm of
i Polystyrene extruded |Polystyrene extruded. |Polystyrene Polystyrene polystyrene extruded
Other walls (R-value|Other walls (R-value|extruded. extruded Other walls (R-value
3.4 m2K/W): 4.2 m2K/W): Other walls (R-value|Other walls (R-value|6.8 m2K/\W):
90mm of Glass fibre[90mm of Glass fibre|5 m2K/W): 5.8 m2K/W): 90mm of Glass fibre
batts and 47mm|batts  and 73mm|(90mm of Glass fibre|90mm of Glass fibre|batts and 145mm
Polystyrene extruded |Polystyrene extruded |batts and 95mmibatts and 118mm|Polystyrene extruded
Polystyrene Polystyrene
extruded extruded
Climate Zone 7: (R-|Climate Zone 7: (R-|Climate Zone 7: (R-|Climate Zone 7: (R-|Climate Zone 7: (R-
value 29 m2KMW):|value 3.5 m2KMW):|value 4.2 m2K/W):|value 4.9 m2K/W):|value 5.8 m2K/W):
90mm of Glass fibre(90mm of Glass fibre{90mm of Glass fibre|90mm of Glass fibre|90mm of Glass fibre
batts  and 27mm|batts and  49mmibatts and 73mmjbatts and 92mm|batts and 118mm
Polystyrene extruded |Polystyrene extruded |Polystyrene Polystyrene Polystyrene extruded
extruded extruded
Surface colour|External render, 65% |50%, light green the|30%, light cream 23%, white
(absorptance) external render
Roof type Roof tiles
Surface colour (Brick (red press clay),
g 79%
X |Openness Standard
(roof
ventilation)
=2 Insulation* R-value 1.5 (total R-
= value 2.5)
Q
(@)
Slab Insulation|None
5 |(Edge)
i |(Slab Insulation|None
(Under)
2 *|U-value Double glazed, Clear
g £ |(W/meK)  and|glass. U-value=4.8
£ ©|SHGC W/m2K;  SHGC=0.51;
20 WWR=20%
Ceiling fan 900mm fan (bedrooms,
2 kitchen); and
P 1200 mm fan (living
room)
< |Improve Approximately Approximately
.% workmanship |15 ACH at 50 Pa 6 ACH at 50 Pa
E
< o|Eave extension Balcony 0.8 m|Extend eaves to 0.56 m|Extend eaves to 0.68|Extend eaves to 0.8|Extend eaves to 1.2
£ £ overhang and eave m m m
£ 0.45 m length
W @ Roller shutters |None include roller shutters
T Floor, External|200 mm concrete and|Reverse brick veneer |Increase concrete(300 mm exposed
= 4 |walls carpet, Brick veneer floor to 300mm and|concretes floors and
§ = leave it expose reverse brick veneer

* Impact of thermal bridging included in insulation R-value
+ Glazing analysis was subsequently superseded by comprehensive Utotal vs. WWRXxSHGC analysis (see Section 4.4.4)
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Table 2-6: Attached archetype design parameters for single-dimensional and multi-dimensional analysis.

Design parameters Base case Level 1 Change Level 2 Change Level 3 Change Maximum Change
= 2 E
Rvalue 28 mPKW:|Rvalue 3.5 meKMW:(R-value 4.2 mekw:[RVAe &9 MKW R a6 5.8 mew:
S _ |insulation* 90 mm of glass fibre[90 mm of glass fibre|90 mm of glass fibre batt and gQOmm of 90 mm of glass fibre
=T batt and 27mm oflbatt and 50mm of|batt and 70mm of olystyrene batt and 120mm of
% E polystyrene extruded |polystyrene extruded |polystyrene extruded 2 xt?u d)é d polystyrene extruded
Surface  colour o |50%, light green|, . % ]
(absorptance) External render, 65% M i 30%, light cream 23%, white
Roof tvoe Roof tiles Metal Steel deck,|Metal Steel deck,| Metal Steel deck,
yp medium colour (50%) |light colour (30%)  |white (23%)
“g Surface colour %&k 2! przes e, 50%, medium colour |30%, light colour 23%, white
14 : :
. Highly ventilated
Opzinees Standard VR " (Dual Dutch Gable or
(roof ventilation) (Roof Ventilators) Roof Ventilators)
= Total roof and ceiling|Total R-value of roof ;?éal R;:Veéiill;e 2l r$07f Total R-value of roof ;r?(tjal R(;Zﬁilrt:e 2 Igo:f
= Insulation* R-value 5.1 m2K/W:|and ceiling 6.4 m2K/\W: MKW g " |and ceiling 9 m2K/W: MKW 9 ’
8 255 mm of Glass fibre|310 mm of Glass fibre 370 mm of Glass 480mm of Glass 540mm of Glass fibre
batt batt fibre batt fibre batt batt
) Polystyrene
Slzb Insulation None PonTtyrerf\e expg?/?,sd expanded R-value of
5 |(Edge) R-value of 0.5 m 1.5 m2K/W
o
L |Slab Insulation Polystyrene expanded Polystyrene
None o expanded R-value of
(Under) R-value of 1 m2K/W 2 MKW
2% 5 = 2K -
3 .g U-value (W/m2K) g;glé(io%;- WimeK;
c 0 ’
S 8 and SHGC WWR=40%
900mm fan (bedroom
0 2, studio),
S |Ceiling fan None 1200mm fan (bedroom
= 1, kitchen), 1400mm
fan (living)
]
% |Improve Approximately 15 ACH|Approximately 6 ACH
£ |workmanship  |at50 Pa at 50 Pa
=
Balcony 0.8 m
5 O|Eave extension |overhang and eave Extend eaves to 0.56|Extend eaves to 0.68|Extend eaves to 0.8|Extend eaves to 1.2
= m m m m
=5 0.45 m length
(O]
bl
Roller shutters  |None Include roller shutters
©
£ & Floor, External{200 mm concrete and . Increase __ concrete|300 mm exposed
> g Walls carpet. brick veneer Reverse brick veneer [floor to 300mm and|concretes floors and
= pet, leave it expose reverse brick veneer

* Impact of thermal bridging included in insulation R-value
+ Glazing analysis was subsequently superseded by comprehensive Utotal vs. WWRXxSHGC analysis (see Section 4.4.4)
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Table 2-7: Detached archetype design parameters for single-dimensional and multi-dimensional analysis

Design parameters Base case Level 1 Change Level 2 Change Level 3 Change Maximum Change
R-value 2.8 m?K/MW:|R-value 3.5 m2K/W:|R-value 4.2 m2K/W:|R-value 4.9 m?K/W:|R-value 5.6 m2K/W:
= 90 mm of glass fibre[90 mm of glass fibre|90 mm of glass fibre[90 mm of glass fibre|90 mm of glass fibre
E Insulation* batt and 27mm of|batt and 50mm of|batt and 70mm of|batt and 90mm of|batt and 114mm of
o polystyrene polystyrene polystyrene polystyrene polystyrene
5 extruded extruded extruded extruded extruded
X
W |Surface  colour|External render,|50%, light green| ., | o g
(absorptance) 65% external render B (T3t Gz ZE il
Roof type Steel deck Roof tiles
“g Surface colour |50%, medium 49%, pink 30%, light 23%, white
04
. Highly ventilated
Ope_nn(_ess (72 Standard ekl . (Dual Dutch Gable or
ventilation) (Roof Ventilator) .
Roof Ventilators)
Climate 2 and 5:
175 mm of Glass|Climate 2 and 5:|Climate 2 and 5:(Climate 2 and 5:|Climate 2 and 5:
fibre batts, R-value|220mm of Glass|260 mm of Glass|305mm of Glass|340mm of Glass
2.93 (Total R-value|fibre batts, R-value|fibre batts, R-valuelfibre batts, R-value|fibre batts, R-value
of roof and ceiling|3.7 m2K/W 4.41 m2K/W 5.2 mK/W 5.8 m2K/W
o 4.6 m2K/\W)
= Insulation* Climate 6 and 7- Climate 6 and 7:|/Climate 6 and 7:/Climate 6 and 7:/Climate 6 and 7:
O 205 mm of Glasé 250mm of Glass|305mm of Glass|350 mm of Glass|405mm of Glass
fibre batts. R-value|fiPré batts, R-valuelfibre batts, R-value|fibre batts, R-valuelfibre batts, R-value
3.45 mZKNV (Total 4.24 m2KW 5.2 m2KW 5.99 m2K/W 6.95 m2K/W
' (Total R-value of roof|(Total R-value of roof|(Total R-value of roof|(Total R-value of roof
R-value of roof and il il il i
ceiling 5.1 m2KM) and ceiling 5.7|]and ceiling 6.7|]and ceiling 7.5|and ceiling 8.5
' m2K/W) m2K/W) m2K/W) m2K/W)
. Polystyrene Polystyrene
(Sé?jbe) Iz None expanded R-value of|expanded R-value of
5 g 0.5 m2K/MW 1.5 meK/W
[ Slab  Insulation Polystyrene Polystyrene Polystyrene Polystyrene
(Under) None expanded R-value of|expanded R-value of|expanded R-value of|expanded R-value of
1 m2KW 2 m?KW 3 m2K/W 4 m2K/W
2o o = 2K -
S £ |U-value (W/mK) J value_ 6.7 W/m K;
£ 3 |and SHGC SHGC =0.57;
20 WWR=28%
900mm fan
(bedrooms, study),
@ .
E Ceiling fan None %)Z.OOmm I (g
1400mm fan (living
1, kitchen)
S
'*E Improve Approximately Approximately
= workmanship 15 ACH at 50 Pa 6 ACH at 50 Pa
=
T 2 |Eave extension |0.450 m length Eaves 0.563 m Eaves 0.675 m Eaves 0.788 m Eaves 0.900 m
g3
= Include roller
X
& & |Roller shutters  [None shutters
= 200 mm concrete|/400 mm concrete|200  mm concrete|400 mm concrete
«» |Floor
g a and carpet and carpet and carpet and carpet
S : =
= E External walls Brick veneer Brick veneer S:r:/:éfe TS 5::;;6 TS

* Impact of thermal bridging included in insulation R-value
+ Glazing analysis was subsequently superseded by comprehensive Utotal vs. WWRXxSHGC analysis (see Section 4.4.4)

2.2.2 Conservative Energy Efficiency Scenarios: What
were the cost-effective measures included?

From the optimisation process outlined in Section 2.1.2
the design parameters from the single-dimensional

analysis, were

combined with

energy efficiency

improvements to HVAC, DHW and lighting technologies.
The resulting ‘conservative’ energy efficiency scenarios
for the multi-dimensional analysis are outlined in Table
2-8, Table 2-9 and Table 2-10 for the apartment, attached
and detached archetypes respectively.
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Table 2-8: Conservative Energy Efficiency Trajectory Scenarios — Apartment Archetype

(]
E % 0 years (2019) 5 years (2024) 10 years (2029) 15 years (2034)
5N
Lighting 4 W/m? Lighting 3.5 W/m2 Lighting 3 W/m? Lighting 3 W/m?
DHW L1 (COP 4) DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 4.5)
EER 3.4 EER 3.9 EER 4.4 EER 4.9
« | Blower test/seal Blower test/seal Blower test/seal Blower test/seal
O |Roller shutters west Roller shutters west Roller shutters west Roller shutters west
Roller shutters east Roller shutters east Roller shutters east Roller shutters east
Thermal mass L1 (reverse|Thermal mass L1 (reverse|Thermal mass L1 (reverse|Thermal mass L1 (reverse
veneer) veneer) veneer) veneer)
Roller shutters north
Lighting 4 W/m? Lighting 3.5 W/m2 Lighting 3 W/m? Lighting 3 W/m?
DHW L1 (COP 4) DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 4.5)
EER 3.4 EER 3.9 EER 4.4 EER 4.9
» | Blower test/seal Blower test/seal Blower test/seal Blower test/seal
O | Wall insulation L4 (R4.9/R5.8) | Wall insulation L4 (R4.9/R5.8) | Wall insulation L4 (R4.9/R5.8) | Wall insulation L4 (R4.9/R5.8)
Thermal mass L1 (reverse|Thermal mass L1 (reverse|Thermal mass L1 (reverse|Thermal mass L1 (reverse
veneer) veneer) veneer) veneer)
Roller shutters west Roller shutters west Roller shutters west Roller shutters west
Roller shutters east
Lighting 4 W/m? Lighting 3.5 W/m? Lighting 3 W/m? Lighting 3 W/m?
DHW L1 (COP 4) DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 4.5)
© EER 3.4 EER 3.9 EER 4.4 EER 4.9
8 Blower door test/seal Blower door test/seal Blower door test/seal Blower door test/seal
Roller shutters north Roller shutters north Roller shutters north Roller shutters north
Roller shutters east Roller shutters east Roller shutters east Roller shutters east
Wall insulation L1 (R2.9/R3.5) | Wall insulation L3 (R4.2/R5.0) | Wall insulation L4 (R4.9/R5.8) | Wall insulation L4 (R4.9/R5.8)
Lighting 4 W/m? Lighting 3.5 W/m2 Lighting 3 W/m? Lighting 3 W/m?
DHW L1 (COP 4) DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 4.5)
~ |EER3.4 EER 3.9 EER 4.4 EER 4.9
8 Blower door test/seal Blower door test/seal Blower door test/seal Blower door test/seal
Thermal mass L3 (increase, | Thermal mass L3 (increase, | Thermal mass L3 (increase, | Thermal mass L3 (increase,
expose, reverse veneer) expose, reverse veneer) expose, reverse veneer) expose, reverse veneer)
Wall insulation L3 (R4.9) Wall insulation L3 (R4.9) Wall insulation L4 (R5.8) Wall insulation L4 (R5.8)

Table 2-9: Conservative Energy Efficiency Trajectory Scenarios — Attached Archetype

Q
=)
E S0 years (2019) 5 years (2024) 10 years (2029) 15 years (2034)
5N
Lighting 4 W/m? Lighting 3.5 W/m?2 Lighting 3 W/m? Lighting 3 W/m?
DHW L1 (COP 4) DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 4.5)
EER 3.4 EER 3.9 EER 4.4 EER 4.9
Ceiling fans Ceiling fans Ceiling fans Ceiling fans
« | Blower test/seal Blower test/seal Blower test/seal Blower test/seal
8 Eaves extension east (1.2m) | Eaves extension east (1.2m) | Eaves extension east (1.2m) | Eaves extension east (1.2m)
Eave extension west (1.2m) | Eave extension west (1.2m) | Eave extension west (1.2m) | Eave extension west (1.2m)
Slab edge (R1.5) Slab edge (R1.5) Slab edge (R1.5) Slab edge (R1.5)
Ceiling insulation L4 (R10.1) | Ceiling insulation L4 (R10.1) [ Ceiling insulation L4 (R10.1) | Ceiling insulation L4 (R10.1)
Roller shutters west Roller shutters west Roller shutters west
Roller shutters east
s Lighting 4 W/m? Lighting 3.5 W/m?2 Lighting 3 W/m? Lighting 3 W/m?
8 DHW L1 (COP 4) DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 4.5)
EER 3.4 EER 3.9 EER 4.4 EER 4.9
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Climate
Zone

0 years (2019)

5 years (2024)

10 years (2029)

15 years (2034)

Ceiling fans

Ceiling fans

Ceiling fans

Ceiling fans

Blower test/seal

Blower test/seal

Blower test/seal

Blower test/seal

Slab edge insulation (R1.5)

Slab edge insulation (R1.5)

Slab edge insulation (R1.5)

Slab edge insulation (R1.5)

Ceiling insulation L4 (R10.1)

Ceiling insulation L4 (R10.1)

Wall insulation L3 (R4.9)

Lighting 4 W/m?

Lighting 3.5 W/m2

Lighting 3 W/m?

Lighting 3 W/m?

DHW L1 (COP 4)

DHW L2 (COP 4.5)

DHW L2 (COP 4.5)

DHW L2 (COP 4.5)

EER 3.4

EER 3.9

EER 4.4

EER 4.9

Blower door test/seal

Blower door test/seal

Blower door test/seal

Blower door test/seal

Ceiling insulation L4 (R10.1)

Ceiling insulation L4 (R10.1)

Ceiling insulation L4 (R10.1)

’“\9] Slab edge insulation R1.5 Slab edge insulation R1.5 Slab edge insulation R1.5 Slab edge insulation R1.5
O | Ceiling insulation L4 (R10.1) | Ceiling L4 (R10.1) Ceiling L4 (R10.1) Ceiling L4 (R10.1)

Ceiling fans Ceiling fans Ceiling fans Ceiling fans

Under slab L2 (R2) Under slab L2 (R2) Under slab L2 (R2) Under slab L2 (R2)

Wall insulation L4 (R5.8) Wall insulation L4 (R5.8) Wall insulation L4 (R5.8)
Roller shutters west

Lighting 4 W/m? Lighting 3.5 W/m?2 Lighting 3 W/m? Lighting 3 W/m?

DHW L1 (COP 4) DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 4.5)

EER 3.4 EER 3.9 EER 4.4 EER 4.9

Blower door test/seal Blower door test/seal Blower door test/seal Blower door test/seal
~ | Slab edge insulation R1.5 Slab edge insulation R1.5 Slab edge insulation R1.5 Slab edge insulation R1.5
8 Roller shutters west Roller shutters west Roller shutters west Roller shutters west

Ceiling insulation L4 (R10.1)

Under slab L2 (R2)

Under slab L2 (R2)

Under slab L2 (R2)

Under slab L2 (R2)

Wall insulation L1 (R2.9)

Wall insulation L4 (R5.8)

Wall insulation L4 (R5.8)

Wall insulation L4 (R5.8)

Roller shutters east

Thermal mass L3 (increase,

expose, reverse veneer)

Table 2-10: Conservative Energy Efficiency Trajectory Scenarios — Detached Archetype

Climate
Zone

0 years (2019)

5 years (2024)

10 years (2029)

15 years (2034)

Lighting 4 W/m?

Lighting 3.5 W/m?

Lighting 3 W/m?

Lighting 3 W/m?

DHW L1 (COP 4)

DHW L2 (COP 4.5)

DHW L2 (COP 4.5)

DHW L2 (COP 4.5)

EER 3.4

EER 3.9

EER 4.4

EER 4.9

m Blower door test/seal Blower door test/seal Blower door test/seal Blower door test/seal
O | Ceiling insulation L4 (R5.8) Ceiling insulation L4 (R5.8) Ceiling insulation L4 (R5.8) Ceiling insulation L4 (R5.8)
Ceiling fans Ceiling fans Ceiling fans Ceiling fans
Roller shutter north Roller shutter north
Roller shutter east Roller shutter east
Lighting 4 W/m? Lighting 3.5 W/m2 Lighting 3 W/m? Lighting 3 W/m?
DHW L1 (COP 4) DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 4.5)
EER 3.4 EER 3.9 EER 4.4 EER 4.9
UN° Blower door test/seal Blower door test/seal Blower door test/seal Blower door test/seal
O | Ceiling insulation L4 (R6.9) Ceiling insulation L4 (R6.9) Ceiling insulation L4 (R6.9) Ceiling insulation L4 (R6.9)
Ceiling fans Ceiling fans Ceiling fans
Slab edge (R1.5) Slab edge (R1.5)
Roller shutters west Roller shutters west
Lighting 4 W/m? Lighting 3.5 W/m? Lighting 3 W/m? Lighting 3 W/m?
DHW L1 (COP 4) DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 4.5)
EER 3.4 EER 3.9 EER 4.4 EER 4.9
Blower door test/seal Blower door test/seal Blower door test/seal Blower door test/seal
’“\31 Slab edge insulation R1.5 Slab edge insulation R1.5 Slab edge insulation R1.5 Slab edge insulation R1.5
O | Ceiling insulation L4 (R6.9) Ceiling insulation L4 (R6.9) Ceiling insulation L4 (R6.9) Ceiling insulation L4 (R6.9)

Ceiling fans

Ceiling fans

Ceiling fans

Ceiling fans

Roller shutters north

Roller shutters north

Roller shutters north

Roller shutters north

Roller shutters east

Roller shutters east

Roller shutters west

Roller shutters west
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(]
= O
_g é 0 years (2019) 5 years (2024) 10 years (2029) 15 years (2034)
(@)
Lighting 4 W/m? Lighting 3.5 W/m? Lighting 3 W/m? Lighting 3 W/m?
DHW L1 (COP 4) DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 4.5)
EER 3.4 EER 3.9 EER 4.4 EER 4.9
Blower door test/seal Blower door test/seal Blower door test/seal Blower door test/seal
":l Ceiling insulation (R6.9) Ceiling insulation (R6.9) Ceiling insulation (R6.9) Ceiling insulation (R6.9)
O | Slab edge insulation R1.5 Slab edge insulation R1.5 Slab edge insulation R1.5 Slab edge insulation R1.5

Underslab L3 (R3)

Underslab L3 (R3)

Underslab L3 (R3)

Underslab L3 (R3)

Roller shutters west

Roller shutters west

Roller shutters west

Roller shutters west

Wall insulation L3 (R5.2)

Wall insulation L4 (R5.8)

Wall insulation L4 (R5.8)

Roller shutters east

Roller shutters east

2.2.3 Accelerated
Scenarios: What were the high impact measures

The
scenarios implemented for the multi-dimensional analysis

Deployment

included?

‘Accelerated Deployment’

are outlined in Table 2-11, Table 2-12 and Table 2-13 for

Energy Efficiency
r

energy efficiency

the apartment,

espectively.

Table 2-11: Accelerated Deployment Energy Efficiency Trajectory Scenarios — Apartment Archetype

attached and detached archetypes

[«]
E o 0 years (2019) 5 years (2024) 10 years (2029) 15 years (2034)
o
Lighting 3.5 W/m? Lighting 3 W/m? Lighting 3 W/m? Lighting 3 W/m?
DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 5.0) DHW L2 (COP 5.0)
EER 3.9 EER 4.4 EER 4.9 EER 5.4
Blower door test/seal Blower test/seal Blower test/seal Blower test/seal
Roller shutters west Roller shutters west Roller shutters west Roller shutters west
Roller shutters east Roller shutters east Roller shutters east Roller shutters east
Roller shutters north Roller shutters north Roller shutters north Roller shutters north
Thermal mass L3 (increase,| Thermal mass L3 (increase, | Thermal mass L3 (increase, | Thermal mass L3 (increase,
expose, reverse veneer) expose, reverse veneer) expose, reverse veneer) expose, reverse veneer)
Wall insulation L4 (R5.8/R6.8) | Wall insulation L4 (R5.8/R6.8) | Wall insulation L4 (R5.8/R6.8) | Wall insulation L4 (R5.8/R6.8)
Eave extension west (1.2m) Eave extension west (1.2m) Eave extension west (1.2m) Eave extension west (1.2m)
o~ | Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m)
8 Eave extension north (1.2m) Eave extension north (1.2m) Eave extension north (1.2m) Eave extension north (1.2m)
Lighting 3.5 W/m? Lighting 3 W/m? Lighting 3 W/m? Lighting 3 W/m?
DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 5.0) DHW L2 (COP 5.0)
EER 3.9 EER 4.4 EER 4.9 EER 5.4
Blower test/seal Blower test/seal Blower test/seal Blower test/seal
Wall insulation L4 (R4.9/R5.8) | Wall insulation L4 (R4.9/R5.8) | Wall insulation L4 (R4.9/R5.8) | Wall insulation L4 (R4.9/R5.8)
Thermal mass L3 (increase, | Thermal mass L3 (increase, | Thermal mass L3 (increase,|Thermal mass L3 (increase,
expose, reverse veneer) expose, reverse veneer) expose, reverse veneer) expose, reverse veneer)
Roller shutters west Roller shutters west Roller shutters west Roller shutters west
Roller shutters east Roller shutters east Roller shutters east Roller shutters east
Roller shutters north Roller shutters north Roller shutters north Roller shutters north
1n | Eave extension west (1.2m) Eave extension west (1.2m) Eave extension west (1.2m) Eave extension west (1.2m)
8 Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m)
Lighting 3.5 W/m? Lighting 3 W/m? Lighting 3 W/m? Lighting 3 W/m?
DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 5.0) DHW L2 (COP 5.0)
EER 3.9 EER 4.4 EER 4.9 EER 5.4
Blower door test/seal Blower door test/seal Blower door test/seal Blower door test/seal
Roller shutters north Roller shutters north Roller shutters north Roller shutters north
Roller shutters east Roller shutters east Roller shutters east Roller shutters east
Roller shutters west Roller shutters west Roller shutters west Roller shutters west
Wall insulation L4 (R4.9/R5.8) | Wall insulation L4 (R4.9/R5.8) | Wall insulation L4 (R4.9/R5.8) | Wall insulation L4 (R4.9/R5.8)
’“\" Thermal mass L3 (increase, | Thermal mass L3 (increase, | Thermal mass L3 (increase,|Thermal mass L3 (increase,
(O | expose, reverse veneer) expose, reverse veneer) expose, reverse veneer) expose, reverse veneer)
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Lighting 3.5 W/m?2 Lighting 3 W/m? Lighting 3 W/m? Lighting 3 W/m?
DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 5.0) DHW L2 (COP 5.0)
EER 3.9 EER 4.4 EER 4.9 EER 5.4
Blower door test/seal Blower door test/seal Blower door test/seal Blower door test/seal
Thermal mass L3 (increase, | Thermal mass L3 (increase, | Thermal mass L3 (increase,|Thermal mass L3 (increase,
expose, reverse veneer) expose, reverse veneer) expose, reverse veneer) expose, reverse veneer)
Wall insulation L4 (R4.9/R5.8) | Wall insulation L4 (R4.9/R5.8) | Wall insulation L4 (R4.9/R5.8) | Wall insulation L4 (R4.9/R5.8)
Roller shutters west Roller shutters west Roller shutters west Roller shutters west
~ | Roller shutters north Roller shutters north Roller shutters north Roller shutters north
O |Roller shutters east Roller shutters east Roller shutters east Roller shutters east
Table 2-12: Accelerated Deployment Energy Efficiency Trajectory Scenarios — Attached Archetype
8
g @ |0 years (2019) 5 years (2024) 10 years (2029) 15 years (2034)
AN
Lighting 3.5 W/m2 Lighting 3 W/m? Lighting 3 W/m? Lighting 3 W/m?
DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 5.0) DHW L2 (COP 5.0)
EER 3.9 EER 4.4 EER 4.9 EER 5.4
Ceiling fans Ceiling fans Ceiling fans Ceiling fans
Blower test/seal Blower test/seal Blower test/seal Blower test/seal
Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m)
Eave extension west (1.2m) Eave extension west (1.2m) Eave extension west (1.2m) Eave extension west (1.2m)
Slab edge (R1.5) Slab edge (R1.5) Slab edge (R1.5) Slab edge (R1.5)
Ceiling insulation L4 (R10.1) Ceiling insulation L4 (R10.1) Ceiling insulation L4 (R10.1) Ceiling insulation L4 (R10.1)
Roller shutters west Roller shutters west Roller shutters west Roller shutters west
Roller shutters east Roller shutters east Roller shutters east Roller shutters east
Wall insulation L4 (R5.8) Wall insulation L4 (R5.8) Wall insulation L4 (R5.8) Wall insulation L4 (R5.8)
Thermal masss L3 (increase, | Thermal masss L3 (increase, | Thermal masss L3 (increase, | Thermal masss L3 (increase,
expose, reverse veneer) expose, reverse veneer) expose, reverse veneer) expose, reverse veneer)
E Roof openness L2 (highly|Roof openness L2 (highly|Roof openness L2 (highly|Roof openness L2 (highly
O | ventilated) ventilated) ventilated) ventilated)
Lighting 3.5 W/m? Lighting 3 W/m? Lighting 3 W/m? Lighting 3 W/m?
DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 5.0) DHW L2 (COP 5.0)
EER 3.9 EER 4.4 EER 4.9 EER 5.4
Ceiling Fans Ceiling Fans Ceiling Fans Ceiling Fans
Blower test/seal Blower test/seal Blower test/seal Blower test/seal
Slab edge insulation (R1.5) Slab edge insulation (R1.5) Slab edge insulation (R1.5) Slab edge insulation (R1.5)
Ceiling insulation L4 (R10.1) Ceiling insulation L4 (R10.1) Ceiling insulation L4 (R10.1) Ceiling insulation L4 (R10.1)
Wall insulation L4 (R5.8) Wall insulation L4 (R5.8) Wall insulation L4 (R5.8) Wall insulation L4 (R5.8)
Thermal mass L3 (increase, | Thermal mass L3 (increase, | Thermal mass L3 (increase, | Thermal mass L3 (increase,
expose, reverse veneer) expose, reverse veneer) expose, reverse veneer) expose, reverse veneer)
Roller shutters west Roller shutters west Roller shutters west Roller shutters west
Roller shutters east Roller shutters east Roller shutters east Roller shutters east
Roller shutters north Roller shutters north Roller shutters north Roller shutters north
Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m)
Eave extension west (1.2m) Eave extension west (1.2m) Eave extension west (1.2m) Eave extension west (1.2m)
3 Roof openess L2 (highly|Roof openess L2 (highly | Roof openess L2 (highly |Roof openess L2 (highly
O | ventilated) ventilated) ventilated) ventilated)
Lighting 3.5 W/m?2 Lighting 3 W/m? Lighting 3 W/m? Lighting 3 W/m?
DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 5.0) DHW L2 (COP 5.0)
EER 3.9 EER 4.4 EER 4.9 EER 5.4
Blower door test/seal Blower door test/seal Blower door test/seal Blower door test/seal
Slab edge insulation R1.5 Slab edge insulation R1.5 Slab edge insulation R1.5 Slab edge insulation R1.5
Ceiling insulation L4 (R10.1) Ceiling insulation L4 (R10.1) Ceiling insulation L4 (R10.1) Ceiling insulation L4 (R10.1)
Ceiling fans Ceiling fans Ceiling fans Ceiling fans
Under slab L2 (R2) Under slab L2 (R2) Under slab L2 (R2) Under slab L2 (R2)
Wall insulation L4 (R5.8) Wall insulation L4 (R5.8) Wall insulation L4 (R5.8) Wall insulation L4 (R5.8)
Roller shutters west Roller shutters west Roller shutters west Roller shutters west
Roller shutters east Roller shutters east Roller shutters east Roller shutters east
© | Roller shutters north Roller shutters north Roller shutters north Roller shutters north
8 Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m)
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Climate
Zone

0 years (2019)

5 years (2024)

10 years (2029)

15 years (2034)

Thermal mass L3 (increase,
expose, reverse veneer)

Thermal mass L3 (increase,
expose, reverse veneer)

Thermal mass L3 (increase,
expose, reverse veneer)

Thermal mass L3 (increase,
expose, reverse veneer)

cz7

Lighting 3.5 W/m?

Lighting 3 W/m?

Lighting 3 W/m?

Lighting 3 W/m?

DHW L2 (COP 4.5)

DHW L2 (COP 4.5)

DHW L2 (COP 5.0)

DHW L2 (COP 5.0)

EER 3.9

EER 4.4

EER 4.9

EER 5.4

Blower door test/seal

Blower door test/seal

Blower door test/seal

Blower door test/seal

Slab edge insulation R1.5

Slab edge insulation R1.5

Slab edge insulation R1.5

Slab edge insulation R1.5

Roller shutters west

Roller shutters west

Roller shutters west

Roller shutters west

Ceiling insulation L4 (R10.1)

Ceiling insulation L4 (R10.1)

Ceiling insulation L4 (R10.1)

Ceiling insulation L4 (R10.1)

Under slab L2 (R2)

Under slab L2 (R2)

Under slab L2 (R2)

Under slab L2 (R2)

Wall insulation L4 (R5.8)

Wall insulation L4 (R5.8)

Wall insulation L4 (R5.8)

Wall insulation L4 (R5.8)

Roller shutters east

Roller shutters east

Roller shutters east

Roller shutters east

Roller shutters north

Roller shutters north

Roller shutters north

Roller shutters north

Thermal mass L3 (increase,
expose, reverse veneer)

Thermal mass L3 (increase,
expose, reverse veneer

Thermal mass L3 (increase,
expose, reverse veneer)

Thermal mass L3 (increase,
expose, reverse veneer)

Table 2-13: Accelerated Deployment Energy Efficiency Trajectory Scenarios — Detached Archetype

Climate
Zone

0 years (2019)

5 years (2024)

10 years (2029)

15 years (2034)

Lighting 3.5 W/m?

Lighting 3 W/m?

Lighting 3 W/m?

Lighting 3 W/m?

DHW L2 (COP 4.5)

DHW L2 (COP 4.5)

DHW L2 (COP 5.0)

DHW L2 (COP 5.0)

EER 3.9

EER 4.4

EER 4.9

EER 5.4

Blower door test/seal

Blower door test/seal

Blower door test/seal

Blower door test/seal

Ceiling insulation L4 (R5.8)

Ceiling insulation L4 (R5.8)

Ceiling insulation L4 (R5.8)

Ceiling insulation L4 (R5.8)

Ceiling fans

Ceiling fans

Ceiling fans

Ceiling fans

Roller shutters north

Roller shutters north

Roller shutters north

Roller shutters north

N

8 Roller shutters east Roller shutters east Roller shutters east Roller shutters east
Roller shutters west Roller shutters west Roller shutters west Roller shutters west
Wall insulation L4 (R5.6) Wall insulation L4 (R5.6) Wall insulation L4 (R5.6) Wall insulation L4 (R5.6)
Thermal mass L2 (reverse|Thermal mass L2 (reverse|Thermal mass L2 (reverse|Thermal mass L2 (reverse
veneer) veneer) veneer) veneer)
Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m)
Eave extension west (1.2m) Eave extension west (1.2m) Eave extension west (1.2m) Eave extension west (1.2m)
Eave extension north (1.2m) Eave extension north (1.2m) Eave extension north (1.2m) Eave extension north (1.2m)
Lighting 3.5 W/m2 Lighting 3 W/m? Lighting 3 W/m? Lighting 3 W/m?
DHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 5.0) DHW L2 (COP 5.0)
EER 3.9 EER 4.4 EER 4.9 EER 5.4
Blower door test/seal Blower door test/seal Blower door test/seal Blower door test/seal
Ceiling insulation L4 (R5.8) Ceiling insulation L4 (R5.8) Ceiling insulation L4 (R5.8) Ceiling insulation L4 (R5.8)
Ceiling fans Ceiling fans Ceiling fans Ceiling fans
Slab edge (R1.5) Slab edge (R1.5) Slab edge (R1.5) Slab edge (R1.5)

1» | Roller shutters west Roller shutters west Roller shutters west Roller shutters west

8 Roller shutters east Roller shutters east Roller shutters east Roller shutters east
Roller shutters north Roller shutters north Roller shutters north Roller shutters north
Wall insulation L4 (R5.6) Wall insulation L4 (R5.6) Wall insulation L4 (R5.6) Wall insulation L4 (R5.6)
Thermal mass L2 (reverse|Thermal mass L2 (reverse|Thermal mass L2 (reverse|Thermal mass L2 (reverse
veneer) veneer) veneer) veneer)
Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m) Eave extension east (1.2m)
Eave extension west (1.2m) Eave extension west (1.2m) Eave extension west (1.2m) Eave extension west (1.2m)
Eave extension north (1.2m) Eave extension north (1.2m) Eave extension north (1.2m) Eave extension north (1.2m)
Roof type (tiles) Roof type (tiles) Roof type (tiles) Roof type (tiles)
Lighting 3.5 W/m?2 Lighting 3 W/m? Lighting 3 W/m? Lighting 3 W/m?

o |PHW L2 (COP 4.5) DHW L2 (COP 4.5) DHW L2 (COP 5.0) DHW L2 (COP 5.0)

8 EER 3.9 EER 4.4 EER 4.9 EER 5.4

Blower door test/seal

Blower door test/seal

Blower door test/seal

Blower door test/seal

Slab edge insulation R1.5

Slab edge insulation R1.5

Slab edge insulation R1.5

Slab edge insulation R1.5
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Climate

Zone

0 years (2019)

5 years (2024)

10 years (2029) 15 years (2034)

Ceiling insulation L4 (R6.9)

Ceiling insulation L4 (R6.9)

Ceiling insulation L4 (R6.9) Ceiling insulation L4 (R6.9)

Ceiling fans

Ceiling fans

Ceiling fans Ceiling fans

Roller shutters north

Roller shutters north

Roller shutters north Roller shutters north

Roller shutters east

Roller shutters east

Roller shutters east Roller shutters east

Roller shutters west

Roller shutters west

Roller shutters west Roller shutters west

Wall insulation L4 (R5.6)

Wall insulation L4 (R5.6)

Wall insulation L4 (R5.6) Wall insulation L4 (R5.6)

Thermal mass L3 (increase,
expose, reverse veneer)

Thermal mass L3 (increase,
expose, reverse veneer)

Thermal mass L3 (increase,
expose, reverse veneer)

Thermal mass L3 (increase,
expose, reverse veneer)

Lighting 3.5 W/m?

Lighting 3 W/m?

Lighting 3 W/m? Lighting 3 W/m?

DHW L2 (COP 4.5)

DHW L2 (COP 4.5)

DHW L2 (COP 5.0) DHW L2 (COP 5.0)

EER 3.9

EER 4.4

EER 4.9 EER 5.4

Blower door test/seal

Blower door test/seal

Blower door test/seal Blower door test/seal

Ceiling insulation (R6.9)

Ceiling insulation (R6.9)

Ceiling insulation (R6.9) Ceiling insulation (R6.9)

Slab edge insulation R1.5

Slab edge insulation R1.5

Slab edge insulation R1.5 Slab edge insulation R1.5

N~
8 Under slab L4 (R4) Under slab L4 (R4) Under slab L4 (R4) Under slab L4 (R4)
Roller shutters west Roller shutters west Roller shutters west Roller shutters west
Roller shutters east Roller shutters east Roller shutters east Roller shutters east
Roller shutters north Roller shutters north Roller shutters north Roller shutters north
Wall insulation L4 (R5.6) Wall insulation L4 (R5.6) Wall insulation L4 (R5.6) Wall insulation L4 (R5.6)
Thermal mass L2 (reverse brick | Thermal mass L2 (reverse brick | Thermal mass L2 (reverse brick | Thermal mass L2 (reverse brick
veneer) veneer) veneer) veneer)
zone. In the case where the BCRs were between 1 and
2 3  Benefit Cost Ratios 1.5 for both orientations, the one closer to 1.25 was
chosen. On the other hand, for the accelerated
The residential benefit-cost ratios for the multi- deployment trajectory the BCRs are the average of the

dimensional analysis are presented in

Table 2-14 and Table 2-15 below. These tables contain the
cost benefit results from the tuned scenarios (for the
orientations chosen for the tuning process) presented in
Table 2-8 to Table 2-10 (conservative) and Table 2-11 to
Table 2-13 (accelerated). O years refers to what’s cost
effective in 2019 and 15 years refers to what will be cost
effective in 2034 (refer 1.2).
trajectory, the BCRs for the years 2019, 2024, 2029 and
2034 were taken from the orientation which have the BCR
between 1 and 1.5 for each archetype in the same climate

For the conservative

BCRs for the two orientations. The BCRs for the years
2022, 2025, 2028 and 2031 are the interpolations of the
BCRs for the years 2019, 2024, 2029 and 2034. A
comprehensive table including capital costs, network
savings, energy savings and benefit cost ratios without
network adjustments are presented in Appendix D -
Residential Multi-Dimensional Economic Details. For
explanation on how these are calculated, refer to D.1
Benefit Cost Analysis.

Table 2-14: Conservative multi-dimensional benefit-cost analysis results.

Economic Measures' Benefit Cost Ratios
0yrs 3yrs 5yrs 6 yrs 9yrs 10 yrs 12 yrs 15 yrs
ez Archetype | o519 (2022) (2024) (2025) (2028) (2029) (2031) (2034)
2 Attached 1.31 1.13 1.00 1.06 1.25 1.31 1.27 1.19
2 Detached 1.49 1.24 1.08 1.15 1.38 1.45 1.30 1.06
House
2 Apartment 1.45 1.50 1.54 1.45 1.20 1.11 1.16 1.23
5 Attached 1.16 1.08 1.02 1.03 1.06 1.07 1.14 1.24
5 Detached 1.02 1.12 1.19 1.15 1.01 0.96 1.04 1.15
House
5 Apartment 1.16 1.09 1.05 1.12 1.34 1.41 1.37 1.31
6 Attached 1.13 1.11 1.09 1.11 1.17 1.19 1.20 1.21
6 Detached 1.06 1.15 1.22 1.19 1.13 1.10 1.18 1.30
House
6 Apartment 1.43 1.37 1.33 1.35 1.40 1.42 1.52 1.66
7 Attached 1.29 1.30 1.31 1.26 1.11 1.06 1.06 1.06
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7 Dzl 1.36 1.26 1.20 1.19 1.17 1.16 1.24 1.37
House
7 Apartment 1.32 1.32 1.32 1.30 1.5 1.20 1.27 1.37

Table 2-15: Accelerated multi-dimensional benefit-cost analysis results.

Accelerated Technology Measures' Benefit Cost Ratios
0yrs 3yrs 5yrs 6 yrs 9yrs 10 yrs 12 yrs 15 yrs
€z | Amenims (2019) (2022) (2024) (2025) (2028) (2029) (2031) (2034)
2 Attached 0.13 0.14 0.15 0.16 0.18 0.18 0.19 0.20
2 Dzl 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
House
2 Apartment 0.14 0.16 0.17 0.18 0.20 0.21 0.22 0.23
5 Attached 0.12 0.14 0.15 0.15 0.17 0.18 0.18 0.19
5 Dzl 0.11 0.12 0.13 0.14 0.15 0.16 0.16 0.17
House
5 Apartment 0.20 0.22 0.23 0.24 0.28 0.29 0.30 0.32
6 Attached 0.25 0.27 0.29 0.30 0.33 0.34 0.36 0.39
6 DEizEhE 0.16 0.18 0.20 0.20 0.22 0.23 0.24 0.26
House
6 Apartment 0.38 0.41 0.43 0.44 0.49 0.51 0.53 0.57
7 Attached 0.30 0.33 0.35 0.37 0.41 0.42 0.44 0.48
7 DEizEhE 0.32 0.35 0.38 0.39 0.43 0.44 0.46 0.49
House
7 Apartment 0.40 0.44 0.46 0.48 0.53 0.54 0.57 0.61

2.4 Energy Efficiency Trajectories: Energy
Consumption after implementation of
energy efficiency measures

The ‘Conservative’ energy efficiency trajectory total
household energy results are presented in

Table 2-16 to Table 2-18 for Climate Zones 2, 5, 6 and 7
for apartment, attached and detached archetypes. These
results are the total household energy consumption
(heating and cooling, domestic hot water, lighting and
plug appliance demand) after implementation of the
measures outlined in Table 2-8 to Table 2-10 above.
Figure 4 illustrates the gradual decrease in energy
consumption over the period analysed through

application of the ‘Conservative’ energy efficiency
trajectory scenarios.

The ‘Accelerated Deployment’ energy efficiency trajectory
total household energy results are presented in Table
2-19 to Table 2-21 for Climate Zones 2, 5, 6 and 7 for
apartment, attached and detached archetypes. These
results are the total household energy consumption after
implementation of the measures outlined in Table 2-11 to
Table 2-13 above. Figure 5 illustrates the gradual
decrease in energy consumption over the period
analysed through application of the ‘Accelerated
Deployment’ energy efficiency trajectory scenarios.

Table 2-16: Conservative Energy Efficiency Trajectory Household Energy (Heating and Cooling + DHW + Lighting + Plug Appliances)

L LOW CARBON LIVING
A the

Climate Archetype Base Case|2019 2022 2025 2028 2031 2034

Zone (KWh/ma/yr) | (KWh/mz2/yr) [ (KWh/m&/yr) | (KWh/m2/lyr) | (KWh/m?2/yr) | (KWh/m&/yr) | (KWh/m2/yr)
Apartment | 63.4 57.0 56.0 55.2 54.9 54.7 54.6

Cz2 Attached 41.3 36.0 35.2 345 34.1 34.0 33.9
Detached  |37.4 32.6 318 31.2 30.7 30.6 30.5
Apartment | 63.1 56.6 55.7 54.9 54.6 54.4 54.3

Cz5 Attached 40.3 35.6 34.9 34.3 34.0 33.8 33.7
Detached  [37.2 325 315 30.7 30.3 30.1 30.0
Apartment | 73.3 60.0 58.6 57.6 57.0 56.7 56.5

Cz6 Attached 47.3 38.0 36.9 36.0 35.5 35.3 35.1
Detached  |45.6 35.7 34.7 33.8 33.2 32.9 32.6

cz7 Apartment | 77.0 60.2 59.0 58.0 57.4 57.0 56.8
Attached 50.3 39.5 38.2 37.3 36.7 36.4 36.1
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Detached |50.5 [37.2 |35.6 |34.3 |33.6 [33.2 [33.0

Table 2-17: Conservative Energy Efficiency Trajectory Peak Heating Power

(Z:c';nmeate Archetype (Ef("i‘,f/‘)e Case| o010 (W) |2022 (W) 2025 (kW) 2028 (kW) | 2031 (kW) | 2034 (kw)
Apartment  |0.77 0.20 0.19 017 0.16 0.15 0.14
cz2 Attached  [0.89 0.36 0.29 0.24 0.22 0.20 0.19
Detached | 1.92 0.88 0.81 0.75 0.6 0.65 0.61
Apartment | 1.09 027 0.25 023 021 0.20 0.19
czs Attached | 1.28 050 047 043 0.39 035 0.30
Detached  |2.30 0.96 0.89 0.81 071 0.64 0.60
Apartment | 1.65 0.69 062 055 051 047 0.44
cz6 Attached | 2.07 0.83 071 0.62 058 054 051
Detached | 3.66 1.96 181 167 155 145 136
Apartment | 2.01 0.66 061 056 051 048 0.45
cz7 Attached | 2.48 1.08 0.96 0.87 0.81 073 0.64
Detached | 4.85 s 221 193 179 167 156

Table 2-18: Conservative Energy Efficiency Trajectory Peak Cooling Power

gcl)lnmeate Archetype ﬁf\‘;‘; Case| o010 (ew) |2022 (W) 2025 (W) 2028 (kW) | 2031 (kW) | 2034 (kw)
Apartment | 1.76 073 067 0.62 058 053 0.49
cz2 Attached | 2.28 141 1.29 117 1.0 1.02 0.95
Detached | 3.33 236 218 2.04 201 1.92 1.80
Apartment | 1.71 0.86 0.80 0.74 0.68 0.61 053
czs Attached | 2.46 145 134 123 112 1.04 0.98
Detached | 3.83 1.86 179 167 146 134 125
Apartment | 2.00 1.08 0.95 0.82 0.70 0.64 0.60
cz6 Attached  |2.05 125 119 112 1.04 .00 0.98
Detached | 3.15 152 141 128 116 107 1.00
Apartment | 2.44 0.60 055 051 047 0.42 0.41
cz7 Attached | 1.98 0.83 0.74 0.67 0.63 055 0.45
Detached | 3.89 171 1.48 131 124 117 110
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Residential Conservative Energy Efficiency Scenario Trajectory
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Figure 4: Graphical representation of Residential Conservative Energy Efficiency Scenario Trajectory

Table 2-19: Accelerated Deployment Energy Efficiency Trajectory Household Energy (Heating and Cooling + DHW + Lighting + Plug
Appliances)

Climate Archetype Base Case|2019 2022 2025 2028 2031 2034
Zone (KWh/mzfyr) [ (kWh/m2/yr) | (KWh/m2/lyr) | (KWh/m2/yr) [ (KWh/m&lyr) | (KWh/m2/yr) | (KWh/m?/yr)
Apartment | 63.4 55.2 54.8 54.4 53.9 53.7 53.6
Cz2 Attached 41.3 34.0 33.7 33.4 33.1 33.0 33.0
Detached 37.4 30.4 30.1 29.8 29.4 29.3 29.3
Apartment | 63.1 54.7 54.4 54.0 53.5 53.3 53.3
Cz5 Attached 40.3 33.7 33.4 33.1 32.9 32.8 32.7
Detached |37.2 30.2 29.9 29.6 29.3 29.2 29.2
Apartment | 73.3 55.2 54.8 54.4 53.9 53.7 53.6
Cze6 Attached 47.3 34.8 34.5 34.1 33.8 33.6 33.6
Detached 45.6 31.7 31.3 30.9 30.5 30.3 30.2
Apartment | 77.0 55.8 55.4 55.0 54.4 54.2 54.1
Ccz7 Attached 50.3 35.7 35.3 34.9 34.5 34.3 34.2
Detached | 50.5 31.9 31.5 31.1 30.7 30.5 30.4

Table 2-20 Accelerated Deployment Energy Efficiency Trajectory Peak Heating Power

%lnmeate Archetype ﬁ(‘i‘;’)e Case o019 (W)  |2022 (kW) | 2025 (kw) | 2028 (W) | 2031 (kw) | 2034 (kw)
Apartment | 0.77 011 0.10 0.09 0.09 0.08 0.08
cz2 Attached | 0.89 011 0.10 0.09 0.09 0.08 0.08
Detached | 1.92 0.20 019 018 017 0.16 0.15
Apartment | 1.09 0.09 0.08 0.08 0.07 0.07 0.06
czs Attached | 1.28 0.04 0.03 0.03 0.03 0.03 0.03
Detached | 2.30 0.09 0.08 0.07 0.07 0.07 0.06
e Apartment | 1.65 0.78 073 0.68 0.64 0.60 057
Attached | 2.07 1.29 1.20 1.12 1.05 0.99 0.93
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g(')'nmeate Archetype (El‘gj‘)* Case | 5019 (W)  |2022 (kW) | 2025 (kW) | 2028 (W) | 2031 (kw) | 2034 (kw)
Detached 3.66 2.00 1.86 1.73 1.63 1.53 1.44
Apartment | 2.01 1.44 1.34 1.25 1.17 1.10 1.04
cz7 Attached 2.48 2.13 1.98 1.85 1.73 1.63 1.54
Detached 4.85 2.09 1.94 1.81 1.70 1.60 151
Table 2-21 Accelerated Deployment Energy Efficiency Trajectory Peak Cooling Power
;:g:]eate Archetype 1(3@? Case| o010 (W) 2022 (kW) 2025 (kW) |2028 (kW) | 2031 (kW) | 2034 (kw)
Apartment | 1.76 0.57 0.53 0.50 0.47 0.44 0.41
Cz2 Attached 2.28 0.43 0.40 0.38 0.35 0.33 0.31
Detached 3.33 0.48 0.45 0.42 0.39 0.37 0.35
Apartment |1.71 0.74 0.69 0.64 0.60 0.57 0.53
C745 Attached 2.46 0.11 0.10 0.13 0.23 0.19 0.08
Detached 3.83 0.42 0.39 0.37 0.34 0.32 0.31
Apartment | 2.00 0.70 0.65 0.61 0.57 0.53 0.50
CZ6 Attached 2.05 0.17 0.16 0.15 0.14 0.13 0.12
Detached 3.15 0.14 0.13 0.12 0.11 0.11 0.10
Apartment |2.44 0.73 0.68 0.64 0.60 0.56 0.53
Ccz7 Attached 1.98 0.27 0.25 0.23 0.22 0.20 0.19
Detached 3.89 0.30 0.28 0.26 0.24 0.23 0.22
Residential Accelerated Deployment Energy Efficiency Scenario
Trajectory
85.0
75.0
65.0
55.0
450
35.0
25.0
2016 2019 2022 2025 2028 2031 2034
g (7 2 ApEMTMN S s 072 Attached =72 Detached CZ5 Apartment
g (75 ATTECHET g 025 DEtACher e CZ 6 Apartm ent smgeC7 6 Attached
g (76 Detached sges (77 Apartment segesC77 Attached sges(77 Detached
Figure 5: Graphical representation of Residential Accelerated Deployment Energy Efficiency Scenario Trajectory
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2.5 Net Energy Trajectories: Energy
consumption after implementation of
energy efficiency plus on-site generation
measures

One of the key goals of the Trajectory Project has been to
assess how much contribution the National Construction
Code could make towards achieving emissions
reductions in line with overarching zero carbon targets. To
achieve this goal, the work attempted to assess how far
each building archetype in each climate zone could get
towards net zero energy on-site through energy efficiency
and on-site renewables. ‘Net zero energy’ here means
that the building uses less energy over the course of the
year than it generates on-site.

Net Energy Trajectories were established for the
residential archetypes by combining the whole of house
energy trajectories (heating and cooling, domestic hot
water, lighting and plug appliances) of the conservative
and accelerated deployment energy efficiency scenarios
with generation energy trajectories for on-site renewable
based generation systems for each of the residential
archetypes.

Net Energy Trajectories demonstrate the ability of the
archetypes to reach net zero energy.

On-site generation is dependent on available space and
resources for renewable based generation systems. For
the residential Net Energy Trajectories only on-site solar
photovoltaic (PV) standard panel based systems were
considered, i.e. alternative generation systems such as
building integrated PV (roof tiles, wall systems, glazing,
etc.), photovoltaic thermal systems, micro wind turbines,
geothermal systems, etc. have not been included in this
study.

Table 2-22 and Table 2-23 contain the Net Energy
Trajectories for the apartment, attached and detached
archetypes across Climate Zones 2, 5, 6 and 7. A
negative number indicates that annual on-site generation
is greater than annual building demand. Results for Net
Energy Trajectories are the average of the two primary
orientations for energy demand (nominally the best and
worst energy demand) combined with the average of the
two primary orientations best and worst on-site
generation.

For the conservative energy efficiency trajectories the
attached archetypes reached net zero across all climate
zones

Table 2-22: Conservative Technology Energy Efficiency Trajectory Net Household Energy (Heating and Cooling + DHW + Lighting + Plug

Appliances - PV)

Climate Archetype Base Case |2019 2022 2025 2028 2031 2034
Zone (kWh/m?/yr) | (kWh/m?/yr) | (kWh/m?2/yr) | (kWh/m?/yr) | (kWh/m?&yr) | (kWh/mZyr) | (KWh/m?3/yr)
Apartment 63.4 52.0 50.6 49.4 48.6 47.9 47.3
Cz2 Attached 41.3 10.1 -3.5 -13.9 -18.1 -22.2 -26.1
Detached 37.4 9.1 -17.0 -46.7 -83.6 -102.1 -111.4
Apartment 63.1 52.1 50.7 49.5 48.8 48.2 47.6
Cz5 Attached 40.3 15.3 1.2 -9.5 -13.3 -17.0 -20.7
Detached 37.2 14.0 -3.7 -29.2 -70.7 -90.1 -98.4
Apartment | 73.3 55.6 53.8 52.3 5iN3 50.5 49.9
CzZ6 Attached 47.3 17.1 3.3 -7.1 -11.0 -14.8 -18.4
Detached 45.6 16.1 -1.7 -26.9 -66.6 -85.4 -93.8
Apartment 77.0 55.2 53.5 52.0 50.9 50.1 49.4
Ccz7 Attached 50.3 10.3 -1.9 -11.6 -16.0 -20.3 -24.5
Detached 50.5 11.2 -16.2 -46.5 -82.4 -100.8 -110.3

Table 2-23: Accelerated Deployment Energy Efficiency Trajectory Net Household Energy (Heating and Cooling + DHW + Lighting + Plug

Appliances - PV)

L LOW CARBON LIVING
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Climate Archetype Base Case |[2019 2022 2025 2028 2031 2034

Zone (kWh/m2/yr) | (kWh/m2/yr) | (kWh/m2/yr) | (kWh/m?&/yr) | (kWh/mZyr) | (KWh/m2/yr) | (kWh/m?/yr)
Apartment | 63.4 50.2 49.4 48.6 47.6 46.9 46.3

Cz2 Attached 41.3 -6.6 -10.7 -14.9 -19.1 -23.1 -27.1
Detached 374 -65.5 -75.0 -84.5 -94.1 -103.4 -112.6
Apartment | 63.1 50.2 49.4 48.6 47.7 47.1 46.6

Cz5 Attached 40.3 -3.1 -6.9 -10.6 -14.4 -18.0 -21.6
Detached 37.2 -56.6 -65.2 -73.9 -82.5 -91.0 -99.3
Apartment | 73.3 50.7 50.0 49.1 48.2 47.5 47.1

CzZ6 Attached 47.3 -1.3 -5.1 -9.0 -12.8 -16.4 -19.9
Detached 45.6 -53.7 -62.3 -70.9 -79.5 -87.9 -96.2
Apartment | 77.0 50.8 49.9 49.0 47.9 47.2 46.6

Ccz7 Attached 50.3 -5.3 -9.6 -13.9 -18.3 -22.4 -26.4
Detached 50.5 -64.9 -74.6 -84.3 -94.0 -103.4 -112.8
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3 Commercial Building Modelling

3.1 Modelling Methodology
The building typologies that were used as the basis of the

investigations are as listed in Table 3-1 below.

Table 3-1: The archetypes to be used in the analysis. Area
figures are gross floor areas.

Building Description

Office 10,000m? office, 10 levels, 31.6m x 31.6m
floor plate, 3.6m floor-floor, VAV system with
central plant

School 200m?, 1 level, 20m x 10m floor plate, 3.3m
floor-ceiling, packaged AC with opening
windows

Hotel 2000m2, 3 level, 36.5m x 18.3m floor plate,
3.6m floor-floor, Fan coils with central plant
Shop 1000m?, 1 level, 31.6m x 31.6m floor plate, 6
m floor-ceiling, packaged AC with economy
cycle

Ward 500m2, 1 level, 50m x 10m, 3.3m floor-ceiling,
VAV system with central plant

These building archetype models were selected and
designed based on:

e Selecting common building uses with a wide
range of occupant hours and occupant intensity
(i.e. internal loads); and

e Selecting a set of physical building forms that
ranges from designs where external fabric loads
have a relatively low impact on HVAC energy
consumption through to designs where external
loads have a relatively high impact.

With respect to the second bullet point, it is noted that the
archetypes are not necessarily designed to fully represent
the building category; they are more a representation of a
ratio of internal loads and surface area to volume ratio that
happens to be represented by the particular archetype
that happens to be modelled as that building type. Thus
for instance, the ward model does not represent a hospital
and the school model represents a classroom not a
school.

IES <VE> Software version 17.4.0.0 was used for all of
the commercial modelling.

The modelling for the above archetypes were developed
as the baseline to be used to test the technical areas for
potential increased stringency. These baseline models
were created to comply with the Deemed-to-Satisfy
provisions that Energy Action proposed for Section J of
NCC 2019.

As noted in previous section, single-dimensional analysis
was undertaken to prioritise measures — these results are
in Appendix | - This section summarises the multi-
dimensional results used to construct the trajectories.

The overall process for the model technical development
is described below.

Single-dimensional Analysis: In the single-dimensional
analysis, two processes were undertaken:

e The NCC2019 models were tested with a range
of new measures not previously assessed. The
modelling details of the single-dimensional
measures are provided in Appendix | -
Commercial Economic Modelling Details.

e The BCRs for measures previously assessed
under NCC2019 were updated to reflect the
economic parameters being used for this study.
These include slightly different electricity prices
and an avoided cost of network augmentation.

At the end of single-dimensional analysis, the BCRs for
all measures were tabulated, and those with a BCR>1
were selected for incorporation into Multi-dimensional
analysis. Note that for each measure, the BCR was
evaluated at 0, 5, 10 and 15 year points (refer 1.2).

Multi-dimensional Trajectory Analysis: In this stage,
for modelling the conservative scenario, the NCC2019
base models were updated to include all measures
identified in single-dimensional analysis that have a
BCR>1. This included some technologies (such as
lighting and chillers) where a progressive improvement in
efficiency at no extra cost is expected over time, based
on underlying technology improvements. The models
were then rerun to determine the overall BCR of the
measures in combination. A tuning process was then
conducted as follows:

e  Where the combined model BCR<1, the lowest
BCR measures are progressively removed until
the BCR>1.

e Where the combined model BCR>1.5, the
highest BCR measures not already adopted
(thus with a single-dimensional BCR<1) are
progressively incorporated into the model until
the BCR<1.5. Typically thermal mass and
insulation were used to improve the energy
performance of the building whilst reducing the
benefit cost ratio.

e Each time a new measure was identified in the
tuning process at one point in time, it was
automatically locked in for future years.

In practice, the limited granularity of measures meant
that in some cases the model BCR was greater than
1.5.

L LOW CARBON LIVING
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For the ‘Accelerated Deployment’ scenario, the e A feed-in tariff of 35% of the grid power tariff
analysis follows a similar methodology as described (5.5c/kWh) was assumed.

above. The single-dimensional measures
investigated with a ‘high impact’ on building energy
i.e. an energy reduction of 2% or more. The final
tuning measures identified for the conservative
scenario for each archetype were similarly applied to
the corresponding accelerated models.

e PV was modelled as having learning rates for
both cost and efficiency, with the result that the
amount of PV increases in the later analysis
years.

e BCR for PV was determined as a function of
energy cost savings and capital construction
cost for the array.

Solar PV Analysis: The solar analysis was undertaken
by evaluating two figures, being:

e The maximum available space for incorporation
of PV. . .
3.2 Scenarios Design Parameters: What

. . i i ?
e  The amount of PV that can be incorporated while measures were investigated-

maintaining the BCR of the PV installation at or The single-dimensional measures combined in the multi-
close to 1.25. dimensional models vary across climate zone, archetype
and defined year scenario. The facade provisions and
The lower of these two capacities was used in the HVAC stringencies applied to these models were based
analysis. The following important details are noted: on the proposed NCC2019 Section J revision work
) completed prior to the public comment draft VV1.15. Figure
*  The percentage of export was derived based on 8 and Figure 9 below identify the fagade U-Value and
hourly predictions of solar generation and SHGCXWWR targets used in the commercial analysis.
building energy use taken from the simulation
models.
East North South West
U_Total SHGCxWWR | U_Total | SHGCXxWWR | U_Total | SHGCx WWR | U_Total | SHGC x WWR
czZ1| 25 0.16 2.5 0.16 2.5 0.16 2.5 0.16
cz2 | 25 0.13 2.5 0.13 25 0.13 2.5 0.13
cz3| 25 0.16 2.5 0.16 2.5 0.16 2.5 0.16
cza| 25 0.13 25 0.13 2.5 0.13 2.5 0.13
c75| 25 0.13 2.5 0.13 25 0.13 2.5 0.13
CZ6 2.5 0.13 2.5 0.13 25 0.13 2.5 0.13
cz7 | 25 0.13 2.5 0.13 25 0.13 2.5 0.13
cz8 | 25 0.20 2.5 0.20 2.4 0.42 2.4 0.36

Figure 8: Daytime building operation facade provisions used in the commercial modelling.

15 The Australian Building Codes Board, 2018. NCC 2019
Public Comment Dratft.
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East North South Waest
U_Total SHGCxWWR | U_Total  SHGCx WWR  U_Total | SHGCx WWR | U_Total | SHGC x WWR
C71 1.1 0.11 1.1 0.11 2.5 0.16 1.1 0.11
cz2 2.5 0.16 2.5 0.16 2.5 0.16 2.5 0.16
CcZ3 1.1 0.11 1.1 0.11 1.1 0.11 1.1 0.11
cZa 1.1 0.11 1.1 0.11 0.9 0.11 1.1 0.11
Cis 2.5 0.16 2.5 0.16 2.5 0.16 2.5 0.16
Ci6 1.1 0.11 1.1 0.11 0.9 0.11 1.1 0.11
ci7 0.9 0.11 1.1 0.11 0.9 0.13 0.9 0.11
c7Z8 0.6 0.13 0.6 0.13 0.6 D0.13 0.6 0.13

Figure 9: Overnight building operation facade provisions used in the commercial modelling.

A full list of the single-dimensional measures tested in
the commercial analysis is provided in Table 3-2 below,
which includes the tuning measures. A comprehensive

Table 3-2: Individual measures used in multidimensional analysis.

list of the measures selected for each multidimensional
conservative and accelerated model is presented in the
following tables.

Measure

Description

Artificial lighting

Illumination power density reduction

BIPV (Wall)

Solar generation from wall mounted PV systems

BIPV (Window)

Solar generation from transparent fagade mounted PV systems

Chiller COP/IPLV improvement

Moving from NCC compliant performance to industry best practice

CO2 control

Modulation of outside air provisions based on zone CO2 content

Daylight harvesting

Perimeter zone daylight harvesting

Daylight harvesting and light shelves

Light shelf installation and daylight harvesting

Daylight harvesting and shading

WWR increase to 150% of base case, shades installed to keep SHGC constant, daylight

harvesting

Dewpoint cooler

Installation of dewpoint cooler (office building only)

Ductwork pressure reduction

AHU system ductwork pressure reduction

Economy cycle

Installation of economy cycle provisions

Electrochromic glazing

Installation of electrochromic glazing

External shading

Shading with an overhang of 0.5 P/H ratio

External shutters

Shutters close when zone temperature increases above threshold

External wall fabric colour (light colour)

Changing the wall absorptivity to reflect more solar radiation

External wall insulation

R-Value increase for external wall insulation

Heat exchanger installation

Heat exchanger installed to outside air ductwork

Heat exchanger performance upgrade

Heat exchanger efficiency increase (70%)

Lift upgrade

Lift technology upgrade, vehicle weight reduction

Occupancy sensor

Lighting gain modulated by occupancy sensor

Overnight ventilation

Overnight ventilation, infiltration and insulation optimisation

PAC COP improvement

Packaged Air Conditioning units COP improvement to best practice

Rooftop PV

Installation of rooftop PV

Thermal mass increase

100-250mm concrete added to either external walls or internal walls

QL\ LOW CARBON LIVING
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3.2.1 Conservative Energy Efficiency Scenarios: What
were the cost-effective measures included?

The

conservative

energy

efficiency

scenarios

implemented for the multi-dimensional analysis are

Table 3-3: Conservative measures selection for the hotel (3B) archetype.

outlined from Table 3-3 to Table 3-7 for the different
archetypes.

LOW CARBON LIVING
‘%L\ CRC

3B 2019 2024 2029 2034
CZ2 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV
External shutters External shutters External shutters External shutters
Lighting control by | Lighting control by | Lighting control by | Lighting control by
occupancy sensor occupancy sensor occupancy sensor occupancy sensor
200mm concrete internal wall | Chiller COP 5.98/IPLV 9.95 Chiller COP 7.48/IPLV 11.45 | Chiller COP 8.23/IPLV 12.2
thermal mass
R3 external wall insulation 125mm concrete internal wall | Cost effective BIPV (Wall) Lighting power  density
thermal mass reduced by 40%
External wall fabric colour | 125mm concrete external | Lighting power density | Cost effective BIPV (Wall)
(light colour) wall thermal mass reduced by 20%
R1 external wall insulation 125mm concrete internal wall | 125mm  concrete internal
thermal mass wall thermal mass
External wall fabric colour | 125mm concrete external | 125mm concrete external
(light colour) wall thermal mass wall thermal mass
R2 external wall insulation R3 external wall insulation
External wall fabric colour | External wall fabric colour
(light colour) (light colour)
CZ5 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV
External shutters External shutters External shutters External shutters
Lighting control by | Lighting control by | Lighting control by | Lighting control by
occupancy sensor occupancy sensor occupancy sensor occupancy sensor
200mm concrete internal wall | Chiller COP 5.98/IPLV 9.95 Chiller COP 7.48/IPLV 11.45 | Chiller COP 8.23/IPLV 12.2
thermal mass
R3 external wall insulation 200mm concrete internal wall | Cost effective BIPV (Wall) Lighting  power  density
thermal mass reduced by 40%
External wall fabric colour | R6 external wall insulation Lighting  power density | Cost effective BIPV (Wall)
(light colour) reduced by 20%
External wall fabric colour | 150mm concrete external | 150mm concrete external
(light colour) wall thermal mass wall thermal mass
R4 external wall insulation R4 external wall insulation
External wall fabric colour | External wall fabric colour
(light colour) (light colour)
CZ6 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV
External shutters External shutters External shutters External shutters
Lighting control by | Lighting control by | Lighting control by | Lighting control by
occupancy sensor occupancy sensor occupancy sensor occupancy sensor
Heat exchanger efficiency | Heat exchanger efficiency | Heat exchanger efficiency | Heat exchanger efficiency
increase (70%) increase (70%) increase (70%) increase (70%)
R3 external wall insulation Chiller COP 5.98/IPLV 9.95 Chiller COP 7.48/IPLV 11.45 | Chiller COP 8.23/IPLV 12.2
External wall fabric colour | 100mm concrete internal wall | Cost effective BIPV (Wall) Lighting  power  density
(light colour) thermal mass reduced by 40%
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R2 external wall insulation

Lighting  power
reduced by 20%

density

Cost effective BIPV (Wall)

External wall fabric colour
(light colour)

150mm concrete internal wall
thermal mass

150mm concrete internal

wall thermal mass

R3 external wall insulation

R4 external wall insulation

External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

Ccz7

Cost effective roof PV

Cost effective roof PV

Cost effective roof PV

Cost effective roof PV

External shutters

External shutters

External shutters

External shutters

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

100mm concrete internal wall
thermal mass

Chiller COP 5.98/IPLV 9.95

Chiller COP 7.48/IPLV 11.45

Chiller COP 8.23/IPLV 12.2

150mm concrete internal wall
thermal mass

Cost effective BIPV (Wall)

Lighting  power
reduced by 40%

density

R2 external wall insulation

Lighting  power
reduced by 20%

density

Cost effective BIPV (Wall)

150mm concrete internal wall
thermal mass

150mm concrete internal

wall thermal mass

R4 external wall insulation

R6 external wall insulation

Table 3-4: Conservative measures selection for the office (5A) archetype.

5A 2019 2024 2029 2034
CZ2 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV
Overnight ventilation + low | Overnight ventilation + low | Overnight ventilation + low | Overnight ventilation + low
infiltration infiltration infiltration infiltration
Perimeter zone daylight | Perimeter zone daylight | Perimeter zone daylight | Perimeter zone daylight
harvesting (max visible | harvesting (max visible | harvesting (max visible | harvesting (max visible
transmissivity) transmissivity) transmissivity) transmissivity)
Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction
Lighting control by | Lighting control by | Lighting control by | Lighting control by
occupancy sensor occupancy sensor occupancy sensor occupancy sensor
External wall fabric colour | External wall fabric colour | External wall fabric colour | External wall fabric colour
(light colour) (light colour) (light colour) (light colour)
Economy cycle used for all | Economy cycle used for all | Economy cycle used for all | Economy cycle used for all
AHUs AHUs AHUs AHUs
Chiller COP 6.33/IPLV 10.12 | Chiller COP 7.83/IPLV 12.12 | Chiller COP 8.58/IPLV 12.87
R4 external wall insulation R4 external wall insulation R4 external wall insulation
100mm concrete internal wall | 100mm concrete internal
thermal mass wall thermal mass
Lighting  power density | Lighting power density
reduced by 20% reduced by 40%
Cost effective BIPV (Wall) Cost effective BIPV (Wall)
CZ5 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV

Overnight ventilation + low
infiltration

Overnight ventilation + low
infiltration

Overnight ventilation + low
infiltration

Overnight ventilation + low
infiltration

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction
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Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

Economy cycle used for all
AHUs

Economy cycle used for all
AHUs

Economy cycle used for all
AHUs

Economy cycle used for all
AHUs

Chiller COP 6.33/IPLV 10.12

Chiller COP 7.83/IPLV 12.12

Chiller COP 8.58/IPLV 12.87

R2 external wall insulation

R4 external wall insulation

R4 external wall insulation

Lighting  power
reduced by 20%

density

Lighting  power
reduced by 40%

density

Cost effective BIPV (Wall)

Cost effective BIPV (Wall)

CZ6 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV

Overnight ventilation + low | Overnight ventilation + low | Overnight ventilation + low | Overnight ventilation + low
infiltration infiltration infiltration infiltration
Perimeter zone daylight | Perimeter zone daylight | Perimeter zone daylight | Perimeter zone daylight
harvesting (max visible | harvesting (max visible | harvesting (max visible | harvesting (max visible
transmissivity) transmissivity) transmissivity) transmissivity)
Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction
R3.5 external wall insulation R3.5 external wall insulation R3.5 external wall insulation R3.5 external wall insulation
External wall fabric colour | External wall fabric colour | External wall fabric colour | External wall fabric colour
(light colour) (light colour) (light colour) (light colour)

Chiller COP 6.33/IPLV 10.12 | Chiller COP 7.83/IPLV 12.12 | Chiller COP 8.58/IPLV 12.87
100mm concrete internal wall | 100mm  concrete internal
thermal mass wall thermal mass
Lighting power density | Lighting power density
reduced by 20% reduced by 40%

Cost effective BIPV (Wall) Cost effective BIPV (Wall)
100mm concrete internal wall | 100mm  concrete internal
thermal mass wall thermal mass

CZ7 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV

Overnight ventilation + low
infiltration

Overnight ventilation + low
infiltration

Overnight ventilation + low
infiltration

Overnight ventilation + low
infiltration

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

Perimeter zone
harvesting  (max
transmissivity)

daylight
visible

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Heat exchanger installed

Heat exchanger installed

Heat exchanger installed

Heat exchanger installed

Chiller COP 6.33/IPLV 10.12

Chiller COP 7.83/IPLV 12.12

Chiller COP 8.58/IPLV 12.87

R3.5 external wall insulation

R3.5 external wall insulation

R5 external wall insulation

Lighting  power
reduced by 20%

density

Lighting  power
reduced by 40%

density

Cost effective BIPV (Wall)

Cost effective BIPV (Wall)

100mm concrete internal wall
thermal mass

100mm concrete internal

wall thermal mass
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Table 3-5: Conservative measures selection for the retail (6C) archetype.

6C 2019 2024 2029 2034
CZ2 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV
External wall fabric colour | External wall fabric colour | Cost effective BIPV (Wall) Cost effective BIPV (Wall)
(light colour) (light colour)
Lighting control by | Lighting control by | External wall fabric colour | External wall fabric colour
occupancy sensor occupancy sensor (light colour) (light colour)
150mm concrete internal | 200mm concrete internal | Lighting control by occupancy | Lighting control by occupancy
wall thermal mass wall thermal mass sensor sensor
PAC COP 4.3 150mm concrete internal wall | R4 external wall insulation
thermal mass
R4 external wall insulation 150mm concrete external wall | 150mm concrete internal wall
thermal mass thermal mass
PAC COP 4.8 150mm concrete external wall
thermal mass
Lighting power density | PAC COP 5.05
reduced by 20%
Lighting power density
reduced by 40%
CZ5 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV
External wall fabric colour | External wall fabric colour | Cost effective BIPV (Wall) Cost effective BIPV (Wall)
(light colour) (light colour)
Lighting control by | Lighting control by | External wall fabric colour | External wall fabric colour
occupancy sensor occupancy sensor (light colour) (light colour)
R2 external wall insulation Lighting control by occupancy | Lighting control by occupancy
sensor sensor
150mm concrete internal | R8 external wall insulation 150mm concrete internal wall
wall thermal mass thermal mass
PAC COP 4.3 150mm concrete internal wall | 150mm concrete external wall
thermal mass thermal mass
PAC COP 4.8 PAC COP 5.05
Lighting power density | Lighting power density
reduced by 20% reduced by 40%
Cz6 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV
External wall fabric colour | External wall fabric colour | Cost effective BIPV (Wall) Cost effective BIPV (Wall)
(light colour) (light colour)
Lighting control by | Lighting control by | External wall fabric colour | External wall fabric colour
occupancy sensor occupancy sensor (light colour) (light colour)
Heat exchanger installed Heat exchanger installed Lighting control by occupancy | Lighting control by occupancy
sensor sensor
R1 external wall insulation | R1 external wall insulation Heat exchanger installed Heat exchanger installed
100mm concrete internal | R6 external wall insulation 150mm concrete external wall
wall thermal mass thermal mass
PAC COP 4.3 100mm concrete internal wall | PAC COP 5.05
thermal mass
PAC COP 4.8 Lighting power density
reduced by 40%
Lighting power density
reduced by 20%
CZ7 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV

External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

Cost effective BIPV (Wall)

Cost effective BIPV (Wall)
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Lighting control
occupancy sensor

by

Lighting control
occupancy sensor

by

External wall fabric colour

(light colour)

External wall fabric colour

(light colour)

Heat exchanger installed

Heat exchanger installed

Lighting control by occupancy

sensor

Lighting control by occupancy
sensor

150mm concrete internal
wall thermal mass

R2 external wall insulation

Heat exchanger installed

Heat exchanger installed

200mm concrete internal

wall thermal mass

R6 external wall insulation

R2 external wall insulation

PAC COP 4.3

200mm concrete internal wall

thermal mass

100mm concrete external wall
thermal mass

Economy Cycle on central
PACs only

PAC COP 4.8

PAC COP 5.05

Economy Cycle on central
PACs only

Economy Cycle on central
PACs only

Lighting power
reduced by 20%

density

Lighting power
reduced by 40%

density

Table 3-6: Conservative measures selection for the ward area (9aD) archetype.

9aD 2019 2024 2029 2034
CZ2 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV
External shutters External shutters External shutters External shutters
Lighting control by | Lighting control by | Lighting control by | Lighting control by
occupancy sensor occupancy sensor occupancy sensor occupancy sensor
Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction
Economy cycle installed Economy cycle installed Economy cycle installed Economy cycle installed
External wall fabric colour | External wall fabric colour | External wall fabric colour | External wall fabric colour
(light colour) (light colour) (light colour) (light colour)
R8 external wall insulation Best practice chiller Expected best practice chiller | Expected best practice
in 10 years chiller in 15 years
R8 external wall insulation BIPV (Wall) BIPV (Wall)
Lighting  power density | Lighting power density
reduced by 20% reduced by 40%
R8 external wall insulation R10 external wall insulation
150mm concrete internal wall | 200mm  concrete internal
thermal mass wall thermal mass
CZ5 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV

External shutters

External shutters

External shutters

External shutters

Lighting control
occupancy sensor

by

Lighting control
occupancy sensor

by

Lighting control
occupancy sensor

by

Lighting control
occupancy sensor

by

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Economy cycle installed

Economy cycle installed

Economy cycle installed

Economy cycle installed

External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

R4 external wall insulation Best practice chiller Expected best practice chiller | Expected best practice
in 10 years chiller in 15 years
150mm concrete internal wall | R5 external wall insulation BIPV (Wall) BIPV (Wall)
thermal mass
150mm concrete internal wall | Lighting  power  density | Lighting power density

thermal mass

reduced by 20%

reduced by 40%

R6 external wall insulation

R8 external wall insulation
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150mm concrete internal wall
thermal mass

150mm concrete internal

wall thermal mass

CZ6 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV
External shutters External shutters External shutters External shutters
Lighting control by | Lighting control by | Lighting control by | Lighting control by
occupancy sensor occupancy sensor occupancy sensor occupancy sensor
Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction
External wall fabric colour | External wall fabric colour | External wall fabric colour | External wall fabric colour
(light colour) (light colour) (light colour) (light colour)
Best practice chiller Expected best practice chiller | Expected best practice
in 10 years chiller in 15 years
Heat exchanger installed BIPV (Wall) BIPV (Wall)
R2 external wall insulation Lighting power density | Lighting power density
reduced by 20% reduced by 40%
Heat exchanger installed Heat exchanger installed
R3 external wall insulation R4 external wall insulation
CZ7 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV

External shutters

External shutters

External shutters

External shutters

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Heat exchanger installed Best practice chiller Expected best practice chiller | Expected best practice
in 10 years chiller in 15 years
R2 external wall insulation Heat exchanger installed BIPV (Wall) BIPV (Wall)
R2.5 external wall insulation | Lighting power density | Lighting power  density

reduced by 20%

reduced by 40%

Heat exchanger installed

Heat exchanger installed

R3 external wall insulation

R3.5 external wall insulation

Table 3-7: Conservative measures selection for the school (9bE) archetype.

9bE

2019

2024

2029

2034

Cz2

Cost effective roof PV

Cost effective roof PV

Cost effective roof PV

Cost effective roof PV

External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

Cost effective BIPV (Wall)

Cost effective BIPV (Wall)

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

Heat exchanger installed

Heat exchanger installed

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

Perimeter zone
harvesting  (max
transmissivity)

daylight
visible

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Heat exchanger installed

Heat exchanger installed

R3 external wall insulation

100mm concrete internal wall
thermal mass

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

PAC COP 4.3

100mm concrete internal wall
thermal mass

100mm concrete internal

wall thermal mass

R3 external wall insulation

PAC COP 4.8

PAC COP 5.05

R3 external wall insulation

R4.5 external wall insulation
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Lighting  power
reduced by 20%

density

Lighting  power
reduced by 40%

density

CZ5 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV
External wall fabric colour | External wall fabric colour | Cost effective BIPV (Wall) Cost effective BIPV (Wall)
(light colour) (light colour)

Perimeter zone daylight | Perimeter zone daylight | External wall fabric colour | External wall fabric colour

harvesting (max visible | harvesting (max visible | (light colour) (light colour)

transmissivity) transmissivity)

Heat exchanger installed Heat exchanger installed Perimeter zone daylight | Perimeter zone daylight
harvesting (max visible | harvesting (max visible
transmissivity) transmissivity)

Lighting control by | Lighting control by | Heat exchanger installed Heat exchanger installed

occupancy sensor occupancy sensor

PAC COP 4.3 Lighting control by | Lighting control by
occupancy sensor occupancy sensor

R8 external wall insulation PAC COP 4.8 PAC COP 5.05
R8 external wall insulation R10 external wall insulation
Lighting  power  density | Lighting power density
reduced by 20% reduced by 40%

CZ6 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV
External wall fabric colour | External wall fabric colour | Cost effective BIPV (Wall) Cost effective BIPV (Wall)
(light colour) (light colour)

Perimeter zone daylight | Perimeter zone daylight | External wall fabric colour | External wall fabric colour

harvesting (max visible | harvesting (max visible | (light colour) (light colour)

transmissivity) transmissivity)

Heat exchanger installed Heat exchanger installed Perimeter zone daylight | Perimeter zone daylight
harvesting (max visible | harvesting (max visible
transmissivity) transmissivity)

Lighting control by | Lighting control by | Heat exchanger installed Heat exchanger installed

occupancy sensor occupancy sensor

PAC COP 4.3 Lighting control by | Lighting control by
occupancy sensor occupancy sensor
R6 external wall insulation PAC COP 4.8 PAC COP 5.05
R8 external wall insulation R10 external wall insulation
Lighting power density | Lighting power density
reduced by 20% reduced by 40%
CZ7 | Cost effective roof PV Cost effective roof PV Cost effective roof PV Cost effective roof PV

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

Cost effective BIPV (Wall)

Cost effective BIPV (Wall)

Heat exchanger installed

Heat exchanger installed

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

Perimeter  zone
harvesting  (max
transmissivity)

daylight
visible

Lighting control by | Lighting control by | Heat exchanger installed Heat exchanger installed
occupancy sensor occupancy sensor
R1 external wall insulation PAC COP 4.3 Lighting control by | Lighting control by
occupancy sensor occupancy sensor
R6 external wall insulation PAC COP 4.8 PAC COP 5.05

R6 external wall insulation

R8 external wall insulation

Lighting  power
reduced by 20%

density

Lighting  power
reduced by 40%

density
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3.2.2 Accelerated

Deployment

Energy Efficiency

Scenarios: What were the high impact measures

included?

The Accelerated Deployment energy efficiency scenarios
implemented for the multi-dimensional analysis are

Table 3-8: Accelerated measures selection for the hotel (3B) archetype.

outlined from Table 3-3 to Table 3-7 for the different

archetypes.

LOW CARBON LIVING
‘%L\ CRC

3B 2019 2024 2029 2034
CZ2 | Max roof PV Max roof PV Max roof PV Max roof PV
External shutters External shutters External shutters External shutters
Lighting control by | Lighting control by | Lighting control by | Lighting control by
occupancy sensor occupancy sensor occupancy sensor occupancy sensor
200mm concrete internal wall | Chiller COP 6.73/IPLV 10.7 Chiller COP 7.48/IPLV 11.45 | Chiller COP 8.23/IPLV 12.2
thermal mass
R3 external wall insulation 125mm concrete internal wall | Max BIPV (Wall) Lighting power density
thermal mass reduced by 40%
Chiller COP 5.98/IPLV 9.95 125mm concrete external | Lighting power density | Max BIPV (Wall)
wall thermal mass reduced by 26%
Lift upgrade R1 external wall insulation 125mm concrete internal wall | 125mm  concrete internal
thermal mass wall thermal mass
Lift upgrade 125mm concrete external | 125mm concrete external
wall thermal mass wall thermal mass
Lighting power density | R2 external wall insulation R3 external wall insulation
reduced by 13%
Lift upgrade Lift upgrade
CZ5 | Max roof PV Max roof PV Max roof PV Max roof PV
External shutters External shutters External shutters External shutters
Lighting control by | Lighting control by | Lighting control by | Lighting control by
occupancy sensor occupancy sensor occupancy sensor occupancy sensor
200mm concrete internal wall | Chiller COP 6.73/IPLV 10.7 Chiller COP 7.48/IPLV 11.45 | Chiller COP 8.23/IPLV 12.2
thermal mass
R3 external wall insulation 200mm concrete internal wall | Max BIPV (Wall) Lighting  power  density
thermal mass reduced by 40%
Heat exchanger installed R6 external wall insulation Lighting  power density | Max BIPV (Wall)
reduced by 26%
Chiller COP 5.98/IPLV 9.95 Heat exchanger installed 150mm concrete external | 150mm concrete external
wall thermal mass wall thermal mass
Lift upgrade Lift upgrade R4 external wall insulation R4 external wall insulation
Lighting  power density | Heat exchanger installed Heat exchanger installed
reduced by 13%
Lift upgrade Lift upgrade
CZ6 | Max roof PV Max roof PV Max roof PV Max roof PV
External shutters External shutters External shutters External shutters
Lighting control by | Lighting control by | Lighting control by | Lighting control by
occupancy sensor occupancy sensor occupancy sensor occupancy sensor
Heat exchanger efficiency | Heat exchanger efficiency | Heat exchanger efficiency | Heat exchanger efficiency
increase (70%) increase (70%) increase (70%) increase (70%)
R3 external wall insulation Chiller COP 6.73/IPLV 10.7 Chiller COP 7.48/IPLV 11.45 | Chiller COP 8.23/IPLV 12.2
Chiller COP 5.98/IPLV 9.95 100mm concrete internal wall | Max BIPV (Wall) Lighting  power  density
thermal mass reduced by 40%
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occupancy sensor

occupancy sensor

Lift upgrade R2 external wall insulation Lighting power density | Max BIPV (Wall)
reduced by 26%
Lift upgrade 150mm concrete internal wall | 150mm concrete internal
thermal mass wall thermal mass
Lighting power density | R3 external wall insulation R4 external wall insulation
reduced by 13%
Lift upgrade Lift upgrade
CZ7 | Max roof PV Max roof PV Max roof PV Max roof PV
External shutters External shutters External shutters External shutters
Lighting control by | Lighting control by | Lighting control by | Lighting control by

occupancy sensor

occupancy sensor

100mm concrete internal wall
thermal mass

Chiller COP 6.73/IPLV 10.7

Chiller COP 7.48/IPLV 11.45

Chiller COP 8.23/IPLV 12.2

Chiller COP 5.98/IPLV 9.95 150mm concrete internal wall | Max BIPV (Wall) Lighting power density
thermal mass reduced by 40%
Lift upgrade R2 external wall insulation Lighting power density | Max BIPV (Wall)
reduced by 26%
Lift upgrade 150mm concrete internal wall | 150mm concrete internal

thermal mass

wall thermal mass

Lighting  power density | R6 external wall insulation R6 external wall insulation
reduced by 13%
Lift upgrade Lift upgrade
Table 3-9: Accelerated measures selection for the office (5A) archetype.
5A 2019 2024 2029 2034
CZ2 | Max roof PV Max roof PV Max roof PV Max roof PV
Overnight ventilation Overnight ventilation Overnight ventilation Overnight ventilation
Perimeter zone daylight | Perimeter zone daylight | Perimeter zone daylight | Perimeter zone daylight
harvesting (max visible | harvesting (max Vvisible | harvesting (max visible | harvesting (max Vvisible
transmissivity) transmissivity) transmissivity) transmissivity)
Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction
Lighting control by | Lighting control by | Lighting control by | Lighting control by
occupancy sensor occupancy sensor occupancy sensor occupancy sensor
Chiller COP 6.33/IPLV 10.12 | Lighting power density | Lighting power density | Lighting power density
reduced by 13% reduced by 26% reduced by 40%
Dewpoint cooler Dewpoint cooler Dewpoint cooler Dewpoint cooler
Lift upgrade Chiller COP 7.08/IPLV 11.12 | Chiller COP 7.83/IPLV 12.12 | Chiller COP 8.58/IPLV 12.87
150mm concrete internal wall | R4 external wall insulation R4 external wall insulation R4 external wall insulation
thermal mass
150mm concrete external | Lift upgrade Lift upgrade Lift upgrade
wall thermal mass
150mm concrete internal wall | 150mm concrete internal wall | 150mm concrete internal
thermal mass thermal mass wall thermal mass
150mm concrete external | 150mm concrete external | 150mm concrete external
wall thermal mass wall thermal mass wall thermal mass
Max BIPV (Wall) Max BIPV (Wall)
Cz5 | Max roof PV Max roof PV Max roof PV Max roof PV

Qvernight ventilation

Qvernight ventilation

Qvernight ventilation

Overnight ventilation
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Perimeter zone daylight
harvesting (WWR x 1.5 +
shades)

Perimeter zone daylight
harvesting (WWR x 1.5 +
shades)

Perimeter zone daylight
harvesting (WWR x 1.5 +
shades)

Perimeter zone daylight
harvesting (WWR x 15 +
shades)

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Chiller COP 6.33/IPLV 10.12

Lighting  power
reduced by 13%

density

Lighting  power
reduced by 26%

density

Lighting  power
reduced by 40%

density

Dewpoint cooler

Dewpoint cooler

Dewpoint cooler

Dewpoint cooler

Lift upgrade

Chiller COP 7.08/IPLV 11.12

Chiller COP 7.83/IPLV 12.12

Chiller COP 8.58/IPLV 12.87

150mm concrete internal wall
thermal mass

R2 external wall insulation

R4 external wall insulation

R4 external wall insulation

150mm concrete external
wall thermal mass

Lift upgrade

Lift upgrade

Lift upgrade

150mm concrete internal wall
thermal mass

150mm concrete internal wall
thermal mass

150mm concrete internal

wall thermal mass

150mm concrete external
wall thermal mass

150mm concrete external
wall thermal mass

150mm concrete external
wall thermal mass

Max BIPV (Wall)

Max BIPV (Wall)

CZ6 | Max roof PV Max roof PV Max roof PV Max roof PV
Overnight ventilation Overnight ventilation Overnight ventilation Overnight ventilation
Perimeter zone daylight | Perimeter zone daylight | Perimeter zone daylight | Perimeter zone daylight
harvesting (WWR x 1.5 + | harvesting (WWR x 1.5 + | harvesting (WWR x 1.5 + | harvesting (WWR x 1.5 +
shades) shades) shades) shades)
Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction
R3.5 external wall insulation | Lighting control by | Lighting control by | Lighting control by
occupancy sensor occupancy sensor occupancy sensor
Heat exchanger installed Lighting power density | Lighting power density | Lighting power  density
reduced by 13% reduced by 26% reduced by 40%
Lighting control by | Chiller COP 7.08/IPLV 11.12 | Chiller COP 7.83/IPLV 12.12 | Chiller COP 8.58/IPLV 12.87
occupancy sensor
Chiller COP 6.33/IPLV 10.12 | Dewpoint cooler Dewpoint cooler Dewpoint cooler
Dewpoint cooler R3.5 external wall insulation R3.5 external wall insulation R3.5 external wall insulation
Lift upgrade Lift upgrade Lift upgrade Lift upgrade
150mm concrete internal wall | 150mm concrete internal wall | 150mm concrete internal wall | 150mm concrete internal
thermal mass thermal mass thermal mass wall thermal mass
150mm concrete external | 150mm concrete external | 150mm concrete external | 150mm concrete external
wall thermal mass wall thermal mass wall thermal mass wall thermal mass
Heat exchanger installed Heat exchanger installed Heat exchanger installed
Max BIPV (Wall) Max BIPV (Wall)
CZ7 | Max roof PV Max roof PV Max roof PV Max roof PV

Overnight ventilation

Overnight ventilation

Overnight ventilation

Overnight ventilation

Perimeter zone daylight
harvesting (WWR x 1.5 +
shades)

Perimeter zone daylight
harvesting (WWR x 1.5 +
shades)

Perimeter zone daylight
harvesting (WWR x 1.5 +
shades)

Perimeter zone daylight
harvesting (WWR x 1.5 +
shades)

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Heat exchanger installed

Heat exchanger installed

Heat exchanger installed

Heat exchanger installed

RO0.83 external wall insulation

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor
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Lighting control
occupancy sensor

by

Lighting  power
reduced by 13%

density

Lighting  power
reduced by 26%

density

Lighting  power
reduced by 26%

density

Chiller COP 6.33/IPLV 10.12

Chiller COP 7.08/IPLV 11.12

Chiller COP 7.83/IPLV 12.12

Chiller COP 7.83/IPLV 12.12

Dewpoint cooler

Dewpoint cooler

Dewpoint cooler

Dewpoint cooler

Lift upgrade

R3.5 external wall insulation

R3.5 external wall insulation

R5 external wall insulation

150mm concrete internal wall
thermal mass

Lift upgrade

Lift upgrade

Lift upgrade

150mm concrete external
wall thermal mass

150mm concrete internal wall
thermal mass

150mm concrete internal wall
thermal mass

150mm concrete internal

wall thermal mass

150mm concrete external
wall thermal mass

150mm concrete external
wall thermal mass

150mm concrete external
wall thermal mass

Max BIPV (Wall) Max BIPV (Wall)
Table 3-10: Accelerated measures selection for the retail (6C) archetype.
6C 2019 2024 2029 2034
CZ2 | Max roof PV Max roof PV Max roof PV Max roof PV
External wall fabric colour | External wall fabric colour | Max BIPV (Wall) Max BIPV (Wall)
(light colour) (light colour)
Lighting control by | Lighting control by | External wall fabric colour | External wall fabric colour
occupancy sensor occupancy sensor (light colour) (light colour)
150mm concrete internal | 200mm concrete internal | Lighting control by occupancy | Lighting control by occupancy
wall thermal mass wall thermal mass sensor sensor
PAC COP 4.3 PAC COP 4.55 150mm concrete internal wall | R4 external wall insulation
thermal mass
Economy Cycle Economy Cycle 150mm concrete external wall | 150mm concrete internal wall
thermal mass thermal mass
R4 external wall insulation PAC COP 4.8 150mm concrete external wall
thermal mass
Lighting power density | Economy Cycle PAC COP 5.05
reduced by 13%
Lighting power density | Economy Cycle
reduced by 26%
Lighting power density
reduced by 40%
CZ5 | Max roof PV Max roof PV Max roof PV Max roof PV

External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

Max BIPV (Wall)

Max BIPV (Wall)

Lighting control
occupancy sensor

by

Lighting control
occupancy sensor

by

External wall fabric colour

(light colour)

External wall fabric colour

(light colour)

150mm concrete internal
wall thermal mass

R2 external wall insulation

Lighting control by occupancy
sensor

Lighting control by occupancy
sensor

PAC COP 4.3 150mm concrete internal | R8 external wall insulation 150mm concrete internal wall
wall thermal mass thermal mass
Economy Cycle PAC COP 4.55 150mm concrete internal wall | 150mm concrete external wall
thermal mass thermal mass
Overnight Ventilation Economy Cycle PAC COP 4.8 PAC COP 5.05
Overnight Ventilation Economy Cycle Economy Cycle
Lighting power density | Overnight Ventilation Overnight Ventilation
reduced by 13%
Lighting power density | Lighting power density
reduced by 26% reduced by 40%
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occupancy sensor

occupancy sensor

CZ6 | Max roof PV Max roof PV Max roof PV Max roof PV
External wall fabric colour | External wall fabric colour | Max BIPV (Wall) Max BIPV (Wall)
(light colour) (light colour)
Lighting control by | Lighting control by | External wall fabric colour | External wall fabric colour
occupancy sensor occupancy sensor (light colour) (light colour)
Heat exchanger installed Heat exchanger installed Lighting control by occupancy | Lighting control by occupancy
sensor sensor
R1 external wall insulation | R1 external wall insulation Heat exchanger installed Heat exchanger installed
150mm concrete internal | 150mm concrete internal | R8 external wall insulation 150mm concrete internal wall
wall thermal mass wall thermal mass thermal mass
150mm concrete external | 150mm concrete external | 150mm concrete internal wall | 150mm concrete external wall
wall thermal mass wall thermal mass thermal mass thermal mass
PAC COP 4.3 PAC COP 4.55 150mm concrete external wall | PAC COP 5.05
thermal mass
Economy Cycle Economy Cycle PAC COP 4.8 Economy Cycle
Overnight Ventilation Overnight Ventilation Economy Cycle Overnight Ventilation
Lighting power density | Overnight Ventilation Lighting power density
reduced by 13% reduced by 40%
Lighting power density
reduced by 26%
CZ7 | Max roof PV Max roof PV Max roof PV Max roof PV
External wall fabric colour | External wall fabric colour | Max BIPV (Wall) Max BIPV (Wall)
(light colour) (light colour)
Lighting control by | Lighting control by | External wall fabric colour | External wall fabric colour

(light colour)

(light colour)

Heat exchanger installed

Heat exchanger installed

Lighting control by occupancy
sensor

Lighting control by occupancy
sensor

150mm concrete internal
wall thermal mass

R2 external wall insulation

Heat exchanger installed

Heat exchanger installed

150mm concrete external | 200mm concrete internal | R6 external wall insulation R2 external wall insulation
wall thermal mass wall thermal mass
PAC COP 4.3 150mm concrete external | 200mm concrete internal wall | 150mm concrete internal wall
wall thermal mass thermal mass thermal mass
Economy Cycle PAC COP 4.55 150mm concrete external wall | 150mm concrete external wall
thermal mass thermal mass
Overnight Ventilation Economy Cycle PAC COP 4.8 PAC COP 5.05
Overnight Ventilation Economy Cycle Economy Cycle
Lighting power density | Overnight Ventilation Overnight Ventilation
reduced by 13%
Lighting power density | Lighting power density
reduced by 26% reduced by 40%
Table 3-11: Conservative measures selection for the ward area (9aD) archetype.
9aD 2019 2024 2029 2034
CZ2 | Max roof PV Max roof PV Max roof PV Max roof PV
External shutters External shutters External shutters External shutters
Lighting control by | Lighting control by | Lighting control by | Lighting control by

occupancy sensor

occupancy sensor

occupancy sensor

occupancy sensor

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Economy cycle installed

Economy cycle installed

Economy cycle installed

Economy cycle installed
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External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

External wall fabric colour
(light colour)

Chiller 6.33/IPLV 10.12

Chiller 7.08/IPLV 11.12

Chiller 7.83/IPLV 12.12

Chiller 8.58/IPLV 12.87

Heat exchanger installed

Heat exchanger installed

Heat exchanger installed

Heat exchanger installed

R8 external wall insulation

Lighting  power
reduced by 13%

density

Lighting  power
reduced by 26%

density

Lighting  power
reduced by 40%

density

R8 external wall insulation

R8 external wall insulation

R10 external wall insulation

150mm concrete internal wall | 200mm concrete internal
thermal mass wall thermal mass
CzZ5 | Max roof PV Max roof PV Max roof PV Max roof PV
External shutters External shutters External shutters External shutters
Lighting control by | Lighting control by | Lighting control by | Lighting control by
occupancy sensor occupancy sensor occupancy sensor occupancy sensor
Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction
Economy cycle installed Economy cycle installed Economy cycle installed Economy cycle installed
Chiller 6.33/IPLV 10.12 Chiller 7.08/IPLV 11.12 Chiller 7.83/IPLV 12.12 Chiller 8.58/IPLV 12.87
Heat exchanger installed Heat exchanger installed Heat exchanger installed Heat exchanger installed
R4 external wall insulation Lighting  power density | Lighting power density | Lighting power  density
reduced by 13% reduced by 26% reduced by 40%
150mm concrete internal wall | R5 external wall insulation R6 external wall insulation R8 external wall insulation
thermal mass
150mm concrete internal wall | 150mm concrete internal wall | 150mm concrete internal
thermal mass thermal mass wall thermal mass
CZ6 | Max roof PV Max roof PV Max roof PV Max roof PV
Perimeter zone daylight | Perimeter zone daylight | Perimeter zone daylight | Perimeter zone daylight
harvesting (WWR x 1.5 + | harvesting (WWR x 1.5 + | harvesting (WWR x 1.5 + | harvesting (WWR x 15 +
shades) shades) shades) shades)
Lighting control by | Lighting control by | Lighting control by | Lighting control by
occupancy sensor occupancy sensor occupancy sensor occupancy sensor
Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction | Ductwork pressure reduction
Economy cycle installed Economy cycle installed Economy cycle installed Economy cycle installed
Chiller 6.33/IPLV 10.12 Chiller 7.08/IPLV 11.12 Chiller 7.83/IPLV 12.12 Chiller 8.58/IPLV 12.87
Heat exchanger installed Heat exchanger installed Heat exchanger installed Heat exchanger installed
Lighting  power density | Lighting power density | Lighting power  density
reduced by 13% reduced by 26% reduced by 40%
R2 external wall insulation R3 external wall insulation R4 external wall insulation
CZ7 | Max roof PV Max roof PV Max roof PV Max roof PV

External shutters

External shutters

External shutters

External shutters

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Ductwork pressure reduction

Chiller 6.33/IPLV 10.12

Chiller 7.08/IPLV 11.12

Chiller 7.83/IPLV 12.12

Chiller 8.58/IPLV 12.87

Heat exchanger installed

Heat exchanger installed

Heat exchanger installed

Heat exchanger installed

R2 external wall insulation

Lighting  power
reduced by 13%

density

Lighting  power
reduced by 26%

density

Lighting  power
reduced by 40%

density

R2.5 external wall insulation

R3 external wall insulation

R3.5 external wall insulation

Table 3-12: Conservative measures selection for the school (9bE) archetype.
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9bE 2019 2024 2029 2034
CZ2 | Max roof PV Max roof PV Max roof PV Max roof PV

External wall fabric colour | External wall fabric colour | Max BIPV (Wall) Max BIPV (Wall)

(light colour) (light colour)

Perimeter zone daylight | Perimeter zone daylight | External wall fabric colour | External wall fabric colour

harvesting (WWR x 1.5 + | harvesting (WWR x 1.5 + | (light colour) (light colour)

shades) shades)

Heat exchanger installed Heat exchanger installed Perimeter zone daylight | Perimeter zone daylight
harvesting (WWR x 1.5 + | harvesting (WWR x 1.5 +
shades) shades)

Lighting control by | Lighting control by | Heat exchanger installed Heat exchanger installed

occupancy sensor occupancy sensor

150mm concrete internal wall | 150mm concrete internal wall | Lighting control by | Lighting control by

thermal mass thermal mass occupancy sensor occupancy sensor

150mm concrete external | 150mm concrete external | 150mm concrete internal wall | 150mm concrete internal

wall thermal mass wall thermal mass thermal mass wall thermal mass

PAC COP 4.3 PAC COP 4.55 150mm concrete external | 150mm concrete external
wall thermal mass wall thermal mass

R3 external wall insulation R3 external wall insulation PAC COP 4.8 PAC COP 5.05

Lighting power density | R3 external wall insulation R4.5 external wall insulation
reduced by 13%
Lighting power density | Lighting power density
reduced by 26% reduced by 40%
CZ5 | Max roof PV Max roof PV Max roof PV Max roof PV

Perimeter zone daylight | Perimeter zone daylight | Max BIPV (Wall) Max BIPV (Wall)

harvesting (max visible | harvesting (max visible

transmissivity) transmissivity)

Heat exchanger installed Heat exchanger installed Perimeter zone daylight | Perimeter zone daylight
harvesting (max visible | harvesting (max visible
transmissivity) transmissivity)

Lighting control by | Lighting control by | Heat exchanger installed Heat exchanger installed

occupancy sensor occupancy sensor

150mm concrete internal wall | 150mm concrete internal wall | Lighting control by | Lighting control by

thermal mass thermal mass occupancy sensor occupancy sensor

150mm concrete external | 150mm concrete external | 150mm concrete internal wall | 150mm concrete internal

wall thermal mass wall thermal mass thermal mass wall thermal mass

PAC COP 4.3 PAC COP 4.55 150mm concrete external | 150mm concrete external
wall thermal mass wall thermal mass

R8 external wall insulation PAC COP 4.8 PAC COP 5.05
Lighting  power  density | R8 external wall insulation R10 external wall insulation
reduced by 13%
Lighting  power  density | Lighting power density
reduced by 26% reduced by 40%
CZ6 | Max roof PV Max roof PV Max roof PV Max roof PV

Perimeter zone daylight | Perimeter zone daylight | Max BIPV (Wall) Max BIPV (Wall)

harvesting (WWR x 1.5 + | harvesting (WWR x 1.5 +

shades) shades)

Heat exchanger installed Heat exchanger installed Perimeter zone daylight | Perimeter zone daylight

harvesting (WWR x 1.5 +
shades)

harvesting (WWR x 15 +
shades)

Lighting control by
occupancy sensor

Lighting control by
occupancy sensor

Heat exchanger installed

Heat exchanger installed
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PAC COP 4.3 PAC COP 4.55 Lighting control by | Lighting control by
occupancy sensor occupancy sensor
R0.83 external wall insulation | R6 external wall insulation PAC COP 4.8 PAC COP 5.05

Lighting power density | R8 external wall insulation R10 external wall insulation
reduced by 13%
Lighting power density | Lighting power density
reduced by 26% reduced by 40%
CZ7 | Max roof PV Max roof PV Max roof PV Max roof PV
Perimeter zone daylight | Perimeter zone daylight | Max BIPV (Wall) Max BIPV (Wall)
harvesting (WWR x 1.5 + | harvesting (WWR x 15 +
shades) shades)
Heat exchanger installed Heat exchanger installed Perimeter zone daylight | Perimeter zone daylight

harvesting (WWR x 1.5 +
shades)

harvesting (WWR x 1.5 +
shades)

Lighting control by | Lighting control by | Heat exchanger installed Heat exchanger installed

occupancy sensor occupancy sensor

PAC COP 4.3 PAC COP 4.55 Lighting control by | Lighting control by
occupancy sensor occupancy sensor

R0.83 external wall insulation | R6 external wall insulation PAC COP 4.8 PAC COP 5.05

L LOW CARBON LIVING

CRC

Lighting power density | R6 external wall insulation R8 external wall insulation
reduced by 13%
Lighting  power  density | Lighting power density
reduced by 26% reduced by 40%
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3.3 Benefit Cost Ratios

The benefit-cost ratios for the conservative and
accelerated multi-dimensional models, for both the
energy efficiency and net trajectories are presented in
Table 3-13 to Table 3-16 below. 0 years refers to what’s

Table 3-13: Conservative BCRs

cost effective in 2019 and 15 years refers to what will be
cost effective in 2034 (refer 1.2). Please note that the 3
year steps presented in these tables were interpolated to
match NCC period for the expected revision timeline for
the Code. The actual simulation was in 5 year steps (refer
1.2).

Climate Zone Model Base case 2019 2022 2024 2025 2028 2029 2031 2034
Cz2 Hotel - 1.43 1.20 1.04 1.08 1.19 1.23 1.28 1.35
Cz2 Office - 1.08 1.10 1.12 1.10 1.06 1.05 1.18 1.38
Cz2 Retail - 1.32 1.25 1.20 1.16 1.05 1.02 1.06 1.12
Cz2 Hospital Ward - 1.04 1.26 1.40 1.40 1.37 1.37 1.35 1.31
Cz2 School - 1.20 1.17 1.15 1.21 1.38 1.44 1.42 1.39
Cz5 Hotel - 141 1.43 1.44 1.39 1.24 1.19 1.26 1.37
Cz5 Office - 1.02 1.08 1.12 1.16 1.28 1.32 1.22 1.07
Cz5 Retail - 1.19 1.31 1.40 1.33 1.14 1.07 1.08 1.10
Cz5 Hospital Ward - 1.09 1.23 1.32 1.32 1.33 1.33 1.29 1.24
Cz5 School - 1.29 1.24 1.21 1.26 1.41 1.47 1.39 1.27
Cz6 Hotel - 1.25 1.18 1.14 1.15 1.20 1.22 1.25 1.30
CzZ6 Office - 1.02 1.30 1.48 1.39 1.11 1.02 1.18 1.41
Cz6 Retail - 1.43 1.31 1.23 1.19 1.09 1.05 1.08 1.12
CzZ6 Hospital Ward - 1.16 1.32 1.42 1.41 1.37 1.35 1.37 1.39
CzZ6 School - 1.03 1.28 1.45 1.43 1.35 1.33 1.31 1.28
cz7 Hotel - 1.04 1.10 1.14 1.14 1.13 1.12 1.10 1.08
cz7 Office - 1.17 1.32 1.43 1.35 1.14 1.07 1.16 1.29
cz7 Retail - 1.10 1.08 1.06 1.06 1.08 1.09 1.13 1.19
cz7 Hospital Ward - 1.09 1.20 1.27 1.29 1.36 1.38 1.41 1.45
cz7 School - 1.03 1.09 1.12 1.18 1.35 1.40 1.34 1.24

Table 3-14: Accelerated BCRs
Climate Zone Model Base case 2019 2022 2024 2025 2028 2029 2031 2034
Cz2 Hotel - 1.78 1.37 1.09 1.12 1.21 1.24 1.29 1.36
Cz2 Office - 0.28 0.32 0.35 0.36 0.40 0.41 0.44 0.49
Cz2 Retail - 1.97 1.64 1.41 1.34 111 1.04 1.05 1.07
Cz2 Hospital Ward - 1.12 1.27 1.37 1.36 1.33 1.32 1.30 1.28
Cz2 School - 0.18 0.21 0.22 0.23 0.25 0.26 0.27 0.29
Cz5 Hotel - 1.59 1.48 1.42 1.36 1.19 1.14 1.24 1.40
Cz5 Office - 0.14 0.16 0.17 0.18 0.19 0.20 0.21 0.24
Cz5 Retail - 0.89 1.01 1.08 1.04 0.93 0.89 0.90 0.90
Cz5 Hospital Ward - 1.24 1.29 1.32 1.33 1.37 1.39 1.34 1.28
Cz5 School - 0.29 0.29 0.30 0.30 0.33 0.33 0.35 0.36
Cz6 Hotel - 1.73 1.39 1.16 1.17 1.19 1.20 1.23 1.27
Cz6 Office - 0.13 0.15 0.17 0.17 0.19 0.20 0.22 0.24
Cz6 Retail - 0.25 0.24 0.23 0.24 0.27 0.28 0.37 0.51
CzZ6 Hospital Ward - 0.20 0.23 0.25 0.26 0.28 0.29 0.30 0.32
CzZ6 School - 0.35 0.36 0.36 0.37 0.38 0.39 0.40 0.42
cz7 Hotel - 1.22 1.19 1.18 1.17 1.14 1.13 1.11 1.09
cz7 Office - 0.16 0.18 0.19 0.20 0.22 0.23 0.24 0.26
cz7 Retail - 0.34 0.31 0.28 0.29 0.33 0.34 0.47 0.66
cz7 Hospital Ward - 0.92 1.00 1.05 1.07 1.13 1.15 1.17 1.22
cz7 School - 0.32 0.34 0.35 0.36 0.39 0.40 0.41 0.43
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Table 3-15: Conservative Net BCRs

Climate Zone Model Base case 2019 2022 2024 2025 2028 2029 2031 2034
Cz2 Hotel - 1.82 1.48 1.26 1.33 1.53 1.59 1.65 1.73
Ccz2 Office - 1.41 1.42 1.43 1.54 1.88 2.00 2.19 2.47
Ccz2 Retail - 4.10 3.34 2.84 2.68 2.21 2.05 1.97 1.84
Ccz2 Hospital Ward - 1.52 1.74 1.89 1.87 1.79 1.77 1.72 1.66
Cz2 School - 6.62 3.97 2.19 2.27 2.50 2.58 2.49 2.36
Cz5 Hotel - 1.73 1.74 1.74 1.69 1.56 151 1.60 1.73
Cz5 Office - 1.44 151 1.55 1.81 2.59 2.85 2.52 2.04
Cz5 Retail - 3.99 3.75 3.60 3.33 2,51 2.24 2.07 1.82
Cz5 Hospital Ward - 1.53 1.64 1.72 1.72 1.70 1.70 1.64 1.55
Cz5 School - 9.45 4.98 1.99 2.06 2.24 2.30 2.16 1.94
CzZ6 Hotel - 1.96 1.72 1.56 1.60 1.74 1.78 1.81 1.86
CzZ6 Office - 1.43 1.84 2.11 2.15 2.24 2.27 2.47 2.78
Cz6 Retail - 4.36 3.71 3.28 3.07 2.45 2.24 211 1.92
CzZ6 Hospital Ward - 2.40 2.17 2.02 1.98 1.89 1.86 1.84 1.82
CzZ6 School - 3.55 2.65 2.05 2.00 1.85 1.80 1.76 1.69
cz7 Hotel - 1.53 1.56 1.58 1.60 1.66 1.68 1.64 1.58
Ccz7 Office - 1.85 1.98 2.07 2.14 2.34 2.41 2.44 2.47
cz7 Retail - 3.23 2.97 2.79 2.69 2.39 2.29 2.18 2.02
cz7 Hospital Ward - 1.65 1.74 1.80 1.82 1.88 1.89 1.91 1.94
cz7 School - 2.43 2.01 1.74 1.81 2.02 2.09 1.98 1.82

Table 3-16: Accelerated Net BCRs
Climate Zone Model Base case 2019 2022 2024 2025 2028 2029 2031 2034
Ccz2 Hotel - 2.13 1.62 1.28 1.34 1.52 1.58 1.63 1.70
Cz2 Office - 0.36 0.40 0.43 0.48 0.63 0.68 0.72 0.77
Cz2 Retail - 4.49 3.47 2.79 2.62 2.12 1.96 1.88 1.75
Cz2 Hospital Ward - 1.43 1.60 1.71 1.70 1.64 1.63 1.60 1.55
Cz2 School - 0.28 0.32 0.34 0.35 0.38 0.39 0.41 0.43
Cz5 Hotel - 1.88 1.74 1.65 1.61 1.48 1.44 151 1.61
Cz5 Office - 0.18 0.21 0.22 0.25 0.32 0.34 0.36 0.39
Cz5 Retail - 2.01 2.07 2.11 2.02 1.74 1.65 1.57 1.45
Cz5 Hospital Ward - 1.53 1.57 1.60 1.61 1.65 1.67 1.60 1.51
Cz5 School - 0.44 0.43 0.43 0.44 0.47 0.48 0.49 0.50
Cz6 Hotel - 2.38 1.86 1.51 1.55 1.68 1.72 1.74 1.76
Cz6 Office - 0.17 0.20 0.22 0.23 0.29 0.30 0.32 0.34
Cz6 Retail - 0.57 0.50 0.45 0.47 0.51 0.52 0.65 0.84
Cz6 Hospital Ward - 0.34 0.37 0.39 0.40 0.43 0.44 0.45 0.46
CzZ6 School - 0.47 0.46 0.46 0.47 0.48 0.49 0.50 0.51
cz7 Hotel - 1.61 1.55 1.51 1.54 1.60 1.62 1.58 1.53
cz7 Office - 0.21 0.23 0.25 0.26 0.31 0.32 0.33 0.35
cz7 Retail - 0.83 0.68 0.57 0.59 0.64 0.65 0.83 1.10
cz7 Hospital Ward - 1.30 1.39 1.45 1.47 1.54 1.56 1.58 1.62
cz7 School - 0.49 0.50 0.51 0.53 0.57 0.58 0.59 0.61
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3.4 Energy Efficiency Trajectories: Energy

consumption after
energy efficiency measures

implementation of

The trajectories (whole building energy combining gas
and electricity) for the conservative and accelerated
models are presented in Table 3-17 and Table 3-18
Table 3-17: Conservative Trajectory (kWh/m2)

below. The energy has been normalised by floor area in
a similar manner to the residential modelling.

Climate Zone Model Base case 2019 2022 2024 2025 2028 2029 2031 2034
Cz2 Hotel 130.32 95.21 89.69 86.00 85.10 82.38 81.47 80.46 78.94
Cz2 Office 99.60 85.70 83.24 81.60 80.70 78.01 77.12 75.68 73.54
Cz2 Retail 129.05 107.60 99.81 94.62 91.60 82.54 79.52 74.16 66.11
Cz2 Hospital Ward 138.46 89.40 85.94 83.63 82.89 80.68 79.94 79.12 77.88
Cz2 School 93.46 73.46 57.81 47.37 46.55 44.11 43.29 42.38 41.01
Cz5 Hotel 127.21 89.64 84.95 81.82 81.00 78.56 77.74 77.02 75.95
Cz5 Office 91.37 80.33 77.83 76.17 75.42 73.17 72.42 71.16 69.27
Cz5 Retalil 116.94 97.19 92.43 89.25 86.50 78.25 75.50 70.42 62.80
Cz5 Hospital Ward 140.29 92.03 89.20 87.32 86.88 85.54 85.10 84.36 83.26
Cz5 School 76.68 54.04 41.64 33.37 32.92 31.57 31.13 30.65 29.94
Cz6 Hotel 99.22 82.33 78.98 76.74 76.23 74.69 74.18 73.45 72.35
Cz6 Office 88.54 73.28 72.31 71.67 70.99 68.95 68.27 66.98 65.03
Cz6 Retail 109.02 89.27 86.52 84.69 82.12 74.40 71.83 67.60 61.25
Cz6 Hospital Ward 128.91 120.54 | 103.14 91.54 91.40 90.98 90.84 89.45 87.38
Cz6 School 77.93 50.94 40.03 32.75 32.28 30.88 30.41 29.41 27.91
cz7 Hotel 102.03 87.40 83.83 81.45 80.92 79.30 78.77 78.25 77.49
cz7 Office 93.10 83.30 76.57 72.08 71.41 69.39 68.71 67.47 65.61
cz7 Retail 110.03 87.51 85.36 83.93 81.45 74.00 71.52 67.36 61.12
cz7 Hospital Ward 144.12 107.63 | 106.27 | 105.37 | 105.05 | 104.07 | 103.75 | 103.25 | 102.50
cz7 School 90.23 61.26 50.83 43.88 43.15 40.97 40.24 39.71 38.92

Table 3-18: Accelerated Trajectory (KWh/m?)

Climate Zone Model Base case 2019 2022 2024 2025 2028 2029 2031 2034
Cz2 Hotel 130.32 82.85 81.37 80.38 79.82 78.12 77.56 76.70 75.42
Cz2 Office 99.60 74.17 72.44 71.29 71.03 70.24 69.98 68.97 67.45
Cz2 Retail 129.05 94.85 89.01 85.11 83.23 77.60 75.72 71.84 66.01
Cz2 Hospital Ward 138.46 71.29 70.17 69.42 69.01 67.78 67.37 66.69 65.67
Cz2 School 93.46 43.28 41.98 41.11 40.76 39.71 39.36 38.61 37.49
Cz5 Hotel 127.21 78.68 77.16 76.14 75.64 74.13 73.62 71.72 68.86
Cz5 Office 91.37 69.17 67.94 67.11 66.99 66.63 66.52 65.52 64.02
Cz5 Retail 116.94 86.68 81.57 78.17 76.44 71.26 69.53 66.18 61.15
Cz5 Hospital Ward 140.29 67.68 66.57 65.83 65.46 64.35 63.98 63.36 62.43
Cz5 School 76.68 35.47 33.42 32.05 31.96 31.68 31.59 30.78 29.55
Cz6 Hotel 99.22 73.48 72.59 72.00 71.67 70.68 70.35 69.72 68.78
CzZ6 Office 88.54 62.30 61.23 60.52 60.20 59.25 58.93 58.17 57.02
Cz6 Retail 109.02 83.19 78.70 75.71 74.09 69.22 67.60 64.72 60.39
Cz6 Hospital Ward 128.91 79.60 76.79 74.92 74.40 72.85 72.33 71.48 70.21
Cz6 School 77.93 28.66 27.72 27.09 26.71 25.56 25.17 24.92 24.54
cz7 Hotel 102.03 74.76 73.13 72.04 71.68 70.60 70.24 69.62 68.70
cz7 Office 93.10 61.27 60.07 59.27 58.88 57.70 57.31 56.60 55.55
cz7 Retail 110.03 83.54 78.96 75.91 74.33 69.60 68.02 65.09 60.70
cz7 Hospital Ward 144.12 76.65 74.90 73.74 73.24 71.73 71.23 70.36 69.06
cz7 School 90.23 41.96 39.97 38.65 38.32 37.34 37.01 36.51 35.77
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3.5 Net Energy Trajectories: Energy The net trajectories (whole building energy combining gas
consumption after implementation of and electricity) for the conservative and accelerated

ffici | it ti models are presented in Table 3-19 and Table 3-20
energy ernciency plus on-site generation below. The energy has been normalised by floor area in

measures a similar manner to the residential modelling.
Table 3-19: Conservative Net Trajectory (kWh/m?)

Climate Zone Model Base case 2019 2022 2024 2025 2028 2029 2031 2034
Ccz2 Hotel 130.32 82.56 76.48 72.43 70.34 64.06 61.97 60.74 58.89
Ccz2 Office 99.60 81.22 78.31 76.38 71.58 57.18 52.38 50.06 46.59
Ccz2 Retail 129.05 65.54 54.43 47.02 41.79 26.10 20.87 18.83 15.78
Cz2 Hospital Ward 138.46 52.74 50.69 49.32 48.64 46.62 45.94 45.36 44.49
Cz2 School 93.46 23.87 13.58 6.72 6.07 4.13 3.49 3.20 2.77
Cz5 Hotel 127.21 78.04 72.86 69.41 67.70 62.59 60.88 59.99 58.66
Cz5 Office 91.37 75.93 72.99 71.03 66.60 53.31 48.88 46.72 43.48
Cz5 Retail 116.94 56.52 49.61 45.01 40.42 26.66 22.07 19.94 16.74
Cz5 Hospital Ward 140.29 61.84 59.59 58.08 57.61 56.20 55.73 55.13 54.23
Cz5 School 76.68 12.60 7.81 4.62 4.37 3.63 3.39 3.21 2.93
CzZ6 Hotel 99.22 70.82 66.97 64.41 63.01 58.80 57.40 56.50 55.15
Cz6 Office 88.54 69.11 67.73 66.81 62.54 49.74 45.47 43.30 40.05
CzZ6 Retail 109.02 50.85 46.01 42.79 38.50 25.62 21.32 19.66 17.15
CzZ6 Hospital Ward 128.91 93.18 75.97 64.51 64.33 63.79 63.61 62.38 60.53
CzZ6 School 77.93 16.58 11.12 7.49 7.09 5.92 5.52 5.06 4.37
cz7 Hotel 102.03 75.11 71.01 68.29 66.70 61.94 60.35 59.69 58.69
cz7 Office 93.10 78.43 71.21 66.40 61.55 47.03 42.18 39.97 36.64
cz7 Retail 110.03 45.39 41.64 39.13 35.15 23.21 19.23 17.75 15.53
cz7 Hospital Ward 144.12 79.04 78.11 77.49 77.10 75.95 75.56 75.20 74.64
cz7 School 90.23 18.69 13.28 9.67 8.97 6.89 6.19 5.86 5.36

Table 3-20: Accelerated Net Trajectory (kWh/m2)

Climate Zone Model Base case 2019 2022 2024 2025 2028 2029 2031 2034
Ccz2 Hotel 130.32 70.44 69.05 68.12 66.20 60.44 58.52 57.79 56.69
Cz2 Office 99.60 67.30 65.57 64.42 59.93 46.45 41.96 41.13 39.88
Ccz2 Retail 129.05 53.58 45.65 40.37 36.21 23.73 19.58 18.06 15.79
Ccz2 Hospital Ward 138.46 38.72 38.06 37.62 37.03 35.23 34.63 34.26 33.71
Ccz2 School 93.46 7.00 5.86 5.10 4.70 3.48 3.08 2.87 2.56
Cz5 Hotel 127.21 67.28 65.84 64.88 63.32 58.65 57.09 56.55 55.74
Cz5 Office 91.37 62.37 61.14 60.32 56.17 43.71 39.56 38.73 37.47
45 Retail 116.94 47.72 41.78 37.82 34.26 23.59 20.03 18.58 16.39
45 Hospital Ward 140.29 39.80 39.01 38.49 37.94 36.29 35.74 35.34 34.73
Cz5 School 76.68 6.06 4.97 4.24 4.05 3.49 3.30 3.08 2.76
Cz6 Hotel 99.22 62.15 61.34 60.81 59.44 55.34 53.98 53.48 52.72
Cz6 Office 88.54 55.71 54.66 53.96 49.96 37.95 33.94 33.27 32.25
Cz6 Retail 109.02 46.20 40.69 37.02 33.69 23.71 20.38 19.05 17.06
Cz6 Hospital Ward 128.91 50.57 48.26 46.72 45.97 43.72 42.97 42.34 41.39
Cz6 School 77.93 5.45 4.95 4.62 4.35 3.54 3.28 3.16 2.98
cz7 Hotel 102.03 62.70 61.15 60.12 58.55 53.84 52.28 51.77 51.00
cz7 Office 93.10 54.00 52.80 52.01 47.45 33.78 29.22 28.61 27.68
cz7 Retail 110.03 42.40 37.38 34.04 30.86 21.34 18.17 17.06 15.39
cz7 Hospital Ward 144.12 48.58 47.18 46.24 45.49 43.23 42.47 41.83 40.87
cz7 School 90.23 8.62 7.39 6.56 6.13 4.83 4.40 4.18 3.85
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The corresponding charts for the trajectories in the tables above are illustrated in Figure 10 to Figure 13 below. Both the
conservative and accelerated energy efficiency and net trajectories are presented for each commercial archetype and
climate zone modelled.

Commercial Conservative EE Trajectory
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——CZ5 Hospital Ward ~——CZ5 School ——CZ6 Hotel ——CZ6 Office
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—— CZ7 Office ——— CZ7 Retail ——CZ7 Hospital Ward ——CZ7 School
Figure 10: Conservative Energy trajectories for Commercial archetypes
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Commercial Accelerated EE Trajectory

160.00
140.00
£
£ 120.00
=
=
> 100.00
2
[}
c
u  80.00
8
o
= 60.00
40.00
20.00
0.00
Now 2019 2022 2024 2025 2028 2029 2031 2034
——CZ2 Hotel —— CZ2 Office —— CZ2 Retail ———CZ2 Hospital Ward
——CZ2 School —— CZ5 Hotel —CZ5 Office ——CZ5 Hospital Ward
—— CZ5 Retail —— CZ5 School ——CZ6 Hotel — CZ6 Office
—— CZ6 Retall - CZ6 Hospital Ward = CZ6 School CZ7 Hotel
—— CZ7 Office ——— CZ7 Retail ——CZ7 Hospital Ward ~ ——CZ7 School
Figure 11: Accelerated Energy trajectories for commercial archetype.
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Commercial Conservative Net EE Trajectory

160.00
?\E 140.00
e
< 120.00
=
& 100.00
[}
c
W 80.00
8
2 60.00
40.00
20.00
0.00
Now 2019 2022 2024 2025 2028 2029 2031 2034
— CZ2 Retail - CZ2 Hospital Ward = CZ2 School ———CZ5 Hotel
——CZ2 Hotel ——CZ2 Office ——CZ5 Office —— CZ5 Retall
—— CZ5 Hospital Ward =——CZ5 School ——CZ6 Hotel — CZ6 Office
—— CZ6 Retalil —— CZ6 Hospital Ward -~ CZ6 School CZ7 Hotel
—— CZ7 Office ——— CZ7 Retail ——CZ7 Hospital Ward ——CZ7 School
Figure 12: Conservative Net Energy trajectories for the commercial archetype.
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Commercial Accelerated Net EE Trajectory
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Figure 13: Accelerated Net Energy trajectories for the commercial archetype.
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4 National Estimation

4.1 Methodology

The general approach to estimating the national consequences of achieving the modelling improvements in building-level energy
performance involves the following steps. Further details on the building stock model and translation from modelled to non-modelled
climate zones and building forms is provided in Appendix K.

1. Applying a stock turnover model to estimate the area of new building work (including refurbishments) that could
potentially be affected by higher Code performance standards

2. Applying the modelled energy savings per-unit floor area to the stock model, to generate estimates of national energy
and related greenhouse gas emissions savings over time

3. Estimating equivalent savings for those building forms not modelled as part of this project
4. Estimating expected savings from building forms in climate zones not modelled as part of this project
5. Aggregating costs and benefits to generate an estimates of the overall cost effectiveness of the scenarios modelled.

The national estimation was undertaken for the following scenarios as presented in Sections 2 and 3:
e  Conservative energy efficiency (EE) trajectory
e  Accelerated deployment EE trajectory
e  Conservative net trajectory

e Accelerated deployment net trajectory

4.2 Energy Savings

The energy savings are categorised according to the classes of buildings outlined in Sections 2 and 3. The energy savings of
residential and commercial buildings are calculated based on the differential between the baseline energy intensity (2016 NCC
requirements for the residential archetypes and the proposed 2019 NCC requirements for the commercial archetypes) and the
estimated energy intensity for each NCC upgrade, multiplied by the cumulative annual additions to the building stock of each class.
It is assumed that periodic changes to the NCC are applied to new builds with a one-year lag, starting from the 2022 NCC.

4.2.1 Residential sector

Figure 4-1 shows the energy savings from the Conservative EE trajectory for the three classes of residential building: Detached,
Attached, and Units/Apartments. It should be noted here, energy savings specifically refer to electricity savings, given the
assumption that all new residential builds are not using natural gas.
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Figure 4-1: Conservative EE Trajectory, Residential Building Energy Savings by Type, Australia (PJ), 2023-2050

Detached occupies the largest energy savings, followed by Units/Apartments and Attached. The energy savings for residential
buildings increases from around 17 PJ in 2030 to 67 PJ in 2050. By 2050, the NCC trajectory code change results in around 51 PJ, 8
PJ and 9 PJ of energy savings in Detached, Attached and Units/Apartments respectively.

Energy savings in residential buildings vary by state and territory over the projection period. Decadal snapshot years starting from
2020 and ending in 2050 have been chosen to reflect the change (Figure 4-2).
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Figure 4-2: Conservative EE Trajectory, Residential Building Energy Savings by Type, State/Territory (PJ), 2030, 2040, 2050

The greatest energy savings are in VIC, NSW and QLD reflecting percentage growth in new builds off a large base. By the end of
2050, VIC has around 23.5 PJ energy savings, NSW has 16 PJ energy savings, and QLD has 12.3 PJ energy savings respectively.
Similar to the national results, Detached dominate the energy savings in all the states/territories. The Attached energy savings share is
less than the Units/Apartments energy savings share in NSW, VIC and QLD, which complies with the national results. While in WA
and SA, the Attached energy savings share is larger than Units/Apartments energy savings share.
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Figure 4-3: Accelerated EE Trajectory, Residential Building Energy Savings by Type, Australia (PJ), 2023-2050

For the Accelerated EE trajectory (Figure 4-3), the energy savings for residential buildings increases from around 20 PJ in 2030 to
79 PJ in 2050. By 2050, the NCC trajectory code changes results in around 61 PJ, 8 PJ and 10 PJ of energy savings in Detached,
Attached and Units/Apartments respectively.
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Figure 4-4: Accelerated EE Trajectory, Residential Building Energy Savings by Type, State/Territory (PJ), 2030, 2040, 2050

Similar to the national results, Detached dominate the energy savings in all the states/territories (Figure 4-4). The Attached energy
savings share is less than the Units/Apartments energy savings share in NSW, VIC and QLD, which complies with the national
results. While in WA and SA, the Attached energy savings share is larger than Units/Apartments energy savings share.

In regard to the Conservative Net trajectory (Figure 4-5), the energy savings for residential buildings increases significantly from
around 124 PJ in 2030 to 740 PJ in 2050. By 2050, the NCC trajectory code change results in around 685 PJ, 43 PJ and 14 PJ of
energy savings in Detached, Attached and Units/Apartments respectively.
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Figure 4-5: Conservative Net Trajectory, Residential Building Energy Savings by Type, Australia (PJ), 2023-2050

The significant increase, particularly in Detached, reflects the scale of rooftop solar PV deployment in this scenario. All detached
new builds from 2023 onwards, and all attached new builds from 2026 onwards, produce more electricity than they consume on an
annual basis. The amount of surplus electricity production increases with every code change in the trajectory. Accordingly, “energy
savings” has a different meaning in this scenario, reducing the consumption of grid electricity.
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Figure 4-6: Conservative Net Trajectory, Residential Building Energy Savings by Type, State/Territory (PJ), 2030, 2040, 2050

The scale of the energy savings for residential is also evident in the state and territory estimates (Figure 4-6). However, QLD
dominates reflecting the superior solar resource in that state, significantly increasing the energy savings from Detached dwellings.
This influence is also evident for WA.

For the Accelerated Net trajectory (Figure 4-7), the energy savings for residential buildings increases significantly from around 180
PJ in 2030 to 770 PJ in 2050. By 2050, the NCC trajectory code change results in around 707 PJ, 46 PJ and 15 PJ of energy savings
in Detached, Attached and Units/Apartments respectively.
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Figure 4-7: Accelerated Net Trajectory, Residential Building Energy Savings by Type, Australia (PJ), 2023-2050

Similar to the Conservative Net trajectory, the amount of surplus electricity production increases with every code change in the

trajectory, reducing the consumption of grid electricity. In regard to the state and territory estimates (Figure 4-8), the distribution of
energy savings is similar to the Conservative Net trajectory.
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Figure 4-8: Accelerated Net Trajectory, Residential Building Energy Savings by Type, State/Territory (PJ), 2030, 2040, 2050

4.2.2 Commercial sector

Figure 4-9 shows the energy savings from the Conservative EE trajectory for the nine classes of commercial building examined:
Hotels, Offices, Retail, Warehouses, Laboratories, Hospitals, Schools, Aged care, and Public Buildings. It should be noted here,
energy savings refer to electricity and gas savings.
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Figure 4-9: Conservative EE Trajectory, Commercial Building Energy Savings by Type, Australia (PJ), 2023-2050

Retail occupies the largest energy savings, followed by Schools, Offices and Aged Care. The energy savings for commercial
buildings increases from around 10 PJ in 2030 to 60 PJ in 2050. By 2050, the NCC trajectory code change results in energy savings
of around 1.4 PJ in Hotels, 10.8 PJ in Offices, 19.2 PJ in Retail, 6.1 PJ in Warehouses, 0.5 PJ in Laboratories, 2.4 PJ in Hospitals,
13.9 PJ in Schools, 6.1 PJ in Aged care, and 0.07 PJ in Public Buildings.

Energy savings for commercial buildings vary by state and territory over the projection period. Decadal snapshot years starting from
2030 and ending in 2050 have been chosen to reflect the change.
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Figure 4-10: Conservative EE Trajectory, Commercial Building Energy Savings by Type, State/Territory (PJ), 2030, 2040, 2050

The largest share of retail building energy savings occurs in QLD, then NSW followed by VIC. The result for QLD reflects high
expected growth rates in new builds and higher savings per new build due to the dominance of climate zone 2 in the state.

The largest share of office building energy savings occurs in NSW, then VIC followed by QLD. The result for NSW reflects high
expected growth rates in new builds off a large base.

The largest share of education building energy savings occurs in QLD, then VIC followed by NSW. The result for QLD reflects
higher expected growth rates than the other states.

For the Accelerated EE trajectory (Figure 4-11), the energy savings for commercial buildings increases from around 11 PJ in 2030
to 70 PJ in 2050. By 2050, the NCC trajectory code change results in energy savings of around 1.2 PJ in Hotels, 11.8 PJ in Offices,
20.3 PJ in Retail, 6.2 PJ in Warehouses, 0.4 PJ in Laboratories, 1.3 PJ in Hospitals, 14.9 PJ in Schools, 3.3 PJ in Aged care, and 0.06
PJ in Public Buildings.
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Figure 4-11: Accelerated EE Trajectory, Commercial Building Energy Savings by Type, Australia (PJ), 2023-2050

Energy savings for commercial buildings vary by state and territory over the projection period, but follow a similar pattern to the
Conservative EE trajectory (Figure 4-12).
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Figure 4-12: Accelerated EE Trajectory, Commercial Building Energy Savings by Type, State/Territory (PJ), 2030, 2040, 2050
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In regard to the Conservative Net trajectory (Figure 4-13), the energy savings for commercial buildings increases from around 18 PJ
in 2030 to 104 PJ in 2050. By 2050, the NCC trajectory code change results in energy savings of around 2.1 PJ in Hotels, 19.2 PJ in
Offices, 38.1 PJ in Retail, 10.8 PJ in Warehouses, 0.6 PJ in Laboratories, 2.9 PJ in Hospitals, 22.4 PJ in Schools, 7.4 PJ in Aged care,
and 0.1 PJ in Public Buildings.
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Figure 4-13: Conservative Net Trajectory, Commercial Building Energy Savings by Type, Australia (PJ), 2030, 2040, 2050

Energy savings for commercial buildings vary by state and territory over the projection period, but follow a similar pattern to the
Conservative EE and Accelerated EE trajectories (Figure 4-14).
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Figure 4-14: Conservative Net Trajectory, Commercial Building Energy Savings by Type, State/Territory (PJ), 2030, 2040, 2050

For the Accelerated Net trajectory (Figure 4-15), the energy savings for commercial buildings increases from around 22 PJ in 2030
to 117 PJ in 2050. By 2050, the NCC trajectory code change results in energy savings of around 2.2 PJ in Hotels, 25.8 PJ in Offices,
38.7 PJ in Retail, 9.1 PJ in Warehouses, 0.9 PJ in Laboratories, 4.7 PJ in Hospitals, 23.0 PJ in Schools, 12.1 PJ in Aged care, and 0.1
PJ in Public Buildings.
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Figure 4-15: Accelerated Net Trajectory, Commercial Building Energy Savings by Type, Australia (PJ), 2023-2050

Energy savings for commercial buildings vary by state and territory over the projection period, but follow a similar pattern to the
Conservative Net trajectory (Figure 4-16).
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Figure 4-16: Accelerated Net Trajectory, Commercial Building Energy Savings by Type, State/Territory (PJ), 2030, 2040, 2050

4.3 Energy Cost Savings

The energy cost savings are categorised according to the classes of buildings outlined in Sections 2 and 3. The energy cost savings of
residential and commercial buildings are calculated based on the energy savings discussed in Section 4.2 multiplied by estimates of
future retail prices for electricity and natural gas as detailed in Appendix A. These energy cost savings are then discounted at 7% per
annum in real terms.

4.3.1 Residential sector
The energy cost savings from the Conservative EE trajectory for the three classes of residential building: Detached, Attached, and
Units/Apartments; show that savings are greatest for detached dwellings (Figure 4-17).

o
A B

& Y
G e
g g F

1200

1000

Million dollars
o
2

=

g8

a
0
&

P o © @ &
S G G S -

&
5
» * R

Figure 4-17: Conservative EE Trajectory, Residential Building Energy Cost Savings by Type, Australia (M$), 2023-2050

Residential energy cost savings peak at around $1 billion near the year 2040. After which, the combination of no additional energy
savings (i.e. no NCC improvements were modelled beyond 2034), the flattening out of retail energy prices, and the influence of
discounting, means that annual energy cost savings decline for the remainder of the projection period.

Similar to the energy savings by state and territory, the energy cost savings show a similar pattern among the states and territories as
the aggregation analysis is using an average national energy price projection (Figure 4-18).
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Figure 4-18: Conservative EE Trajectory, Residential Building Energy Cost Savings by Type, State/Territory (M$), 2030, 2040, 2050

In regard to the Accelerated EE trajectory (Figure 4-19), residential energy cost savings peak at around $1.2 billion near the year
2040. Similar to the Conservative EE trajectory the flattening out of retail energy prices, and the influence of discounting, means that
annual energy cost savings decline for the remainder of the projection period from that point.
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Figure 4-19: Accelerated EE Trajectory, Residential Building Energy Cost Savings by Type, Australia (M$), 2023-2050

The energy cost savings show a similar pattern among the states and territories in the Accelerated EE trajectory (Figure 4-20) as the
aggregation analysis is using an average national energy price projection, with maximum savings in VIC of around $400 million.
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Figure 4-20: Accelerated EE Trajectory, Residential Building Energy Cost Savings by Type, State/Territory (M$), 2030, 2040, 2050

In regard to the Conservative Net trajectory (Figure 4-21), residential energy cost savings peak at around $3.4 billion near the year
2040. The significant increase in energy cost savings compared to the Conservative EE trajectory, reflects the reduced grid electricity
costs for Attached and Units/apartments. In regard to Detached, it includes reduced grid electricity costs plus payments to households
for surplus energy.
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Figure 4-21: Conservative Net Trajectory, Residential Building Energy Cost Savings by Type, Australia (M$), 2023-2050

The energy cost savings show a similar pattern among the states and territories in the Conservative EE trajectory (Figure 4-22), with
maximum savings in VIC of around $905 million.
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Figure 4-22: Conservative Net Trajectory, Residential Building Energy Cost Savings by Type, State/Territory (M$), 2030, 2040, 2050

For the Accelerated Net trajectory (Figure 4-23), residential energy cost savings peak at around $3.9 billion near the year 2040. The
significant increase in energy cost savings compared to the Conservative Net trajectory, reflects the additional energy efficiency
improvements and increased solar PV uptake in all building classes.

4500
4000
3500

3000

2500
2000
1500
1000
500
o
]

P

Million dollars

R S S
& P P

®Detached WAttached W Units/Apartments

Figure 4-23: Accelerated Net Trajectory, Residential Building Energy Cost Savings by Type, Australia (M$), 2023-2050

The energy cost savings in the Accelerated Net trajectory show a similar pattern among the states and territories to the Conservative
EE trajectory (Figure 4-24), with maximum savings in VIC of around $1.05 billion.
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Figure 4-24: Accelerated Net Trajectory, Residential Building Energy Cost Savings by Type, State/Territory (M$), 2030, 2040, 2050

4.3.2 Commercial Sector
The national energy cost savings from the Conservative EE trajectory for the classes of commercial building show that savings are
greatest for retail buildings (Figure 4-25).
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Figure 4-25: Conservative EE Trajectory, Commercial Building Energy Cost Savings by Type, Australia (M$), 2023-2050

Commercial energy cost savings peak at around $420 million near the year 2040. However, compared to the residential sector, the
drop off in savings is less pronounced as retail energy prices for commercial end-users maintain small growth rather than flattening
out.

Similar to the energy savings by state and territory, the energy cost savings show a similar pattern among the states and territories as
the aggregation analysis is using an average national energy price projection.
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Figure 4-26: Conservative EE Trajectory, Commercial Building Energy Cost Savings by Type, State/Territory (M$), 2030, 2040, 2050

For the Accelerated EE trajectory (Figure 4-27), commercial energy cost savings peak at around $480 million near the year 2040.
Similar to the Conservative EE trajectory, the drop off in savings is less pronounced compared to the residential sector as retail
energy prices for commercial end-users maintain small growth rather than flattening out.
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Figure 4-27: Accelerated EE Trajectory, Commercial Building Energy Cost Savings by Type, Australia (M$), 2023-2050

Similar to the energy savings by state and territory, the energy cost savings show a similar pattern among the states and territories,
with QLD showing the greatest cost savings (Figure 4-28).
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Figure 4-28: Accelerated EE Trajectory, Commercial Building Energy Cost Savings by Type, State/Territory (M$), 2030, 2040, 2050

In regard to the Conservative Net trajectory (Figure 4-29), commercial energy cost savings peak at around $780 million near the
year 2040 reflecting significantly reduced grid electricity costs due to the deployment of rooftop solar PV.

Million dollars

500 | I |
400 I I

- I|I
200 II
- il
ol
e

& B R R

I L

B 7 ®°

W Hotel m Office u Retail W Warehouses W Laboratories
Ward/Hospitals B Education W Aged Care W Public Buildings

Figure 4-29: Conservative Net Trajectory, Commercial Building Energy Cost Savings by Type, Australia (M$), 2023-2050

The energy cost savings show a similar pattern among the states and territories to the Conservative EE trajectory (Figure 4-30).
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Figure 4-30: Conservative EE Trajectory, Commercial Building Energy Cost Savings by Type, State/Territory (M$), 2030, 2040, 2050

For the Accelerated Net trajectory (Figure 4-31), commercial energy cost savings are marginally higher than the Conservative Net
trajectory, and peak at around $830 million near the year 2041 reflecting reduced grid electricity costs from additional energy
efficiency and deployment of rooftop solar PV.
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Figure 4-31: Accelerated Net Trajectory, Commercial Building Energy Cost Savings by Type, Australia (M$), 2023-2050

The energy cost savings for the states and territories show a similar pattern to the Conservative Net trajectory (Figure 4-32).
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Figure 4-32: Accelerated Net Trajectory, Commercial Building Energy Cost Savings by Type, State/Territory (M$), 2030, 2040, 2050

4.3.3 Cumulative energy cost savings

For the Conservative EE trajectory (Table 4-1), cumulative energy cost savings to 2030 equal around $4.3 billion. For the entire

projection period to 2050, cumulative energy cost savings equal around $29.3 billion.

Table 4-1: Conservative EE Trajectory, Cumulative energy cost savings to 2030, 2050 by State/Territory and National (Billion dollars)

2022-2030 2022-2050
Residential Commercial Residential Commercial
ACT 0.10 0.02 0.61 0.15
NSW 0.80 0.27 5.03 2.16
NT 0.04 0.02 0.27 0.16
QLD 0.58 0.28 3.78 2.35
SA 0.13 0.06 0.81 0.43
TAS 0.07 0.01 0.42 0.10
VIC 1.14 0.23 7.25 1.89
WA 0.40 0.14 2.69 1.17
AUS 3.25 1.03 20.86 8.42

For the Accelerated EE trajectory (Table 4-2), cumulative energy cost savings to 2030 equal around $5.4 billion. For the entire

projection period to 2050, cumulative energy cost savings equal around $34.8 billion.

Table 4-2: Accelerated EE Trajectory, Cumulative energy cost savings to 2030, 2050 by State/Territory and National (Billion dollars)

2022-2030 2022-2050
Residential Commercial Residential Commercial
‘ ACT 0.12 0.03 0.72 0.20
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NSW 0.99 0.36 6.00 2.58
NT 0.05 0.02 0.32 0.19
QLD 0.72 0.36 4.52 2.68
SA 0.16 0.07 0.95 0.50
TAS 0.09 0.02 0.50 0.11
VIC 1.43 0.31 8.76 2.24
WA 0.50 0.18 3.16 1.35
AUS 4.05 1.34 24.94 9.85

For the Conservative Net trajectory (Table 4-3), cumulative energy cost savings to 2030 equal around $22.3 hillion. For the entire
projection period to 2050, cumulative energy cost savings equal around $87.9 billion.

Table 4-3: Conservative Net Trajectory, Cumulative energy cost savings to 2030, 2050 by State/Territory and National (Billion dollars)

2022-2030 2022-2050
Residential Commercial Residential Commercial
ACT 0.20 0.04 1.45 0.31
NSW 2.32 0.53 17.77 4.16
NT 0.16 0.04 1.27 0.31
QLD 1.93 0.56 15.46 4.38
SA 0.48 0.11 3.84 0.81
TAS 0.17 0.03 1.19 0.19
VIC 257 0.47 19.05 3.69
WA 1.34 0.27 11.83 2.20
AUS 20.61 2.04 71.86 16.05

For the Accelerated Net trajectory (Table 4-4), cumulative energy cost savings to 2030 equal around $36.7 billion. For the entire
projection period to 2050, cumulative energy cost savings equal around $102.6 billion.

Table 4-4: Accelerated Net Trajectory, Cumulative energy cost savings to 2030, 2050 by State/Territory and National (Billion dollars)

2022-2030 2022-2050
Residential Commercial Residential Commercial
ACT 0.28 0.04 1.72 0.35
NSW 3.67 0.59 21.95 4.47
NT 0.22 0.04 1.19 0.33
QLD 2.86 0.61 17.46 4.56
SA 0.78 0.12 4.54 0.85
TAS 0.25 0.03 1.44 0.20
VIC 3.86 0.52 23.29 3.94
WA 2.16 0.30 13.99 2.32
AUS 34.72 2.25 85.58 17.02

4.4  Network Savings

Apart from energy savings from the NCC trajectories, there are expected to be reductions in peak demand which can reduce the need
for augmentation of electricity networks compared to the business as usual scenario.
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The calculation of avoided summer peak demand derived from the energy savings (Section4.2) relies on the conservation load factor
(CLF) methodology (ISF, 2010). The CLF for a specific energy saving technology is defined as the average reduction in load divided
by its peak reduction in load (annual energy savings in MWh divided by number of hours per year divided by system co-incident
peak reduction in MW). CLF values of 0.1 and 0.25 were used for residential and commercial electricity savings respectively,
meaning that residential savings had proportionally more impact on reducing peak demand than commercial savings. While the peak
reduction varies for different building types and locations, these CLF values were selected to best reflect the average equivalent CLF
determined in the building-level energy modelling (Sections 2 and 3).

For the Conservative EE trajectory, the sector impact on peak demand reductions (Figure 4-33) increases steadily from the initial
change in the NCC, resulting in 5.3 gigawatts (GW) and 1.2 GW of peak demand reduction in 2030 from residential and commercial
buildings respectively. This increases to 21.4 GW and 6.9 GW of peak demand reduction in 2050 from residential and commercial
buildings respectively.
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Figure 4-33: Conservative EE Trajectory, Peak Demand Savings by Sector, Australia (GW), 2020-2050

For the Accelerated EE trajectory, the sector impact on peak demand reductions (Figure 4-34) is greater, resulting in 6.5 gigawatts
(GW) and 1.4 GW of peak demand reduction in 2030 from residential and commercial buildings respectively. This increases to 25.1
GW and 7.5 GW of peak demand reduction in 2050 from residential and commercial buildings respectively.
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Figure 4-34: Accelerated EE Trajectory, Peak Demand Savings by Sector, Australia (GW), 2020-2050

To estimate potential benefits from deferred network expenditure, these peak demand savings need to be multiplied by an estimate of
average $/kW augmentation costs avoided. This data was sourced from the network capital cost assumptions of the Electricity
Network Transformation Roadmap (Graham et al., 2015). The annualised avoided capital costs are applied each year to the total
projected peak demand savings. Annualised costs vary by state but on average are assumed to be $177/kW currently, declining to
around $164/kW by 2050 reflecting recent Australian Energy Regulator (AER) determination decisions and assumed continued
productivity improvements.

This approach differs to the network savings calculation in the building-level analysis (Sections 2 and 3, as noted in Appendix A). In
the building-level analysis, the $/kW was applied as a once-off capital cost saving, which represents a levelised network
augmentation cost saving taking into account savings over the lifetime of the network assets. The $/kW values used in this section
are smaller as they represent an annualised equivalent. This is done in order to gain a more granular insight of the savings accrued in
each year, so that the cumulative savings accrued by society to 2030 and 2050 can be calculated. The annualised $/kW figures used
in this section are equivalent to the once-off capital cost $/kW figure used in Sections 2 and 3 as they are derived from the same
reference.

For aggregation purposes, the avoided cost was scaled down 30% in the next five years to recognise that there will be significant
existing headroom in many parts of the network and in addition, networks will have already planned some augmentations which will
not be effected by the peak demand savings. However, this assumption only has a minor impact on results since estimated peak
demand savings are low in the first five years. In the longer term, peak demand savings will be taking place in the context of a
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network that is also managing a more complex operating regime including the potential for mass electric vehicle adoption, peer to
peer energy trading and customers selling the use of their behind the meter devices to provide grid services. No specific adjustments
have been made to recognise these more complex long term developments. However, the peak demand savings will assist in
providing greater hosting capacity for these potential new network services. .Based on the method outlined above, for the
Conservative EE trajectory, the estimated benefit of deferred network investment to 2030 is around $2.3 billion, increasing to $12.6
billion for the entire projection period to 2050 (Table 4-5).

Table 4-5: Conservative EE Trajectory, Network Benefits, by State/Territory and National, 2030, 2050

2030 2050
ACT 0.06 0.34
NSW 0.55 3.06
NT 0.03 0.18
QLD 0.43 2.50
SA 0.09 0.52
TAS 0.05 0.24
VIC 0.75 4.11
WA 0.28 1.64
AUS 2.25 12.59

In relation to the Accelerated EE trajectory (Table 4-6), the estimated benefit of deferred network investment to 2030 is around $2.8
billion, increasing to $15.0 billion for the entire projection period to 2050.

Table 4-6: Accelerated EE Trajectory, Network Benefits, by State/Territory and National, 2030, 2050

2030 2050
ACT 0.08 0.41
NSW 0.69 3.65
NT 0.04 0.21
QLD 0.54 2.95
SA 0.12 0.60
TAS 0.06 0.28
VIC 0.94 4.95
WA 0.35 1.92
AUS 2.81 14.97

Due to the substantial deployment of rooftop solar PV in the Conservative Net and Accelerated Net scenarios, estimated network
benefits were not calculated for these scenarios, due to a lack of data on the overall impact of solar PV on reducing peak demand.

The calculated network benefits for both the Conservative and Accelerated EE trajectories are significant but need to be interpreted
with caution. Despite factoring down modelled future avoided costs, still, the use of a static CLF over time may overestimate the
quantum of peak demand reduction based on the annual electricity savings. There may also be significant variation across spatial
areas or mixed precincts that are not captured using this approach, particular for distribution network costs. Other developments in
the composition of network spending in the future (‘intelligence’ of the network and its capacity to deal with complex, 2-way power
flows) may limit the network benefits that are realised. More sophisticated analysis to capture these dynamics is beyond the scope of
this report.

based on the energy savings discussed in Section 4.2 multiplied
by the emission intensity of grid electricity (for the electricity

4.5 Emissions Reductions ' e SR
savings) and natural gas (for the natural gas savings in some

Greenhouse gas (GHG) emission savings are categorised classes of commercial buildings). The assumed GHG emission
according to the classes of buildings outlined in Sections 2 and intensity of grid electricity is drawn from the Roadmap scenario
3. The GHG emissions savings of buildings are calculated from the Electricity Network Transformation Roadmap. This is
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an aggressive decarbonisation of electricity system, falling
from current levels of 0.8 tCOz-e/MWh to around 0.5 tCO»-
e/MWh by 2030 and zero carbon by 2050. The impact of a
slower, ‘business-as-usual’ grid decarbonisation is discussed in
Section 4.5.4.

4.5.1 Residential Sector

Over the first half of the projection period, GHG emissions
reduction increased steadily in line with the energy savings
discussed in Section 4.2.
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Figure 4-35: Conservative EE Trajectory, Residential Building
GHG Emissions Savings by Type, Australia (kt), 2023-2050
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From the mid-2030s, the rate of decline in the GHG emissions
intensity of grid electricity accelerates, initially stabilising the
annual emission savings before declining towards the end of
the projection period.

Similar to the energy saving results, Detached ranks first in
emission reductions, followed by Units/Apartments and
Attached. The peak emission reduction over the projection
period occurs in 2035, with the total value being 2600 kilo
tonnes. Detached contributes around 2000 kilo tonnes,
Units/Apartments contribute around 360 kilo tonnes, and
Attached contributes around 265 kilo tonnes.

In 2050, the GHG emission savings for residential buildings
become zero due to the decarbonisation of grid electricity by
2050.

Among all the states/territories, VIC contributes the most
GHG emission reductions, peaking at around 1 million tonnes,
followed by NSW peaking at 650 kilo tonnes and QLD
peaking at almost 510 kilo tonnes.

In regard to the Accelerated EE trajectory (Figure 4-36), the
peak emission reduction over the projection period occurs in
2035, with the total value being around 3100 kilo tonnes.
Detached contributes around 2400 kilo tonnes,
Units/Apartments contribute around 360 kilo tonnes, and
Attached contributes around 420 kilo tonnes.
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Figure 4-36: Accelerated EE Trajectory, Residential Building
GHG Emissions Savings by Type, Australia (kt), 2023-2050

Similar to the Conservative EE trajectory, VIC contributes the
most GHG emission reductions, peaking at around 1.2 million
tonnes, followed by NSW peaking at 780 kilo tonnes and
QLD peaking at almost 610 kilo tonnes.

In regard to the Conservative Net trajectory (Figure 4-37),
the peak reduction in national GHG emissions over the
projection period occurs in 2037, with the total value being
around 24.5 million tonnes. Reflecting the contribution of
rooftop solar PV, Detached contributes around 22.4 million
tonnes, Units/Apartments contribute around 1.6 million
tonnes, and Attached contributes around 0.5 million tonnes.
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Figure 4-37: Conservative Net Trajectory, Residential Building
GHG Emissions Savings by Type, Australia (kt), 2023-2050

Similar to the Conservative EE trajectory, QLD contributes
the most GHG emission reductions, peaking at around 7.2
million tonnes, followed by VIC peaking at 7.0 million tonnes,
and NSW peaking at 5.2 million tonnes.

For the Accelerated Net trajectory (Figure 4-38), the peak
reduction in national GHG emissions over the projection
period occurs in 2036, with the total value being around 28.3
million tonnes. Reflecting the contribution of rooftop solar
PV, Detached contributes around 26.0 million tonnes,
Units/Apartments contribute around 1.7 million tonnes, and
Attached contributes around 0.6 million tonnes.
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Figure 4-38: Accelerated Net Trajectory, Residential Building
GHG Emissions Savings by Type, Australia (kt), 2023-2050

VIC contributes the most GHG emission reductions, peaking
at around 8.5 million tonnes, followed by QLD peaking at 7.7
million tonnes, and NSW peaking at 6.6 million tonnes.

4.5.2 Commercial Sector

Similar to the residential sector, over the first half of the
projection period, GHG emissions reduction in new
commercial buildings increased steadily in line with the
energy savings discussed in Section 4.2 (Figure 4-39).
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Figure 4-39: Conservative EE Trajectory, Commercial Building
GHG Emissions Savings by Type, Australia (kt), 2023-2050

In contrast to residential buildings, annual GHG emission
savings do not decline to zero in 2050 reflecting ongoing
emission savings from reduced natural gas use in the
Conservative EE trajectory.

Among all the states/territories, QLD contributes the most
GHG emission reductions, peaking at around 540 kilo tonnes,
followed by NSW peaking at 460 kilo tonnes and VIC peaking
at almost 430 kilo tonnes. This change in ranking from
residential reflects the influence of natural gas GHG emissions
in VIC as well as high growth in new builds in QLD.

In regard to the Accelerated EE trajectory (Figure 4-40),
annual GHG emission savings peak slightly later than
residential (in the year 2037) at around 2100 kilo tonnes.
Among all the states/territories, QLD contributes the most
GHG emission reductions, peaking at around 620 kilo tonnes,
followed by NSW peaking at 560 kilo tonnes and VIC peaking
at almost 545 kilo tonnes.
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Figure 4-40: Accelerated EE Trajectory, Commercial Building
GHG Emissions Savings by Type, Australia (kt), 2023-2050

For the Conservative Net trajectory (Figure 4-41), annual
GHG emission savings from commercial buildings peak in the
year 2037 at around 3.4 million tonnes. Among all the
states/territories, QLD contributes the most GHG emission
reductions, peaking at around 1 million tonnes, followed by
NSW peaking at 880 kilo tonnes and VIC peaking at almost
875 kilo tonnes.
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Figure 4-41: Conservative Net Trajectory, Commercial Building
GHG Emissions Savings by Type, Australia (kt), 2023-2050

Similarly, in the Accelerated Net trajectory (Figure 4-42),
annual GHG emission savings peak in the year 2037 at around
3.6 million tonnes. Among all the states/territories, QLD
contributes the most GHG emission reductions, peaking at
around 1 million tonnes, followed by NSW peaking at 960
kilo tonnes and VIC peaking at almost 945 kilo tonnes.
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Figure 4-42: Accelerated Net Trajectory, Commercial Building
GHG Emissions Savings by Type, Australia (kt), 2023-2050
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4.5.3 Cumulative GHG emissions reductions

The cumulative emissions reduction by 2030 and 2050 for
residential, commercial and all new buildings under the
Conservative EE Trajectory are denoted in Table 4-7 and
Table 4-8 respectively. Note that the cumulative value is
derived from the summation of each year over the projection
period. As observed, the national cumulative GHG emissions
reduction is around 15 million tonnes and 78 million tonnes in
2030 and 2050 respectively.

Table 4-7: Conservative EE Trajectory, Cumulative GHG
emissions reductions to 2030 by State/Territory and National
(Million tonnes)

State/Territory | Residential | Commercial Total
ACT 0.29 0.10 0.39
NSW 2.42 1.38 3.80
NT 0.12 0.09 0.21
QLD 1.93 1.60 3.53
SA 0.18 0.14 0.32
TAS 0.02 0.01 0.02
VIC 3.51 1.28 4.79
WA 1.05 0.61 1.66
AUS 9.50 5.22 14.72

Table 4-8: Conservative EE Trajectory, Cumulative GHG
emissions reductions to 2050 by State/Territory and National
(Million tonnes)

State/Territory | Residential | Commercial | Total
ACT 1.36 0.69 2.05
NSW 11.23 8.63 19.86
NT 1.00 1.10 2.10
QLD 9.11 9.56 18.67
SA 1.15 1.18 2.33
TAS 0.17 0.13 0.30
VIC 15.82 7.48 23.30
WA 5.47 4.21 9.69
AUS 45.31 32.98 78.29

Among all the states/territories, VIC contributes the most
GHG emission reductions (due to its relatively high grid
electricity emissions intensity compared to other states),
around 23 million tonnes, followed by NSW at around 20

Table 4-9: Accelerated EE Trajectory, Cumulative GHG
emissions reductions to 2030 by State/Territory and National
(Million tonnes)

State/Territory | Residential | Commercial Total
ACT 0.35 0.14 0.49
NSW 3.00 1.82 4.82
NT 0.15 0.12 0.26
QLD 2.40 2.02 4.42
SA 0.22 0.18 0.40
TAS 0.02 0.02 0.04
VIC 4.37 1.67 6.05
WA 1.29 0.78 2.07
AUS 11.80 6.75 18.55

Table 4-10: Accelerated EE Trajectory, Cumulative GHG
emissions reductions to 2050 by State/Territory and National
(Million tonnes)

State/Territory Residential Commercial Total
ACT 1.61 0.94 2.55
NSW 13.47 10.78 24.24
NT 1.19 1.28 2.48
QLD 10.95 11.29 22.24
SA 1.36 1.44 2.80
TAS 0.20 0.23 0.44
VIC 19.24 9.62 28.86
WA 6.48 5.10 11.58
AUS 54.50 40.69 95.19

VIC contributes the most GHG emission reductions (due to its
relatively high grid electricity emissions intensity compared to
other states), around 29 million tonnes, followed by NSW at
around 24 million tonnes and QLD contributing around 22
million tonnes by 2050.

In regard to the Conservative Net trajectory (Table 4-11 and
Table 4-12), the national cumulative GHG emissions
reduction is around 70 million tonnes and 470 million tonnes
by 2030 and 2050 respectively. There is a significant increase
in the share of GHG abatement from Residential buildings,
reflecting export of surplus electricity to the grid.

Table 4-11: Conservative Net Trajectory, Cumulative GHG
emissions reductions to 2030 by State/Territory and National
(Million tonnes)

million tonnes and QLD contributing around 19 million tonnes
by 2050. State/Territory | Residential | Commercial Total
For the Accelerated EE trajectory (Table 4-9 and Table ACT 1.32 0.19 1.50
4-10), the national cumulative GHG emissions reduction is NSW 13.55 2.71 16.26
around 19 million tonnes and 95 million tonnes by 2030 and
2050 respectively. Residential constitutes the majority of NT 0.87 0.18 1.05
GHG emissions savings at around 12 million tonnes in 2030 QLD 18.01 3.16 21.17
and over 54 million tonnes by 2050.

SA 1.47 0.27 1.73
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QLD contributes the most GHG emission reductions (due to
its superior solar output and load growth compared to other
states) at around 137 million tonnes, followed by VIC at
around 115 million tonnes and NSW contributing around 104
million tonnes by 2050.

For the Accelerated Net trajectory (Table 4-13 and Table
4-14), the national cumulative GHG emissions reduction is
around 112 million tonnes and 565 million tonnes by 2030 and
2050 respectively, with Residential constituting over 498

TAS 0.08 0.01 0.09 ACT 9.65 1.49 11.13
VIC 16.83 2.61 19.44 NSW 114.42 17.76 | 132.18
WA 8.25 1.21 9.46 NT 10.64 2.17 12.81
AUS 60.37 10.35 70.72 QLD 136.95 18.84 | 155.79
SA 16.81 2.29 19.10
Table 4-12: Conservative Net Trajectory, Cumulative GHG
emissions reductions to 2050 by State/Territory and National TAS 137 0.30 1.67
(Million tonnes) vIC 130.23 15.76 | 145.99
State/Territory | Residential | Commercial Total WA 78.11 8.40 86.51
ACT 7.89 1.24 9.13 AUS 498.19 67.00 565.19
NSW 88.09 16.03 104.12 o ) ) )
Similar to the Conservative Net trajectory, QLD contributes
NT 12.95 2.06 15.00 the most GHG emission reductions at around 156 million
QLD 119.09 17.70 136.79 tonnes, followed by VIC at around 146 million tonnes and
NSW contributing around 132 million tonnes by 2050.
SA 14.11 2.09 16.20
TAS 1.15 0.20 1.35 4.5.4 Alternative trajectory GHG emissions reductions
VIC 101.44 14.04 115.47 In the event of slower, ‘business-as-usual’ grid
: : - decarbonisation, the cumulative tonnes of GHG emission
WA 63.46 7.71 71.17 savings to 2030 and 2050 under the Conservative EE
AUS 408.18 61.06 466.24 trajectory scenario would be lower as shown in Table 4-15

and Table 4-16 respectively. The 'business-as-usual’ grid
decarbonisation trajectory assumes a 26 percent emissions
reduction from the grid by 2030 on 2005 levels, then
emissions continue to decline after 2030 at a comparable rate.
The national values are close to 21 million tonnes and 148
million tonnes based on this lower emissions reduction
trajectory by 2030 and 2050 respectively.

Table 4-15: Conservative EE trajectory, Cumulative GHG
emissions reductions using the Alternative, Lower Ambition
Emissions Trajectory to 2030 by State/Territory and National
(Million tonnes)

g]olg(l)on tonnes, and commercial around 67 million tonnes by State/Territory | Residential | Commercial Total
Table 4-13: Accelerated Net Trajectory, Cumulative GHG ACT 0.41 0.13 0.55
emissions reductions to 2030 by State/Territory and National NSW 3.46 1.95 5.41
(Million tonnes)
NT 0.17 0.13 0.30
State/Territory | Residential | Commercial Total QLD 2.77 2.30 5.07
ACT 1.99 0.22 221 SA 0.26 0.20 0.46
NSW 24.08 3.04 27.12 TAS 0.02 0.01 0.03
NT 121 0.20 1.40 VIC 5.39 1.81 7.20
QLD 28.33 3.42 31.75 WA 1.50 0.87 2.37
SA 2.57 0.29 2.86 AUS 13.99 7.41 21.40
TAS 0.12 0.02 0.15
viC 27.73 289 30.62 Table 4-16: Conservative EE trajectory, Cumulative GHG
- - - emissions reductions using the Alternative, Lower Ambition
WA 14.61 1.33 15.93 Emissions Trajectory to 2050 by State/Territory and National
(Million tonnes)
AUS 100.64 11.41 112.04
State/Territory | Residential | Commercial Total
Table 4-14: Accelerated Net Trajectory, Cumulative GHG
emissions reductions to 2050 by State/Territory and National ACT 2.68 1.20 3.88
(Million tonnes) NSW 22.04 16.54 38.58
State/Territory Residential Commercial Total NT 232 2.59 4.92
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QLD 16.96 17.92 34.88
SA 2.48 2.43 4.91
TAS 0.40 0.23 0.63
VIC 29.26 13.08 42.29
WA 9.94 7.44 17.38
AUS 86.07 61.39 147.46

4.6 Lifecycle costs and benefits

Similar to the building level analysis, aggregated costs and
benefits of the NCC trajectories can be calculated assuming
energy cost savings persist beyond the end of the projection
period at 2050. Congruent with Sections 2 and 3, these
benefits are assumed to persist over a forty-year life (although
beyond 2050, energy prices are assumed to be constant).

These lifecycle (or present value) costs and benefits for the
Conservative EE trajectory are presented below for new builds
that are built over the period 2022-2030 and 2022-2050 for
residential (Figure 4-43) and commercial buildings (Figure
4-44) respectively. The energy bill savings here differ from
those presented in Section 4.3, as this section calculates
energy bill savings over the 40-year life of the buildings,
while Section 4.3 summarised only the bill savings accrued to
2030 and 2050. Similarly, the network savings here differ
from those presented in Section 4.4, as this section assumes
savings accrue over a 30-year network asset life, whereas
Section 4.4 summarised only the bill savings accrued to 2030
and 2050.

i .
0

2022-2030 20222050

Billion dollars

m Energy cost savings M Network benefits Total benefits = Build costs

Figure 4-43: Conservative EE Trajectory, Costs and Benefits by
type ($B), Residential Buildings, selected periods

For residential buildings built over the period 2022- 2030,
total benefits of $19.4 billion which consists of avoided
energy costs ($13 billion) and deferred network augmentation
costs ($6.4 hillion) exceeds the $15.6 billion in additional
capital costs of new builds. For residential buildings built over
the period 2022- 2050, total benefits of $44.4 billion which
consists of avoided energy costs ($30.6 billion) and deferred
network augmentation costs ($13.9 billion) exceeds the $36.7
billion in additional capital costs of new builds.

0 .

2022-2030 2022-2050

Billion dollars

 Energy costsavings B Network benefits  ® Total benefits = Build costs

Figure 4-44: Conservative EE Trajectory, Costs and Benefits by
type ($B), Commercial Buildings, selected periods

For commercial buildings built over the period 2022- 2030,
total benefits of $5.2 billion which consists of avoided energy
costs ($4.3 billion) and deferred network augmentation costs
($1 billion) matches (slightly exceeds before rounding) the
$5.2 billion in additional capital costs of new builds. For
commercial buildings built over the period 2022- 2050, total
benefits of $16.2 billion which consists of avoided energy
costs ($13.3 billion) and deferred network augmentation costs
($2.9 billion) also more or less balance out the $16.6 billion in
additional capital costs of new builds.

When residential and commercial buildings built in the period
2022-2050 are considered together, the total benefits of $60.6
billion which consists of avoided energy costs ($43.9 billion)
and deferred network augmentation costs ($16.8 billion)
exceeds the $53.3 billion in additional capital costs of new
builds.

The value assumed for the CLF impacts on the project
network benefits. To test the sensitivity of the results, the
lifecycle costs and benefits were determined using more
conservative CLF values of 0.2 for residential and 0.4 for
commercial (i.e. such that the peak reduction benefit is
reduced by around 40-50 per cent). These CLF values reflect
the fact that the entire peak reduction benefit from all
buildings might not be realised if the peak reductions across
different buildings occur at different times. As shown in the
following table, even these conservative CLF values result in
the societal benefits more or less balancing out the costs.
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Table 4-17: Conservative EE Trajectory — Costs and Benefits for
varying CLF assumptions

CLF equivalent to Conservative CLF
building energy (0.2 for residential,
modelling (0.1 for 0.4 for commercial)
residential, 0.25 for
commercial)
Buildings | Buildings | Buildings | Buildings
built built built built
2022- 2022- 2022- 2022-
2030 2050 2030 2050
Avoided
energy 17.3 43.9 17.3 43.9
costs ($B)
Deferred
network 7.3 16.8 3.8 8.7
costs ($B)
Additional
capital 20.8 53.3 20.8 53.3
costs ($B)
Benefit-
cost ratio 1.18 1.14 1.01 0.99

4.7 Cost of delay

The analysis in previous sections assumes changes to the NCC
commence in 2022. In this section, we focus on the energy bill
savings lost, the benefit of avoided capital expenditure, the
cost of incurred network costs, and GHG emission reduction
savings lost owing to a delay in the implementation of the
NCC trajectory until 2025 over the projection period. The lost
electricity savings from delaying the code change to 2025 are
the energy savings that do not occur in the years 2023 through
to 2037. Once the last code changes in 2037, the electricity
savings for all new builds are zero from that year onwards as
the electricity savings are now identical. For cost of delay in
electricity cost savings and GHG emission reductions, the
values are calculated based on the cumulative energy savings
in each year multiplying the electricity price/emission
intensity in each year.

The costs and benefits from a delay in the NCC trajectory for
the Conservative EE trajectory are presented below.

In regard to lost energy bill savings (Table 4-18), these
increase from around $2.6 billion in 2030 to just under $7.1
billion by 2050.

Table 4-18: Cost of delay (lost energy bill savings, $B) at
national and state/territory level, 2030, 2050

2030 2050
ACT 0.07 0.18
NSW 0.65 1.77
NT 0.04 0.10

QLD 0.52 1.45
SA 0.11 0.31
TAS 0.05 0.14
VIC 0.83 2.23
WA 0.33 0.90
AUS 2.61 7.09

Another cost of delay is additional expenditure on network
augmentation as peak demand is higher than it otherwise
would have been. Similar to the calculation of network
savings in Section 4.4, the lost electricity savings from the
delay are calculated and then the additional peak demand is
derived using the CLF methodology. The additional incurred
network augmentation costs (Table 4-19) from the delay
increase from around $0.7 billion in 2030 to $1.7 billion by
2050.

Table 4-19: Cost of delay (network costs, $B) at national and
state/territory level, 2030, 2050

2030 2050
0.02 0.05
ACT
0.18 0.43
NSW
0.01 0.02
NT
0.14 0.34
QLD
. 07
A 0.03 0.0
0.02 0.04
TAS
24 .
vic 0 0.56
0.09 0.22
WA
0.72 1.72
AUS

In terms of increased GHG emissions from the delay (Table
4-20), cumulative GHG emissions increase from around 9
million tonnes in 2030 to just under 22 million tonnes by
2050.

Table 4-20: Cost of delay (lost cumulative GHG emission
savings, Mt) at national and state/territory level, 2030, 2050

2030 2050
ACT 0.24 0.55
NSW 2.34 5.59
NT 0.13 0.44
QLD 2.10 5.15
SA 0.19 0.59
TAS 0.01 0.06
VvIC 3.03 6.98
WA 0.99 2.58
AUS 9.04 21.94
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Appendix A - Economic Analysis Assumptions

A.1  Energy Costs

The national electricity and gas prices are derived from previous work by CSIRO completed during the Electricity Network
Transformation Roadmap — ENTR.18 For the baseline scenario of the trajectory project, data outputs from the Roadmap
scenario were used. A key feature of the Roadmap scenario was that the electricity sector does more than its proportional
share of current national abatement targets (i.e. achieving 40% below 2005 levels by 2030) and accelerates that trajectory
by 2050 to reach zero net emissions.

To calculate national average electricity prices for residential and commercial end-users the following procedure was used:

+ Roadmap scenario modelling outputs providing estimates of electricity prices for residential and commercial end-
users in c/kWh and c/MJ respectively by state and territory were sourced for the period 2017 to 2050.

» A scaling factor was applied to re-base prices from 2014/15 to 2015/16 real Australian dollars.

» Population projections by state and territory were sourced from Australian Bureau of Statistics (ABS) Catalogue
No. 3222.0 - Population Projections, Australia, 2012 (base) to 2101.

» Individual state and territory time series were averaged on a population weighted basis to produce a national
average time series for electricity prices.

» For the electricity sector to achieve net zero emissions by 2050, an implicit carbon price series was used in addition
to the base electricity pricing. Assumed to commence in 2020, the carbon price increases from around $30/tCO2-e to
around $190/tCO2-e by 2050.

To calculate national average emission intensity of grid electricity the following procedure was used:

* Roadmap scenario modelling outputs providing estimates of the emission intensity of grid electricity (tCO2-e/MWh)
by state and territory were sourced for the period 2017 to 2050.

» Population projections by state and territory were sourced from Australian Bureau of Statistics (ABS) Catalogue
No. 3222.0 - Population Projections, Australia, 2012 (base) to 2101.

» Individual state and territory time series were averaged on a population weighted basis to produce a national
average time series for grid emissions intensity.

The national average emission intensity of grid electricity falls from its current level of around 0.78 tCO2-e/MWh to around
0.09 tCO2-e/MWh by 2050. The calculated price paths are shown in Figure 45.
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Figure 45: Calculated price paths for electricity.

16 hitp://www.energynetworks.com.au/electricity-network-transformation-roadmap
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A significant component of retail electricity prices are network (transmission and distribution) costs that are passed through
on a volumetric basis (c/kWh). Itis likely that National Construction Code changes will not only reduce energy consumption
but also demand on the network during peak periods. To estimate potential savings from deferred network augmentation,
an estimate of average $/kW augmentation costs were also sourced from Roadmap scenario modelling outputs, adjusted
for the level of overcapacity in current infrastructure. On this basis the indicative network augmentation cost is modelled
as being $963/kW to around $905/kW by 2050 reflecting recent Australian Energy Regulator (AER) determination decisions
and assumed continued productivity improvements.

A.1.1 Discussion — Energy Costs

We used retail prices to represent the value of avoided electricity costs. Some analysts, and indeed some states (at least
NSW), prefer to use wholesale prices, or other constructs such as long run marginal cost, or avoidable cost, to represent
the (net) value of energy savings. The apparent rationale is the view that the network component of electricity prices is not
avoidable, therefore, if electricity savings are made, the revenue foregone by network businesses simply gets added to
future network tariffs and distributed across future consumers.

However, network costs are ‘sticky’ rather than unavoidable. The Australian Energy Regular can reduce network charges,
and indeed has been very actively doing so in recent years, as a delayed response to inflated demand growth and related
cost growth projections by the network.17.18 If network businesses imagined their revenues could not fall when their product
is over-priced, then they are being reminded otherwise at present.1® As with most businesses, when projected demand
fails to materialise, revenues can indeed fall and fall sharply. At most, we could say that network costs are avoidable with
a lag. The length of the lag would depend upon the sharpness of regulatory oversight, but would be unlikely to exceed 2 -
3 years, and such delays will rarely be material in the context of long-term social benefit cost analysis.2°

A.1.2 Discussion — Shadow Carbon Price

The production and consumption of electricity in Australia is, to varying degrees by state and territory, associated with the
release of damaging greenhouse gas emissions. These emissions are not currently priced in markets, and therefore
represent an external, or socialised, cost. In principle, benefit cost analysis should aim to reflect the avoided costs of future
climate damage — however, there is significant uncertainty about the incidence and timing of damage costs associated
with future climate change. Some research is being conducted into what is known as the ‘social cost of carbon’. The
Intergovernmental Panel on Climate Change has noted, for example:2!

“Aggregate economic losses accelerate with increasing temperature (limited evidence, high agreement), but global
economic impacts from climate change are currently difficult to estimate. With recognized limitations, the existing
incomplete estimates of global annual economic losses for warming of ~2.5°C above pre-industrial levels are 0.2 to 2.0%
of income (medium evidence, medium agreement). Changes in population, age structure, income, technology, relative
prices, lifestyle, regulation and governance are projected to have relatively larger impacts than climate change, for most
economic sectors (medium evidence, high agreement). More severe and/or frequent weather hazards are projected to
increase disaster-related losses and loss variability, posing challenges for affordable insurance, particularly in developing
countries. International dimensions such as trade and relations among states are also important for understanding the
risks of climate change at regional scales.”

Given the uncertainty over the expected economic cost of climate change itself, most analysts use observations of a
‘shadow price’ for carbon, based generally on countries with carbon trading schemes, as a proxy for climate change
damage costs. Arguably, such shadow prices structurally undervalue avoided damage costs, as carbon market
participants are responding primarily to short term market drivers. These will include the manner in which prevailing policy
and regulatory frameworks influence the demand for and supply of carbon ‘units’. These factors and resulting prices may
carry very little if any real information about expected future damage costs.

Nevertheless, including shadow carbon prices is accepted practice in social benefit cost analysis. For example, shadow
carbon prices (central, high and low) were developed by ACIL Allen in the context of the Climate Change Authority’s 2013
Targets and Progress Review — see Figure 46. While these values date from 2013, the Australian Government has not
updated these values since, and indeed they remain the consultant’'s assumptions, rather than officially-endorsed values.
The ‘central policy scenario’ is taken as the default option for this project, but we note that this scenario suggests lower

7 Australian Energy Regulator, 2016, AER finalises network charges in the ACT and NSW from 1 July 2016, Accessed Feb 2018,
https://www.aer.gov.au/news-release/aer-finalises-network-charges-in-the-act-and-nsw-from-1-july-2016

18 Australian Energy Regulator, 2015, Lower network charges for Victorian electricity customers in 2016, Accessed Feb 2018,
https://www.aer.gov.au/news-release/lower-network-charges-for-victorian-electricity-customers-in-2016

% Han, E. 2014, ‘Australian Energy Regulator clamps down on network charges’, Sydney Morning Herald, 27 November.

20 Houston Kemp, Residential Building Regulatory Impact Statement Methodology, April 2017, pp 14 — 15.

2L|PCC, 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups |, Il and IIl to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change, p. 16.
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values than those used by Energy Networks Australia and CSIRO for their Electricity Network Transformation Roadmap —
which uses values closer to the ‘high carbon price’ scenario.
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Figure 46: Shadow carbon price projections — ACIL Allen. The carbon price used for this study runs from $30/t in 2020 to $190/t in
2050, making it an intermediate case between the central and high price scenarios.

A.2  Economic Methodology

The benefit cost methodology used for the baseline economic scenario is consistent with the Australian Government’s Best
Practice Regulation guidelines??2 and Guidance Note on Cost-Benefit Analysis.2? That said, these guidance documents are
not highly prescriptive, and the approach taken here is simplified when compared to that which would be used for a national
regulation impact assessment.

A.2.1 Baseline Economic Scenario
The baseline economic methodology makes the following assumptions:

1. Baseline technology costs are as of 2017 as summarised in Section 3.3.

2. Electricity prices are as calculated in Section 3.1.

3. Discount rate is 7%, reflecting standard practice for government economic assessments.

4. Avoided network augmentation costs are priced at $963/kW, falling to around $905/kW by 2050 (see section 3.1).

A measure found to be economic under the baseline economic scenario is considered to be economic today and thus able
to be used as a baseline measure. Note that in this interim report, this analysis is only conducted for the residential
archetypes and measures.

A.2.2 Discussion — Discount Rates

The COAG Best Practice Regulation Guidelines, which apply to NCC energy performance stringency requirements inter
alia, require that analyses use a reference real discount rate of 7%, and allows sensitivity analysis at 3% and 10%. This,
therefore, is the common practice. The risk is that if the ‘headline’ results from this project were presented using a real
discount rate lower than 7%, then they may be dismissed, particularly by those in government. Choosing a default discount
rate of 7% will maximise the perceived credibility and impact of this project, and therefore we proceed on that basis.
However, we note that using a discount rate of 7% results in a conservative assessment of the benefits of the proposed
regulatory changes to future building owners and occupants, a material issue given the very long-lived nature of property
assets.

22 COAG, Best Practice Regulation: a guide for ministerial councils and national standard setting bodies, October 2007.
= Australian Government Department of the Prime Minister and Cabinet, Office of Best Practice Regulation, Cost-Benefit Analysis
Guidance Note, February 2016.
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A.2.3 Benefit Cost Analysis Criterion

In line with the criteria used by Energy Action for the NCC 2019 work for commercial buildings, a measure is deemed
acceptable if:

a) It achieves the highest energy savings available for that measure; and

b) It has a benefit cost ratio in the region 1-1.5.

A.2.4  Future Economic Scenarios
For measures that are not economic under the baseline economic scenario, the following modified scenario is considered:

1. The base year is moved forward 5, 10 and 15 years
2. Baseline technology costs are adjusted, as relevant, to allow for learning rates

3. Electricity prices are as calculated in Section 3.1, with the technology introduction date becoming the first year of
implementation

4. Discount rate is 7%, reflecting standard government practice
5. Avoided network augmentation costs are priced at the rate current for the year of implementation.

6. Learning rates are considered for both the cost of technology and the efficiency of technology, where evidence
exists to do so.

The purpose of the future economic scenarios is to test whether it can be reasonably asserted that the technology will
become economic at some point in the future, without further government support or intervention. This will in turn inform
the timing of the introduction of the measure into the trajectory.

A.2.5 Discussion — Learning Rates

Learning rates, in this context, refer to the rate at which the incremental costs of compliance with building energy
performance standards changes over time. One of the controversial elements of the previous (2009) regulation impact
statements for NCC energy performance standards (residential and commercial) was that they assumed that the expected
costs of compliance with the then proposed new standards (which took effect in 2010) would continue at the same level
forever. That is, if it cost an additional $15/m?2 to build to 6 Star rather than 5 Star in 2010, then it would cost an additional
$15/m2 to do in 2020 or 2030. Intuitively, this is unrealistic, and the key reasons for this include:

¢ Technology performance tends to improve over time (e.g. more lumens per watt from lighting systems)

e Technology costs tend to decline over time (e.g. adjusted for lumens per watt, the $/W of installed lighting capacity
has tended to fall over time), due to research and development (in Australia or overseas), competition, efficiency
policies in Australia or in supplier markets (US, Japan, Korea) and reduced costs due to better designs or lower-
cost installation/construction methods (‘learning’).

e As older technologies (e.g. those used to comply with pre-2010 standards in Australia) mature and, increasingly,
are replaced by newer ones, they experience negative scale economies — due to shrinking production volumes
and supply chain economics (lower returns to retailers and intermediaries, given them reasons to resupply with
newer designs/technologies.

The principal difficulty in applying learning rates to anticipated future Code changes is a lack of hard data on the rate of
past and anticipated future cost and performance trends for building components, construction techniques and designs.
While it is possible to obtain quotes or other sources of information on building products and elements — like lighting
components, windows and chillers — there is considerable uncertainty about the effect of volume discounts. Actual prices
paid, particularly by larger or volume builders, are likely to be much lower than suppliers will provide quotes for — when
they do not have the prospect of volume sales to justify lower margins.

Second, it is well understood in the building industry that costs estimated by quantity surveyors are highly conservative —
that is, biased upwards. This is most likely to be because quantity surveyors may fear being sued for under-estimating
costs on a major project, but they are most unlikely to be sued for over-estimating costs, leaving the construction firm with
a higher-than-expected margin.

Third, even if elemental or input costs could be established with reasonable precision, the ‘know-how’ that is reflected in
different designs and construction techniques will remain essentially impossible to capture. Construction firms will know
to the last cent what the actual costs of construction were for a given project, but they are not required to report this
information to anyone and would consider it commercially sensitive.

Fourth, incremental cost is an inherently counter-factual construct. If we want to know the additional cost of building a 6
Star house in Victoria in 2018, relative to the cost of building a 5 Star house, we have to deal with the fact that building 5
Star houses in Victoria has been illegal for 8 years. Therefore, this base case cost (at 5 Star) is not observable in reality.
Not only the building product market, but the designs and the industry’ know-how, have all moved on. So, not only do we
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need to estimate the cost of building at 6 Star, we also need to estimate the counterfactual of building at 5 Star. This
problem looms much larger for commercial buildings, where there is much greater diversity of forms — with no two buildings
being exactly alike.

Thus, while intuitively it is relatively straightforward to posit the existence of learning rates, and to build these into regulatory
benefit cost analysis, finding hard evidence with which to quantify rates is extremely problematic. Houston Kemp in their
Residential RIS Methodology report recommended applying a ‘cost efficiency rate’ of 2% per year, unless better information
is available.24 In this project, we have captured data from suppliers, quantity surveyors and other sources on the change
in real prices for building elements where real prices are changing rapidly, such as LED lighting. For most building
products, markets in Australia are more mature and real price changes are not significant. Research by Strategy. Policy.
Research. found that a basket of 150 building products had declined in real terms by just 0.2% per year, on a sales-
weighted average basis, over the 2004 — 2016 period. Given that this includes LED lighting, we have not applied learning
rates to other products.

A.3 Discount Rates

Discounting is a device intended to enable streams of value that occur over time (often over many years) to be compared
with each other. The COAG Best Practice Regulation Guidelines, which apply to NCC energy performance stringency
requirements inter alia, require that analyses use a reference real discount rate of 7%, and allows sensitivity analysis at
3% and 10%. This is the common practice and the default discount rate of 7% was chosen to maximise the perceived
credibility and impact of this project.

A.4  Cost Modelling
Cost modelling for all measures is built up from the following sources:

« Contractor pricing of systems
» Retail and trade pricing of components
* Quantity surveyor pricing
+ Rawlinson’s Australian Construction Handbook?>
The methodology for cost estimation is described in more detail in the presentation of each measure.

For some technologies, learning rates have been asserted. Learning rates typically consist of a reduction in cost over time
reflecting supply volume, production volume and industry familiarity discounts relative to what may currently be a specialist
supply. The rationale for learning rates used is discussed in the presentation of each measure.

A.5 Other Costs and Benefits Included

A.5.1 Costs and Benefits Included
For this analysis, the only additional cost/benefit considered is the change in size of air-conditioning plant.26

The incremental cost of air-conditioning has been modelled based on a brief study of the cost of split system air-
conditioners. Retail purchase costs for 102 wall mounted reverse cycle split system air-conditioners were sourced from
the websites of two major appliance retailers, covering a wide range of makes and models across the range of 2-10kW
thermal capacity (kWth). The cost to capacity relationship was as shown in Figure 3 below. For the purposes of this
project retail cost versus thermal capacity were assumed similar for both heating and cooling.

24 Houston Kemp, Residential Buildings Regulatory Impact Statement Methodology, April 2017, pp iv - v.
% Rawlinson’s Australian Construction Handbook, Rawlinsons Publishing, Edition 35, 2017.
% This is in addition to the avoided network augmentation costs discussed in the Energy Costs section.
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Figure 47: Cost of air-conditioning systems.?’

No allowance has been made for differences in installation costs, which are considered to be relatively insensitive to
capacity. Based on this we have allowed for an incremental air-conditioning cost of $230/kWth. Note that this has only
been applied in situations where a large increment (>1kW) in capacity has been identified, recognizing the non-continuous
nature of air-conditioner sizes in practice.

A.5.2  Other Costs and Benefits
Improved building energy performance can be associated with a range of benefits beyond those noted so far. Candidates
include:

» Higher building values and rental yields
» Higher worker productivity/reduced lost time through iliness
» For residential buildings, improved occupant health outcomes and reduced health system costs

* Increased climate resilience, including thermal resistance to heat- or cold-wave conditions, which may extend to
reduced morbidity and in extreme cases reduced loss of life.

On the other hand, some would claim that higher energy performance regulation may also involve additional costs that
may or may not be explicitly accounted for in benefit cost analysis. These could include:

» Costs of acquisition of new information (to become informed about and understand the consequences of new
performance requirements)

* The costs associated with modifying designs and re-verifying compliance
+ Costs associated with retraining personnel to acquire necessary knowledge/skills to comply with new standards
« Additional financing costs (where additional capital expenditure is required)

+ Possible loss of ‘amenity’ associated with changed designs (for example, some have suggested that reducing
glazing area in a building to comply with building energy performance regulation, regardless of the thermal performance
or comfort of the initial design, must amount to a loss of amenity, as there is a diminution of choice)

» Potential negative implications for competition
* Incremental costs to government, e.g. associated with developing and applying a new standard.

The general guidance about the scope of both benefits and costs that should be included in benefit cost analysis, for
regulatory impact assessment purposes, includes observations such as:28

* Costs and benefits should be valued in terms of the economy and society as a whole, and not from the perspective
of individuals, firms, organisations or groups

27 Cooling and heating capacities for air-conditioners are directly proportional.
2 COAG, Best Practice Regulation — A Guide for Ministerial Councils and National Standard Setting Bodies, October 2007, pp 21 — 26.
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» ‘Intangible’ costs and benefits, that are hard to value in monetary terms, should be acknowledged, documented to
the extent possible, and presented to decision-makers alongside those values that are monetised, so that they can be
taken into account

» To identify costs or benefits attributable to a regulatory change, a clear chain of causation must be established
*  Where they are relevant, productivity improvements should be included
* Non-marketed ‘health, environmental or other social benefits’ should be included

« The extent to which different costs or benefits should be quantified is dependent upon the expected returns — for
example, if the costs of acquiring information on a class of benefits is high, but the expected impact on the analysis
small, then it may not be worth collecting such information.

Essentially, there are no hard-and-fast rules on whether or not certain classes of (potential) social benefit or cost should
be included or examined — the extent is context-dependent.

For some potential benefits — such as health or productivity improvements — the common problem with including these
effects is a lack of objective evidence, particularly in Australia. A recent Harvard University study of public health benefits
associated with energy efficiency buildings in many countries (but not Australia) found health benefits valued more than
three times those of climate change abatement benefits. It also found that for every $1 saved on energy costs by green
buildings, another $0.77 was saved in health and climate benefits.2°

Second, the extent of benefits may be contingent on factors such as the starting point efficiency/energy performance, the
quantum of performance improvement that is mooted, and the extent to which it is possible to establish a causal link
between the effect and the building Code change. Practically, the limited extent of buildings research in Australia means
that evidence on many of the above factors is limited and not able to be relied upon for regulatory assessment purposes.

The Australian Government’s Office of Best Practice Regulation warns against risk of double counting benefits, such as
the value of energy savings (associated with a lift in building energy performance standards, for example) and any
attributable lift in property values. They argue that the latter “...is merely the capitalised equivalent of the benefits counted
earlier’ .30 Whether this judgement is borne out by evidence is another matter.

Overall, we note that there is a paucity of buildings-related research in Australia and, as a result, it is likely that significant
classes of benefits generated by energy efficient and green buildings are not being accounted for in Australia at present.
If these benefits were able to be quantified and attributed to green buildings, higher minimum standards would be justified
on economic grounds than are today.

2 https://www.proudgreenbuilding.com/articles/study-green-buildings-provide-nearly-6-billion-in-benefits-to-health-climate/, viewed
26/2/2018.

% Australian Government, Department of the Prime Minister and Cabinet, Office of Best Practice Regulation, Cost Benefit Analysis
Guidance Note, February 2016, p. 13.
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Appendix B - Residential Methodology Details
B.1 Infiltration Rates

B.1.1 Introduction

To ascertain the impact of air tightness improvements the baseline archetype models were developed with air tightness
values that approximately matched the average from blower door survey data made available by the CSIRO in their report
“House Energy Efficiency Inspections Project”1.

To ensure that the 15ACH at 50Pa data was representative of buildings in the present NCC Trajectory project, only the
city-by-city mean values provided by the CSIRO for newly constructed buildings (up to 3 years old) were averaged. Thus,
it could be inferred that the buildings in this dataset were built close to current NCC energy performance standards (noting
that 6 Star NatHERS applied in most jurisdictions, with some less stringent requirements used in others). The resultant
average air change rate was then calculated to be approximately 15 ACH at 50 Pa.

The UOW team developed a method to estimate the impact of improving the airtightness of the building envelope on the
energy and thermal performance of a new dwelling; this method is outlined in some detail below. The infiltration rates in
the three archetype buildings were adjusted in Accurate by the addition of wall vents so as to implement a baseline air
tightness level of close to the target value of 15ACH at 50Pa. However, it should be noted that it was not always possible
to match this value exactly in the AccuRate Sustainability simulation tool, due to the nature of the in-built infiltration
algorithms.

B.1.2 Method
In order to achieve the targeted infiltration rate in the base case models, the following procedure was undertaken.

1.The infiltration rate ACHarchetype Of the AccuRate Sustainability archetype base case model was calculated using the
information provided in Chen’s documentation Infiltration Calculations in AccuRate V2.0.2.13 32;

a. The natural infiltration rate of a given zone, ACHzne, in units of air changes per hour, is a function of the
instantaneous wind and thermal effects imposed in the building. Using Chen’s approach this was calculated using
the formula ACHzone = A+Bo, where A is a constant that accounts for the ‘stack’ (thermal) ventilation effects and B
is a constant used to model the effects of wind. A and B are functions of the number, size and type of penetrations
in the envelope of each zone/space and can be extracted directly from the AccuRate Sustainability ‘Scratch’ file.

b. v is dependent on the wind speed derived from the AccuRate Sustainability weather file and the terrain factor, f =
hp

b
a (E) , Where a and b depend on the terrain category, and are specified as 0.67 and 0.25 for a suburban area.

The height of the eaves h,;, (m) for the Attached and Detached archetypes, was taken as 2.4 m while it was taken
as the mid-height of the zone above the ground for the Apartment archetype (4.35 m) due to this archetype being
higher than 9 m.

c. The hour-by-hour wind speeds from the Climate Zone 5 weather file over an entire year were then used to calculate
the hour-by-hour natural air change rates in each zone using ACHzne = A+Buv, and hence the annual average for
each zone, ACH.

d. The annual average natural air change rate, ACHarchetype, Was then calculated as the volume-weighted average of
all the zones in the house.

e. Climate Zone 5 was initially employed in these calculations for the purposes of controlling the permeability of the
envelope to achieve the target air change rate.

2.The equivalent building envelope permeability (i.e. under a blower door test conditions), ACHso, was calculated by
utilizing an correlation that is commonly used in the air tightness industry whereby ACHso ~ 20 x ACH 33, It should be

31 Ambrose MD and Syme M (2015). House Energy Efficiency Inspections Project — Final Report. CSIRO,

%2 Australia. Chen, D. (2013). Infiltration Calculations in AccuRate V2.0.2.13.

3 Sherman, M. H. (1987). Estimation of infiltration from leakage and climate indicators. Energy and Buildings, 10(1), 81-86.
https://doi.org/10.1016/0378-7788(87)90008-9
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noted that despite the fact that this correlation is widely accepted3*3, it is an approximation to reality and does not take
account of many factors such as wind shielding or the type of air leaks.

3.Wall vents were added in all zones in AccuRate Sustainability to achieve an infiltration rate as close as possible to
15ACH at 50Pa, i.e. ACHarchetype 50 =~ 15ACHso * 5%. If the value obtained was larger than 15ACHso + 5%, the wall vents
in the zones were progressively removed. This wall vent removal process was typically undertaken first in the zones
with an exhaust fan, which led to the three archetype with at least one exhaust fan, wall vent or both in all zones (with
the exception of the ‘Walk in Robe’ of the Detached house archetype).

4. Thereafter, to assess the building performance when the building was ‘well sealed’ all the wall vents were removed and
the exhaust fans were ‘sealed’ (i.e. in practice this means an exhaust fan that incorporates a sealing device of some
sort) as specified in the National Construction Code. This resulted in infiltration rates that ranged from 5.4 ACHso to 5.9
ACHpso for the three archetypes in Climate Zone 5.

B.1.3 Summary of Estimated Air Change Rates in Archetypes

The purpose of undertaking the process above was to provide reasonably consistent ACHso values across the three
archetypes so that the impact on heating and cooling energy consumption of improving air tightness could be determined
with greater confidence than an alternative ad hoc approach.

The same number and size of vents in each archetype were maintained across all three climate zones, so that the relative
change in the air-tightness performance of the base case, and higher stringency, archetypes could be compared easily
across climate zones.

The following table summarises the calculated air change rates using the method outlined above for the three archetypes
and wind speed data from each of the three AccuRate weather files, and for each of the three infiltration options tested
using the approach in Section B.1.2.

Note that the Apartment and the Attached Townhouse each had two exhaust fans, while the Detached House had six
exhaust fans. Note also that option ‘a) ACH with vents and unsealed exhaust fans’ corresponds to the Baseline | case in
the 1-D stringency analysis, and option ‘c) ACH with no vents sealed and sealed exhaust fans’ corresponds to the Level 1
stringency case.

3 CIBSE. (2000). CIBSE TM23 Testing Buildings for Air Leakage.
% Egan, A. M. (2011). Air tightness of Australian offices buildings: reality versus typical assumptions used in energy performance
simulation. Proceedings of Building Simulation, 14-16.
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Table 4-21 Summary of the equivalent infiltration air change rates (ACHso) determined for each archetype and climate zone using the
method summarised above

Estimated Air Change per Hour (ACHso) % Change compared to a) i.e. (b-a)/a or (c-a)/a
Climate Zone 2 Apartment Attached Detached Apartment Attached Detached
a) ACH with vents and unsealed
SRS TG 17.6 16.7 16.1
b) ACH with vents and sealed
exhaust fans 144 14.6 11.8 18.2% 12.6% 26.7%
¢) ACH with no vents sealed and ® ® o
sealed exhaust fans 6.7 6.1 6.1 53.5% 58.2% 48.3%
Climate Zone 5 Apartment Attached Detached Apartment Attached Detached
a) ACH with vents and unsealed
exhaust fans 15.2 14.3 144
b) ACH with vents and sealed
i A 12 12.2 10.1 21.1% 14.7% 29.9%
¢) ACH with no vents sealed and
sealed exhaust fans 5.9 5.4 5.5 50.8% 55.7% 45.5%
Climate Zone 6 Apartment Attached Detached Apartment Attached Detached
a) ACH with vents and unsealed
exhaust fans 18.5 17.6 16.7
b) ACH with vents and sealed|, 3 155 12.4 17.3% 11.9% 25.7%
exhaust fans
¢) ACH with no vents sealed and o o ®
sealed exhaust fans 7 6.4 6.3 54.2% 58.7% 49.2%

B.2 Apartment Archetype

B.2.1 Form Details

The apartment building modelled was based on the details provided by Isaacs-36 (2007, pp. 17-18). The apartment on the
corner of the first floor was selected as the representative archetype, refer to Figure 48. The first floor was selected as it is
representative of most midrise apartments, having a shared floor, roof and walls. Common areas have not been included.
The floor plan of this apartment is illustrated in Figure 49 with 73 m2 of total net conditioned floor area3’. A 3D model of
the apartment building showing approximate room layout is presented in Figure 48.

r } i e~

Figure 48: Schematic of the Apartment building (Isaacs 2007, p. 17)

% |saacs, T (2007), Development of housing stock model to predict heating and cooling energy use in Victoria.
57 Total net conditioned floor area reduced compared to Isaacs' (2007, p. 17) model based on TAG feedback.
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Figure 49: Floor plan of the Apartment building (Isaacs 2007, p.17)

B.2.2  Construction Details
The main construction details used for the apartment are summarised in Table 4-22.

Table 4-22: Construction specifications for the apartment, for reference orientation of 0°.

Archetype Parameter Construction details References
External All facades | Compressed fibre cement (6mm), brick (110mm), air gap + insulation thickness =
wall 150mm, plasterboard (10mm)
Internal Plasterboard, air gap and plasterboard
partitions
Internal All other | Concrete slab plus carpet with underlay TAG provided
floor areas drawings
Wet areas | Concrete slab plus tiles
and kitchen
Ceiling Concrete to next apartment, air gap, insulation and plasterboard TAG provided
drawings
Roof Refer to the internal floor. As the apartment is on the first floor, the roof was modelled
as the internal floor and boundary condition adjacent to the top apartment*
Windows The window types varied across the different stringency scenarios
External Eaves The eaves length varied across the different stringency scenarios (Wong 2013, p.19)
shading
Airtightness As close as possible to 15ACH at 50Pa**, in some cases, stringency scenarios | (Ambrose & Syme
reduced airtightness to 7ACH at 50Pa 2015, p.10)

* Roof construction is not applicable for the first floor apartment. Roof and floor of neighbouring units to be modelled as an adiabatic layer
within the limitations of existing software.

** Air change rate is the average sourced from Ambrose & Syme (2015, p10) and deemed to be a suitable figure for newly constructed
homes. It was not possible to match this value exactly in AccuRate Sustainability due to infiltration calculation methodology.

B.2.3  Operational Details

Occupancy and operational details for internal load modelling followed the existing NatHERS protocol based on the
discussion  during TAG meeting. Details on the NatHERS Protocol may be found at
(http://www.nathers.gov.au/files/publications/NatHERS Software Accreditation Protocol-June 2012.pdf). The default/pre-
set occupancy profile, internal loads (such as lighting) and HVAC schedule assumptions provided by AccuRate
Sustainability were employed in the modelling. Domestic hot water was considered separately.

The HVAC system modelled was a reverse cycle air-conditioner, and its operation schedule was dictated by the occupancy
profile and weather conditions. This means that when the conditioned spaces were occupied, a minimum thermal comfort
level was required. This comfort level in summer is described as having an indoor temperature equal to or lower than the
neutral temperature. In other words, the cooling temperature setpoint equals the neutral temperature (Note: AccuRate
Sustainability software uses the January neutral temperature for the cooling months) plus +2.5°C, by following the 90%
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acceptability of thermal comfort limits-38. The details are provided in Delsante-3°. AccuRate Sustainability default heating
temperature setpoint values were employed for the heating conditions.

B.3  Attached House

B.3.1 Form Details

The attached house modelled was also selected from the Isaacs’s (p. 16) report4°. The house selected is shown in Figure
50. The net floor area of the house was 128 m2, which falls within the size distribution of the most frequent floor areas, i.e.
100-150 m2 for a double-storey attached house. Refer to Figure 52 for more details. A 3D model of the attached house
showing room layout is presented in Figure 2 and Figure 64.

Figure 50: Facade of the attached house (Isaacs 2007, p.16)

Figure 64: Attached, single storey, archetype adjusted physical geometry (courtesy of S. Beazley)

% de Dear, R.J. and Schiller Brager, G. (1998). “Developing an Adaptive Model of Thermal Comfort and Preference”. ASHRAE Trans.,
Vol .104(1A), 145-167.

% Delsante, A. (2005). Is the new Generation of Building Energy Rating Software up to the Task? - A Review of AccuRate, (September),
11-15.

“ Isaacs, T (2007), Development of housing stock model to predict heating and cooling energy use in Victoria.

T LOW CARBON LIVING SP0016 Building Code Energy Performance Trajectory Final Report 109
[{'\‘ CRC




5300
- -

A e —— Bed 1

/dry Kitchen I i

Stairs

120C

Hall

Bath

1600

Entry

900

i
—LE

S -
v Living Study 900

3100

L} Bed 2

4000

Ground Floor

500

L8
o 5
First Floor Y

3500

Figure 52: Floor plan of the ground and first floor of the attached house

B.3.2  Construction Details

The construction details of the attached house are specified in Table 4-23. They were determined based on expert
suggestions from the Residential TAG members and the existing data from the Australian Bureau of Statistics reported by
the Wong (2013) report.

Table 4-23: Construction specifications for the attached archetype

Archetype Parameter Construction References
External Wall Party wall with | Plasterboard 12mm, Brick=110 mm, airspace =40mm, Brick=110
adjacent house mm plasterboard 12mm
Eastern facade Brick veneer: 110 mm external brick, airspace + insulation =
150mm, 12 mm plasterboard
Internal partitions Plasterboard, air gap and plasterboard
Floor Ground floor Concrete slab plus carpet with underlay
Internal floor Concrete slab plus tiles for wet areas
Ceiling Ceiling insulation varied across the different stringency scenarios
Roof Typically clay tiles (Wong, 2013)
Windows The window types varied across the different stringency scenarios | (YourHome, 2017)
External Shading The eaves length varied across the different stringency scenarios | (Wong, 2013)
Airtightness* As close as possible to 15ACH at 50Pa**, in some cases, | (Ambrose & Syme,
stringency scenarios had reduced airtightness to 7ACH at 50Pa 2015)

* Air change rate is the average sourced from Ambrose & Syme (2015, p.10) and deemed to be a suitable figure for newly constructed
homes. It was not possible to match this value exactly in AccuRate Sustainability due to infiltration calculation methodology.

B.3.3  Operational Details

As per the apartment, occupancy and operational details for internal load modelling followed the NatHERS protocol. Further
details on the NatHERS Protocol may be found at (http://www.nathers.gov.au/files/publications/NatHERS Software
Accreditation Protocol-June 2012.pdf). The default/pre-set occupancy profile, internal loads (such as lighting) and HVAC
schedule assumptions provided by AccuRate Sustainability were employed in the modelling. Domestic hot water was
considered separately. The HVAC system modelled and its operation were similar to those for apartment buildings.

B.4  Detached house

B.4.1 Form Details
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The detached house selected was based on the archetype developed by Isaacs (2007, p. 12) report as shown in Figure
66. The model has been slightly revised, as shown in Figure 1, with a total floor area of 188 m2, as per medium detached
dwelling analysed in the Pitt & Sherry-4! report, and the dimensions are specified in Figure 68.

g

Figure 66 3D sketch of the detached house (Isaacs 2007, p. 12)

Figure 67 Detached, single storey, archetype adjusted physical geometry (courtesy of S. Beazley)
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Figure 68 Dimensions of the detached house (Isaacs 2007, p. 12)

B.4.2  Construction Details

41 pitt&Sherry, Pathway to 2020 for Increased Stringency in New Building Efficiency Standards Benefit Cost Analysis. 2012. Department
of Climate Change and Energy Efficiency: Published by the Department of Climate Change and Energy Efficiency.
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The construction details are specified in Table 4-24. They were determined based on specifications from the “YourHome”
website (2017), suggestions from experts within the Residential TAG membership, and the existing data from the Australian
Bureau of Statistics in Wong'’s (2013) report.

Table 4-24 Construction specifications for the detached house.

Archetype Parameter Construction References
External Wall All facades Brick-veneer — 110 mm external brick, airspace/insulation, internal | (Wong, 2013)*
12 mm plasterboard
Internal Plasterboard, air gap and plasterboard
partitions
Ground Floor Other areas Concrete slab plus carpet with underlay
Wet areas Concrete slab plus tiles
Ceiling Ceiling insulation varied across different stringency scenarios (NCC Deemed to
Satisfy)
Roof Steel deck with R1.5 Polyester blanket. (YourHome,
2017)
Windows The window types varied across the different stringency scenarios
External Shading The eaves length varied across the different stringency scenarios (Wong, 2013)
Airtightness As close as possible to 15ACH at50Pa**, in some cases, stringency | (Ambrose &
scenarios had reduced airtightness to 7ACH at 50Pa Syme, 2015)

** Air change rate is the average sourced from Ambrose & Syme (2015, p10)43 and deemed to be a suitable figure for
newly constructed homes. It was not possible to match this value exactly in AccuRate Sustainability due to infiltration
calculation methodology

B.4.3  Operational Details

As per the apartment, occupancy and operational details for internal load modelling followed the NatHERS protocol. Further
details on the NatHERS Protocol may be found at (http://www.nathers.gov.auffiles/publications/NatHERS Software
Accreditation Protocol-June 2012.pdf).

The default/pre-set occupancy profile, internal loads (such as lighting) and HVAC schedule assumptions provided by
AccuRate Sustainability were employed in the modelling. Domestic hot water was considered separately. The HVAC
system modelled and its operation were similar to those for apartment buildings.

B.5 Residential Base Case

The objective of this work was to determine the glazing to be used in the 2016 multi-dimensional baseline models (‘2016
6-Star Compliant Glazing’) and the multi-dimensional increased stringency models (‘Increased Performance Glazing’), and
define the method to subsequently apply the ‘Increased Performance Glazing’ to the multi-dimensional analysis. At the
highest level, the glazing models will represent:

e ‘2016 6-Star Compliant Glazing’ — Glazing that meets the 2016 NCC requirements with typical WWRs
e ‘Increased Performance Glazing’ — Glazing that meets the proposed 2019 NCC requirements with typical WWRs

In establishing the new base case, the project was not attempting to:

e Develop a least cost baseline model with realistic glazing dimensions for each archetype which is both optimised
and compliant as per how a practitioner might;

e Create modelling results which can be directly compared to a NatHERS Star rating (as discussed above, our
models have an adjusted infiltration rate representing ‘as built’ status as opposed to what would ordinarily be used
in a compliance calculation); and

e Create modelling results which can be directly compared to previously presented ‘Baseline I' and ‘Baseline II’
results from the project’s Interim Report (this would require a re-calculation of those results to align with the above
mentioned adjustments).

42\Wong, J. P. (2013). Development of Representative Dwelling Designs for Technical and Policy Purposes. RMIT University,
Melbourne, Victoria.

4 Ambrose, M., & Syme, M. (2015). House Energy Efficiency Inspections Project Final Report.
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The first step in the process was to define initial archetype glazing, which was not itself be used in any of the scenarios,
but is used to generate the ‘2016 6-Star Compliant Glazing’ and ‘Increased Performance Glazing'.

For the three archetypes define models that meet the following criteria:

e Include relevant corrections from the Tony Isaacs Consulting (TIC) peer review and TAG suggestions;

¢ WWRs reasonably represent data presented by the CSIRO;

e Ventilation requirements — size of openable sash of windows to be 5% of floor area, complying with minimum
NCC 2016 requirements. UOW archetypes models used in previous work have a defined openable sash of all
windows at 50% of total window gross (frame and glass) area;

e Natural lighting requirements — size of aggregate light transmitting area of windows to be 10% of habitable floor
area, complying with NCC 2016 minimum requirements. To determine the aggregate light transmitting area of the
windows, the proportion of frame area is removed from the total window area. EA and TIC have indicated that the
visible light transmittance of window types, previously included in modelling calculations, does not need to be
factored into the aggregate light transmitting area as it is not strictly required by the Code; and

e For simplicity of analysis, ensure that ventilation and daylight requirements are met irrespective of the range frame
percentages present amongst the glazing types in Table 2-2: (and reproduced in Table 4-25). Note that visible
light transmittance for the various glazing types will not be considered when calculating natural lighting
requirements as it is not strictly required by the Code (as advised by EA and TIC).

The method to establish multi-dimensional ‘2016 6-Star Compliant Glazing’ base case model can be found in Section 0 of
Appendix B - Residential Methodology Details.

B.6  Glazing Analysis

B.6.1 Introduction

Glazing has an extremely important influence on the energy efficiency and thermal comfort performance of any building,
in large part due to the major heat exchange processes associated with windows via radiation, conduction and convection.
In residential buildings, the choice of optimal glazing types, and associated inside and external shading elements, is
complex since the effects of glazing on overall building performance are strongly linked to the geometric design of the
building, window-to-wall ratio (WWR), climate zone, glazing and framing characteristics, etc.

The following sections of this report describe how the NCC Trajectories project addressed the issue of proposed increases
in energy efficiency stringencies for glazing in Residential Buildings using the similar principles to those adopted for the
analysis of Commercial Buildings.

B.6.2  Overview of the Methodology

The overall objective of the work was to develop a comprehensive and rational determination of increased glazing
performance stringencies, or Improved Glazing Performance targets.

Informed by the fundamental principles of building physics, a rational and straightforward approach to this issue was
adopted whereby any external wall of a residential building that includes one or more glazing elements is considered to be
a composite wall/glazing system characterized by two fundamental parameters that: 1) determine the transmission of
thermal energy via conduction through the window/wall composite structure, and 2) govern the transmission of radiative
thermal energy through the non-opaque surfaces/apertures of the structure.

1. The area-weighted thermal transmittance, Uwta, o0f the wall/glazing component, where:
Utotal = Uwindow X WWR + Uwai X (1 — WWR)

2. The total wall solar heat gain coefficient (SHGC), i.e. SHGCxWWR.

As set out below, the key steps in the overall process of determining the proposed Improved Glazing Performance targets
(or stringencies) were as follows.

a) Determine the appropriate base case window sizes and window-to-wall ratios for all archetypes based on current
NCC daylighting requirements and data gathered on current industry practice.

b) Determine the relationship between the thermal energy required to maintain comfortable conditions in a dwelling
as a function of glazing type and window-to-wall ratios. Changes in annual heating and cooling thermal energy
required as a function of changes to glazing characteristics are dependent on a great many individual parameters
(e.g. climate zone, type of building archetype, orientation, WWR, window and wall thermal characteristics, etc.).
These results are integrated and simplified through the use of the Uiwta/WWRXSHGC approach.

c) Bring construction cost data together with the energy requirements from a) to determine the minimum
requirements for future glazing energy efficiency stringencies — the new Improved Glazing Performance targets.
As in the present DtS glazing energy performance requirements of the NCC 2016, the new Improved Glazing
Performance targets will be dependent not only on the characteristics of the glazing, but also the wider design of
the building, climate, orientation, etc.

I_U LU [:H R Bon LlUl n G SP0016 Building Code Energy Performance Trajectory Final Report 113
"<"° CRC



B.6.2.1 Glazing Energy Analysis Methodology

The baseline window and wall characteristics for the three residential archetype buildings were chosen after in-depth
consultation with numerous stakeholders, including the Technical Advisory Group.

The minimum window-to-wall ratio (WWRmin) of each archetype was determined based on the following considerations:

a. National Construction Code (2016) requires a that the minimum natural light transmitting area, i.e. glass area
excluding the framing, has to be at least 10% of the floor area of the room.

b. In cases where the room does not have a window/glazed panel, natural light is permitted to come from an
adjoining room. In this instance the total light transmitting area should be a minimum of 10% of the combined
floor area of both rooms.

Windows complying with the WWRmin requirement were then chosen for each archetype and the lowest performance glass
(i.e. Glass 1 in Table 4-25). The window/glass type was then varied by selecting appropriate window characteristics from
the AccuRate software window library, so as to effectively change the window U-value and solar heat gain coefficient
(SHGC). The glass types used in this analysis are summarised in Table 4-25.

B.6.2.2 Effects of Glazing Orientation and External Shading

The impact of glazing in a building is very strongly dependent on the orientation of the fagade in which the glazing is
located. Thus, to accurately determine the impact on the thermal energy requirements of the building of changing the
glazing characteristics as a function of facade orientation, the glazing type and the window-to-wall ratio (WWR) changes
were only imposed on a single fagade of each archetype. This ‘principal fagade’ was taken to be the one with the most
significant/largest glazing area. The location of the principal facades for each archetype are shown in Figure 70 (see blue
arrows). Therefore, only the glazing characteristics and WWR on this particular facade were modified and the properties
of the windows on the other fagades were held constant at the base case values.

The external shading of windows in the residential archetype buildings in the present work was significantly more
geometrically complex than for the commercial office building archetypes, particularly in respect of elements such as eaves
and balconies. The influence of external shading on the solar gains through a given window can be significant. In the
NCC2016 this is dealt with through the shading factor, P/H (shading projection, P, and window height, H) which is used to
calculate the winter and summer glazing ‘exposure factors’ (see Figure 69) for each window/facade.
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Figure 3.12.2.2
METHOD OF MEASURING P AND H

P
(upper storey
glazing)

Shading projection
(refer 3.12.2.2)

G
(upper storey glazing)

H
(upper storey
glazing)
(@]
Shading projection
(refer 3.12.2.2) _/,
/|
4
G
(lower storey glazing)
H
(lower storey
glazing) P
(lower storey glazing)
| —

I i R

Figure 69: Method of determining the shading factor for a given window (NCC2016, 3.12.2.2)

To eliminate any confounding effects from changes to the ‘shading factor when adjusting WWRs, the heights and sill-
heights of all windows and glass doors were therefore maintained at the maximum WWR values for each of the archetypes,
i.e. window-to-wall ratios were varied by changing only the width of glazed elements (window and doors) in the principal
facade.

To establish the proposed new, Improved Glazing Performance targets a reasonably wide a range of WWRs were
examined for each archetype. For each archetype, climate zone (CZ), and principal fagade orientation three WWR cases
were modelled:

a) WWRmin — the window dimensions being determined from: i) the 10% window-to-floor-area requirement, and ii)
the use of Glass 1.

b) A mid-range window-to-wall ratio of WWRnmin+10%, where for example, if the base case WWRmin=8%, then
(WWRmin+10%)=18%.

c) A high WWR scenario of WWRmin+20%, representing large glazing areas at the high end of current practice. It
should be noted that window-to-wall ratios somewhat lower WWRmin+20% were modelled for a variety of
geometrical reasons (e.g. for CZ2, CZ5 and CZ6 values of WWRmin+~15% were used).

Table 4-26 presents the matrix of options used in this analysis. All the windows in the building were first set to the lowest
performance window (Glass 1 Table 4-25) and with WWRmin.
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Thereafter, as with the base case glazing, the different types of glass were tested in the principal facade while holding the
other fagade glazing constant, i.e. Glass 1 and WWRmin. Each glass type was evaluated for the principal fagade facing in
the four cardinal directions. After this, the same process was repeated for WWRmin+10% and WWRmin+15% for CZ2, CZ5
and CZ6 or WWRmin+20% for CZ7.

Overall the glazing analysis involved a very significant effort to develop hundreds of Accurate simulations of the residential
building archetypes across the 4 climate zones and with a wide range of glazing types, window-to-wall ratios, and window
configurations, i.e. simulations were needed for 3 archetypes x 4 climate zones x 6 glass types x 4 orientations x 3 WWRs,
etc.

Table 4-25: Window types used in the glazing analysis.

Type U-value | SHGC | VT Frame Description Cost for Cost for doors
(W/m2K) ratio (%) windows ($/m?) | ($/m?)

Glass 1 6.7 0.7 0.9 24 Al frame, Single glazing (SG) clear glass 246.92 422.26

Glass 2 4.6 0.46 0.61 | 19 Composite frame, SG Low solar gain and low-e 430.09 679.27

Glass 3 4.3 0.53 0.75 | 24 Al frame, double glazing (DG), air fill, glass: High | 416.33 558.59
solar gain low-e - Clear

Glass 4 2.3 0.25 0.45 | 20 uPVC frame DG, air fill, glass: Low solar gain 458.27 457.99
low-e - Clear

Glass 5 2.9 0.51 0.75 | 24 Al frame, DG, Argon fill, glass: High solar gain 675.95 973.00
low-E - Clear

Glass 6 2.6 0.53 0.82 | 35 Timber frame, DG, Argon fill, glass: Clear - Clear | 317.71 272.83

Table 4-26: Matrix of options for the glazing analysis.

Scenario Glass 1 Glass 2 Glass 3 Glass 4 Glass 5 Glass 6
Base case (WWRmin) AF PF PF PF PF RE
Base case WWRmin+10% AF PF PF PF PF PF
Base case WWRmin+~15% (CZ2, AF PF PF PF PF PF
CZ5, CZ6)

Base case WWRmin+20% (CZ7) AF PF PF PF PF PF

AF: all facades: PF: principal facade.

The increased stringency levels for the glazing were then chosen so as to give a range of improved glazing/wall
performance scenarios between the current baseline and what was considered to be achievable in the short to medium
term. The AccuRate simulations then provided the annual heating, cooling and total heating and cooling thermal energy
requirements as a function of the different climates, orientations, SHGCxXWWR, U-values, WWR, etc.

All building performance simulations were carried out using the AccuRate software package v2.3.3.13, and AccuBatch
v2.3.0.0 was utilized as far as possible to maximise the efficiency of running multiple versions of the archetypes.
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Figure 70 Principal fagade and reference orientation (north = 0°) and location of ‘principal fagade’ (blue arrows) used for glazing analysis
simulations for: a) apartment, b) attached, and c) detached archetypes.

B.6.3  Glazing Analysis Energy Results

The key outputs required for the Benefit Cost Analysis resulting from changes in glazing on each archetype, as determined
from the AccuRate energy simulations, were:

i) changes in the annual energy requirements of the HVAC system and

ii) peak electrical loads.

In-depth details of these results are presented at the end of this Appendix. Some sample results for particular archetypes
and climate zones are presented below to provide the reader with an appreciation of the influence of glazing on building
performance in terms of annual heating and cooling energy requirements and the peak electrical heating/cooling loads.

Table 4-27 Example of changes in annual total (heating and cooling) thermal energy required as a function of glazing characteristics on
the principal fagade of the Apartment archetype.
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Base Case
(Heating &
Principal |Cooling) MJ/mz Energy Savings (Heating/Cooling) MJ/m2
Climate | Building | Facade |[Glass 1 Glass 1 Glass 2 Glass 3 Glass 4
Zone | Orient'n | Orient'n |WWRmin WWRmin+10% |WWRmin+15%*|WWRmin [WWRmin+10% |WWRmin+15%* |WWRmin |WWRmin+10% |WWRmin+15%* [WWRmin |WWRmin+10% |WWRmin+15%*

2 0] West 61.7 -15.5 -25.7 -1.2 -19.0 -30.4 0.4 -12.4 -21.6 0.6 9.1 -17.3

2 90(North 58.1 -1.2 3.1 1.6 -0.8 -4.2 2.1 1.8 -0.6 4.5 2.2 -0.4

2 180|East 51.7 -8.1 -14.1 1.0 -9.6 -16.8 17 5512 -10.6 2.7 -3.4 i

2 270(South 61.4 -4.8 -8.0 0.0 5.2 -8.7 1.9 -1.6 -3.9 2.0 -1.1 -3.7

5 0[West 57.0 -4.6 -11.2 1.1 -7.1 -16.3 19 -1.8 -7.0 0.5 -1.8 -6.0

5 90[North 46.8 2.1 5.4 0.9 -2.7 -6.6 15 0.2 -2.1 0.9 -0.6 -1.8

5 180|East 48.6 6.7 -12.1 0.0 -8.6 -15.3 17 -4.2 -8.4 1.4 2.4 -5.6

5 270(South 60.1 5.1 -7.3 -0.7 5.2 -1.6 17 -0.3 -13 0.7 -1.8 34

6 0]West 141.6 -15.7 -25.8 -1.5 -21.0 -33.2 5.3 5.2 -12.9 = = =

6 90(North 123.6 -7.1 -14.9 -0.6 -11.0 -20.8 5.0 2.7 -2.5 = = =

6 180|East 133.0 -14.4 -23.7 -0.9 -17.1 -21.8 5.7 -3.0 -8.9 = = =

6 270(South 150.3 -17.2 -26.4 -1.1 -19.4 -29.7 6.4 -3.5 9.3 = = =

7 0[West 140.4 -27.2 -63.6 1.2 -18.1 -45.7 5.6 -8.9 313 — = =

7 90[North 125.3 -19.0 -43.4 -0.6 -12.9 -31.8 3.7 -3.5 174 — — —

7 180|East 137.7 -22.8 -51.4 15 -13.6 -35.0 5.5 -3.8 -197]  — — —

7 270(South 155.2 -23.7 -50.6 3.0 -14.9 -34.9 14 -4.1 173 — — —
Table 4-28 Example of changes in the peak heating electrical power required for heating as a function of glazing characteristics on the
principal facade of the Apartment archetype.

. e Fase Peak Electrical HVAC Power Savings (kW)
Principal |(Heating) kW
Climate | Building | Facade |[Glass1 Glass 1 Glass 2 Glass 3 Glass 4
Zone |Orient'n [ Orient'n [WWRmin WWRmin+10% [WWRmin+12% |WWRmin |WWRmin+10% |WWRmin+12% |WWRmin [WWRmin+10% [WWRmin+12% [WWRmin |WWRmin+10% |WWRmin+12%*

2 0|South 0.98 -0.06 -0.07 0.01 -0.04 -0.05 0.08 0.04 0.03 0.08 0.05 0.05

2 90| West 0.91 -0.05 -0.06 0.00 -0.06: -0.09 0.07 0.04 0.03 0.06 0.02 0.02

2 180(North 0.81 0.07 0.08 0.06 0.11 0.10 0.07 0.15 0.17 0.02 0.10 0.12

2 270|East 0.71 0.01 0.00 0.02 -0.04 -0.05 0.09 0.08 0.07 0.06 0.02 0.01

5 0|South 1.00 -0.08 -0.09 0.00 -0.08 -0.09 0.09 0.04 0.03 0.10 0.04 0.03

5 90| West 1.05 -0.07 -0.09 0.00 -0.07 -0.09 0.09 0.04 0.03 0.09 0.04 0.03

5 180(North 0.99 -0.05 -0.07 0.00 -0.07 -0.08 0.09 0.07 0.06 0.06 0.03 0.02

5 270|East 1.06 -0.07 -0.09 0.00 -0.07 -0.08 0.09 0.04 0.03 0.09 0.04 0.03

6 0[South 1.76 -0.10 -0.12 0.00 -0.10 -0.13 0.10 0.03 0.01 = = =

6 90(West 1.82 -0.10 -0.11 -0.01 -0.10 -0.12 0.10 0.03 0.02 = = =

6 180|North 1.76 -0.08 -0.09 -0.01 -0.09 -0.11 0.10 0.05 0.05 = = =

6 270|East 1.82 -0.10 -0.12 0.00 -0.10 -0.12 0.10 0.03 0.01 = = =

7 0|South 2.28 -0.12 -0.24 0.08 0.00 -0.09 0.12 0.06 -0.02 = = =

7 90| West 2.30 -0.11 -0.22 0.08 -0.01 -0.09 0.11 0.06 -0.01 = = =

7 180|North 2.26 -0.09 -0.17 0.06 -0.01 -0.06 0.09 0.06 0.02 = = =

7 270|East 2.27 -0.08 -0.16 0.07 0.01 -0.04 0.11 0.07 0.03 = = =

A comprehensive presentation of all the key energy simulation results may be found at the end of this Appendix.

The western fagade of the apartment archetype was selected as the principal fagade (for a northerly building orientation of
0 degrees), with a principal facade WWRmin=0.09 as the base case for CZ2, CZ5 and CZ6, and WWRmin= 0.07 for CZ7.
Window sizes were then determined for the other scenarios, and resultant matrix of WWR values and total window areas
(for the principal facade) employed for each scenario for every climate zone is presented in Table 4-29.

Table 4-29 Apartment glazing analysis parameter matrix.

CRC

A

LOW CARBON LIVING

S & Principal facade WWR Principal facade window area (m?)
Glass 1 Glass 2 Glass 3 Glass 4 Glass 5 Glass 6 Glass 1 Glass 2 Glass 3 Glass 4 Glass 5 Glass 6
(E\‘E\S,\?Rmm )Case 256 |009 [012 |01 [016 |01 |011 |36 |49 |43 |68 |43 |46
m%min+1°;j)e 256 | 019 [026 |022 [035 |022 |024 |77 |106 |92 |146 [92 |98
\E/‘\f\‘/f/%mmf;ze 256 | 024 [033 |028 [045 |028 |03 |97 |134 |117 |184 |117 | 125
(E\‘E\SA?RMH )Case 7 0.07 [ 0.07 | 007 007 |007 |007 |27 |27 |27 |27 |27 |30
m‘;mmﬂc&;‘a 7 0.17 | 017 | 017 | 017 |017 [017 |68 |68 |68 |68 |68 |71
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Base case

WWRmin+20% 7 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 0.27 | 10.9 | 109 | 10.9 | 109 | 10.9 | 11.2
min

The figure below, and the comprehensive set of graphs provided at the end of this report, present the results for thermal
energy required by the dwellings (annual heating, annual cooling and annual heating and cooling combined for the whole
apartment) as a function of: SHGCxXWWR; window type and the direction faced by the principal facade concerned on which
these changes were made.

Typically, the total energy consumption decreased with decreasing SHGCXWWR for all four climates irrespective of the
apartment orientation and glass type. Looking at heating and cooling consumption separately, each climate zone behaved
differently for the heating. The two climate zones with the largest heating demand, i.e. CZ7 in all orientations and CZ6 with
the principal facade facing east, south and west, show an increasing trend as SHGCXWWR increases. This is largely
because the heat losses due to a larger glazing area outweigh the increased winter solar heat gains, and more heating is
needed.

As expected, the trends for windows of different U-values converged as SHGCxWWR approaches zero, since the limit of
SHGCXWWR—0 represents a wall with no window, where Utota=Uwall.

A representative example of the thermal energy requirements for one particular climate zone and one orientation of the
principal fagcade are shown in Figure 71.

Apartment - Climate Zone 2

—&—Glass 1, U=6.7, SHGC=0.70 —#— Glass 2, U=4.6, SHGC=0.46 Glass 3, U=4.3, SHGC=0.53

Glass 4, U=2.3, SHGC=0.25 —O—Glass 5, U=2.9, SHGC=0.51

Principal fagade facing West

Figure 71 Example graphs for the Apartment archetype annual thermal energy required (total, heating and cooling) vs SHGCXWWR for
a Climate Zone 2 and principal facade facing West.

All the energy results from the more than 800 simulations/models undertaken for the residential glazing analysis are
provided at the end of this Appendix.
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B.6.3.2 Results for Attached Archetype

The southern facade of the attached archetype was selected as the principal fagade (for a northerly building orientation of
0 degrees). The principal fagade WWRmin of the attached house with the base case window Glass 1 was 0.31 (CZ2, CZ5
and CZ6). The resultant matrix with WWRs and principal fagade window areas for each scenario is presented in Table
4-30. A particular example of the thermal energy requirements (heating, cooling and heating and cooling combined) versus
SHGCXWWR and glass types for Climate Zone 7 with the principal facade facing West are shown in Figure 72.

The results for all climate zones and orientations are provided at the end of this Appendix. It may be seen from these
figures that the total heating and cooling energy requirements of the attached house typically increased with increasing
SHGCXWWR and U-values for the four orientations and four climate zones. For the same SHGCxXWWR and glass type,
the Attached archetype required the most heating and cooling energy in Climate Zone 7, followed by Climate Zone 6,
Climate Zone 2 and Climate Zone 5.

Table 4-30 Attached archetype glazing analysis matrix

) Principal facade WWR Principal facade window area (m?)

Scenario Cz

Glass 1 Glass 2 Glass 3 Glass 4 Glass 5 Glass 6 Glass 1 Glass 2 Glass 3 Glass 4 Glass 5 Glass 6
Base = case | ,:6 | 031 [043 | 037 |059 [037 |04 |108 |150 | 130 [ 205 | 130 | 139
(WWRmin)
Base case
WWRmin+10% 2,5,6 041 | 057 | 049 | 0.78 | 049 | 052 | 143 | 198 | 17.2 | 27.2 | 17.2 | 184
Base case
WWRumin+15% 2,5,6 043 | 059 | 051 |081 (051 [(055 | 150 | 20.8 | 18.0 | 285 | 18.0 | 19.3
Base case
(WWRmin) 7 0.21 | 0.20 | 0.21 [ 0.20 [ 0.21 |0.25 | 7.4 7.1 7.4 7.1 7.4 8.7
Base case
WWRmin+10% 7 031 | 030 | 031 |0.30 (031 (035 |10.9 | 10.7 | 10.9 | 10.7 | 10.9 | 12.7
Base case
WWRmin+20% 7 041 | 040 | 041 | 040 (041 (045 | 144 | 141 | 144 | 141 | 144 | 15.7

A representative example of the thermal energy requirements one particular climate zone and one orientation of the
principal facade are shown in below.

Attached - Climate Zone 7

—e—Glass 1, U=6.7, SHGC=0.70 Glass 2, U=4.6, SHGC=0.46
Glass 3, U=4.3, SHGC=0.53 —— Glass 6, U=2.6, SHGC=0.53

Principal fagcade facing West
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Figure 72: Example graphs for the attached archetype annual thermal energy required (total, heating and cooling) vs SHGCXWWR for a
particular climate zone and principal facade orientation

All the energy results from the more than 800 simulations/models undertaken for the residential glazing analysis are
provided at the end of this Appendix.
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B.6.3.3 Results for Detached Archetype

The analysis for the detached house was focussed on the south facade of the baseline house model. The resultant matrix
with WWR and total window area for each scenario is presented in Table 4-31. A particular example of the thermal energy
requirements (heating, cooling and heating and cooling combined) versus SHGCXWWR and glass types for Climate Zone
5 with the principal fagade facing West are shown in Figure 73.

The trends in the annual heating and cooling requirements of the detached archetype was qualitatively similar to that of
the attached house across the four orientations and three climate zones.

Table 4-31: Details of the glazing options for the detached house

) Principal facade WWR Principal facade window area (m?)
Scenario Ccz

Glass 1 [ Glass 2 | Glass 3 | Glass 4 | Glass 5 [ Glass 6 | Glass 1 | Glass 2 | Glass 3 | Glass 4 | Glass 5 | Glass 6

Base case (WWRmin) 256 |0.12 |(0.16 [0.14 |0.22 |(0.14 |0.15 5.8 8.0 6.9 11.0 (6.9 7.4
Base case WWRmin+10% (2,56 |0.22 (0.30 |0.26 041 |(0.26 |0.28 10.7 14.8 12.8 |20.3 12.8 13.7
Base case WWRmin+15% (2,56 |0.27 [0.37 |0.32 051 (032 |0.34 13.2 18.2 15.8 |[25.0 15.8 16.9

Base case (WWRmin) 7 0.09 |0.09 |0.09 (0.09 |0.09 (0.11 5.2 4.9 5.2 4.9 5.2 6.1
Base case WWRmin+10% | 7 0.19 |0.19 (019 |[0.19 |0.19 |[0.21 108 |[10.5 |10.8 |105 ([10.8 |11.6
Base case WWRmin+20% | 7 029 (029 (029 [0.29 |0.29 |[0.31 16.3 |[16.0 |16.3 |16 16.3 |[17.2

Detached - Climate Zone 5

—e— Glass 1, U=6.7, SHGC=0.70 —m— Glass 2, U=4.6, SHGC=0.46
Glass 3, U=4.3, SHGC=0.53 Glass 4, U=2.3, SHGC=0.25

Principal fagade facing West

Figure 73 Example graphs for the detached archetype annual thermal energy required (total, heating and cooling) vs SHGCXWWR for a
particular climate zone and principal facade orientation

All the energy results from the more than 800 simulations/models undertaken for the residential glazing analysis are
provided at the end of this Appendix.

B.6.4 Glazing BCA and Determination of the Improved Performance Glazing Targets

The geometries of all the windows in the very many AccuRate models of the archetypes energy described in the previous
section were then used to determine the capital costs of the glazing in each case. The performance of the scenarios
compared with the base case is shown in Figure 74 below.
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Figure 74: Example Energy vs SHGC x WWR plot showing the relative position of the cheapest option for Attached Climate Zone 2 North.

The scenarios that performed better than the base case scenario were then characterised by plotting them on a Utotar (wall
+ window) value versus SHGC x WWR graph as shown in Figure 75 below. Using this relationship, the upper bound values
of both U-total and SHGC x WWR to ensure energy compliance were determined, which represented the Improved
Performance Glazing targets. Glazing that did not meet both these requirements would be deemed to be ‘energy non-
compliant’ with respect to these targets. This process was then repeated across each orientation. The Improved
Performance Glazing targets are provided in Table 4-32 below.

U-total vs SHGC x WWR

Figure 75: Example Utwtal vs SHGC x WWR plot for Attached archetype in Climate Zone 2 North facing condition.

Table 4-32: Proposed ‘Improved Performance Glazing’ targets.
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Attached Detached Apartment

Cz2 Ccz2 Cz2

Orientation SHGC*WWR Uit | Orientation SHGC*WWR | Uwt | Orientation SHGC*WWR | Uit
N 0.29 23 | N 0.14 1.1 N 0.06 0.75
E 0.25 23 | E 0.08 1.1 E 0.06 0.75
S 0.29 23 | S 0.17 11 [ S 0.06 0.75
W 0.26 23 | W 0.14 11 [ W 0.06 0.75
CZ5 CZ5 CZ5

Orientation SHGC*WWR Uit | Orientation SHGC*WWR | Uwt | Orientation SHGC*WWR | Ut
N 0.29 23 | N 0.08 1.1 N 0.06 0.75
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E 0.29 2.3 E 0.08 1.1 E 0.06 0.75
S 0.29 2.3 S 0.18 1.1 S 0.06 0.75
W 0.29 23 | W 0.1 11 | W 0.06 0.75
CZ6 CZ6 CZ6

Orientation SHGC*WWR Utot Orientation SHGC*WWR | Uit Orientation SHGC*WWR | Ut
N 0.29 1.5 N 0.18 1.1 N 0.06 0.75
E 0.29 1.5 E 0.18 1.1 E 0.06 0.75
S 0.29 1.5 S 0.18 1.1 S 0.06 0.75
W 0.29 15 | W 0.18 11 | W 0.06 0.75
cz7 Cz7 Ccz7

Orientation SHGC*WWR Utot | Orientation SHGC*WWR | Utot | Orientation SHGC*WWR | Utot
N 0.29 1.5 N 0.15 1.1 N 0.06 0.75
E 0.29 1.5 E 0.15 1.1 E 0.06 0.75
S 0.29 1.5 S 0.15 1.1 S 0.06 0.75
W 0.29 15 | W 0.15 1.1 W 0.06 0.75

It should be noted that should this approach be adopted to the minimum performance specifications of glazing in the future,
then further research/modelling may be required to determine the sensitivity of the targets given in Table 4-32 to building
design parameters such as shading factor, etc.

B.6.5 Determination of Glazing Base Case Models for Multi-Dimensional Energy Analyses

B.6.5.1 Objective
The objectives of this part of the work was to:

1. Determine the glazing to be used in the 2016 multi-dimensional baseline AccuRate Sustainability models (‘2016
6-Star Compliant Glazing’) of the three archetypes, and to

2. Determine the glazing to be included in the multi-dimensional increased stringency archetypes (‘Improved
Performance Glazing’) as determined from the ‘Improved Performance Glazing' targets shown in Table 4-32
which were selected on a climate zone/archetype basis and used across all future time steps.

B.6.5.2 Selection of Archetype Glazing Dimensions

The first step in the process was to define the baseline glazing types in the various archetypes, which were then used to
generate the ‘2016 6-Star Compliant Glazing’ and the proposed ‘Improved Performance Glazing’ targets.

To do this, AccuRate models for the three archetypes/climate zones were defined that met the following criteria:

¢ WWRs were chosen to align with certification data for recent building approvals as provided by CSIRO, and shown
in Table 4-34 and Table 4-35.

e Ventilation requirements — sizes of the openable areas of windows were chosen to meet the 5% of floor area NCC
2016 requirements, and the openable areas of each window was set to be 50% of that window’s total gross (frame
plus glass) area;

e Natural lighting requirements — size of aggregate light transmitting area of windows to be 10% of habitable floor
area, complying with NCC 2016 minimum requirements.

B.6.5.3 Method to Establish Multi-Dimensional 2016 6-Star Compliant Glazing’ Baseline Models

The process to determine glazing for the Multi-Dimensional ‘2016 6-Star Compliant Glazing’ Baseline Models was as
follows.

1. Set building fabric to 2016 compliance: Apply NCC2016 DtS compliance to all parameters of the Baseline
Archetypes other than glazing.

2. Select the glazing type (same for all facades) to ensure that 6-Star performance is achieved in at least one
orientation, and determine the two ‘primary orientations’ (with the highest and lowest energy consumption) for
each archetype:

For each NCC2016 DtS compliant archetype baseline model (from Step 1):

a. Determine the minimum window-to-wall ratio (WWR) which satisfies the ventilation and daylighting
requirement of the Code. Add the appropriate increase in WWR (10% for Class 1 and 20% for Class 2)
to establish ‘reasonably sized’ windows based on WWR data provided by CSIRO for new builds (Table
4-34 and Table 4-35). Ensure that the air movement requirements for Class 1 buildings are met.
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For each facade, beginning with the lowest cost glazing (Glass 1) from Table 4-33, and applying this
glass type to all facades, test the NatHERS rating (default infiltration) for the building in all four cardinal
orientations.

If the building achieves NatHERS 6 Star rating in at least one orientation, no further adjustment to glazing
is required, otherwise select the next cheapest glass type from Table 4-33, applying this glass type to all
facades, and repeat until the 6 Star requirement is met for at least one orientation.

Select the ‘best’ and ‘worst’ energy performing orientations for the relevant archetypes and climate zone.
These are to be used as the NCC2016 DtS compliant archetype primary orientations.

3. Select the cheapest glazing type on a fagade-by-facade basis that results in NCC2016 6-Star dwelling compliance
for the two principal orientations:

(this is to ensure that the dwellings are NCC2016 6-Star compliant using default infiltration, but the Multi-D base
case employed a more realistic as-built 15ACH@50Pa air tightness)

For each NCC2016 DtS compliant building archetype primary orientation baseline model (from Steps 1 and 2),
determine the lowest cost glazing from Table 4-33 that ensures that the primary orientation of the relevant
archetype achieves a NatHERS 6 Star rating (using Accurate default infiltration settings, which was approximately
equivalent to 6ACH@50Pa for these archetypes), for each climate zone. The following process was used:

a.
b.

For each facade, select the lowest cost glazing.

Test the NatHERS rating (default infiltration) for the building, and check whether the glazing satisfies
the NCC Volume 2 Glazing Calculator.

If it achieves 6 Stars, no further adjustment required.

If it does not achieve 6 Stars, sequentially replace the glazing on each fagade with the next cheapest
glazing from Table 4-33, starting with the most marginal facade based on the Glazing Calculator
results.

If one or more single fagade upgrade achieves 6 Stars (default infiltration), select the facade with
the lowest glazing area upgrade that achieves 6 Stars and stop.

If no single fagade upgrade achieves 6 Stars, test combinations of 2, 3 and ultimately 4 facade
upgrades using this next cheapest glazing and similarly select the lowest area facade upgrade that
achieves 6 Stars and stop.

If no combination of single facade upgrades at this level achieves 6 Stars, return to d. using all
facades at the new glazing levels and testing the third cheapest glazing (and so on).

Repeat until the building achieves 6 Stars.

Table 4-33: List of AccuRate glass types (from default glazing library) used for the Multi-Dimensional 2016 6-Star Compliant Glazing

analysis

Glass Name U SHGC VT Frame
Glass 1 6.7 0.7 0.9 0.24
Glass 2 4.6 0.46 0.61 0.19
Glass 3 4.3 0.53 0.75 0.24
Glass 4 2.3 0.25 0.45 0.2
Glass 5 2.9 0.51 0.75 0.24
Glass 6 2.6 0.53 0.82 0.35

Table 4-34: Typical WWR percentages for Class 1 and Class 2 buildings for the indicated states and territories [data provided by CSIRQ]

Archetype Orientation WWR % from HStar Data Base

o QLD NSW | VIC | ACT
Detached and Attached o . .
Archetypes (Class 1) Average WWR % across 4 orientations 19.0 20.7 20.0 19.4
Apartment Archetype (Class 2) Average WWR % across 4 orientations 24.3 33.1 47.4 329

Table 4-35: Typical WWR percentages for Class 1 and Class 2 buildings for the indicated states and territories representing CZ2, CZ5,
CZ6 and CZ7 by orientation [data provided by CSIRO]
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Class Orientation ACT NSW QLD Vic
N 29.9% 23.2% 20.2% 21.6%
ﬁ“a"hed E 16.0% 20.6% 19.0% | 19.4%
rchetypes
(Class 1) SE 14.8% 20.1% 19.6% 19.1%
S 18.4% 19.1% 18.4% 19.8%
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Class Orientation ACT NSW QLD Vic
SW 14.8% 19.5% 18.4% 19.3%
W 14.0% 19.9% 17.3% 19.1%
NW 23.2% 21.3% 19.4% 20.7%
N 49.1% 39.2% 26.2% 45.7%
NE 22.9% 37.4% 30.5% 48.0%
E 24.0% 35.0% 25.1% 56.3%
Apartment SE 30.8% 27.3% 22.1% 8.6%
Archetype
(Class 2) S 43.4% 26.8% 21.0% 42.0%
SW 8.8% 27.6% 23.7% 56.1%
w 43.1% 33.2% 22.8% 45.8%
NW 34.9% 37.4% 24.7% 51.6%
B.6.5.4 Apply the ‘Improved Performance Glazing’ targets to the archetype models developed in Section B.6.5.3 above
a. Determine the glass types to be used in the multi-dimensional models with ‘Improved Performance
Glazing’ based on the ‘Improved Performance Glazing’ targets in Table 4-32. These values represent
the performance of earlier archetype models which utilised the smallest, cheapest window that can
comply with the ventilation and natural lighting requirements of the NCC 2016. The values specified are
target maximum values for Utor and SHGCxWWR (which are a function of building orientation). Please
note the definition Utor = UWWWR+Uwai(1-WWR); where Uwai is the U-value of the opaque (non-glazed)
area of a given facade/wall. Note that this Uwai was kept constant, i.e. the same as the baseline models
with 2016 6-Star Compliant Glazing’.
b. For each facade the cheapest glazing that achieves the SHGCxWWR requirement of the Improved
Performance Glazing was determined.
c. Ifthat facade also met the U-value requirement with this glazing, no further adjustment required. If it did

not, then the cheapest glazing with an identical or lower SHGC and a U-value that enables the U-value
requirement to be met was selected.

Single-dimensional (1-D) Analysis of Impact of Glazing Upgrade

A single-dimensional analysis was carried out to determine the impact of upgrading glazing alone (no other building
element upgrades) from ‘2016 6-Star Compliant Glazing’ to ‘Improved Performance Glazing' (as shown in Table 4-36) as
part of the multi-dimensional modelling baseline selection.

Table 4-36 Thermal and electrical loads for the residential archetypes in the two primary orientations for CZ2, CZ5, CZ6 and CZ7

2016 6-Star Compliant Glazing Improved Performance Glazing
Archetype |CZ |Azimuth
Loadw (MJ/m?/ Loade Star Loadwu (MJ/m?/ Loade Star
year) (KWh/m2/year) Rating year) (KWh/m2/year) Rating
2 180° 58.5 5.42 5.1 42.5 3.94 6.4
90° 57.5 5.32 5.1 42 3.89 6.4
5 270° 57 5.28 4.8 42.6 3.94 5.9
TR 90° 53.6 4.96 5 36.2 3.35 6.6
90° 176.2 16.31 4.7 119 11.02 6.1
6 270° 175.5 16.25 4.7 136 12.59 5.7
2 90° 213.2 19.74 5.8 138.9 12.86 6.8
270° 226.8 21.00 5.8 164.2 15.20 6.3
5 180° 41.6 3.85 6.6 36.4 3.39 7.2
270° 61.2 5.67 5 62.9 5.74 4.9
5 180° 29.9 2.77 7.4 25.9 2.40 7.9
Attached 270° 49.4 4.57 5.4 43.1 3.99 6.1
6 180° 110 10.19 6.5 102.5 9.49 6.7
270° 133.8 12.39 5.9 120.8 11.19 6.2
7 180° 143.4 13.28 6.8 140.6 13.02 6.9
270° 172.4 15.96 6.2 154.2 14.28 6.6
0° 54.9 5.08 5.1 42.3 3.92 6.2
Detached |2 Mg5e (523 484 53 523 4.84 53
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2016 6-Star Compliant Glazing Improved Performance Glazing
Archetype |CZ |Azimuth
Loadin (MJ/m2/ Loadei Star Loadi (MJ/mz2/ Loade Star
year) (KWh/m2/year) Rating year) (KWh/m?/year) Rating
5 90° 50 4.63 5.1 37.6 3.48 6.3
180° 51.9 4.81 4.9 40 3.70 6
6 90° 147.7 13.68 5.2 123.5 11.44 5.9
270° 152.6 14.13 5.1 126 11.67 5.8
7 90° 204.8 18.96 5.3 176.3 16.32 5.9
270° 210.5 19.49 5.2 179.3 16.60 5.8

‘2016 6-Star Compliant Glazing’ model results presented higher energy consumption than the ‘Improved Performance
Glazing’ model in all cases (refer to Table 4-36).

B.6.5.5 Multi-D Analysis with 2016 6-Star Compliant Glazing’ Baseline Models and ‘Improved Performance Glazing’
Apply the balance of measures (increased air tightness, PV, ceiling fans, roof insulation, lighting, roller shutters, and
domestic hot water) to the ‘Improved Performance Glazing’ model to formulate the
e Economic Scenario, and
e High Impact Scenario
For each archetype in each climate zone.

Heating and cooling (annual energy and peak power) and equivalent Star rating results for each archetype, orientation and
climate zone for the multi-dimensional analyses were then determined using the models developed as above.

B.6.6  All Annual Thermal Energy Requirement Results Developed for the Residential Glazing Analysis.

Apartment - Climate Zone 2

—&—Glass 1, U=6.7, SHGC=0.70 —@— Glass 2, U=4.6, SHGC=0.46 Glass 3, U=4.3, SHGC=0.53

Glass 4, U=2.3, SHGC=0.25 —O—Glass 5, U=2.9, SHGC=0.51

Principal facade facing West

mption (M1fm?)

Principal fagade facing East
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Figure 76 Apartment archetype annual thermal energy required (total, heating and cooling) vs SHGCxXWWR and window type for Climate
Zone 2
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Apartment - Climate Zone 5
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Figure 77 Apartment archetype annual thermal energy required (total, heating and cooling) vs SHGCxXWWR and window type for Climate
Zone 5
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Figure 78 Apartment archetype annual thermal energy required (total, heating and cooling) vs SHGCXWWR and window type for Climate

Zone 6
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Figure 79 Apartment archetype annual thermal energy required (total, heating and cooling) vs SHGCxXWWR and window type for Climate

Zone 7
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Figure 80 Attached archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window type for Climate
Zone 2
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Figure 81 Attached archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window type for Climate
Zone 5

Jk I.OUJ [:H RBUn I.I\”n G SP0016 Building Code Energy Performance Trajectory Final Report 132
< CRC



Attached - Climate Zone 6
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Figure 82 Attached archetype annual thermal energy required (total, heating and cooling) vs SHGCXWWR and window type for Climate
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Figure 83 Attached archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window type for Climate
Zone 7.
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Figure 84 Detached archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window type for Climate
Zone 2
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Figure 85 Detached archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window type for Climate
Zone 5
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Figure 86 Detached archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window type for Climate

Zone 6
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Figure 87 Detached archetype annual thermal energy required (total, heating and cooling) vs SHGCxWWR and window type for Climate
Zone 7

B.7 Residential Plug-in Appliance Loads

The objective of the additional plug-in appliance analysis was to determine an appropriate amount of additional electrical
load beyond domestic hot water, lighting, and existing heating and cooling figures, to be included in the ‘Net Energy
Trajectories’. This component of electrical load was added, for each building type, to the aforementioned electrical loads
and compared to the appropriate amount of PV generation (refer to below Solar Photovoltaic Analysis), in order to
determine if the increased stringency archetypes modelled are achieving net zero energy status.
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The AccuRate Sustainability software uses the NatHERS protocol to establish an estimate of nominal heating and cooling
contribution attributed to appliances within a building. Figures from DEWHA (DEWHA 2008) and Department of Industry
and Science (DIS 2015) suggest that appliance loads are a significant proportion of household energy use within the
residential sector. Therefore additional plug appliance load beyond that already allowed for in the heating and cooling
figures from AccuRate Sustainability need to be considered for Net Energy Trajectories.

The additional plug appliance loads were determined separately to the building heating and cooling model, currently
developed in AccuRate Sustainability. Thus, the additional heating and cooling impact of these devices was not considered
in the heating and cooling figures. Where relevant the additional plug appliance loads were correlated to occupancy as
defined in the NatHERS protocol. No allowance was made for adapting or adjusting occupancy to particular archetypes,
occupant behaviour, climate zones, etc., and no analysis was completed to establish the nominal impact of Minimum
Energy Performance Standards and technology improvements for plug appliance loads in this stage of the project.

The individual appliance power and usage were based on the default energy ratings in AusZEH (Australian Zero Emission
Home Design Tool), using the methodology outlined by Ren et al*4, and suggested by CSIRO as aligning with data from
the DEWHA 2008 report*® (later updated for the DIS in 201546).

For the NCC Trajectory project the apartment and attached archetypes were assumed to have an occupancy of 3 persons,
and for the detached archetype, 5 persons. As appliance technologies and associated occupant use will change throughout
the trajectory period, the individual appliances listed in the tables below are not meant to replicate exactly current or future
household appliances, but to provide a reasonable level of overall plug-in appliance load annual energy demand.

Table 4-37 Three occupant (apartment and attached archetype) nominal plug-in appliance load

Plug-In Appliance Annual energy use Apartment annual | Attached annual

energy use*’ energy use*®

Television 416.3 kWh/year 5.45 kWh/m?/year 3.10 kWh/m?/year
DVD 15.9 kWhlyear 0.21 kWh/m?/year 0.12 kWh/m?/year
Computer 119.6 kWh/year 1.57 kWh/m?/year 0.89 kWh/m?/year

Electric Stove

427.1 KWhlyear

5.59 kWh/m?/year

3.18 kWh/m?/year

Electric Oven

240.9 kWh/year

3.15 kWh/m?/year

1.79 KWh/m?/year

Fridge/freezer 613.2 kWhlyear 8.02 kWh/m?/year 4.56 KWh/m?/year
Microwave 88.6 kWh/year 1.15 kWh/m?/year 0.66 kwh/m?/year
Dishwasher 306.3 kWh/year 4.01 kWh/m?/year 2.28 kWh/m?/year
Clothes Washer 124.8 kWhlyear 1.64 kWh/m?/year 0.93 kWh/m?/year

Small allowance for other appliances

950 kWhlyear

12.44 KWh/m?/year

7.06 kWh/m?/year

Total appliance load

3,303 kWh/year

43.22 kWh/m?/year

24.56 kWh/m?/year

Table 4-38 Five occupant (detached archetype) nominal plug-in appliance load

Plug-In Appliance

Annual energy use

Detached annual energy use®

Television 416.3 kWh/year 2.20 kWh/m?/year
DVD 15.9 kWh/year 0.08 kWh/m?/year
Computer 119.6 kWh/year 0.63 kWh/m?/year

Electric Stove

711.8 kWhlyear

3.76 kWh/m?/year

Electric Oven

401.5 KWh/year

2.12 kWh/m?/year

Fridge/freezer 1022.0 kWhlyear 5.40 kKWh/m?/year
Microwave 88.6 kWh/year 0.47 KWh/m?/year
Dishwasher 306.3 kWh/year 1.62 kWh/m?lyear
Clothes Washer 124.8 kWhlyear

0.66 kWh/m?/year

Small allowance for other appliances

950 kWhlyear

5.02 kKWh/m?/year

Total appliance load

4,157 kWh/year

21.95 kWh/m?/year

It is noted that the above plug-in appliance figures are considerably high when compared to the NatHERS base case of
approximately 1,807 kWh/year already included in the AccuRate Sustainability heating and cooling load (no area

adjustment applied).

44 Ren et al, “AusZEH Design: Software for low emission and zero-emission house design in Australia”, Proc. of Building Simulation,

November 2011

45 Energy Efficient Strategies, “Energy Use in the Australian Residential Sector 1986-2020", Prepared for Department of the

Environment, Water, Heritage and the Arts, 2008

46 Energy Consult, “Residential Energy Baseline Study: Australia”, Prepared for Department of Industry and Science on behalf of the
trans-Tasman Equipment Energy Efficiency (E3) Program, August 2015

47 Apartment area used 76.42m?
48 Attached area used 134.50

4 Detached house area used 189.39m?2
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B.8 Residential Domestic Hot Water Loads

Domestic hot water is a significant use of energy within Australian homes, and indeed is dominant in mild climates where
heating and cooling needs are limited. Australian homes currently use a mix of technologies for domestic hot water,
including:

e Electric storage

¢ Instantaneous electric
e Gas storage
Instantaneous gas
Electric heat pump
Solar — electric boosted
Solar — gas boosted

For the purposes of the residential study, only electric options were considered as this enables many building types to
become net zero emission buildings through the use of PV. This however is only a reflection of the scenario development
process and is not a recommendation against gas DHW per se. A full Code development process would need to properly
address the complex issues of the electricity/gas question.

The available electric DHW technologies have been characterised in Table 4-39, noting the Efficiency/Coefficient of
Performance (COP) is the number of units of hot water produced per unit of input energy, not including standing losses. It
is noted that the actual efficiency of solar varies widely based on the installation and climate zone, and the efficiency of
heat pump units is temperature dependent.

Table 4-39 Electric DHW technologies considered

Technology Description Effective Efficiency (COP)

Electric storage Direct electric heating elements in a 1.0
storage tank.

Standard Heat Pump HCFC refrigerant heat pump with storage | 3.0
tank. Examples: Rheem MPi series

High Performance Heat Pump CO2 refrigerant heat pump with storage 4.5
tank. Examples: Sanden EcoPlus

Solar with electric boost Roof mounted solar panel/storage tank 4.0
unit. Examples: Rheem Hiline series

For the townhouse and detached house archetypes, all of the nominated technologies are viable. For apartments, however,
only direct electric heating is viable as a technology for DHW on an individual apartment basis; other technologies require
a centralised system (which is common practice, albeit typically gas fired, in larger apartment buildings). As it was beyond
the scope of this study (for the residential analysis) to assess centralised DHW versus individual unit DHW, and as it is
possible for heat pump and solar technologies to be used with centralised systems, we elected not to analyse DHW for
apartments, and instead extrapolated the results for the other archetypes to the apartment case.

Assuming a townhouse occupancy of 3 persons (also used for the apartment archetype) and a detached house occupancy
of 5 persons, both can be served adequately using a system of any technology with approximately 300-325 litre storage.

From Whaley et al*°, annual standing losses from storage systems have been estimated at around 1.8 kWh/day. The same
reference identifies average hot water use as 39 litres per person per day; for the purposes of the current calculation, a
40°C temperature rise has been assumed. In practice this varies with inlet temperature and thus with climate zone; however
this is a second order factor and has been disregarded for the purpose of the current calculation.

Using these assumptions the calculated energy use figures are as shown in Table 4-40 and Table 4-41. These DHW
figures were used for both the conservative and accelerated technology energy efficiency trajectory scenarios for the multi-
dimensional analysis and applied to the overall household energy using varying levels of COP (base case COP = 3,
maximum conservative trajectory scenario COP = 4.5, maximum accelerated technology COP = 5)

0 David Whaley, Raymond Liddle, Lachlan Mudge, Ellise Harmer, Prof Wasim Saman, “Residential Water Heater Baseline Data Study -
Final Report”, Report completed by UniSA Barbara Hardy Institute for Department for Manufacturing, Innovation, Trade, Resources and
Energy (DMITRE), 2014
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Table 4-40 DHW energy use calculations for the residential townhouse (and apartment) based on occupancy of 3 persons

Technology Annual water use Water use energy Standing losses Standing losses Annual energy use
(litres) (KWhe) (KWhin) (KWhe) (KWhe)

Direct Elec 42705 1993 664 664 2657

Standard HP 42705 664 664 221 886

Hi Perf HP 42705 443 664 148 590

Solar DHW 42705 498 664 166 664

Table 4-41 DHW calculations for the residential detached house based on occupancy of 5 persons

Technology Annual water use Water use energy Standing losses Standing losses Annual energy use
(litres) (kWhe) (KWhin) (KWhe) (KWhe)

Direct Elec 71175 3322 664 664 3986

Standard HP 71175 1107 664 221 1329

Hi Perf HP 71175 738 664 148 886

Solar DHW 71175 830 664 166 996

Itis noted that there is a significant difference in the peak demand from each of these systems. However, as all are typically
connected to ripple or off-peak control, no allowance has been included in the economic analysis for the impacts on network

infrastructure.

B.9

Lighting

Lighting design for each of the archetypes assumed that CFL technology was used in the base case scenarios, and that
LED technologies were used in the improved design factors. The improved design factors were applied incrementally for
the conservative and accelerated technology energy efficiency trajectory scenarios by adjusting the lighting energy density
(W/m?) for each improvement (or anticipated improvement) in lighting technology, e.g. adjusting from CFL technology to
advanced LED technology. Table 4-42 to Table 4-44 present the base case lighting energy results for the residential
archetypes. The energy density of lighting is varied in increments down to 3 W/m2 (advanced LED technology) for the multi-

dimensional trajectory analysis.

Table 4-42 Base case (CFL) lighting energy results for the residential apartment

Apartment Room ;[;;%Hg?t)aal?g A I g;}?ﬁ?jsbgfgdmﬁ?ege Lighting energy Lighting energy use
2

Archetype (CFL) area EA design) (hours) use (kWh/year) (KWh/mz/year)
Bedl 14.4 m? 35W 15 19.16 0.25

Ensuite 4.7 m? 37TW 2 27.01 0.35

Bed2 9.4 m? 35 W 15 19.16 0.25

Living 222 m? 78 W 8 85.41 1.12
Bathroom 7.0 m? 50 W 2 36.50 0.48

Laundry 2.5 m? 13w 15 7.12 0.09

Kitchen 7.2 m? 39 W 4 56.94 0.75

Bedroom Hall 7.0 m? 39W 15 21.35 0.28

Entry Hall 2.0 m? 13W %5 7.12 0.09

Total 76.42m2 | 339 W - 279.77 3.66

Table 4-43 Base case lighting results for the residential attached house

Total installed NatHERS based average N S
ﬁ:tcﬁ?tsge (CFL) :rc:ec;m Iighting.(based on daily hours of lamp useg t'sgehzrv%ﬁgir{% I&%ﬁfngyl:gy use

EA design) (hours)
First Floor
Bathroom 5.6 m? 32W 2 23.36 0.17
Bedl 17.5 m? 64 W 15 35.04 0.26
Bed2 14.0 m? 44 W 15 24.09 0.18
Ensuite 4.2 m? 32W 2 23.36 0.17
Study 11.0 m2 52 W 15 28.47 0.21
Hallway 5.8 m? 60 W 15 32.85 0.24
Ground Floor 0.00
Kitchen 17.5 m? 120 W 4 175.20 1.30
Landing* 6.6 m? 12W 15 6.57 0.05
Laundry 6.6 m? 40 W 15 21.90 0.16
Living 31.3 m? 120 W 3 131.40 0.98
Steps 5.6 m? 24 W 15 13.14 0.10
Entry 8.8 m? 44 W 1.5 24.09 0.18
Total 13450 m> | 644 W - 539.47 4.01
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Table 4-44 Base case lighting results for the residential detached house

Detached Room ;:'gc:rt]?ilr]lgs(gls(;i don y;}?ﬁ?isbsfsgdmzvﬁzge Lighting energy Lighting energy use
Archetype (CFL) area EA design) (hours) use (kWhlyear) (kKWh/mz/year)
Front Living 32.5 m? 160 W 3 175.20 0.93

Study 8.9 m? 32W 15 17.52 0.09
Living/Kitchen 25.3 m? 120 W 4 175.20 0.93

Laundry 5.4 m? 20 W 1.5 10.95 0.06
Bedroom4 12.2 m? 32W 15 17.52 0.09

Hall 19.2 m? 120 W 15 65.70 0.35
Bedrooml 14.1 m? 44 W 15 24.09 0.13

Ensuite 3.9 m? 32 W 2 23.36 0.12

WIR 3.9 m? 20 W 1.5 10.95 0.06
Bedroom? 10.3 m2 32W 1.5 17.52 0.09
Bedroom3 10.3 m? 32W 15 17.52 0.09

WC 2.7 m? 20 W 2 14.60 0.08
Bathroom 7.6 m? 32 W 2 23.36 0.12

Rear Living 33.1 m? 140 W 3 153.30 0.81

Total 189.39 m2 | 836 W - 746.79 3.94
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Appendix C - Residential Energy Modelling Details

C.1  Single-Dimensional Energy Results

The following tables summarise the detailed energy analysis results for the three residential archetypes under Climate Zones 2, 5, 6 and 7. The results presented are
the thermal energy consumption (MJ/m2/year). The cooling or heating saving presented in the tables refers to the difference between the thermal energy consumption
of the Base Case and that of using individual technical options while the rating change refers to the difference of Equivalent Star Rating of the archetype using individual
technical options with that of the Base Case.

The Base Case models for Climate Zone 7 differ slightly from the Base Case models used in Climate Zones 2, 5 and 6 for the single-dimensional results due to being
completed in the latter stages of the project and incorporating further Technical Advisory Group feedback requiring minor adjustments to the archetype models (e.g.
adjusted zoning in the AccuRate Sustainability software, and modified window to wall ratios to match CSIRO provided data). The Base Case models for the single-
dimensional results also differ from the Base Case models for the multidimensional work for similar reasons, and thus some care and knowledge is required to make
any direct comparisons between the various stages of modelling.

Glazing adjustments are excluded from design parameter changes in the single-dimensional results as glazing was treated separately within the Glazing Analysis (refer
to Section B.6 and of this report).

Slab edge insulation results for the single-dimensional analysis have been reported separately as these models were simulated using a modified (improved) Chenath
engine within the AccuRate Sustainability software which better replicated the effects of slab edge insulation.

The external shading (roller shutters and eaves) results are presented as being applied on a per fagade basis (maximum level only) to align with the costing that was
completed by Energy Action.

C.1.1 Climate Zone 2 Single-Dimension Energy Results

Table 4-45 Energy analysis results for the Apartment Archetype for Climate Zone 2

Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation|Design parameters Load (MJ/m?/year) |Equivalent |Saving (MJ/m?year) |Rating Saving (MJ/m?/year) |Rating [Saving (MJ/m?year) |Rating Saving (MJ/m?/year) |Rating
Cooling [Heating |Star Rating |Cooling |Heating |Change |Cooling |Heating Change |Cooling |Heating |Change |Cooling |Heating |Change
External Insulation 0.7 0.6 0 1.4 1.1 0.1 1.5 1.3 0.1 1.8 1.6 0.2
wall Surface colour 0.4 -0.3 0 1.4 -0.8 -0.9 0
Infiltration |Improve workmanship 4 8.3

Eave extension west

Eave extension north
0° : 44.4 17.7 4.9
External Eave extension east

shading  |Roller shutters west 9.2 -0.1
Roller shutters north 2.2 -0.1 0
Roller shutters east 5.2 -0.1 0.3
Thermal mass 8.8 0.8 0.5 4.7
External Insulation 0.1 0.5 0 0.6 0.8 0.1 0.4 0.9 0.1
0
90 wall Surface colour 353 114 6 0.4 -0.3 0 0.8 -0.8 0 0.7 -1 -0.1

R
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation|Design parameters Load (MJ/m?/year) |Equivalent |Saving (MJ/m?/year) |Rating Saving (MJ/m?year) |Rating [Saving (MJ/m?/year) |Rating Saving (MJ/m?/year) |Rating
Cooling [Heating [Star Rating |Cooling [Heating [Change |Cooling |Heating Change |[Cooling [Heating Change |Cooling |Heating |Change
Infiltration |Improve workmanship 0.3 6.2 0.6
Eave extension west 5.7 -0.4 0.4
Eave extension north 4.1 -0.5 0.3
External |Eave extension east 39 -0.4 0.3
shading  |Roller shutters west 7.7 0 0.8
Roller shutters north 4.1 0 0.4
Roller shutters east 5.9 0 0.6
Thermal mass 5.8 2.5 0.8 3 2.8 0.6 7.2 3.9 1.2
External |Insulation 0.8 0.5 0 1.1 0.6 0.1 1.6 0.9 0.2 1.9 1.1 0.3
wall Surface colour 0.7 -0.4 0 1.2 -0.9 0 1.7 -1.1 0.1
Infiltration |[Improve workmanship -0.7 5.3 0.5
Eave extension west 2.9 -0.1 0.3
Eave extension north 1.3 -2.8 -0.1
180° External |Eave extension east 36.3 3 6.3 2.5 -0.9 0.1
shading  |Roller shutters west 4.1 0 0.4
Roller shutters north 1.6 -0.1 0.1
Roller shutters east 3.1 0 0.3
Thermal mass 4.8 1 0.6 15 1.4 0.3 4.3 1.6 0.6
External |Insulation 0.1 0.6 0 0.7 1.3 0.2 1 1.7 0.3 1.4 2 0.3
wall Surface colour 0.6 -0.4 0 1.6 -1 0.1 1.7 -1.3 0
Infiltration |[Improve workmanship 0.8 9.2 0.9
Eave extension west 1.3 0 0.1
Eave extension north 1.8 0.3 0.2
270° External |Eave extension east 337 174 56 2.7 -1.4 0.1
shading  [Roller shutters west 2.2 0.5 0.3
Roller shutters north 1.7 0.5 0.2
Roller shutters east 3.4 0.5 0.3
Thermal mass 6.9 0.3 0.7 2.4 0.7 0.3 7.7 0.4 0.8
Table 4-46 Energy analysis results for the Attached Archetype for Climate Zone 2
Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation| Design parameters I(_I\?I?/OImZI ear) Equival_ent (Sl\i\\llllzﬁ%/year) Rating (Sl\i\llllr:%/year) Rating ?l\i\]//mm%/year) Rating (Sl\%/mm%/year) Rating
Cooling|Heating Star rating Cooling [Heating Change Cooling |Heating Change Cooling [Heating Change Cooling |Heating Change
External |Insulation 0 0.2 0 0.3 0.3 0 0.1 0.4 0 0.1 0.5 0
0° wall Surface colour 34 104 |6.3 0 -0.1 0 0.2 -0.2 0 0.5 -0.3 0 1 -0.4 0
Roof Roof surface type 05 [03 o 1 07 o 18 |08 o R
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation| Design parameters I(_I\(/JIT’JjI?mZ/ ear) Equival_ent (Sl\j\\]//IPng?/year) Rating (Sl\i\ll/lrr:w%/year) Rating (Sl\i.\llll;g?/year) Rating (Sl\j\\J//I&g?/year) Rating
Cooling|Heating Star rating Cooling [Heating Change Cooling |Heating Change Cooling [Heating Change Cooling |Heating Change
Surface colour 0.8 -0.3 0 0.6 -0.6 0
Openness 0.7 -0.2 0 1 -0.2 0
Ceiling Insulation 0.4 0.4 0 0.8 0.7
Under Slab
Floor - -2.6 -1.6 -0.4
Ventilation|Ceiling fan 16.7 -0.3 1.6
Infiltration :/U;?Ii?r\\l:nship 6.5 4.1
Eave extension west
Eave extension
north
External  [Eave extension east
Sl Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Under Slab
ey Insulation
Ventilation|Ceiling fan
90° Infiltration m?lim/:n Ship 606 |7 4.6
Eave extension west
Eave extension
north
External  [Eave extension east
ST Roller shutters west
Roller shutters north
Roller shutters east 5.3} 0.1 .
Thermal mass 1.2 0.7 0.2 1.3 0.8 0. .
External |Insulation 0.1 0.1 0 0.2 0.1 0 0.3 0.2 0
180° wall Surface colour 334 |24 7.3 0.2 0 0 0.1 0 0 0.3 -0.1 0
Roof Roof surface type -0.3 -0.1 -0.1 0.9 -0.2 0 1.1 -0.2 0.1
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation| Design parameters I(_I\(/JIG.Ji?mZ/ ear) Equival_ent (Sl\j.\llllpng?/year) Rating (SI\?\\JI/Irr:Wg?/year) Rating (Sl\i.\lllmmg?/year) Rating (Sl\j\\llllrr;g?/year) Rating
Cooling|Heating Star rating Cooling [Heating Change Cooling |Heating Change Cooling [Heating Change Cooling |Heating Change
Surface colour -0.1 -0.1 -0.1 0.9 -0.2 0 0.8 -0.2 0
Openness -0.1 0 0 0.1 0 0
Ceiling Insulation 0.1 0.2 0 0.2 0.4 0 0.2 0.5 0.1 0.2 0.6 0.1
Under Slab
Floor Insulation -2.9 -0.1 -0.4 -3.6 -0.4
Ventilation|Ceiling fan 15.4 -0.1 1.6
Infiltration \Izrv]::?m;ship 49 |2 0.6
Eave extension west
Eave extension
north -0.6 -0.3 -0.1
External  [Eave extension east
SiEelig Roller shutters west
Roller shutters north 1.4 0 0.1
Roller shutters east
Thermal mass 0.4 -0.3 0 -2.3 0.6 -0.2 -1.5 1 -0.1
External |Insulation 0
wall Surface colour 0
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Under Slab
e Insulation
Ventilation|Ceiling fan
270° Infiltration Improve . 64.7 51 4.5
workmanship
Eave extension west
Eave extension
north
External  [Eave extension east
shading
Roller shutters west
Roller shutters north
Roller shutters east 8.5 -0.1
Thermal mass 0.9 0.5
Table 4-47 Energy analysis results for the Detached Archetype for Climate Zone 2
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation| Design parameters I(_l\%;jmzl ear) Equivalgnt (Sl\j\\]//IPng?/year) Rating (Sl\i.\llll;g?/year) Rating (Sl\i\ll/lrr:ﬁ%/ ear) Rating (Sl\j\\J//I&g?/vear) Rating
Cooling|Heating Starrating Cooling |Heating Change Cooling |Heating Change Cooling|Heating Change Cooling|Heating Change
External |Insulation 3.6 -0.2 0.2 4 -0.1 0.3 3.9 0.1 0.3 4.2 0.3 0.3
wall Surface colour 0 -0.2 0 0.5 -0.4 0 1.3 -0.6 0 1.7 -0.7 0
Roof surface type 0 0.1
Roof Surface colour 0 0
Openness 0.2 -0.9
Ceiling Insulation -0.1 0.8
Floor ~ |Under Slab 20 9.7
Insulation
Ventilation|Ceiling fan -0.5
Infiltration linlplievs . 4.6
0° workmanship 555 [9.7 4.4
Eave extension
west
Eave extension
north
External |Eave extension
shading |€ast
Roller shutters west
Roller shutters
north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Under Slab
900 Aoy Insulation 58 101 43
Ventilation|Ceiling fan ’ :
Infiltration m?;?[;/: nship
Eave extension
west
External |Eave extension
shading |north
Eave extension
east
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workmanship
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation| Design parameters I(_l\%;jmzl ear) Equivalgnt (Sl\j\\]//IPng?/year) Rating (Sl\i.\llll;g?/year) Rating (Sl\i\ll/lrr:ﬁ%/year) Rating (Sl\j\\J//I&g?/year) Rating
Cooling|Heating Starrating Cooling |Heating Change Cooling |Heating Cooling|Heating Cooling|Heating
Roller shutters west 4.80 -0.20 |0.20
Roller shutters
north 0.30 -0.20 |0.00
Roller shutters east 5.60 -0.20 |0.30
Thermal mass -0.4 0.2 -0.1
External |Insulation 4.5 -0.4 0.2
wall Surface colour 0.5 -0.2 0.1
Roof surface type 0.1 0 0.1
Roof Surface colour 0 0 0
Openness 0.5 -0.9 0
Ceiling Insulation 0.6 0.7 0.1
Under Slab
Floor Insulation -23.8 -9.2 -1.1 -28.4 -10.7  |-1.2 -30.6 |-11.4 -1.3 -315 |-11.6 -1.4
Ventilation|Ceiling fan 225
S Improve
e Infiltration woFr)kmanship o e - 9.3
Eave extension
west
Eave extension
north
External |Eave extension
shading |east
Roller shutters west
Roller shutters
north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Roof surface type
Roof Surface colour
Openness
270° Ceiling  |Insulation 658 119 3.8 0.6 08 |01
Under Slab
Floor Insulation -23.1 -8.9 -1.1
Ventilation|Ceiling fan 215 -0.6 1.1
Infiltration |'™PTOVe 102 |52 |08




Orientation

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Base Case
Design parameters Load Equivalent
(MJ/m?/year) Star rating
Cooling|Heating
Eave extension
west
Eave extension
north
External |Eave extension
shading |€ast
Roller shutters west
Roller shutters
north
Roller shutters east
Thermal mass

Saving
(MJ/m2/year)

Cooling |Heating

Rating

Saving
(MJ/m2/year)

Change

Cooling |Heating

Rating

Saving
(MJ/m?/year)

Cooling|Heating

Rating
Change

Saving
(MJ/m2/year)

Cooling|Heating

Rating
Change

4.8 -0.6

C.1.2 Climate Zone 5 Single-Dimension Energy Results

Table 4-48 Energy analysis results for the Apartment Archetype for Climate Zone 5

LOW CARBON LIVING

'<"§ CRC

SP0016 Building Code Energy Performance Trajectory Final Report

149

Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientati . Load . Savin ) Savin ) Savin ) Savin )
on Design parameters (MJ/m?/year) Equlvalgnt (MJ/ng/year) Rating (MJ/ng/year) Rating (MJ/ng/year) Rating (MJ/ng/year) Rating
Cooling [Heating s Bl Cooling [Heating Change Cooling [Heating Change Cooling [Heating Change Cooling [Heating Change
External |Insulation 0.3 0.9 0.1 0.9 1.8 0.2 1.1 2.4 0.2 1.1 2.8 0.3
wall Surface colour 0.8 -0.6 0 0.8 -1.5 -0.1 1.3 -1.8
Infiltratio |Improve ) 13 12.9 13
n workmanship
Eave extension
west
0° Eave extension|o4 s  |28.4 |51
External [north :
shading |Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
90° Infiltratio Improve 21.9 17.9 6.3
n workmanship
External |Eave extension
shading |west




Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientati Design parameters Load Equivalent Saving Rating Saving Rating Saving Rating Saving Rating
on (MJ/m2/year) Star Rating (MJ/m2/year) Change (MJ/m?/year) Change (MJ/m?/year) Change (MJ/m2?/year) Change
Cooling [Heating Cooling [Heating Cooling [Heating Cooling [Heating Heating
Eave extension
north -1.1 0
Eave extension east -0.6 0
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Infiltratio {Improve
n workmanship
Eave extension
west I I e e
180° Eave extension|os g 14 6.3
External [north i A I S IS W ———
shading Eave extension east I e e e
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Infiltratio |Improve
n workmanship
Eave extension
west
270° Eave  extension|o47 276 |51
External [north i
shading Eave extension east
Roller shutters west 0.8
Roller shutters north 15
Roller shutters east 2.1
Thermal mass 5.2

Table 4-49 Energy analysis results for the Attached Archetype for Climate Zone 5
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation| Design parameters I(_I\(/JIT’]i?m2/year) Equivale_nt (Sl\j\\]//IPng?/year) Rating (Sl\i\ll/lrr:w%/year) Rating (Sl\i.\llll;g?/year) Rating (Sl\i\llllgﬁ%/year) Rating
Cooling |Heating Star Rating Cooling |Heating Change Cooling |Heating Change Cooling |Heating Change Cooling |Heating Change
External |Insulation 0.3 0.3 0.1 0 0.6 0.1 0.2 0.7 0.1 0.3 1 0.1
wall Surface colour -0.1 -0.1 0 0.2 -0.3 0 0.3 -0.4 0 0.3 -0.5 0
Roof surface type 0.5 -0.5 0 0.5 -1.1 -0.1 0.5 -1.4 -0.1
Roof Surface colour 0.3 -0.5 0 0.5 -1.1 0 -1.3
Openness 0.4 -0.2 0 0.1 -0.4 0
Ceiling Insulation 0.1 0.6 0.1 -0.1 1
Floor ~ [onder. Sl 2 19 |04
0 Ve.ntlla.tlon ﬁr(]a;llrrc:?lefan 178 18 6.8 7.7 -0.3 0.8
Infiltration workmanship 2.2
Eave extension west
Eave extension north
External |Eave extension east
shading |Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Under Slab
Ao Insulation
900 Ventilation Icr:]:ailirr;s efam 348 13.9 56
Infiltration o o?k manship
Eave extension west
Eave extension north
External |Eave extension east
shading |Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass 0.6 0.8 1.1 .
180° [Insulation 18.6 5.4 8.1 0.1 0.1 0 0.5 0.3 0 0.5 0.3 0
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
. . . Load . Savin ) Savin ) Savin . Savin .
Orientation| Design parameters (MJ/m?/year) Equivalent (MJ/mg?/year) Rating (MJ/mg?/year) Rating (MJ/mgzlyear) Rating (MJ/mg?/year) Rating
Cooling |Heating Star Rating Cooling |Heating Change Cooling |Heating Change Cooling |Heating Change Cooling |Heating Change
\',Evgtlfma' Surface colour 01 |01 o 05 |02 |0 04 |02 |0 06 |03 |0
Roof surface type 0.2 -0.2 0 0.9 -0.5 0 -0.5
Roof Surface colour 0.4 -0.2 0 0.8 -0.4 0
Openness 0.2 -0.1 0 0.6 -0.1 0
Ceiling Insulation 0.1 0.4 0 0.6 0.6 0.
Under Slab
Floor Insulation -1.9 0.2 -0.2
Ventilation|Ceiling fan 8
S Improve
Infiltration workmanship

Eave extension west
Eave extension north
External |Eave extension east
shading |Roller shutters west
Roller shutters north
Roller shutters east

Thermal mass
External |Insulation
wall Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Under Slab
P Insulation
2700 Ventilation|Ceiling fan 38.1 108 |55
Infiltration |'MPTOVe
workmanship

Eave extension west
Eave extension north
External |Eave extension east
shading |Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass

Table 4-50 Energy analysis results for the Detached Archetype for Climate Zone 5
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation| Design parameters I(_I\(/Jlfljl?mz/ ear) Equivalent (Sl\i\]//IPng?/year) Rating (Sl\i.\llll;%/year) Rating (Sl\i\ll/lrr:]%/year) Rating (Sl\j\\J//I&%/year) Rating
Cooling|Heating Star Rating Cooling |Heating Change Cooling |Heating Change Cooling |Heating Change Cooling |Heating Change
External |Insulation 0.5 0.5 0 0.8 0.8 0 0.9 1 0 1.2 1.1 0
wall Surface colour 0.4 -0.4 0 0.7 -0.8 -0.1 1.5 -1.4 0 1.7 -1.7 0
Roof surface type 3.8 -0.8 0.2
Roof Surface colour 0.2 0 0 .
Openness 0.9 -1 -0.1 1 -1.2 -0.1
Ceiling Insulation 0.4 1.1 0
Floor Under Slab Insulation -20.1 -9.3 -1.4
Ventilation|Ceiling fan 10.1 0 0.8
o Infiltration lijpiese 365 175 149 3.8 7.4
workmanship
Eave extension west
Eave extension north
External |Eave extension east
shading |Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Floor Under Slab Insulation
Ventilation|Ceiling fan
90° S Improv 37.8 17.6 4.8
Infiltration wo?k(r)n:nship
Eave extension west
Eave extension north
External |Eave extension east
shading |Roller shutters west 3.40 -0.10 |0.10
Roller shutters north 1.30 -0.20 |0.00
Roller shutters east 4.10 0.00 0.20
Thermal mass -0.6 0.4 0
External |Insulation 0.4 0.4 0.1
180° wall Surface colour 41.4 [17.9 |45 0.5 -0.4 0
Roof Roof surface type 3.4 -0.9 0.2




Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
. . . Load . Saving ) Saving . Saving . Saving .
Orientation| Design parameters (MJ/m?/year) E?;“s;%:t (MJ/m?lyear) Eﬁg?]ge (MJ/m?lyear) Eﬁg?]ge (MJ/m?/year) Eﬁgﬂge (MJ/m?/year) Eﬁgﬂge
Cooling|Heating 9 Cooling |Heating 9 Cooling |Heating 9 Cooling |Heating 9 Cooling |Heating 9
Surface colour -0.1 0 0 1 -0.4 0.1 1.8 -0.6 0.1
Openness 0.7 -1 0 0.9 -1.2 0
Ceiling Insulation 0.2 1.2 0.1 0.4 2 0.2 0.7 2.6 0.2 0.7 3.1 0.3
Floor Under Slab Insulation -20 -8.3 . -23.2 |97 -24.7 |-10.1
Ventilation|Ceiling fan 12 0.1
A Improve
Infiltration workmanship 4.5 7.7

Eave extension west
Eave extension north
External |Eave extension east
shading |Roller shutters west
Roller shutters north
Roller shutters east

Thermal mass
External |Insulation
wall Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Floor Under Slab Insulation
Ventilation|Ceiling fan
270° Infiltration Improve 37.7 20.9 4.6

workmanship

Eave extension west
Eave extension north
External |Eave extension east
shading |Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass

C.1.3 Climate Zone 6 Single-Dimension Energy Results

Table 4-51 Energy analysis results for the Apartment Archetype for Climate Zone 6
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientati ) Load _ Saving _ Saving ‘ Saving _ Saving Rating
on Design parameters (MJ/mz2/year) Equwale_nt (MJ/m?/year) Rating (MJ/r_nZ/ ear) Rating (MJ/r_nZ/ ear) Rating (MJ/r_nZ/year) Chang
Cooling |Heating Star Rating Cooling [Heating Change (g:oolln Heating Change (g:oolln Heating Change (g:oolln Heating |e
External |Insulation -0.2 3.7 0 0.2 7.1 0.1 0.4 9.3 0.2 0.5 11 0.3
wall Surface colour 0.1 -1.5 0.7 -3.6 1 -4.3
Infiltratio |Improve
n wo?kmanship o e
Eave extension west
o Eave extension e TTET
north . :
External [E3ve extension east
S Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Infiltratio |Improve
n workmanship
Eave extension west
Eave extension
90° north 19.7 110.8 |[5.8
External [Eave extension east
S Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Infiltratio |Improve
n workmanship
Eave extension west
Eave extension
180° north 24.3 112.6 |[5.6
External [Eave extension east
S Roller shutters west 2.1 0.1
Roller shutters north 0.8 -0.1 0.1
Roller shutters east 1.2 0 0.1
Thermal mass 7.4 -0.5 0.2 1.9 0.2
270° [Insulation 24 132.1 |5.1 01 [39 0.1 7.3 0.2
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Orientati
on

Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Load Saving Saving Saving Saving Ratin
Design parameters (MJ/m?lyear) Equivalent [(MJ/m3/year) Rating [(MJ/m?/year) Rating  [(MJ/m?/year) Rating  [(MJ/m?year) Chang
Cooling |Heating Star Rating Cooling [Heating Change (g:oolm Heating Change (g:oolm Heating Change |Coolin e
",Ev);tlfma' Surface colour 02 |13 0 06 |32 07 |38
Infiltratio |Improve 0.8
n workmanship )

Eave extension west

Eave extension
north

External

Eave extension east

shading

Roller shutters west

Roller shutters north

Roller shutters east

Thermal mass

0.8

1.3 0 0.1
1.2 0 0.1
8 -1.2 0.2

Table 4-52 Energy analysis results for the Attached Archetype for Climate Zone 6
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientati . 2 Equivalent |Saving ) Saving ) Saving ) Saving )
on Design parameters Load (MJ/mz/year) Star (MJ/m?/year) Eﬁg?]ge (MJ/m?/year) Eﬁg?]ge (MJ/m?/year) Eﬁgﬂge (MJ/m2/year) Eﬁgﬂge
Cooling [Heating |Rating Cooling |Heating 9 Cooling |Heating 9 Cooling |Heating 9 Cooling |Heating 9
External |Insulation 0.1 1.6 0.1 0.3 2.7 0.1 0.3 34 0.1 0.4 4.1 0.1
wall Surface colour 0.2 -0.6 0 0.2 -1.4 0 0.4 2.1 0 0.4 -2.5 0
Roof surface type 0.7 -1.3 0 1 -2.7 0 1 -3.3 0
Roof Surface colour 0.6 -1.3 0 1 -2.6 0 -3.1
Openness 0.6 -0.9 0 0.5 -1.2 0
Ceiling [Insulation 0.9 2.2 0.1 0.6 3.6
Floor  |Jnder. Slab 1.7 |45 o1
Insulation
Ve Ceiling fan 3.4 -1.2 0.1
0° n_ 10.4 1258 5.8
Infiltratio |Improve
. 0.4
n workmanship
Eave extension
west
Eave extension
External [north :
shading Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
gglentatl Design parameters Load (MJ/m?/year) E?:rlvalent (Sl\i\lllmmg?/year) Rating (Sl\i\ll/lrr:q%/year) Rating (Sl\i.\]//l;%/year) Rating (Sl\j\\]//”r‘]ng?/year) Rating
Cooling [Heating |Rating Cooling |Heating Change Cooling |Heating Change Cooling |Heating Change Cooling |Heating Change
Thermal mass 1.1 -3.3 0 2.2 1.1 0.1 2.9 -1.9 0
External |Insulation 0.3 1.7 0.1 0.4 2.8 0.1 0.6 3.4 0.1
wall Surface colour 0.3 -0.6 0 0.5 -1.2 0 0.9 -1.9 0
Roof surface type 0.3 -1 0 1.1 -2.2 0 -2.6
Roof Surface colour 0.5 -1 0 1.1 -2.2 0
Openness 0.2 -0.6 0 0.6 -0.9 0
Ceiling |Insulation 0.2 2.3 0.1 0.4 3.8
Under Slab
Floor Insulation -2.1 6.2 0.1
ventlatio | eiling fan 45 |09 |oa
90° Infiltratio |Improve 21.2 122.6 5.6 19
n workmanship : e e e e
Eave extension
west I e e e
Eave extension
External |north i
shading |Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling |Insulation
Floor Under ; Slab
1800 [ —fmoulation 101|992 (65
n Ceiling fan
Infiltratio |Improve
n workmanship
Eave extension
west
Exter_nal Eave extension
shading north
Eave extension east




Maximum Change

Saving
(MJ/m2/year)
Cooling |Heating

Rating
Change

Table 4-53 Energy analysis results for the Detached Archetype for Climate Zone 6

Base Case Level 1 Change Level 2 Change Level 3 Change
;)rzlentatl Design parameters Load (MJ/m?/year) E?:rlvalent (S,\i\]//mmgz/ye ar) Rating (SI\?\\JI/Irr:q%/year) Rating (Sl\i.\]//mmg?/year) Rating
Cooling [Heating |Rating Cooling |Heating Change Cooling |Heating Change Cooling |Heating Change
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling |Insulation
Under Slab
Hlotn Insulation
Xentllatlo Ceiling fan
270° Infiltratio |Improve 21 120.1 5.7
n workmanship
Eave extension
west
Eave extension
External |north i
shading |Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east 3.2
Thermal mass 1.5

Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientati . 5 . Saving . Saving . Saving ) Saving .
on Design parameters Load (MJ/m?/year) E?w\gl?nt (MJ/m?/year) Eﬁt'ng (MJ/m?/year) Eﬁt'ng (MJ/m?/year) Eﬁt'ng (MJ/m?/year) (R:ﬁt'ng
Cooling [Heating arrating Cooling |Heating ange Cooling [Heating ange Cooling [Heating ange Cooling |Heating ange
External |Insulation 0.4 2.6 0 0.5 4.3 0.1 0.7 515 0.1 0.8 6.5 0.2
wall Surface colour 0.4 -1.2 0 0.6 -2.5 0 0.9 -4.1 -0.1 1.2 -4.8 -0.1
Roof surface type -0.1 0.1 0
0
0 Roof Surface colour 26.4 1324 4.9 0 -0.1 0
Openness -0.3 -2.6 -0.1
Ceiling |Insulation 0.3 4 0
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
;)r;‘lel’ltatI Design parameters Load (MJ/mz/year) Equivalgnt (Sl\i\lllmm%/year) Rating (S,\i\]//lrr:qu/year) Rating (Sl\j‘\]//lrr]rg/year) Rating (SI\?.\J//IEﬁg?/year) Rating
Cooling [Heating Star Rating Cooling |Heating Change Cooling |[Heating Change Cooling [Heating Change Cooling |Heating Change
oy | CHEED B 179 |1 04 |21 |26 |05 |224 |35 |05 |23 |43 |05
Insulation
Xentllatlo Ceiling fan 2.8 0 0
Infiltratio {Improve
n workmanship .
Eave extension
west
Eave extension
External |north :
shading |Eave extension east
Roller shutters west 0
Roller shutters north 0
Roller shutters east 0
Thermal mass . 0
External |Insulation 0.6 2.5 0.1
wall Surface colour 0.7 -1.2 0
Roof surface type 0 0.1 0
Roof Surface colour 0 -0.1 0
Openness 0.3 -2.6 0 b
Ceiling |Insulation 0.5 3.9 0.2 0.9 6.8 0.2 1.2 8.8 0.3 1.3 10.4 0.4
Under Slab
Floor Insulation -17.1 15 -0.3 -20.1 3.1 -0.3 214 |4.2 -0.3 -22.1 5 -0.3
:]/entllano Ceiling fan
90° Infiltratio |{Improve 24 132.4 (4.9
n workmanship
Eave extension
west
Eave extension
External [north i
shading |Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
180° wall Surface colour 23.9 136 4.9
Roof Roof surface type
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
;)r;‘lel’ltatI Design parameters Load (MJ/mz/year) Equivalgnt (Sl\i\lllmm%/year) Rating (S,\i\]//lrr:qu/year) Rating (Sl\j‘\]//lrr]rg/year) Rating (SI\?.\J//IEﬁg?/year) Rating
Cooling [Heating Star Rating Cooling |Heating Change Cooling |[Heating Change Cooling [Heating Change Cooling |Heating Change
Surface colour 0 -0.1 0 0.6 -1.4 0 0.7 -1.9 0
Openness -0.2 -2.5 -0.1 -0.1 -3.1 -0.1
Ceiling |Insulation 0.3 4.2 0 0.6 7.1 0.2 0.9 9.3 0.2 1 10.9 0.3
Floor l‘f}’;ﬂfgﬂon Sk -18.4 (3.8 03 |211 |57 04 |-226 6.9 04  |-232 -0.4
Xentllatlo Ceiling fan 2.6 0
Infiltratio |Improve
n workmanship v
Eave extension
west
Eave extension
External [north i
shading |Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling |Insulation
Under Slab
Hloar Insulation
:]/entllatlo Ceiling fan
270° Infiltratio |Improve 25.6 138.8 |4.8
n workmanship
Eave extension
west
Eave extension
External |[north i
shading |Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass




C.1.4 Climate Zone 7 Single-Dimension Energy Results

Table 4-54 Energy analysis results for the Apartment Archetype for Climate Zone 7
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
. . . ) Equivalent|Saving ) Saving . Saving . Saving .
Orientation|Design parameters |Load (MJ/m?/year) Star (MJIm?lyear) :?atmg . (MJ/m?lyear) :?atmg | (MJ/m2lyear) :?atmg ; (MJ/m?lyear) :?atlng |
Cooling [Heating |Rating Cooling |Heating mprove Cooling |[Heating mprove Cooling [Heating mprove Cooling |Heating mprove
Wall Insulation -0.3 3.6 0.2 -0.2 6.9 0.2 -0.2 9.2 0.3 0.1 11.4 0.3
Infiltration -0.6 58.4 1.2
Roller Shutters
West 9 -0.1 0.3
0
0 Roller Shutters|36.4 195.7 4.9 01 0 01
East
Roller Shutters
North 0.5 0 0.1
Thermal Mass 9.5 10 0.4 11.4 18 0.6 19.7 22.5 0.9
Wall Insulation -0.8 2.7 0 -0.8 5.4 0 -0.7 7.3 0.1 -0.6 9.1 0.1
Infiltration -3 56 1
Roller Shutters
West 6.7 0 0.1
90° Roller Shutters|34.1 1749 |54
East 11 0 0
Roller Shutters
North 2.2 0 0
Thermal Mass 8.4 11.3 0.4 11.6 275 0.7 20 34.5 1
Wall Insulation -0.2 3.7 0.1 -0.1 6.6 0.2 0.2 8.7 0.2 0.1 10.9 0.2
Infiltration -1.7 57.4 1.1
Roller Shutters
West 838 0 0.1
0
180 Roller Shutters|32.4 185.8 |5.2 15 0 01
East
Roller Shutters
North 1.6 0 0.1
Thermal Mass 10.5 6.4 0.3 10.8 20.4 0.6 18.4 26.4 0.9
Wall Insulation -0.3 4.2 0 -0.4 7.7 0.1 -0.3 9.8 0.2 -0.3 12.2 0.2
Infiltration -1.1 58.6 1
\I?volleir Shutters 5.7 0 0
270° = 9"3 s 200.6 (4.9
oller utters
East 0.9 0 0
Roller Shutters
North 0.8 0 0




Orientation

Design parameters

Base Case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Load (MJ/m?/year)

Cooling [Heating

Thermal Mass

Equivalent
Star
Rating

Saving
(MJ/m?/year)

Cooling |Heating

Rating
Improved

Saving
(MJ/m2/year)

Cooling |[Heating

Rating
Improved

Saving
(MJ/m?/year)

Cooling [Heating

Rating
Improved

Saving .
(MJ/m?/year) Rating

12 6.9

0.3

12.2 5.6

0.3

21.3 7.5

0.5

Cooling |Heating Improved

Table 4-55

Energy analysis results for the Attached Archetype

for Climate Zone 7

Orientation

Design parameters

Base Case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Load (MJ/m?/year) S

Cooling [Heating

Equivalent
tar
Rating

Saving
(MJ/m2/year)

Cooling |Heating

Rating
Improved

Saving
(MJ/m?/year)

Cooling [Heating

Rating
Improved

Saving
(MJ/m?/year)

Cooling [Heating

Rating
Improved

Saving
(MJ/mz/year)
Cooling [Heating

Rating
Improved

0°

Wall Insulation

Ceiling Insulation

Slab Edge
Insulation

Under
Insulation

Slab

Infiltration

Roller
West

4
Shutters

Roller Shutters

East

Roller Shutters

North

Thermal Mass

134.2

0.1 &l

0

0.2 5.4

0.1

0.2 7

0.2

0.3 8.4 0.2

0.2 3.8

0

0.1

B,

0.1

0.3 2.7

-1.2 52.9

0.5 5.3

0.1

0.7 6.7

0.2

0.8 7.5 0.2

90°

Wall Insulation

Ceiling Insulation

Slab Edge
Insulation

Under
Insulation

Slab

Infiltration

Roller Shutters

West

Roller Shutters

East

Roller Shutters

North

Thermal Mass

10.1 127.5

180°

Wall Insulation

Ceiling Insulation

Slab Edge
Insulation

Ve 111.2

w
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change

. . . Equivalent|Saving . Saving . Saving . Saving )
Orientation|Design parameters |Load (MJ/m?/year) S?ar (MJIm?lyear) :?atmg ’ (MJIm?lyear) :?atmg g (MJ/m2lyear) :?atmg g (MJ/m?lyear) :?atlng g
Cooling [Heating |Rating Cooling |Heating mprove Cooling |[Heating mprove Cooling [Heating mprove Cooling |Heating mprove
URZET S 0.1 3.1 0 0.3 3.8 0
Insulation
Infiltration -1.7 51.5 1
Roller Shutters
West
Roller Shutters
East
Roller Shutters
North
Thermal Mass
Wall Insulation
Ceiling Insulation
Slab Edge
Insulation
Under Slab
Insulation
2700 Infiltration 8.8 1287 6.9
Roller Shutters
West
Roller Shutters
East
Roller Shutters
North

Thermal Mass

Table 4-56 Energy analysis results for the Detached Archetype for Climate Zone 7

Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
] ’ B N Equivalent|{Saving . Saving ) Saving . Saving .
Orientation|Design parameters [Load (MJ/m?/year) Star (MIm?lyear) :?;anrr;g\,led (MIIm?lyear) IFs:nrr;g\],ed (MJIm?lyear) :?;lamrno%ed (MJ/m2lyear) IFsr?“rrz)g\]/ed
Cooling [Heating |Rating Cooling |Heating p Cooling |Heating P Cooling [Heating P Cooling [Heating P
Wall Insulation 0.2 2.2 0.1 0.3 2.1 0.1 0.5 4.5 0.1 0.6 5.2 0.1
Ceiling Insulation 0.2 5.3 0.1 0.6 10.1 0.2 0.8 12.8 0.3 1 15.4 0.3
Slab Edge
0
0 Uli3ter Slab|12 1532 161 28 |168 |03 39  [282 |04 43 |65 |05 47 |85 |05
Insulation
Infiltration 0.4 43.1 1
Roller Shutters 3 0 0.1

West
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
. . . ) Equivalent|Saving ) Saving . Saving . Saving .
Orientation|Design parameters |Load (MJ/m?/year) Star (MJim?lyear) :?:nrr:)%ed (MJ/m?lyear) :Tr?nrr:)%ed (MI/m2lyear) IF:r?tlrno%ed (MJ/m?lyear) :?Y«]atlrr:)g\]/ed
Cooling [Heating [Rating Cooling |Heating P Cooling |Heating P Cooling [Heating P Cooling |Heating P
Roller Shutters 05 0 0
East
Roller Shutters
North U v Y
Thermal Mass 4.7 2.1 0.2
Wall Insulation 0.5 25 0
Ceiling Insulation 0.5 5.2 0.1
Sl L 01 |85 0.1
Insulation
Under Slab
Insulation = H2 vz
900 ::flllltratlon o 11.4 151.6 |6.2 0.3 43.3 0.9
oller utters
West 2.6 -0.2 0 R e e e
Roller Shutters
East 0.1 -0.1 0 I e e
Roller Shutters
North 0.4 -0.1 0
Thermal Mass 3.7 1.6 0.1
Wall Insulation 0.4 3.1 0.1
Ceiling Insulation 0.5 5.3 0.2
Slab Edge
Insulation v e oz
Under Slab
Insulation 2 s 0
1800 ::fl:::l’atlon — 12.6 1516 6.1 0.1 43.9 1
oller utters
West 3.7 -0.1 0.1
Roller Shutters
East 0.4 -0.1 0
Roller Shutters
North 0.6 -0.1 0
Thermal Mass 4.5 -1.6 0.1
Wall Insulation 0.3 2.6 0
Ceiling Insulation 0.5 5.2 0.1
Slab Edge
270° Insulation 11.9 155.2 (6.1 0.1 8.5 0.2
Under Slab
Insulation 2 e U
Infiltration -0.3 42.8 0.8




Orientation

Maximum Change

Base Case

Design parameters |Load (MJ/m?/year) E?;lvalent
Cooling [Heating [Rating

Roller Shutters

West

Roller Shutters

East

Roller Shutters

North

Thermal Mass

Level 1 Change Level 2 Change Level 3 Change
Saving Rati Saving Rati Saving
(MJ/m2/year) In?nro%/e d (MJ/m2/year) Irr?“rr(])g\lle d (MJ/m2/year)
Cooling |Heating P Cooling |Heating P Cooling [Heating
25 -0.1 0

0.5 -0.1 0

1.1 -0.1 0

8.3 -6.8 0

. Saving .
mtlpog\/ed (MJ/m?/year) :Tr?“rr:)?/ed
P Cooling [Heating P

C.1.5 Slab Edge Insulation Single-Dimension Energy Results

Table 4-57 Energy analysis results for Slab Edge Insulation inclusion into Attached and Detached Archetypes for Climate Zones 2, 5, 6 and 7

Energy Consumption (MJ/m?/year)
Baseline 6 Star ' Baseline e Slab  ~ Edge
Archetype |Climate Zone |Orientation |NatHERS NatHERS 6 Star|Baseline Slab Edge OEnergy (Glazing Satisfies Insulation CEnergy
(approximately (6ACI—_|@50Pa) (approximately |insulation® (approximately . |calculator Glazing (Glazing (Glazing
6ACH@50 Pa)! compliant? 15ACH@50 Pa) 15ACH@50Pa) Compliant)® Calculator? Calculator Calculgtor
Compliant)® |Compliant)”
0’ 34.9 Y (Glass 1) 48.5 48.3 0.2 48.5 Y (Glass 1) |48.3 0.2
cz2 90° 49.6 N 65.2 65 0.2 65.2 N 65 0.2
180° 29.5 Y (Glass 1) 40.7 40.3 0.4 40.7 Y (Glass 1) |40.3 0.4
270° 56.5 N 68.9 68.2 0.7 68.9 N 68.2 0.7
0° 24.6 Y (Glass 1) 40.9 40 0.9 40.9 N 40 0.9
cz5 90° 33.2 Y (Glass 1) 49.9 49 0.9 49.9 N 49 0.9
180° 18.5 Y (Glass 1) 29.9 29.3 0.6 29.9 Y (Glass 1) |29.3 0.6
Attached 270° 35.8 Y (Glass 1) 49.4 48.5 0.9 49.4 N 48.5 0.9
0’ 82.1 Y (Glass 1) 130.1 126.7 3.4 103.5 N 100 25
C76 90° 86.1 Y (Glass 1) 133.4 130.1 3.3 105.4 N 102.1 3.3
180° 64.2 Y (Glass 1) 110 106.6 3.4 87.3 Y (Glass 5) |83.8 25
270° 86.1 Y (Glass 1) 133.8 130.3 3.5 105.7 N 102.2 25
0’ 120.4 Y (Glass 1) 172.2 167.3 4.9 138.2 N 133 5.2
cz7 90° 121.8 Y (Glass 1) 172.6 167.7 4.9 137.6 N 132.8 4.8
180° 95 Y (Glass 1) 143.4 138.3 5.1 114.9 Y (Glass 5) [109.7 5.2
270° 121.4 Y (Glass 1) 172.4 167.3 5.1 137.5 N 132.6 4.9
0’ 40.7 Y (Glass 2) 53.1 52.2 0.9 53.1 Y (Glass 2) |52.2 0.9
Detached (CZ 2 90° 42.8 Y (Glass 2) 56.1 55 1.1 56.1 Y (Glass 2) |55 1.1
180° 52.1 N 65.5 64.4 1.1 65.5 Y (Glass 2) |64.4 1.1
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Energy Consumption (MJ/m?/year)
Baseline 6 Star . Baseline - Stab . Edge
Archetype |Climate Zone |Orientation |NatHERS NatHERS 6 Star Baselln(_a Slab Edge \ \Energy (Glazing Satlsfles Insula}tlon [ \Engrgy
(approximately (6ACI—_|@50Pa) (approximately |insulation® (approximately . |Calculator Glazing (Glazing (Glazing
6ACH@50 Pa)! compliant? 15ACH@50 Pa) 15ACH@50Pa) Compliant)? Calculator? Calculator Calculgtor
Compliant)® |Compliant)’
270° 48.1 N 61.8 60.5 1.3 61.8 Y (Glass 2) |60.5 1.3
0° 34.4 Y (Glass 2) 45.6 44.1 15 54.9 Y (Glass 1) |53.2 1.7
cz5 90° 34.1 Y (Glass 2) 45 43.4 1.6 52.5 Y (Glass 1) |50.8 1.7
180° 37.6 Y (Glass 2) 50.1 48 2.1 58.7 Y (Glass 1) |56.9 1.8
270° 37.1 Y (Glass 2) 49.2 47.2 2 57.6 Y (Glass 1) |55.8 1.8
0° 114.8 Y (Glass 1) 150.1 143.9 6.2 115.4 N 109.4 6
CZ6 90° 112.4 Y (Glass 1) 148 141.6 6.4 114.2 Y (Glass 6) (108 6.2
180° 112.5 Y (Glass 1) 148.1 142 6.1 114.1 Y (Glass 6) |107.5 6.6
270° 117.6 Y (Glass 1) 152.9 146.5 6.4 117.9 N 111.9 6
0° 165.4 Y (Glass 1) 207.6 198.4 9.2 165.4 N 155.9 95
cz7 90° 162.2 Y (Glass 1) 205.1 196.1 9 163.2 N 153.8 9.4
180° 162.5 Y (Glass 1) 205.4 196 9.4 164.6 N 154.8 9.8
270° 169 Y (Glass 1) 210.9 201.7 9.2 167.4 N 158 9.4

[

Baseline 6 Star NatHERS model includes the current practise WWR (i.e. WWRmIin+10%), TIC reviews and the default infiltration (approximately 6 ACH@50Pa). The glazing type
employed meet/exceeds 6 Star NatHERS in at least one orientation.

2 The baseline model has all the building elements as per 6 Star NatHERS Baseline except the infiltration, which is approximately 15 ACH@50Pa.

3 Slab edge insulation is included in the Baseline model.

4 The difference between the total energy consumption of the baseline model at approximately 6 ACH@50Pa and the total energy consumption of the model with the Slab edge insulation
is presented in AE

Baseline glazing calculator compliant includes the glass type that complies with the glazing calculator at least in one orientation ( infiltration rate is approximately 15 ACH@50Pa). Note
that the Detached archetype in Climate Zone 7 had no glass from the AccuRate Sustainability library compliant with the glazing calculator.

Slab edge insulation glazing calculator compliant refers to the baseline model that has the glass type selected to comply with the glazing calculator at least in one orientation as well as
the slab edge insulation included in the model. Baseline (Glazing Calculator Compliant) is non-compliant with NCC Glazing Calculator in all orientations in Climate Zone 7 for specified
glass types.

AE is the difference between the baseline model compliant with the glazing calculator at least in one orientation and this baseline model with the slab edge insulation included.

o

o

-

C.2 Single-Dimensional Peak Load Results

C.2.1 Climate Zone 2 Single-Dimension Peak Load Results

Table 4-58 Peak load results for the Apartment Archetype for Climate Zone 2

Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Peak Load (kW) Equivalent |Peak Load Saving (kW)[Peak Load Saving (kW)|Peak Load Saving (kW)|Peak Load Saving (kW)

Cooling Heating Star Rating|Cooling Heating Cooling Heating Cooling Heating Cooling Heating
0° |Ext. wall insulation |1.55 0.97 4.9 -0.09 0.03 -0.10 0.06 -0.09 0.08 -0.08 0.10
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change

Orientation |Design parameters Peak Load (kW) Equivalent |Peak Load Saving (kW)|Peak Load Saving (kW)|Peak Load Saving (kW)|Peak Load Saving (kW)
Cooling Heating Star Rating|Cooling Heating Cooling Heating Cooling Heating Cooling
\',Ev’étlfma' Surface colour -0.09 0.00 -0.07 -0.01 -0.07 -0.01
S Improve

Infiltration workmanship -0.01 0.35
Eave extension
west
Eave extension

External  [north :
shading |Eave extension east

Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass

External |Insulation

wall Surface colour
Infiltration LTINS .
workmanship
Eave extension
west
90° Eave extension|q 49 0.77 6
External  [north :
shading Eave extension east

Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass

External Insulation

wall Surface colour
Improve
workmanship

Eave extension
west

180° Eave extension|(1 g8 0.74 6.3

External  [north i
shading  |Eave extension east

Roller shutters west 0.09 0.00
Roller shutters north 0.14 0.00
Roller shutters east 0.15 0.00
Thermal mass -0.04 0.10 0.06 0.04

Infiltration

270° |Insu|ati0n 1.82 0.93 5.60 0.02 0.03 0.04 0.06
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change

Orientation |Design parameters Peak Load (kW) Equivalent |Peak Load Saving (kW)|Peak Load Saving (kW)|Peak Load Saving (kW)|Peak Load Saving (kW)
Cooling Heating Star Rating|Cooling Heating Cooling Heating Cooling Heating Cooling
\,Evflfma' Surface colour 0.01 0.00 0.05 -0.01 0.05 -0.01
S Improve

Infiltration workmanship 0.19 0.30
Eave extension
west
Eave extension

External  [north :
shading |Eave extension east

Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass

Table 4-59 Peak load results for the Attached Archetype for Climate Zone 2

Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Peak Load (kW) ek Load Decrease|Peak Load DecreaselPeak Load Decrease Peak Load Decrease (kW)
(kW) (kW) (kW)
Cooling Heating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
External wall Insulation 0.01 0.03 0.02 0.03 0.02 0.04 0.02 0.04
Surface colour 0.01 0.00 0.02 0.00 0.02 -0.01 0.02 -0.01
Roof surface type 0.03 0.00 0.07 0.01 0.05 0.00
Roof Surface colour 0.03 0.00 0.03 0.01 0.04 0.00
Openness 0.02 0.00 0.04 0.01
Ceiling Insulation 0.01 0.02 -0.01 0.03
Floor Under Slab Insulation 0.01 -0.02
Ventilation Ceiling fan 0.32 0.01
o Infiltration Improve workmanship 2.33 1.01 0.01 0.30
Eave extension west
Eave extension north
itz Sheding Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass -0.21 0.06 -0.36 -0.13
External wall Insulation 0.01 0.01 0.02 0.02 0.02 0.02
90° Surface colour 3.68 0.98 0.01 0.00 0.02 0.00 0.03 -0.01
Roof Roof surface type 0.05 0.00 0.07 -0.01 0.09 -0.01
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Base Case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load Decrease

Peak Load Decrease

Peak Load Decrease
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Orientation |Design parameters Peak Load (kW) (kW) (kW) (kW) Peak Load Decrease (kW)
Cooling Heating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Surface colour 0.04 0.00 0.06 -0.01 0.08 -0.01
Openness 0.05 0.01 0.08 0.00
Ceiling Insulation 0.02 0.01 0.03 0.02 0.07 0.03 0.10 0.04
Floor Under Slab Insulation -0.06 -0.04 -0.10 -0.05
Ventilation Ceiling fan -0.10 0.00
Infiltration Improve workmanship -0.03 0.29
Eave extension west 0.25 -0.01
Eave extension north
) Eave extension east 0.07 0.00
External shading Roller shutters west 1.09 0.00
Roller shutters north
Roller shutters east 0.11 0.00
Thermal mass 0.08 0.04 0.02 -0.10 0.13 -0.04
Insulation 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.03
External wall
Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Floor Under Slab Insulation
1800 Ve.ntlla.tlon Ceiling fan o7 0.74
Infiltration Improve workmanship
Eave extension west
Eave extension north
: Eave extension east
External shading Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External wall lstiation
Surface colour
Roof surface type
2700 Roof Surface colour 2.81 0.80
Openness
Ceiling Insulation
Floor Under Slab Insulation




Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Peak Load (kW) '(T:\e/sl)( Load Decrease '(T:\e,i;l)( Load Decrease '(T:\e,i;l)( Load Decrease Peak Load Decrease (kW)
Cooling Heating Cooling Heating Cooling Heating Cooling Heating Cooling
Ventilation Ceiling fan -0.03 0.00
Infiltration Improve workmanship 0.05 0.25

Eave extension west
Eave extension north
Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east

External shading

Thermal mass

Table 4-60 Peak load results for the Detached Archetype for Climate Zone 2

Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Peak Load (kW) E?;rlvalent I(T((\e/sll)( Load  Saving 5:\3,3;( Load  Saving (IT:\%/‘\B/‘I)( Load  Saving Peak Load Saving (kW)
Cooling Heating Rating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
External wall Insulation 0.02 0.05 0.04 0.08 0.04 0.10 0.05 0.12
Surface colour 0.02 -0.01 0.45 -0.01 0.42 -0.02 0.44 -0.03
Roof surface type 0.21 -0.03
Roof Surface colour 0.01 0.00
Openness 0.06 -0.06 0.08 -0.06
Ceiling Insulation 0.03 0.08
Floor Under Slab Insulation -0.33 -0.99
Ventilation Ceiling fan 0.12 0.00
o Infiltration :/rvrc]J?Ii(r)'rY:nship 4.26 191 4.40 0.64 0.58

Eave extension west
Eave extension north

External Eave extension east
shading Roller shutters west 1.26 0.00
Roller shutters north 0.00 0.00
Roller shutters east 0.26 0.00
Thermal mass 0.02 0.01
Insulation 0.18 0.05
External wall g tace colour 0.03 20.01
90° Roof surface type 3.86 1.90 4.30 0.06 -0.03
Roof Surface colour 0.00 0.00 0.08 -0.01
Openness 0.20 -0.06 0.07 -0.06
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Peak Load (kW) ggwalent l(T((\a/;ll; Load Saving I(T:\%,i/il)( Load Saving l(’@f/\; Load Saving Peak Load Saving (kW)
Cooling Heating Rating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Ceiling Insulation 0.01 0.08 0.05 0.14 0.08 0.18 0.09 0.21
Floor Under Slab Insulation -0.32 -0.99 -0.32 -1.24 -0.38 -1.35 -0.41 -1.39
Ventilation Ceiling fan 0.24 0.00
Infiltration \',’J;Fr’li‘;“’:nship 0.78 0.58
Eave extension west
Eave extension north
External Eave extension east
shading Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
Insulation
External wall
Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Floor Under Slab Insulation
Ventilation Ceiling fan
180° Infiltration :’c;;:lz%/:nsmp 3.91 1.90 3.80
Eave extension west
Eave extension north
External Eave extension east
shading Roller shutters west 0.60 0.00
Roller shutters north 0.00 0.00
Roller shutters east 0.38 0.00
Thermal mass 0.00 0.02
External wall Insulation 0.05 0.05 0.08 0.07 0.11 0.10 0.13 0.12
Surface colour 0.05 -0.01 0.09 -0.02 0.15 -0.03 0.19 -0.03
Roof surface type 0.14 -0.04
Roof Surface colour 0.00 0.00
2700 e 3.80 2.08 3.80 0.09 0.06
Ceiling Insulation 0.05 0.08 0.08 0.13 0.11 0.18 0.11 0.21
Floor Under Slab Insulation -0.42 -0.96 -0.54 -1.21 -0.59 -1.31 -0.62 -1.36
Ventilation __[Ceiling fan o037 ooo [




Orientation

Base Case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load (kW)

Cooling

Heating

Design parameters
Infiltration \I/r\;r(])’:IL?TY:nship
Eave extension west
Eave extension north
External Eave extension east
shading Roller shutters west

Roller shutters north

Roller shutters east

Thermal mass

0.15

0.57

Equivalent |Peak Load Saving|Peak Load Saving|Peak Load Saving .
Star (KW) (kW) (kW) Peak Load Saving (kW)
Rating Cooling Heating Cooling Heating Cooling Heating Cooling

C.22

Climate Zone 5 Single-Dimension Peak Load Results

Table 4-61 Peak load results for the Apartment Archetype for Climate Zone 5
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Peak Load (kW) Equivalent [Peak Load Saving (kW)|Peak Load Saving (kW)|Peak Load Saving (kW)|Peak Load Saving (kW)
Cooling Heating Star Rating|Cooling Heating Cooling Heating Cooling Heating Cooling Heating
External |Insulation 0.02 0.02 0.06 0.04 0.07 0.05 0.09 0.07
wall Surface colour 0.05 0.00 0.05 -0.01 -0.09 -0.01
Infiltration \I/r\:grr)lz(;r\\l:nship 0.02 0.34
Eave extension west
Eave extension
Qe north 1.61 0.99 5.1
External  [Eave extension east
SIEENT) Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Infiltration \I/U:)Fr)licr)r‘l/:n ship
90° Eave extension west|1.93 0.99 6.3
Eave extension
Exte(nal T
ST Eave extension east
Roller shutters west




Base Case

Level 1 Change Level 2 Change Level 3 Change Maximum Change

Orientation [Design parameters Peak Load (kW) Equivalent [Peak Load Saving (kW)|Peak Load Saving (kW)|Peak Load Saving (kW)|Peak Load Saving (kW)
Cooling Heating Star Rating|Cooling Heating Cooling Heating Cooling Heating Cooling
Roller shutters north 0.01 0.00
Roller shutters east 0.01 0.00
Thermal mass 0.66 0.10
External Insulation 0.18 0.02
wall Surface colour 0.04 0.00
Infiltration ",U;‘im’aenship 0.33 0.31
Eave extension west
Eave extension 1T 11 7]
180° north 1.60 1.01 6.3
External  [Eave extension east
Sl Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Infiltration \I/U:)?IZ?\;/: nship
Eave extension west
e Eave extension 163 101 510
north : : :
External  [Eave extension east
shading — 1

Roller shutters west

Roller shutters north

Roller shutters east

Thermal mass

Table 4-62 Peak load results for the Attached Archetype for Climate Zone 5
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Peak Load (KW) I(Dk%\a}il)( Load Decrease 5(3\;;\5( Load Decrease (Pk?/sl)( Load Decrease (Pk?/sl)( Load Decrease
Cooling Heating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
External wall Insulation 0.01 0.02 0.02 0.03 -0.12 0.04 -0.11 0.04
@® Surface colour 207 1.19 0.01 0.00 0.01 0.00 -0.11 0.00 -0.10 -0.01
Roof Roof surface type ' ' -0.15 0.00 -0.08 0.00 -0.34 -0.01
Surface colour -0.18 0.00 -0.08 0.00 -0.42 -0.01
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Orientation

Design parameters

Base Case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load (kW)

Peak Load Decrease

Peak Load Decrease

Peak Load Decrease

Peak Load Decrease
(kw)

Cooling

Heating

(kw) (kw) (kw)
Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Openness -0.12 -0.01 -0.11 0.00
Ceiling Insulation 0.02 0.02 -0.22
Floor Under Slab Insulation -0.45 0.00
Ventilation Ceiling fan 0.23 0.00
Infiltration :/:/T:J?Ii(r)r:/:nship
Eave extension west
Eave extension north
. Eave extension east
SIS Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External wall LSl
Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Floor Under Slab Insulation
Ventilation Ceiling fan
90° Infiltration m‘:&%’: nship 8.7 1.25
Eave extension west
Eave extension north
. Eave extension east
External shading Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External wall lustiation
Surface colour
Roof surface type
180° Roof Surface colour 1.95 1.14
Openness
Ceiling Insulation
Floor Under Slab Insulation

A
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Base Case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load Decrease

Peak Load Decrease

Peak Load Decrease

Heating

External shading

Eave extension west

Eave extension north

Eave extension east

Roller shutters west

Roller shutters north

Roller shutters east

Thermal mass

Orientation |[Design parameters Peak Load (kW) (kW) (kW) (KW)
Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Ventilation Ceiling fan -0.21 0.00
Infiltration m’:&%’: nship
Eave extension west
Eave extension north
. Eave extension east
External shading
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
Insulation
External wall
Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Floor Under Slab Insulation
Ventilation Ceiling fan
210° Infiltration Improve 3.20 125
workmanship

Peak Load Decrease
(kw)
Cooling

Table 4-63 Peak load results for the Detached Archetype for Climate Zone 5
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation|Design parameters Peak Load (KW) Equivalent '(T(‘;s')( Load  Saving 5(33;( Load Saving 5(33;( Load ~ Saving|oe i | oad Saving (KW)
Cooling Heating Star Rating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Insulation 0.05 0.04 0.07 0.06 0.09 0.08 0.11 0.10
External wall
0° Surface colour 4.23 2.31 4.90 0.02 -0.01 0.05 -0.01 0.09 -0.02 0.10 -0.02




Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change

I(T(t\e/e\;l)( Load Saving 5((\3/6\:/1;( Load Saving 5((\3/5\:/15( Load Saving Peak Load Saving (kW)
Cooling Heating Cooling Heating Cooling Heating Cooling Heating Cooling
Surface colour 0.00 0.00 0.06 -0.01 0.09 -0.01
Openness 0.02 -0.03 0.03 -0.04
Ceiling Insulation 0.05 0.05 0.09 0.10 0.12 0.12 0.14 0.15

Under Slab
Insulation -0.66 -0.74 -0.35 -0.92 -0.66 -1.00 -0.70 -1.03

Orientation|Design parameters Peak Load (kW) Equivalent
Star Rating

Floor

Ventilation Ceiling fan -0.03 0.00
0.36 0.52

Improve
workmanship

Eave extension
west

Eave extension
north

Eave extension
east

Roller shutters
west

Roller shutters
north

Roller shutters east

Infiltration

External
shading

Thermal mass

Insulation

Surface colour
Roof surface type
Roof Surface colour
Openness

Ceiling Insulation

Under Slab
Insulation
Ventilation Ceiling fan
Improve
workmanship

Eave extension
west

Eave extension
External north

shading Eave extension
east

Roller shutters
west

External wall

Floor

90° 4.13 2.32 4.80

Infiltration
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation|Design parameters Peak Load (kW) Equivalent |(3I<(\e/€\;l)( Load Saving 5((\9/\6/1; Load Saving 5((\9/\6/15( Load Saving Peak Load Saving (KW)
Cooling Heating Star Rating Cooling Heating Cooling Heating Cooling Heating Cooling
E(‘)’r',!ﬁr SR 0.10 0.00
Roller shutters east 0.03 0.00
Thermal mass -0.01 0.02
External wall Insulation 0.05 0.04
Surface colour 0.02 -0.01
Roof surface type 0.10 -0.02
Roof Surface colour 0.00 0.00
Openness 0.00 -0.03
Ceiling Insulation 0.05 0.05 0.09 0.10
Under Slab
Floor Insulation -0.20 -0.73
Ventilation Ceiling fan -0.03 0.00
Infiltration :,’J;‘:L?T:’:nship 0.42 0.52
180° Eave SRETEn 4.14 2.32 4.50
west
Eave extension
north
E xter_nal E:g/te extension
shading Roller shutters
west
Roller shutters
north
Roller shutters east
Thermal mass
Insulation
External wall
Surface colour
Roof surface type
Roof Surface colour
Openness
270° Ceiling Insulation 4.16 2.34 4.60
Under Slab
e Insulation
Ventilation Ceiling fan
Infiltration \I/U(])Fr)l?r)::nship




Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Peak Load Saving|Peak Load Saving|Peak Load Saving

Orientation|Design parameters Peak Load (kW) Equivalent (kW) (kW) (kW) Peak Load Saving (kW)
Cooling Heating Star Rating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Eave  extension 0.03 2001
west ) )
Eave extension
north 0.08 -0.02
External cave  extension 0.05 0.02
sl Roller shutters
west
Roller shutters
north
Roller shutters east
Thermal mass

C.2.3 Climate Zone 6 Single-Dimension Peak Load Results

Table 4-64 Peak load results for the Apartment Archetype for Climate Zone 6

Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation|Design parameters Peak Load (kW) E?aurlvalent I(T((\;A;}\I)( Load  Saving 5(33;( Load  Saving 5(33;( Load  Saving|pe .y | oad saving (kW)
Coaling Heating Rating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
External |Insulation -0.20 0.03 -0.39 0.04 -0.38 0.06 -0.37 0.07
wall Surface colour -0.09 0.00 -0.07 -0.01 -0.06 -0.01
Infiltration WIRICHS " -0.34 0.44
workmanship
Eave extension
west
0° Eave extension|1 13 1.45 5.3
north

External i
shading |Eave extension east

Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass

External [Insulation

900 gl Surface colour |4 44 1.45 5.8

Improve
workmanship
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Maximum Change

Peak Load Saving (kW)

Cooling Heating
0.00
-0.01
0.00

Base Case Level 1 Change Level 2 Change Level 3 Change
. . . Equivalent |Peak Load Saving|Peak Load Saving|Peak Load Saving
Orientation|Design parameters Peak Load (kW) S?ar (kW) (kW) (kW)
Cooling Heating Rating Cooling Heating Cooling Heating Cooling Heating
Eave extension
west
Eave extension
External [north i
shading |Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
L Improve
Infiltration wo?km anship
Eave extension
west I e T
180° Eave  extension|j 50 1.47 5.6
External  [north i
shading |Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
S Improve
Infiltration W oFr)k manship
Eave extension
west
270° Eave  extension|j 60 1.47 5.70
External  [north i
shading |Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
Table 4-65 Peak load results for the Attached Archetype for Climate Zone 6
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Peak Load (kW) Peak: Load Decrease|Peak Load Decrease|peak  Load  Decrease Peak Load Decrease (kW)
(kw) (kw) (kw)
Cooling Heating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
External wall Insulation 0.02 0.02 0.03 0.02 0.00 0.03 0.01 0.04
Surface colour 0.01 0.00 0.01 0.00 0.00 -0.01 0.00 -0.01
Roof surface type 0.02 0.00 0.04 0.00 0.05 0.00
Roof Surface colour 0.02 0.00 0.45 0.01
Openness 0.03 0.00 0.02 0.00
Ceiling Insulation 0.42 0.01 0.14
Floor Under Slab Insulation -0.60 0.05
Ventilation Ceiling fan 0.46 0.00
o Infiltration Improve workmanship 2.43 2.0 0.33 0.52
Eave extension west
Eave extension north
Siterie] S Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External wall Insulation
Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Floor Under Slab Insulation
900 Ve.ntila.tion Ceiling fan 305 209
Infiltration Improve workmanship
Eave extension west
Eave extension north
. |Eave extension east
External shading Roller shutters west
Roller shutters north
Roller shutters east 0.03 0.00
Thermal mass 0.27 0.04 -0.48 b b
External wall Insulation -0.01 0.02 0.41 0.02 -0.08 0.03
180° Surface colour 237 1.99 -0.02 0.00 -0.01 0.00 0.41 0.00
Roof Roof surface type -0.01 0.00 -0.04 -0.01 -0.05 0.00
Surface colour 0.05 0.00 -0.04 0.00 -0.04 0.00
SP0016 Building Code Energy Performance Trajectory Final Report 180



Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Peak Load (kW) '(T:\e/sl)( Load  Decrease 5((\3/3;( Load Decrease '(T:\e,i;l)( Load  Decrease Peak Load Decrease (kW)
Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Openness -0.02 0.00 0.42 0.00

Ceiling Insulation 0.40 0.01 -0.06

Floor Under Slab Insulation -0.70 0.06

Ventilation Ceiling fan 0.39 0.00

Infiltration Improve workmanship 0.12 0.54

Eave extension west
Eave extension north
Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east

External shading

Thermal mass
External wall Insulation
Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Floor Under Slab Insulation
2700 Ve_ntlla.tlon Ceiling fan _loes 209
Infiltration Improve workmanship

Eave extension west
Eave extension north
Eave extension east
Roller shutters west
Roller shutters north
Roller shutters east

External shading

Thermal mass

Table 4-66 Peak load results for the Detached Archetype for Climate Zone 6

Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Peak Load (kW) Equivalent |[Peak Load Saving (kW) [Peak Load Saving (kW) |Peak Load Saving (kW) [Peak Load Saving (kW)
Cooling Heating Star Rating |Cooling Heating Cooling Heating Cooling Heating Cooling Heating
External |Insulation 0.02 0.03 0.17 0.05 0.18 0.07 0.19 0.08
0° 3.59 3.73 4.90
wall Surface colour 0.01 0.00 0.01 0.00 0.04 -0.01 0.05 -0.01
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Peak Load (kW) Equivalent |[Peak Load Saving (kW) [Peak Load Saving (kW) |Peak Load Saving (kW) [Peak Load Saving (kW)
Cooling Heating Star Rating |Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Roof surface type 0.00 0.00
Roof Surface colour 0.00 0.00
Openness -0.01 -0.02 0.00 -0.03
Ceiling Insulation 0.17 0.05 0.19 0.07
Under Slab
Floor el -0.92 -0.57 -1.12 -0.73 -1.05 -0.82
Ventilation|Ceiling fan -0.04 0.00
Infiltration |MPTOVe 0.19 0.52
workmanship
Eave extension west
Eave extension
north
External  [Eave extension east
S Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation 0.14 0.03 0.17 0.05 0.19 0.07 0.20 0.08
wall Surface colour 0.12 0.00 0.15 0.00 0.24 -0.01 -0.33 -0.01
Roof surface type 0.00 0.00
Roof Surface colour 0.00 0.00
Openness 0.00 -0.02
Ceiling Insulation 0.14 0.05 0.18 0.08 0.20 0.10 0.28 0.12
Under Slab
Floor Insulation -0.83 -0.57 -1.29 -0.74 -1.30 -0.80 -1.43 -0.83
Ventilation|Ceiling fan
90° Infiltration \I,%?L?T:I:nship 3.11 .78 4.90
Eave extension west
Eave extension
north
External  [Eave extension east
SR Roller shutters west 0.11 0.10
Roller shutters north -0.26 0.00
Roller shutters east 0.01 0.00
Thermal mass -0.04 0.05 -0.14 0.24
External |Insulation 0.03 0.03 0.09 0.05 0.10 0.06
180° wall Surface colour 3.36 3.73 4.90 0.02 0.00 0.09 -0.01
Roof Roof surface type 0.00 0.00




Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Peak Load (kW) Equivalent |[Peak Load Saving (kW) [Peak Load Saving (kW) |Peak Load Saving (kW) [Peak Load Saving (kW)
Cooling Heating Star Rating |Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Surface colour -0.02 0.00 -0.13 0.00 -0.12 0.00
Openness 0.00 -0.02 0.00 -0.03
Ceiling Insulation 0.02 0.05 -0.12 0.08
Under Slab
Floor Insulation -0.60 -0.57 -0.78 -0.73 -1.24 -0.80 -1.28
Ventilation|Ceiling fan -0.32 0.00
Infiltration mﬁ:’:ﬂship 0.12 053
Eave extension west
Eave extension
north
External - [E5e extension east
Sl Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass
External |Insulation
wall Surface colour
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Under Slab
et Insulation
Ventilation|Ceiling fan
270° Infiltration :Ic;;r)&%\]/:nShip 3.48 3.74 4.80
Eave extension west
Eave extension
north
External - [E5e extension east
SIrELi Roller shutters west
Roller shutters north
Roller shutters east
Thermal mass

C.2.4 Climate Zone 7 Single-Dimension Peak Load Results
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Table 4-67 Peak load results for the Apartment Archetype for Climate Zone 7

Table 4-68 Peak load results for the Attached Archetype for Climate Zone 7

Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Load (kW) Saving (kW) Saving (kW) Saving (kW) Saving (kW)
Cooling Heating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Wall Insulation 0.007 0.034 0.017 0.052 0.021 0.063 0.026 0.074
Infiltration 0.287 0.418
Roller Shutters West 0.188 0.000
o Roller Shutters East 2514 2:050 0.001 0.000
Roller Shutters North 0.000 0.000
Thermal Mass 0.075 0.100 0.194 -0.009 0.277 0.071
Wall Insulation 0.010 0.033 0.017 0.051 0.019 0.063 0.025 0.074
Infiltration 0.289 0.445
Roller Shutters West 0.094 0.001
90° Roller Shutters East 2.354 1.997 0.019 0.000
Roller Shutters North 0.000 0.000
Thermal Mass 0.273 0.103 0.124 -0.028 0.209 0.043
Wall Insulation 0.016 0.032 0.031 0.049 0.039 0.061 0.043 0.072
Infiltration 0.445 0.464
Roller Shutters West 0.045 0.000
180° Roller Shutters East 2.397 1.988 0.008 0.000
Roller Shutters North 0.000 0.000
Thermal Mass 0.384 0.092 0.219 -0.044 0.454 0.018
:Na" lELEen 0.002 0.033 0.013 0.050 0.021 0.062 0.020 0.073
nsulation
Infiltration 0.047 0.428
270° Roller Shutters West 2,541 2.052 0.242 0.000
Roller Shutters East -0.005 0.000
Roller Shutters North 0.000 0.000
Thermal Mass 0.469 0.095 0.170 -0.034 0.267 0.031

Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation  |Design parameters Peak Load (kW) Peak Load Savings (kW) |Peak Load Savings (kW) |Peak Load Savings (kW) |Peak Load Savings (kW)
Cooling Heating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Wall Insulation 0.010 0.033 0.014 0.059 -0.015 0.069 0.008 0.081
Ceiling Insulation 0.027 0.029 0.040 0.042 0.143 0.051 0.157 0.064
0° Slab Edge Insulation 1.336 2.089 0.000 0.037
Under Slab Insulation -0.002 0.013
Infiltration 0.341 0.628
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Orientation

Design parameters

Base Case

Level 1 Change

Level 2 Change Level 3 Change Maximum Change

Peak Load (kW)

Peak Load Savings (kW)

Peak Load Savings (kW) |Peak Load Savings (kW) |Peak Load Savings (kW)

Cooling Heating

Roller Shutters West

Roller Shutters East

Roller Shutters North

Thermal Mass

Wall Insulation

Ceiling Insulation

Slab Edge Insulation

Under Slab Insulation

90°

Infiltration

Roller Shutters West

Roller Shutters East

Roller Shutters North

Thermal Mass

2.052 2.117

-0.648 0.029

Wall Insulation

Ceiling Insulation

Slab Edge Insulation

Under Slab Insulation

180°

Infiltration

Roller Shutters West

Roller Shutters East

Roller Shutters North

Thermal Mass

1.347 2.056

Wall Insulation

Ceiling Insulation

Slab Edge Insulation

Under Slab Insulation

270°

Infiltration

Roller Shutters West

Roller Shutters East

Roller Shutters North

Thermal Mass

1.696 2.060

Table 4-69 Peak load results for the Detached Archetype for Climate Zone 7
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Base Case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation |Design parameters Peak Load (kW) Peak Load Savings (kW) |Peak Load Savings (kW) |Peak Load Savings (kW) |Peak Load Savings (kW)
Cooling Heating Cooling Heating Cooling Heating Cooling Heating Cooling Heating

Wall Insulation 0.031 0.060 0.029 0.050 0.061 0.118 0.069 0.135

Ceiling Insulation 0.055 0.088 0.102 0.164 0.031 0.214 0.536 0.257

Slab Edge Insulation 0.025 0.118

Under Slab Insulation -0.251 0.264
0° Infiltration 3.087 4.158 0.673 0.589

Roller Shutters West 0.506 0.000

Roller Shutters East 0.046 0.000

Roller Shutters North 0.000 0.000

Thermal Mass 1.032 0.569 0.195 1.663 0.538

Wall Insulation 0.608 0.062 0.606 0.053 -0.168 0.123 -0.155 0.144

Ceiling Insulation 0.616 0.088 -0.282 0.168 -0.277 0.213 -0.171 0.258

Slab Edge Insulation 0.006 0.118

Under Slab Insulation 0.204 0.252 0.006 0.340 -0.394 0.386 -0.419 0.413
90° Infiltration 2.933 4.158 0.500 0.590

Roller Shutters West 0.015 -0.001

Roller Shutters East -0.218 0.000

Roller Shutters North 0.000 -0.001

Thermal Mass 0.498 0.559 1.645 0.220 1.700 0.544

Wall Insulation 0.031 0.063 0.026 0.055 0.061 0.127 0.069 0.146

Ceiling Insulation 0.052 0.087

Slab Edge Insulation 0.022 0.119

Under Slab Insulation 0.601 0.243
180° Infiltration 3.176 4.083 1.050 0.599

Roller Shutters West 0.130 0.000

Roller Shutters East 0.029 0.000

Roller Shutters North 0.000 0.000

Thermal Mass 1.129 0.528

Wall Insulation 0.030 0.060

Ceiling Insulation 0.007 0.087

Slab Edge Insulation -0.019 0.118

Under Slab Insulation -0.091 0.260
2700 Infiltration 2.887 4.141 0.318 0.595

Roller Shutters West 0.411 0.000

Roller Shutters East -0.019 0.000

Roller Shutters North -0.055 0.000

Thermal Mass 1.575 0.207




c.25

Slab Edge Insulation Single-Dimension Peak Load Results

Table 4-70 Peak load results for Slab Edge Insulation inclusion into the Attached and Detached Archetype for Climate Zone 2, 5, 6 and 7

Heating and Cooling Peak Load (kW)
; Base Clase NatHERS 6 Star Base Case (approximatel . Base Case Glazing|Slab Edge Insulation (Glazin
Archetype g(l;;neate Orientation faaap)?roxmately 6ACH@50 15ACH@50 F’a()pr Y |stab Edge Insulation® Calculator Compliant)g ’ Calculat?)r Compliant)(5 ’
Peak Heating|Peak Cooling|Peak Heating|Peak Cooling|Peak Heating|Peak Cooling|Peak Heating|Peak Cooling|Peak Heating|Peak Cooling
(kw) (kw) (kw) (kw) (kw) (kw) (kw) (kw) (kw) (kw)
0° 8.98 22.65 12.62 22.57 125 225 8.98 22.65 12.62 22.57
cz 2 90° 8.63 34.06 11.93 33.42 11.78 334 8.63 34.06 11.93 33.42
180° 5.53 19.81 9.82 21.63 9.48 21.59 5.53 19.81 9.82 21.63
270° 5.46 25.65 8.34 27.06 8.18 27 5.46 25.65 8.34 27.06
0’ 8.67 22.67 13.3 23.91 13.1 23.91 8.67 22.67 13.3 23.91
cz5 90° 8.95 30.12 13.87 32.77 13.54 32.72 8.95 30.12 13.87 32.77
180° 8.25 22.39 13.41 22.6 13.07 22.44 8.25 22.39 13.41 22.6
Attached 270° 9.04 29.78 14.04 29.9 13.75 29.76 9.04 29.78 14.04 29.9
0 15.53 17.81 22.03 21.34 21.79 21.28 17.77 21.4 17.52 21.36
C76 90° 16.53 28.68 22.65 30.35 22.35 29.1 18.45 24.78 18.2 25.55
180° 15.59 18.06 21.97 18.1 21.71 18.08 17.88 21.19 17.62 19.92
270° 16.62 21.7 22.68 25.95 22.46 25.92 18.48 18.4 18.23 18.42
0° 20.49 14.69 27.15 16.89 26.79 16.93 22.56 14.43 22.16 14.43
cz7 90° 21.02 29.86 27.43 32.98 27.1 35.3 22.86 22.16 22.53 22.15
180° 19.84 15.74 26.77 16.97 26.42 16.94 22.21 14.55 21.97 14.49
270° 20.07 21.19 26.55 25.49 26.31 25.45 22.25 18.32 21.91 17.22
0’ 14.89 36.8 21.54 37.58 20.65 37.47 14.89 36.8 21.54 37.58
cz 2 90° 15.13 31.54 21.81 33.54 20.9 33.53 15.13 31.54 21.81 33.54
180° 13.65 33.43 20.5 36.31 19.53 36.18 13.65 33.43 20.5 36.31
270° 14.9 33.35 21.56 34.86 20.64 34.76 14.9 33.35 21.56 34.86
0 17.71 30.41 23.69 37.59 22.82 37.42 25.9 42.42 25.07 42.29
cz5 90° 17.69 28.49 23.67 38.11 22.74 38.38 25.87 43.01 25.02 42.89
180° 17.39 28.87 23.37 37.33 22.47 37.13 25.59 42.42 24.72 42.87
Detached 270° 17.76 26.48 23.64 35.82 22.73 35.7 25.87 41.79 25.03 41.65
0° 34.5 32.36 39.55 35.39 38.76 35.3 33.22 28.63 32.36 28.54
CZ6 90° 34.4 32.87 39.48 34.76 38.67 34.65 33.16 27.48 32.28 274
180° 34.03 31.03 39.23 35.49 38.4 34.71 32.95 27.62 32.07 27.62
270° 34.38 32.59 39.49 33.31 38.67 33.25 33.15 25.83 32.3 25.91
0° 46.43 38 52.47 42.45 51.12 42.25 44.85 33.31 43.5 33.04
Cz7 |90° 46.41 35.05 52.48 42.27 51.14 42.07 44.85 31.69 43.47 31.61
180° 45.37 34.59 51.46 41.82 50.11 39.85 44.03 34.31 42.67 34.04
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Heating and Cooling Peak Load (kW)

Base Case NatHERS 6 Star

Base Case (approximately

Base

Case

(Glazing

Slab Edge Insulation (Glazing

. . 1 3
Archetype gl)lrr?eate Orientation Sap)?rommately 6ACH@50 15ACH@50 Pa)? Slab Edge Insulation Calculator Compliant)* Calculator Compliant)®
Peak Heating|Peak Cooling|Peak Heating|Peak Cooling|Peak Heating|Peak Cooling|Peak Heating|Peak Cooling|Peak Heating|Peak Cooling
(kW) (kw) (kw) (kw) (kw) (kw) (kw) (kw) (kw) (kw)
270° 46.2 34.87 52.23 41.69 50.88 41.43 44.66 31.16 43.28 31.37

-

employed meet/exceeds 6 Star NatHERS in at least one orientation.
2 The baseline model has all the building elements as per 6 Star NatHERS Baseline except the infiltration, which is approximately 15 ACH@50Pa.

ENENN

Slab edge insulation is included in the Base Case model.
Base Case glazing calculator compliant includes the glass type that complies with the glazing calculator at least in one orientation (infiltration rate is approximately 15 ACH@50Pa). Note

that the Detached Archetype in Climate Zone 7 had no glass from the AccuRate Sustainability default library compliant with the glazing calculator

o

the slab edge insulation included in the model.

CRC
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Baseline 6 Star NatHERS model includes the current practise WWR (i.e. WWRmIin+10%), TAG reviews and the default infiltration (approximately 6 ACH@50Pa). The glazing type

Slab edge insulation glazing calculator compliant refers to the baseline model that has the glass type selected to comply with the glazing calculator at least in one orientation as well as



Appendix D - Economic Modelling Details for Multi-Dimensional Packages of
Measures

D.1  Benefit Cost Analysis

The benefit cost ratio is calculated by dividing the lifecycle energy cost savings over the differential capital cost less
network adjustments.

For example, from the table for conservative trajectory numbers Table 4-71, for Climate Zone 2, 180°, O year scenario,
the BCR value would be:

2,342 2,342
= = 0.57
[(66,538—61,206)-1,240] 4,092

The lifecycle costs are calculated based on the economic modelling methodology described in Appendix A -
The tables in the sub sections below represent the following information:
¢ Model - refers to the modelling scenario for the particular archetype for the particular year.

e Base Construction Cost — refers to the assumed absolute construction cost of relevant works (not accounting
for HVAC variation).

e HVAC sizing capital cost adjustment - refers to the change in capital cost of (assumed) split HVAC system, due
to variation in peak demand, relative to base case.

¢ Capital Cost (not inc. network adjustments) — refers to base construction cost + HVAC adjustments.
¢ Energy Use (kWh) — refers to entire building yearly energy use.
e Peak Demand (kW) - refers to peak HVAC electricity demand for the year.

o Network adjustments to capital cost — refers to incremental variation in capital cost due to change in peak
demand relative to the base case.

o Lifecycle energy cost savings (today) — refers to energy cost savings accrued over the lifetime of the
technology (40 years) for measures implemented at 0 years (2019) into the future. Calculated in $ (dollars).

o Lifecycle energy cost savings (5 yrs) - refers to energy cost savings accrued over the lifetime of the technology
(40 years) for measures implemented at 5 years (2024) into the future. Calculated in $ (dollars).

o Lifecycle energy cost savings (10 yrs) - refers to energy cost savings accrued over the lifetime of the
technology (40 years) for measures implemented at 10 years (2029) into the future. Calculated in $ (dollars).

e Lifecycle energy cost savings (15 yrs) - refers to energy cost savings accrued over the lifetime of the
technology (40 years) for measures implemented at 15 years (2034) into the future. Calculated in $ (dollars).

e BC Ratio — Today - refers to the benefit cost ratio defined as the ratio of the lifecycle energy cost savings over
the differential capital cost of measures implemented at 0 years (2019) into the future.

e BC Ratio - 5 yrs - refers to the benefit cost ratio defined as the ratio of the lifecycle energy cost savings over the
differential capital cost of measures implemented at 5 years (2024) into the future.

e BC Ratio - 10 yrs - refers to the benefit cost ratio defined as the ratio of the lifecycle energy cost savings over the
differential capital cost of measures implemented at 10 years (2029) into the future.

e BC Ratio - 15 yrs - refers to the benefit cost ratio defined as the ratio of the lifecycle energy cost savings over the
differential capital cost of measures implemented at 15 years (2034) into the future.

¢ BC Ratio (without network adjustment) — Today - refers to the benefit cost ratio defined as the ratio of the
lifecycle energy cost savings over the differential capital cost less network adjustments implemented at O years
(2019) into the future.

¢ BC Ratio (without network adjustment) — 5 yrs - refers to the benefit cost ratio defined as the ratio of the
lifecycle energy cost savings over the differential capital cost less network adjustments implemented at 5 years
(2024) into the future.

e BC Ratio (without network adjustment) — 10 yrs - refers to the benefit cost ratio defined as the ratio of the
lifecycle energy cost savings over the differential capital cost less network adjustments implemented at 10 years
(2029) into the future.
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e BC Ratio (without network adjustment) — 15 yrs — refers to the benefit cost ratio defined as the ratio of the
lifecycle energy cost savings over the differential capital cost less network adjustments implemented at 15 years
(2034) into the future.

The area size used for the different archetypes is as follows:

Apartment area - 76.42 m2
Attached area - 134.50 m2
Detached house area - 189.39 m?

The tables presented below contain the full breakdown of all the inputs which made up the benefit cost calculation.
Results are given for both archetype orientations that were used in the multi- dimensional tuning, those with the highest
and lowest yearly energy consumption. The construction costs are fixed and implemented by years for scenarios given in
Table 2-8 to Table 2-13.

D.1.1 Conservative Trajectory

Presented in the table below are the benefit cost ratio results for the package of measures included in the
multidimensional conservative energy efficiency trajectories/scenarios.
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Table 4-71 Benefit Cost Ratios of different archetypes and orientation (conservative trajectory)

4L, LOW CARBON LIVING
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H'V'AC Capital Network Lifecycle Lifecycle Lifecycle Lifecycle BC. Ratio BC Ratio BC. Ratio BC. Ratio
Base sm'n g Cos't (not Energy Peak adjustme energy energy energy energy . . . . (without (without (without (without
Mode capital inc Dema BC Ratio- | BCRatio- | BCRatio- | BC Ratio - network network network
| (‘:onstruc cost network s nd nts.to CCfSt ‘EOSt CO.St CO.St Today 5yrs 10 years 15 years adjustme ne'twork adjustme adjustme
tion Cost adjustm | adjustme (kwh) (kw) capital savings savings (5 savings savings nt)- adjustme nt) - 10 nt)- 15
- nts) cost (today) yrs) (10 yrs) (15 yrs) Today nt) - 5yrs T T
A“acl';g‘f cz2 ':::: $61,206 $61,206 1,284 2.97
Oyrs $67,458 -$920 $66,538 817 1.68 -$1,240 2342 0.57 0.44
S5yrs $68,205 -$1,150 $67,055 713 1.42 -$1,477 3,315 0.76 0.57
10 yrs $68,205 -$1,380 $66,825 662 1.25 -$1,628 3,982 1.00 071
15 yrs $68,205 -$1,610 $66,595 651 1.16 -$1,699 4,406 119 0.82
A“a;';:‘f c22 ':::: $64,608 $64,608 1,484 2.88
Oyrs $68,040 -$460 $67,580 900 211 -$741 2,929 131 0.99
5yrs $70,637 -$690 $69,947 736 1.82 -$1,012 4338 1.00 0.81
10 yrs $70,637 -$920 $69,717 683 1.60 -$1,209 5,126 131 1.00
15 yrs $73,462 -$1,380 $72,082 670 1.48 -$1,316 5,667 0.92 0.76
A"“l::‘f £ ':::: $64,034 $64,034 1165 2.80
Oyrs $68,428 -$690 $67,738 761 1.70 -$1,059 2,028 0.77 055
S5yrs $69,028 -$920 $68,108 671 1.49 -$1,256 2,869 1.02 0.70
10 yrs $69,855 -$1,150 $68,705 623 1.30 -$1,421 3,468 107 0.74
15yrs $71,644 -$1,610 $70,034 608 1.21 -$1,492 3,876 0.86 0.65
A"ac;;:‘f czs ':::: $64,034 $64,034 1364 3.41
0yrs $68,428 -$920 $67,508 238 2.16 -$1,205 2,637 1.16 076
S5yrs $69,028 -$1,150 $67,878 738 1.89 -$1,457 3,631 1.52 0.94
10 yrs $69,855 -$1,610 $68,245 681 1.60 -$1,715 4,366 175 1.04
15 yrs $71,644 -$1,840 $69,804 658 1.48 -$1,811 4,012 1.24 0.85
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H'V'AC Canital Network Lifecycle Lifecycle Lifecycle Lifecycle BC. bEEE BC Ratio BC' CEGE BC' CEGE
Base sm.ng Cos.t (not Energy s adjustme energy energy energy energy . . 0 . (TSI (without (WRhout (WRhout
Mode capital inc Dema BCRatio- | BCRatio- | BCRatio- | BC Ratio - network network network
| (‘:unstruc cost network JES nd nts.to CO,St C,OSt CO,St CO,St Today 5yrs 10 years 15 years adjustme ne.twork adjustme adjustme
tion Cost adjustm | adjustme (kwWh) (kw) capital savings savings (5 savings savings nt) - adjustme nt)- 10 nt)- 15
. - cost (today) yrs) (10 yrs) (15 yrs) Today nt)-5yrs . .
A“ai::‘f €25 ':::: $67,382 $67,382 1982 2.69
0yrs $73,541 -$690 $72,851 1,031 1.75 -$907 4,765 1.04 0.87
5yrs $75,930 -$690 $75,240 260 1.65 -$1,000 6,505 0.95 0.83
10 yrs $76,782 -$920 $75,862 793 1.45 -$1,179 7,606 104 0.90
15 yrs $76,782 -$1,150 $75,632 769 1.34 -$1,271 8,443 121 1.02
A"a;';:f 2o ':::: 467,382 467,382 2224 3.05
0yrs $74,341 -$920 $73,421 1,153 1.71 -$1,291 5,372 113 0.89
5yrs $76,730 -$1,150 $75,580 963 1.50 -$1,478 7,316 1.09 0.89
10 yrs $77,582 -$1,380 $76,202 884 132 -$1,636 8,575 119 0.97
15 yrs $79,432 -$1,610 $77,822 839 1.34 -$1,597 9,641 1.09 0.92
A"ai';:‘f €27 ':::: $67,382 467,382 . 3.14
0yrs $73,122 -$1,150 $71,972 1,205 1.57 -$1,506 5,601 1.82 1.22
5yrs $76,293 -$1,380 $74,913 1,015 1.31 -$1,741 7,584 131 101
10 yrs $75,708 -$1,610 $74,098 930 1.15 -$1,877 8,908 184 133
15 yrs $80,949 -$2,070 $78,879 978 1.00 -$2,000 10,053 1.06 0.87
A"a;';:‘f 27 ':::: $67,382 $67,382 2618 3.10
Oyrs $74,972 -$1,150 $73,822 1,339 1.57 -$1,480 6,412 1.29 1.00
5yrs $78,143 -$1,380 $76,763 1,126 1.30 -$1,716 8,652 113 0.92
10 yrs $80,383 -$1,610 $78,773 1,028 1.16 -$1,836 10,172 1.06 0.89
15yrs $82,799 -$2,070 $80,729 081 1.00 -$1,968 11,394 1.00 0.85
Detacgfd c22 ':::: $81,492 $81,492 2396 454
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H'V'AC Canital Network Lifecycle Lifecycle Lifecycle Lifecycle BC. bEEE BC Ratio BC' CEGE BC' CEGE
Base sm.ng Cos.t (not Energy s adjustme energy energy energy energy . . 0 . (TSI (without (WRhout (WRhout
Mode capital inc Dema BCRatio- | BCRatio- | BCRatio- | BC Ratio - network network network
| (‘:unstruc cost network Ue3 nd nts.to CO,St C,OSt CO,St CO,St Today 5yrs 10 years 15 years adjustme ne.twork adjustme adjustme
tion Cost adjustm | adjustme (kwWh) (kw) capital savings savings (5 savings savings nt) - adjustme nt) - 10 nt)- 15
. - cost (today) yrs) (10 yrs) (15 yrs) Today nt)-5yrs . .
Oyrs $86,590 -$920 $85,670 1,543 3.19 -$1,297 4,278 1.49 1.02
5yrs $89,907 -$1,150 $88,757 1,358 2.78 -$1,673 6,021 1.08 0.83
10 yrs $89,907 -$1,610 $88,297 1,239 2.73 -$1,709 7,398 1.45 1.09
15 yrs $89,907 -$1,840 $88,067 1216 2.50 -$1,907 8,211 176 1.25
Deta;g:,d £z2 ':::: $80,786 480,786 2354 3.80
Oyrs $87,640 -$690 $86,950 1,593 2.82 -$949 3,817 0.73 0.62
5yrs $91,207 -$920 $90,287 1,402 2.46 -$1,283 5,524 0.67 0.58
10 yrs $91,207 -$1,380 $89,827 1,286 2.24 -$1,473 6,832 0.90 0.76
15 yrs $91,207 -$1,610 $89,597 1,258 2.07 -$1,627 7,629 1.06 0.87
Dem‘:‘;d @ 2::: $82,707 $82,707 2317 4.80
Oyrs $90,328 -$1,610 $88,718 1,556 2.45 -$2,258 3816 1.02 063
5yrs $91,931 -$1,840 $90,091 1,288 231 -$2,376 5,966 1.19 0.81
10 yrs $95,199 -$2,300 $92,899 1171 2.06 -$2,586 7328 0.96 0.72
15 yrs $95,199 -$2,760 $92,439 1,155 1.90 -$2,712 8,087 115 0.83
D“a:::,d L5 ':::: $85,312 485,312 2348 454
Oyrs $90,328 -$1,380 $88,948 1,567 2.57 -$1,900 3,913 225 108
5yrs $91,931 -$1,610 $90,321 1,288 2.31 -$2,133 6,144 214 1.23
10 yrs $93,924 -$2,530 $91,394 1,171 1.70 -$2,686 7,525 222 1.24
15 yrs $93,924 -$2,990 $90,934 1,155 1.58 -$2,776 8,301 292 1.48
De'a?;d 6 ':::: $85,164 $85164 | yoop | 449
0yrs $97,866 -$1,380 $96,486 2,154 2.61 -$1,818 8,744 0.92 0.77
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H'V'AC Canital Network Lifecycle Lifecycle Lifecycle Lifecycle BC. bEEE BC Ratio BC' CEGE BC' CEGE
Base sm.ng Cos.t (not Energy s adjustme energy energy energy energy . . 0 . (TSI (without (WRhout (WRhout
Mode capital inc Dema BCRatio- | BCRatio- | BCRatio- | BC Ratio - network network network
| (‘:unstruc cost network Ue3 nd nts.to CO,St C,OSt CO,St CO,St Today 5yrs 10 years 15 years adjustme ne.twork adjustme adjustme
tion Cost adjustm | adjustme (kwWh) (kw) capital savings savings (5 savings savings nt) - adjustme nt) - 10 nt)- 15
. - cost (today) yrs) (10 yrs) (15 yrs) Today nt)-5yrs . .
5yrs $98,466 -$1,610 $96,856 1,801 2.27 -$2,118 11,642 1.22 1.00
10 yrs $103,666 -$2,070 $101,596 1,708 2.00 -$2,357 14,005 0.99 0.85
15 yrs $103,666 -$2,530 $101,136 1,638 1.85 -$2,479 15735 117 0.99
D‘“a;;‘:,d €26 ':::: 485,164 485,164 3977 4.50
Oyrs $96,816 -$1,380 $95,436 2,187 2.60 -$1,822 8,077 1.06 0.87
5yrs $97,416 -$1,610 $95,806 1,919 2.27 -$2,122 11,936 1.40 112
10 yrs $102,616 -$2,070 $100,546 1,731 2.00 -$2,361 14371 110 0.93
15 yrs $102,616 -$2,530 $100,086 1,657 1.84 -$2,483 16,149 130 1.08
Deta‘;‘;d @ '::ss: $85,164 $85164 |, | 570
Oyrs $99,750 -$1,840 $97,910 2504 3.26 -$2,354 11,624 112 091
S5yrs $104,244 -$2,300 $101,944 1,980 2.55 -$3,008 16,483 1.20 0.98
10 yrs $108,202 -$2,990 $105,212 1,774 2.22 -$3,287 19,499 116 0.97
15yrs $108,202 -$3,680 $104,522 1,696 2.05 -$3,422 21,761 137 112
Deta;;‘g,d c27 ':::: $85,164 485,164 4914 5.68
Oyrs $98,642 -$1,840 $96,802 2,421 3.14 -$2,447 12,502 1.36 107
5yrs $100,664 -$2,300 $98,364 1,993 2.55 -$2,987 16,946 1.66 1.28
10 yrs $103,389 -$2,990 $100,399 1,803 2.22 -$3,267 19,899 166 131
15 yrs $104,246 -$3,450 $100,796 1,723 2.04 -$3,402 22,217 1.82 1.42
Ag;z"g:':' ':::: $50,159 450,159 1214 1.95
Oyrs $53,187 -$690 $52,497 795 1.04 -$885 2,104 1.45 0.90
5yrs $53,787 -$690 $53,097 701 0.90 -$1,002 2,979 154 101
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H'V'AC Canital Network Lifecycle Lifecycle Lifecycle Lifecycle BC. bEEE BC Ratio BC' CEGE BC' CEGE
Base sm.ng Cos.t (not Energy s adjustme energy energy energy energy . . 0 . (TSI (without (WRhout (WRhout
Mode capital inc Dema BCRatio- | BCRatio- | BCRatio- | BC Ratio - network network network
| (‘:unstruc cost network Ue3 nd nts.to CO,St C,OSt CO,St CO,St Today 5yrs 10 years 15 years adjustme ne.twork adjustme adjustme
tion Cost adjustm | adjustme (kwWh) (kw) capital savings savings (5 savings savings nt) - adjustme nt) - 10 nt)- 15
. - cost (today) yrs) (10 yrs) (15 yrs) Today nt)-5yrs . .
10 yrs $56,015 -$920 $55,095 658 0.80 -$1,096 3,557 093 0.72
15 yrs $56,015 -$1,150 $54,865 646 0.67 -$1,203 3,956 113 0.84
A'::;rzt;":o"t ':::: 449,611 449,611 1207 2.25
Oyrs $53,137 -$920 $52,217 792 0.92 -$1,281 2,085 157 0.80
5yrs $53,737 -$920 $52,817 698 0.80 -$1,381 2,055 1.62 0.92
10 yrs $55,628 -$1,380 $54,248 656 0.71 -$1,460 3,528 111 0.76
15 yrs $55,628 -$1,380 $54,248 644 0.70 -$1,454 3,924 123 0.85
e | e | saoue a6 | L | 20
Oyrs $55,191 -$460 $54,731 765 1.26 -$793 2,200 116 0.82
5yrs $56,591 -$690 $55,901 675 1.10 -$939 3,067 1.05 0.79
10 yrs $56,591 -$920 $55,671 636 0.97 -$1,055 3,636 141 1.00
15 yrs $57,791 -$1,380 $56,411 621 0.72 -$1,281 4,061 131 0.93
A'::azrst'::,"t ':::: $51,339 $51,339 1181 2.02
0yrs $55,816 -$690 $55,126 761 0.97 -$1,009 2,109 0.76 0.56
5yrs $57,216 -$690 $56,526 671 0.85 -$1,117 2,059 0.73 0.57
10 yrs $57,216 -$920 $56,296 632 0.74 -$1,204 3,513 0.94 071
15yrs $57,791 -$1,150 $56,641 617 0.72 -$1,210 3,928 0.96 0.74
A‘(’:az'::':,"t ':::: $49,087 $49,087 2,007 236
0yrs $54,378 -$690 $53,688 087 1.29 -$1,031 5,112 1.43 111
5yrs $56,355 -$920 $55,435 849 0.99 -$1,313 6,712 133 1.06
10 yrs $57,165 -$1,150 $56,015 783 0.85 -$1,425 7,826 1.42 113
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H'V'AC Canital Network Lifecycle Lifecycle Lifecycle Lifecycle BC. s BC Ratio BC, L BC, L
Base sizing Cost (not Ener Peak adiustme ener ener ener P (without (without (without (without
Mode capital inc 2 Dema ) gy gy gy gy BCRatio- | BCRatio- | BCRatio- | BC Ratio - network network network
Construc Use nts to cost cost cost cost . network " n
| i cost network nd . . ) ) ) Today 5yrs 10 years 15 years adjustme ) adjustme adjustme
tion Cost . . (kwh) capital savings savings (5 savings savings adjustme
adjustm | adjustme (kw) e (today) . (10yrs) (15 yrs) nt) - B nt) - 10 nt) - 15
ent nts) U U U U Today U yrs yrs
15 yrs $57,165 -$1,380 $55,785 759 0.79 -$1,475 8,683 1.66 1.30
Apartment Base
€26 270° case $53,482 $53,482 2,002 2.33
negative
0yrs $54,328 $690 $53,638 1,086 1.37 $923 4,591 o 29.53
5yrs $56,305 -$690 $55,615 30 1.18 -$1,094 6,216 5.08 201
10 yrs $57,115 -$1,150 $55,965 258 0.86 -$1,390 7317 6.60 2.5
15 yrs $57,115 -$1,380 $55,735 226 0.79 -$1,440 8,182 10.06 363
Apartment Base
27 90° — $48,682 $48,682 2,256 2.79
0yrs $58,298 -$1,380 $56,918 057 0.88 -$1,840 6,509 1.02 0.79
5yrs $59,709 -$1,380 $58,329 343 0.77 -$1,929 8,196 1.06 0.85
10 yrs $60,421 -$1,840 $58,581 776 0.66 -$2,009 9,466 1.20 0.96
15 yrs $60,421 -$2,070 $58,351 753 0.61 -$2,035 10,462 137 1.08
Apartment Base
€27 270° case 2 SHLET 2,347 i
oyrs $58,298 -$1,380 $56,918 1153 0.94 -$1,760 5,989 1.32 0.95
5yrs $59,709 -$1,380 $58,329 1,013 0.82 -$1,857 7739 1.32 1.00
10 yrs $60,421 -$1,840 $58,581 024 0.71 -$1,945 9,100 151 114
15 yrs $60,421 -$2,070 $58,351 286 0.65 -$1,976 10,170 176 131
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D.1.2  Accelerated Deployment Trajectory

Presented in the table below are the benefit cost ratio results for the package of measures included in the
multidimensional Accelerated Deployment energy efficiency trajectories/scenarios.
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Table 4-72 Benefit Cost Ratios of different archetypes and orientation (accelerated deployment trajectory)

CRC

L LOW CARBON LIVING
A

BC BC BC BC
HVAC CptiE e Lifecycl Lifecycl Lifecycl Lifecycl R?tlo R?tlo R?tlo Rétlo
. Cost rk (witho (witho (witho (witho
Base sizing . Peak N e e e e BC BC
. (not inc Energy adjust BC BC . . ut ut ut ut
Constr capita Dem energy energy energy energy . . Ratio - Ratio -
q networ Use ments Ratio - Ratio - networ networ networ networ
uction | cost and cost cost cost cost 10 15
) k (kwWh) to . ) ) ) Today 5yrs k k k k
Cost adjust . (kw) 5 g g g g years years . . . A
i adjust capital (today) (5 yrs) (10 yrs) (15 yrs) adjust adjust adjust adjust
ments) cost Y. v y y ment) - ment) - ment) - ment) -
Today 5yrs 10 yrs 15 yrs
Attached Base $61,20 $61,20 2.97
CZ2 180° case 6 6 1,284 )
$89,84 i 488,23 -
Oyrs 1 sl(')Gl 1 689 | 2% | 1379 | 2988 0.12 0.11
$90,44 ) $89,29 -
Syrs 1 51(')15 1 6a0 | 13° | s1538 3,736 0.14 013
10 $90,44 b $89,06 -
yrs 1 51638 1 599 20 $1,671 4,385 0.17 0.16
15 $90,44 ) $88,60 -
yrs 1 $1684 1 592 L $1,728 4,819 0.19 0.18
Attached Base $64,60 $64,60 288
CZ2 270° case 8 8 1,484 i
$95,09 } $93,71 -
Oyrs 9 51(')38 9 703 | Y% | s1,2a6 | 3,019 0.14 013
$95,69 ) $94,54 _
Syrs 9 51615 9 653 | 10| s1412 4,822 017 0.16
10 $95,69 b $94,31 -
yrs 9 $1638 9 610 L2 $1,550 5,591 0.20 0.19
15 $95,69 ) $94,08 -
yrs 9 $1661 9 602 L $1,611 6,139 0.22 0.21
Attached Base $64,03 $64,03 20
CZ5 180° case 4 4 1,165 :
$90,88 ) $89,27 -
Oyrs 5 51(')61 5 6a1 | 122 | s1509 | 2629 011 0.10
$91,48 ) $90,33 -
Syrs 5 51(')15 5 so8 | 107 | s1es1 3,290 0.13 0.13
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BC BC BC BC
HVAC Capital D Lifecycl Lifecycl Lifecycl Lifecycl R?tlo R?tlo R?tlo Rétlo
. Cost rk (witho (witho (witho (witho
Base sizing . Peak . e e e e BC BC
Constr capita i3 Energy Dem BCIE ener; ener; ener; ener; e e Ratio - Ratio - ut ut ut ut
. P networ Use ments gy gy gy gy Ratio - Ratio - networ networ networ networ
uction | cost and cost cost cost cost 10 15
. k (kwh) to . . . | Today 5yrs k k k k
Cost adjust " (kw) X savings | savings | savings | savings years years . . . .
i adjust capital (today) (5 yrs) (10 yrs) (15 yrs) adjust adjust adjust adjust
ments) cost \ y y y ment) - ment) - ment) - ment) -
Today 5yrs 10 yrs 15 yrs
10 $91,48 ) $89,87 -
yrs 5 $1(,)61 5 561 Bk $1,756 3,866 0.16 0.15
15 $91,48 ) $89,64 -
1,84 b
yrs 5 $ (')8 5 558 B $1,789 4,230 0.18 0.17
Attached Base $64,03 $64,03 301
CZ5 270° case 4 4 1,364 )
$93,96 b $91,66 -
2 1.
Oyrs 5 s (’)30 5 672 301 52039 | 3469 0.14 0.13
$94,56 . $92,95 -
Syrs 5 sl(’fl 5 66 | "1 | s2,166 4,282 0.16 0.15
10 $94,56 ) $92,49 -
yrs 5 Sz(')(ﬂ 5 586 £AU $2,272 4,978 0.19 0.17
15 $94,56 b $92,26 -
yrs 5 SZ(,J?:O 5 580 25 $2,306 5,456 0.21 0.19
Attached Base $67,38 $67,38 269
CZ6 180° case 2 2 1,982 i
$93,07 ) $91,46 -
Oyrs 2 Sl('fl 2 gs1 | M9 | s1452 | s516 0.24 0.23
$93,67 i $92,52 §
B 2 s1(,)15 2 g1 | M | 1572 6,788 0.29 0.27
10 $93,67 b $92,29 -
yrs 2 $1638 2 752 nen $1,675 7,863 0.34 0.32
15 $93,67 ) $91,83 -
yrs 2 $1684 2 731 D&y $1,707 8,703 0.38 0.36
Attached Base $67,38 $67,38 205
CZ6 270° case 2 2 2,224 :
$96,09 ) $94,25 -
Y 8 $1684 8 o79 | Y2 | s1,7a5 | 6245 0.25 0.23
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BC BC BC BC
HVAC Capital D Lifecycl Lifecycl Lifecycl Lifecycl R?tlo R?tlo R?tlo Rétlo
. Cost rk (witho (witho (witho (witho
Base sizing . Peak . e e e e BC BC
Constr capita i3 Energy Dem BCIE energy energy energy energy e e Ratio - Ratio - ut ut ut ut
. networ Use ments Ratio - Ratio - networ networ networ networ
uction | cost and cost cost cost cost 10 15
. k (kwh) to . . . | Today 5yrs k k k k
Cost adjust . (kw) X savings | savings | savings | savings years years . . . .
i adjust capital (today) (5 yrs) (10 yrs) (15 yrs) adjust adjust adjust adjust
ments) cost \ y y y ment) - ment) - ment) - ment) -
Today 5yrs 10 yrs 15 yrs
$96,69 b $95,31 -
O 8 $1(,)3s 8 gos | 109 | s18e8 7,696 0.30 0.28
10 $96,69 ) $94,85 -
1,84 b
yrs 8 $ (')8 8 830 BEE $1,971 8,920 0.35 0.32
15 $96,69 ) $94,62 -
yrs 8 $2(')07 8 802 OEH $2,005 9,903 0.39 0.36
Attached Base $67,38 $67,38 314
CZ7 180° case 2 2 2,322 i
$92,49 ) $90,65 -
e 2 $1(’)84 2 1063 | W3 | s1,727 | 6315 0.29 0.27
$93,09 b $91,71 )
BT 2 Sl('fs 2 o72 | M8 | s1862 7,832 035 0.32
10 $93,09 ) $91,25 -
yrs 2 Sl(')84 2 897 S $1,975 9,119 0.42 0.38
15 $93,09 ) $91,02 -
yrs 2 $2607 2 862 De $2,015 10,163 0.47 0.43
Attached Base $67,38 $67,38 310
CZ7 270° case 2 2 2,618 i
$94,92 ) $93,08 -
W 3 $1684 3 1181 | 13 | s1692 | 7,204 030 0.28
$95,52 b $94,14 -
B 3 $1638 3 1077 | | s1827 8,938 036 033
10 $95,52 ) $93,68 -
yrs 3 $1684 3 991 L= $1,940 10,407 0.43 0.40
15 $95,52 ) $93,45 -
yrs 3 $2607 3 948 ek $1,981 11,625 0.48 0.45
Detached Base $81,49 $81,49 454
Ccz20° case 2 2 2,396 :
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BC BC BC BC
HVAC Capital D Lifecycl Lifecycl Lifecycl Lifecycl R?tlo R?tlo R?tlo Rétlo
. Cost rk (witho (witho (witho (witho
Base sizing . Peak . e e e e BC BC
Constr capita i3 Energy Dem BCIE energy energy energy energy e e Ratio - Ratio - ut ut ut ut
. networ Use ments Ratio - Ratio - networ networ networ networ
uction | cost and cost cost cost cost 10 15
. k (kwh) to . . . | Today 5yrs k k k k
Cost adjust . (kw) X savings | savings | savings | savings years years . . . .
i adjust capital (today) (5 yrs) (10 yrs) (15 yrs) adjust adjust adjust adjust
ments) cost \ y y y ment) - ment) - ment) - ment) -
Today 5yrs 10 yrs 15 yrs
$136,7 b $134,4 -
Oyrs 50 $2630 50 1235 | 2% | 1992 | 5823 0.11 0.11
$137,3 ) $135,5 -
SV 50 $1(’)84 10 1146 | 218 | 2,048 7,253 0.14 0.13
10 $137,3 b $135,0 -
yrs 50 $2(')30 50 1,074 e $2,459 8,456 0.17 0.16
15 $137,3 ) $134,5 -
yrs 50 $2(')76 90 1,063 20 $2,561 9,279 0.18 0.17
Detached Base $80,78 $80,78 3.80
CZ2 180° case 6 6 2,354 i
$137,0 } $135,1 .
W 00 $1684 60 1275 | 20 | s1,713 | 5412 0.10 0.10
$137,6 i $136,2 -
BT 00 Sl('fs 20 1181 | Y70 | s1,923 6,804 0.13 0.12
10 $137,6 ) $135,7 -
yrs 00 $1684 60 1,106 L2 $2,100 7,984 0.15 0.15
15 $137,6 b $135,3 -
yrs 00 52630 00 1,092 Les $2,175 8,786 0.17 0.16
Detached Base $82,70 $82,70 4.80
CZ5 90° case 7 7 2,317 i
$141,4 ) $137,9 -
Y 39 $3(')45 89 1200 | Y%7 | 3105 | 5,508 0.11 0.10
$142,5 ) $140,0 -
Syrs 82 52(')53 52 1116 | 139 | s3.253 6,965 0.13 0.12
10 $142,5 ) $139,5 -
yrs 82 $2699 92 1,047 22 $3,378 8,119 0.15 0.14
15 $142,5 ) $138,9 -
yrs 82 $3(')68 02 1,039 L $3,410 8,896 0.17 0.16
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BC BC BC BC
HVAC Capital D Lifecycl Lifecycl Lifecycl Lifecycl R?tlo R?tlo R?tlo Rétlo
. Cost rk (witho (witho (witho (witho
Base sizing . Peak . e e e e BC BC
Constr capita i3 Energy Dem BCIE energy energy energy energy e e Ratio - Ratio - ut ut ut ut
. networ Use ments Ratio - Ratio - networ networ networ networ
uction | cost and cost cost cost cost 10 15
. k (kwh) to . . . | Today 5yrs k k k k
Cost adjust " (kw) X savings | savings | savings | savings years years . . . .
i adjust capital (today) (5 yrs) (10 yrs) (15 yrs) adjust adjust adjust adjust
ments) cost \ y y y ment) - ment) - ment) - ment) -
Today 5yrs 10 yrs 15 yrs
Detached Base $85,31 $85,31 A
CZ5 180° case 2 2 2,348 .
$141,1 b $137,9 -
Oyrs 67 53622 47 1,200 | %0 | s2,027 | 5,710 0.11 0.11
$142,3 b $140,0 3
2 1.
Syrs 09 s 630 09 1,122 31 53,069 7,105 0.14 0.13
10 $142,3 b $139,3 -
2 1.17
yrs 09 $ (')99 19 1,053 $3,190 8,278 0.16 0.15
15 $142,3 ) $138,8 -
4 1.1
yrs 09 $3(') 2 59 1,044 & $3,218 9,072 0.18 0.17
Detached Base $85,16 $85,16 4.49
CZ6 90° case 4 4 3,898 )
$154,7 b $151,7 -
2 1.7
Oyrs 57 s 699 67 1,768 ® | s2631 | 10682 0.17 0.16
$155,3 ) $153,2 3
2,07 1.
Syrs 57 s (,)o 87 1,618 6 | 52,804 13,225 0.20 0.19
10 $155,3 : $152,5 -
2,7 1.37
yrs 57 $ (,) € 97 1,498 E $2,949 15,350 0.24 0.23
15 $155,3 b $152,1 -
yrs 57 $3(,)22 37 1,448 S $2,998 17,055 0.27 0.25
Detached Base $85,16 $85,16 AGE
CZ6 270° case 4 4 3,977 )
$153,7 ) $150,7 -
2 1.
Oyrs 07 $ (’)99 17 1,783 71 s2631 | 11,008 0.17 0.17
$154,3 ) $152,2 ,
2 1.
Syrs 07 $ (’)07 37 1,631 6 | 2,804 13,608 021 0.20
10 $154,3 ) $151,5 -
yrs 07 $2676 a7 1,510 Lt $2,950 15,781 0.25 0.24
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BC BC BC BC
HVAC Capital D Lifecycl Lifecycl Lifecycl Lifecycl R?tlo R?tlo R?tlo Rétlo
. Cost rk (witho (witho (witho (witho
Base sizing . Peak . e e e e BC BC
Constr capita i3 Energy Dem BCIE ener; ener; ener; ener; e e Ratio - Ratio - ut ut ut ut
. P networ Use ments gy gy gy gy Ratio - Ratio - networ networ networ networ
uction | cost and cost cost cost cost 10 15
. k (kwh) to . . . | Today 5yrs k k k k
Cost adjust . (kw) X savings | savings | savings | savings years years . . . .
i adjust capital (today) (5 yrs) (10 yrs) (15 yrs) adjust adjust adjust adjust
ments) cost \ y y y ment) - ment) - ment) - ment) -
Today 5yrs 10 yrs 15 yrs
15 $154,3 b $151,0 -
yrs 07 $3(')22 87 1,459 A2 $2,999 17,532 0.28 0.27
Detached Base $85,16 $85,16 570
Cz7 90° case 4 4 4,822 )
$140,6 ) $136,9 -
2.24
Oyrs 37 $3(’)68 57 1,839 $3,336 | 14,960 031 0.29
$141,2 ) $138,4 3
SV 37 $2(’)76 77 1681 | 198 | s3,554 18,221 0.37 0.34
10 $141,2 ; $137,7 -
yrs 37 $3(')45 87 1,555 L $3,733 20,899 0.43 0.40
15 $141,2 ) $137,3 -
yrs 37 $3(')91 27 1,499 Lo $3,807 23,131 0.48 0.44
Detached Base $85,16 $85,16 568
CZ7 270° case 4 4 4,914 )
$138,7 ) $135,0 3
Oyrs 29 $3668 49 1867 | 2% | $3311 | 15279 0.33 031
$139,3 : $136,5 -
2,7 1.
Syrs 29 s . 6 69 1,706 % 1 3,529 18,609 0.39 0.36
10 $139,3 ) $135,8 -
yrs 29 $3(')45 79 1,577 L $3,709 21,344 0.45 0.42
15 $140,1 ) $136,2 =
yrs 87 $3(')91 77 1,520 e $3,783 23,629 0.50 0.46
Apartment Base $50,15 $50,15 1G5
CZ2 180° case 9 9 1,214 i
$70,74 b $69,59 .
1,1 .82
Oyrs 2 $ . 2 2 687 | %% | s1003 | 2645 0.14 0.14
$71,34 $70,42 _
-$92i .72
Syrs 2 — 2 6a6 | °7% | s117a 3,297 0.17 0.16
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BC BC BC BC
HVAC Capital D Lifecycl Lifecycl Lifecycl Lifecycl R?tlo R?tlo R?tlo Rétlo
. Cost rk (witho (witho (witho (witho
Base sizing . Peak . e e e e BC BC
Constr capita (not inc Energy Dem adjust ener; ener; ener; ener X X Ratio - Ratio - ut ut ut ut
. P networ Use ments gy gy gy gy Ratio - Ratio - networ networ networ networ
uction | cost and cost cost cost cost 10 15
. k (kwh) to . . . | Today 5yrs k k k k
Cost adjust . (kw) X savings | savings | savings | savings years years . . . .
i adjust capital (today) (5 yrs) (10 yrs) (15 yrs) adjust adjust adjust adjust
ments) cost \ y y y ment) - ment) - ment) - ment) -
Today 5yrs 10 yrs 15 yrs
10 $71,34 ) $70,19 -
yrs 2 $1(,)15 2 598 o $1,241 3,941 0.21 0.20
15 $71,34 ) $70,19 -
1,1 b
yrs 2 $ (') 2 2 590 UEY $1,269 4,344 0.23 0.22
Apartment Base $49,61 $49,61 295
Cz2 90° case 1 1 1,207 ’
$70,84 b $69,46 3
1 b
Oyrs 3 s (’)38 3 680 | O | s1369 | 2,642 0.14 0.13
$71,44 b $70,29 3
1,1 .7
Syrs 3 s . > 3 640 | *7 | s1449 3,290 0.17 0.16
10 $71,44 b $70,06 -
yrs 3 $1638 3 593 e $1,514 3,929 0.21 0.19
15 $71,44 ) $69,83 -
yrs 3 Sl(,)Gl 3 586 Lo $1,540 4,329 0.23 0.21
Apartment Base $52,03 $52,03 2.09
CZ5 270° case 6 6 1,204 i
$67,06 i $65,91 -
W 9 Sl(’)ls 9 6711 | %8 | s1172 | 2675 0.21 0.19
$67,66 $66,74 _
-S92 .77
Syrs 9 5920 9 62 | ° $1,258 3,321 0.25 0.23
10 $67,66 ) $66,51 -
1,1 b
yrs 9 $ (') 2 9 585 oS $1,328 3,958 0.30 0.27
15 $67,66 b $66,28 -
1 b
yrs 9 $ (')38 9 579 o $1,358 4,355 0.34 0.31
Apartment Base $51,33 $51,33 200
CZ5 90° case 9 9 1,181 :
$67,74 ) $66,59 -
Oyrs 4 51(')15 4 647 | %8 | s1130 | 2677 0.19 0.18
$68,34 $67,42 _
B 4 <R 4 611 | °7° | s1218 3,308 0.22 0.21
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BC BC BC BC
HVAC Capital D Lifecycl Lifecycl Lifecycl Lifecycl R?tlo R?tlo R?tlo Rétlo
. Cost rk (witho (witho (witho (witho
Base sizing . Peak . e e e e BC BC
Constr capita i3 Energy Dem BCIE ener; ener; ener; ener; e e Ratio - Ratio - ut ut ut ut
. P networ Use ments gy gy gy gy Ratio - Ratio - networ networ networ networ
uction | cost and cost cost cost cost 10 15
. k (kwh) to . . . | Today 5yrs k k k k
Cost adjust " (kw) X savings | savings | savings | savings years years . . . .
i adjust capital (today) (5 yrs) (10 yrs) (15 yrs) adjust adjust adjust adjust
ments) cost \ y y y ment) - ment) - ment) - ment) -
Today 5yrs 10 yrs 15 yrs
10 $68,34 ) $67,19 -
yrs 4 $1(,)15 4 567 Qe $1,282 3,930 0.27 0.25
15 $68,34 b $66,96 -
1 .62
yrs 4 $ 638 4 562 o $1,311 4,313 0.30 0.28
Apartment Base $49,08 $49,08 236
CZ6 90° case 7 7 2,007 ’
$70,71 ) $69,10 -
1,61 b
Oyrs 0 s (’)6 0 767 | %80 | s1502 | 6215 034 031
$71,31 ) $70,16 -
1,1 .71
Syrs 0 s o > 0 7 | ° $1,577 7,480 0.38 0.35
10 $71,31 b $69,93 -
yrs 0 $1638 0 662 SE $1,639 8,600 0.45 0.41
15 $71,31 ) $69,70 -
yrs 0 Sl(,)Gl 0 648 D $1,661 9,456 0.50 0.46
Apartment Base $53,48 $53,48 233
CZ6 270° case 2 2 2,002 :
$70,03 ) $68,42 _
1,61 .82
Oyrs 5 s (’)6 5 gs2 | %8 | s1450 | 5612 0.42 038
$70,63 ) $69,48 -
BT 5 s1(,)15 5 819 | %72 | s1,508 6,859 0.47 0.43
10 $70,63 b $69,25 -
yrs 5 $1638 5 754 Lot $1,592 7,982 0.56 0.51
15 $70,63 ) $69,02 -
yrs 5 Sl(,)61 5 731 Oe0 $1,616 8,842 0.63 0.57
Apartment Base $48,68 $48,68 27
CZ7 90° case 2 2 2,256 :
$71,24 ) $69,17 -
Y 7 $2607 7 830 | 97 | s1,920 | 7147 0.38 0.35
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BC BC BC BC
HVAC Capital D Lifecycl Lifecycl Lifecycl Lifecycl R?tlo R?tlo R?tlo Rétlo
. Cost rk (witho (witho (witho (witho
Base sizing . Peak . e e e e BC BC
Constr capita i3 Energy Dem BCIE ener; ener; ener; ener; e e Ratio - Ratio - ut ut ut ut
. P networ Use ments gy gy gy gy Ratio - Ratio - networ networ networ networ
uction | cost and cost cost cost cost 10 15
. k (kwh) to . . . | Today 5yrs k k k k
Cost adjust . (kw) X savings | savings | savings | savings years years . . . .
i adjust capital (today) (5 yrs) (10 yrs) (15 yrs) adjust adjust adjust adjust
ments) cost \ y y y ment) - ment) - ment) - ment) -
Today 5yrs 10 yrs 15 yrs
$71,84 . $70,23 -
Syrs 7 Sl('fl 7 773 | %% | s1,90 8,600 0.44 0.40
10 $71,84 ) $70,00 -
1,84 .61
yrs 7 $ (')8 7 712 e $2,055 9,871 0.51 0.46
15 $71,84 ) $69,77 -
yrs 7 $2607 7 694 ey $2,073 10,872 0.57 0.52
Apartment Base $50,61 $50,61 276
CzZ7 270° case 2 2 2,347 i
$70,57 ) $68,50 -
2,07 b
Oyrs 2 s (,)o 2 995 | %8 | s1860 | 6,778 0.42 0.38
$71,17 b $69,79 -
Syrs 2 Sl('f’s 2 o19 | %7 | s1035 8,282 0.48 0.43
10 $71,17 ) $69,33 -
yrs 2 $1684 2 844 e $1,996 9,616 0.57 0.51
15 $71,17 ) $69,10 -
yrs 2 $2607 2 813 CoL $2,017 10,679 0.65 0.58
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Appendix E - Economic Modelling Details for Single-dimensional Measures

The following sections provide a summary of the inputs and economic outcomes for each of the one dimensional scenarios
analysed (from Section 4.5) including an outline of capital costs for implementation, benefit cost analysis results, and
subsequent recommendations. Capital costs refer to the actual costs of physical works, of which the incremental cost over
the base case is used for the econmic analysis. Network adjustments are based on an overall network (rather than local
dwelling) impact on required network sizing based on the peak demand to be serviced. HVAC adjustment costs are derived
from the reduction in HVAC unit capacity required to service the peak cooling or heating load (whichever is higher).

E.1 Benefit Cost Analysis

The benefit cost ratio is calculated by dividing the lifecycle energy cost savings over the differential capital cost less
network adjustments.

For example, from the table for conservative trajectory numbers Table 4-71, for Climate Zone 2, 180°, 0 year scenario,
the BCR value would be:

2,342 2,342
= = 0.57
[(66,538—61,206)-1,240] 4,092

The lifecycle costs are calculated based on the economic modelling methodology described in Appendix A -
The tables in the sub sections below represent the following information:

¢ Model - refers to the modelling scenario for the particular archetype for the particular year.

Base Construction Cost — refers to the assumed absolute construction cost of relevant works (not accounting
for HVAC variation).

e HVAC sizing capital cost adjustment - refers to the change in capital cost of (assumed) split HYAC system, due
to variation in peak demand, relative to base case.

e Capital Cost (not inc. network adjustments) — refers to base construction cost + HVAC adjustments.
e Energy Use (kWh) — refers to entire building yearly energy use.
e Peak Demand (kW) — refers to peak HVAC electricity demand for the year.

o Network adjustments to capital cost — refers to incremental variation in capital cost due to change in peak
demand relative to the base case.

o Lifecycle energy cost savings (today) — refers to energy cost savings accrued over the lifetime of the
technology (40 years) for measures implemented at 0 years (2019) into the future. Calculated in $ (dollars).

o Lifecycle energy cost savings (5 yrs) - refers to energy cost savings accrued over the lifetime of the technology
(40 years)for measures implemented at 5 years (2024) into the future. Calculated in $ (dollars).

e Lifecycle energy cost savings (10 yrs) - refers to energy cost savings accrued over the lifetime of the
technology (40 years) for measures implemented at 10 years (2029) into the future. Calculated in $ (dollars).

e Lifecycle energy cost savings (15 yrs) - refers to energy cost savings accrued over the lifetime of the
technology (40 years) for measures implemented at 15 years (2034) into the future. Calculated in $ (dollars).

e BC Ratio — Today - refers to the benefit cost ratio defined as the ratio of the lifecycle energy cost savings over
the differential capital cost of measures implemented at 0 years (2019) into the future.

e BC Ratio - 5 yrs - refers to the benefit cost ratio defined as the ratio of the lifecycle energy cost savings over the
differential capital cost of measures implemented at 5 years (2024) into the future.

e BC Ratio - 10 yrs - refers to the benefit cost ratio defined as the ratio of the lifecycle energy cost savings over the
differential capital cost of measures implemented at 10 years (2029) into the future.

e BC Ratio - 15 yrs - refers to the benefit cost ratio defined as the ratio of the lifecycle energy cost savings over the
differential capital cost of measures implemented at 15 years (2034) into the future.

e BC Ratio (without network adjustment) — Today - refers to the benefit cost ratio defined as the ratio of the
lifecycle energy cost savings over the differential capital cost less network adjustments implemented at O years
(2019) into the future.
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e BC Ratio (without network adjustment) — 5 yrs - refers to the benefit cost ratio defined as the ratio of the
lifecycle energy cost savings over the differential capital cost less network adjustments implemented at 5 years
(2024) into the future.

e BC Ratio (without network adjustment) — 10 yrs - refers to the benefit cost ratio defined as the ratio of the
lifecycle energy cost savings over the differential capital cost less network adjustments implemented at 10 years
(2029) into the future.

e BC Ratio (without network adjustment) — 15 yrs — refers to the benefit cost ratio defined as the ratio of the
lifecycle energy cost savings over the differential capital cost less network adjustments implemented at 15 years
(2034) into the future.

The area size used for the different archetypes is as follows:

Apartment area - 76.42 m?
Attached area - 134.50 m2
Detached house area - 189.39 m?

The tables presented below contain the full breakdown of all the inputs which made up the benefit cost calculation.
Results are given for both archetype orientations that were used in the multi- dimensional tuning, those with the highest
and lowest yearly energy consumption. The construction costs are fixed and implemented by years for scenarios given in
Table 2-8 to Table 2-13.

E.2 Infiltration

E.2.1 Capital Costs

Based on feedback from industry, the capital costs associated with improved infiltration control are nominal and are more
associated with workmanship than capital works. As a result, capital costs are based on estimated costs for undertaking
a blower door test only.

E.2.2 Benefit Cost Analysis
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AR

HVAC Capital cle Mgy || Oy || e BCRatio | BCRatio | BCRatio | BCRatio
s Ener Network cle cle cle BC 5 . o o
B sizing cost (not Peak S —— energ e R e Rati (without (without (without (without
Performanc capital inc G Dema . y cost u E u BC Ratio BC Ratio BC Ratio network network network network
Construct Use ents to N y cost y cost y cost o- A - A o
evalue A cost network nd N savin N N N -5yrs -10yrs -15yrs adjustm adjustm adjustm adjustm
ion Cost . ) (kw capital savin savin savin Tod
adjustm adjustme (kw) gs ent) - ent)-5 ent) - 10 ent) -15
h) cost gs(5 gs (10 gs (15 ay
ent nts) (toda Today yrs yrs yrs
yrs) yrs) yrs)
y)
Attached Base 14.5 ACH at S 554,
CZ2 case 50 - iy 6 ks
5.3 ACH at S S 435. 365.4 427.2 482.9 538.2
Level 1 50 Pa 200 N 800.00 5 2.7 -101.88 7 3 5 1 0.52 0.86 1.61 1.79 0.46 0.71 1.21 1.35
Attached Base 14.5 ACH at S 401.
Cz5 case 50 - o 2 i
5.3 ACH at S S 295. 325.5 380.5 430.2 479.4
Level 1 50 Pa 200 N 800.00 1 2.7 -12.71 5 7 1 3 0.41 0.65 111 1.24 0.41 0.63 1.08 1.20
Attached Base 14.5 ACH at S 1351
CZ6 case 50 - 0.00 .8 27
5.3 ACH at S S 910. 1356. 1585. 1792. 1997.
Level 1 50 Pa 200 N 800.00 1 2.5 -144.52 23 P 19 25 2.07 3.48 6.94 7.69 1.70 2.64 4.48 4.99
Attached Base 14.5 ACH at S 1346
cz7 case 50 - 0.00 .2 21
5.3 ACH at S -$ 828. 1589. 1858. 2100. 2340. negative negative
Level 1 50Pa 800 230 570.00 6 1.7 333.19 2 04 37 69 6.71 19.70 i i 2.79 4.35 7.37 8.21
Detached Base 14.5 ACH at S 1164
Cz2 case 50 Pa = 0.00 olb 4.0
5.8 ACH at S S 937. 694.5 811.9 917.8 1022. negative negative negative
Level 1 . 300 230 570.00 9 a3 444.48 5 5 a 22 5.53 i . . 1.22 1.90 3.22 3.59
Detached Base 14.5 ACH at S 919.
CZ5 case 50 Pa = 0Ly 7 8
5.8 ACH at S S 730. 581.4 679.7 768.4 856.3 negative negative
Level 1 50 Pa 200 230 570.00 4 82 -363.52 8 2 o 2 2.82 10.62 cost cost 1.02 1.59 2.70 3.00
Detached Base 14.5 ACH at S 2587
CZ6 case 50 Pa = o .6 ag
5.8 ACH at S S 2015 1755. 2052. 2319. 2585.
Level 1 50Pa 800 N 800.00 9 2.2 -107.05 62 30 97 P 2.53 4.16 7.86 8.74 2.19 3.42 5.80 6.46
Detached Base 14.5 ACH at 8 2668
cz7 case 50 Pa - o .5 i
5.8 ACH at S -$ 2085 1791. 2094. 2367. 2638. 12.5 negative negative
Level 1 50Pa 800 230 570.00 1 87 -427.31 66 P 58 48 6 10813.41 o o 3.14 4.90 8.31 9.26
Apartment Base 14.5 ACH at S 342.
Cz2 case 50 Pa - Eh 5 e
Level 1 RChEey s $ 800.00 286. 3.4 -98.13 1726 2017 2280 2 0.25 0.40 0.75 0.83 0.22 0.34 0.57 0.64
Pa 800 - B 0 6 8 7
Apartment Base 14.5 ACH at S 310.
CZ5 case 50 Pa - Eh 8 22
Level 1 achistey 3 $ 800.00 238 23 8.92 zsL 25 210 el 0.29 0.45 0.76 0.85 0.29 0.46 0.78 0.87
Pa 800 - 3 2 5 0 5
Apartment Base 14.5 ACH at S 967.
Cz6 case 50 Pa - 0.00 8 21
7 ACH at 50 $ § 632. 1028. 1202. 1359. 1515.
Level 1 Pa 200 N 800.00 3 2.1 -20.07 85 7 58 14 132 2.07 3.57 3.98 1.29 2.00 3.40 3.79
SP0016 Building Code Energy Performance Trajectory Final Report 209




Lifecy

[Q"\‘ LOW CARBON LIVING

HVAC Capital cle Miswy || ey || O BCRatio | BCRatio | BCRatio | BCHRatio
. Ener Network cle cle cle BC 5 . o o
B sizing cost (not Peak S —— energ e R e Rati (without (without (without (without
Performanc capital inc BJ Dema J y cost B g B BC Ratio BC Ratio BC Ratio network network network network
Construct Use ents to . y cost y cost y cost o- . N . N
e value 3 cost network nd s savin 3 | 3 -5yrs -10yrs -15yrs adjustm adjustm adjustm adjustm
ion Cost " " (kw capital savin savin savin Tod
adjustm adjustme (kw) gs ent) - ent)-5 ent) - 10 ent) - 15
h) cost gs(5 gs (10 gs (15 ay
ent nts) (toda Today yrs yrs yrs
yrs) yrs) yrs)
)
Apartment Base 14.5 ACH at S 1510
Ccz7 case 50 Pa - ey 3 a8
7 ACH at 50 S S 1133 1157. 1353. 1529. 1704.
Level 1 Pa 800 N 800.00 6 24 -90.69 52 13 61 63 1.63 2.66 4.92 5.47 1.45 2.26 3.82 4.26
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E.3 Wall Insulation

E.3.1 Capital Costs

The following underlying cost figures were used in the assessment of insulation, based on available retail costs for
insulation:

e Expanded polystyrene batts used Foamex EPS Expanded Polystyrene Styroboard SL (price for coverage at
required thicknesses estimated at $0.12/mm/m?2 based average costs of 4 products with differing thickness and
batt coverage).

e Glass fibre batts used Bradford Gold Wall Batts (price for coverage at required thicknesses estimated at
$0.04/mm/m? based average costs of 4 products with differing thickness and batt coverage).

¢ Polyurethane rigid foamed aged Knauf XPS Multi-Use Foam Board at (average price at $0.40/mm/m? based
average costs of 4 products with differing thickness and batt coverage).

e Polyester batts used Bradford Polymax Wall Batts (price for coverage at required thicknesses estimated at
$0.09/mm/m?2 based average costs of 8 products with differing thickness and batt coverage).

No learning rate has been applied to either performance or cost. The modelled costs for each insulation construction were
as follows:

Detached Attached

R2.8 $14.18 R2.8 $14.18

R3.5 $23.38 R3.5 $23.38

R4.2 $31.38 R4.2 $31.38

R4.9 $39.38 R4.9 $39.38

R5.6 $48.98 R5.8 $51.38

Apartment

Cz2 CzZ5&6

South walls Other walls South walls Other walls

R2.9 $14.18 R3.4 $22.18 R2.4 $10.58 R2.9 $14.18
R3.5 $22.98 R4.2 $32.58 R2.8 $14.18 R3.5 $22.98
R4.2 $32.58 R5 $41.38 R3.5 $22.98 R4.2 $32.58
R4.9 $40.18 R5.8 $50.58 R4.2 $30.58 R5 $40.18
R5.8 $50.58 R6.8 $61.38 R4.9 $39.38 R5.8 $50.58

E.3.2 Benefit Cost Analysis
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HVAC Capital . . . . BC BC BC Ratio . BC Ratio BC Ratio
Performa sizing Cost (not e Peak Nt.etwork Recvel (e (e Steoc BC. Bc. Rati Rati (without BC_ LD (without (without
Base N a gy adjustme e e e e Rati Rati (without
nce value . capital inc Dema o- o- network network network
Constructi Use nts to energy energy energy energy o- o- " network ) )
(e.g.R cost network nd B 10 15 adjustme N adjustme adjustme
on Cost . . (kWh capital cost cost cost cost Toda 5 adjustme
value) adjustm adjustmen (kw) . . . . yea yea nt) - nt) - 10 nt) - 15
. ts) ) cost savings savings savings savings y yrs rs rs Today nt)-5yrs 8 o
(today) (5yrs) (10 yrs) (15 yrs)
Attached Base s $
Cz2 case i 1,006.97 1,006.97 HE o
$ $ $ $ $ $ 0.0
Level 1 R3.5 1,660.17 $ - 1,660.17 550.2 2.8 -$ 13.38 2172 2513 27.71 30.16 0.03 4 0.04 0.05 0.03 0.04 0.04 0.05
$ $ $ $ $ $ 0.0
Level 2 R4.2 2,228.17 $ = 2,228.17 548.2 2.8 -$ 18.51 31.95 36.96 40.75 44.35 0.03 3 0.03 | 0.04 0.03 0.03 0.03 0.04
Level 3 R4.9 $ - 546.4 2.8 -$ 21.19 $ $ $ $ 0.02 00 0.03 0.03 0.02 0.03 0.03 0.03
2,796.17 2,796.17 40.89 47.30 52.16 56.77 3
$ $ $ $ $ $ 0.0
Level 4 R5.8 3,608.17 $ - 3,608.17 545.7 2.7 -$ 27.88 4472 51.74 57.05 62.09 0.02 2 0.02 | 0.02 0.02 0.02 0.02 0.02
Attached Base
Cz5 case R 1,006.97 1,006.97 i 24
$ $ $ $ $ $ 0.0
Level 1 R3.5 1,660.17 $ - 1,660.17 396.3 2.7 -$ 13.16 24.28 28.09 30.97 33.71 0.04 4 0.05 0.05 0.04 0.04 0.05 0.05
Level 2 R4.2 $ o 392.7 2.7 S 6.24 $ $ $ $ 0.03 0.0 0.04 | 0.05 0.03 0.04 0.04 0.05
) 2,228.17 2,228.17 ) ) ) 42.17 48.78 53.79 58.54 ) 4 ) ) ) ) ) )
$ $ $ $ $ $ 0.0
Level 3 R4.9 2,796.17 $ - 2,796.17 390.4 2.8 $ 20.29 53.67 62.09 68.46 74.51 0.03 3 0.04 0.04 0.03 0.03 0.04 0.04
$ $ $ $ $ $ 0.0
Level 4 R5.8 3,648.17 $ o 3,648.17 387.4 2.8 $ 2163 69.00 70.83 88.03 95.80 0.03 3 0.03 | 0.04 0.03 0.03 0.03 0.04
Attached Base $ $ 1351.
Cz6 case R28 1,006.97 1,006.97 8 27
$ $ 1333. $ $ $ $ 0.1
Level 1 R3.5 1,660.17 $ - 1,660.17 7 2.7 -$ 825 90.72 104.96 115.74 125.96 0.14 6 0.18 0.20 0.14 0.16 0.18 0.19
$ $ 1321. $ $ $ $ 0.1
Level 2 R4.2 2,228.17 $ = 2,228.17 2 25 -$138.94 153.34 177.39 195.61 212.88 0.14 6 0.18 | 0.20 0.13 0.15 0.16 0.17
$ $ 1313. $ $ $ $ 0.1
Level 3 R4.9 2,796.17 $ - 2,796.17 6 2.7 -$ 18.51 191.67 22174 244.51 266.10 0.11 3 0.14 0.15 0.11 0.12 0.14 0.15
$ $ 1304. $ $ $ $ 0.1
Level 4 R5.8 3,608.17 $ = 3,648.17 1 25 -$127.34 238.95 276.43 304.83 33174 0.10 1 012 | 0.13 0.09 0.10 0.12 0.13
Attached Base $ S 1346.
cz7 case i 1,006.97 1,006.97 2 21
$ $ 1313. $ $ $ $ 0.3
Level 1 R3.5 1,660.17 $ = 1,660.17 8 2.0 -$ 38.14 162.28 187.74 207.02 22530 0.26 1 034 | 0.37 0.25 0.29 0.32 0.34
$ $ 1288. $ $ $ $ 0.2
Level 2 R4.2 2,228.17 $ = 2,228.17 8 2.0 -$ 35.24 287.51 332.61 366.77 399.16 0.24 8 031 | 0.34 0.24 0.27 0.30 0.33
$ $ 1271. $ $ $ $ 0.2
Level 3 R4.9 2,796.17 $ - 2,796.17 8 2.0 -$ 42.60 373.12 431.65 475.99 518.02 0.21 5 0.27 0.30 0.21 0.24 0.27 0.29
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"!YAC Sl Ener Network Lifecycl Lifecycl Lifecycl Lifecycl BC BC BC. BC. BC. Ratio BC Ratio BC. Ratio BC. Ratio
Performa sizing Cost (not Peak N . . Rati Rati (without N (without (without
Base 3 . gy adjustme e e e e Rati Rati (without
nce value . capital inc Dema o- o- network network network
Constructi Use nts to energy energy energy energy o- o- " network . "
(e.g.R cost network nd . 10 15 adjustme A adjustme adjustme
on Cost . _ (kwh capital cost cost cost cost Toda 5 adjustme
value) adjustm adjustmen (kw) A A A A yea yea nt) - nt) - 10 nt) - 15
o ts) ) cost savings savings savings savings y yrs rs rs Toda nt)-5yrs s s
(today) (5yrs) (10 yrs) (15 yrs) Y Y v
$ $ 1255. $ $ $ 0.2
Level 4 R5.8 3,608.17 $ - 3,608.17 2 2.0 -$ 53.30 456.18 527.74 581.95 633.33 0.18 o 022 | 0.24 0.17 0.20 0.22 0.24
Detached Base $ $ 1164.
CZ2 case i 2,191.66 2,191.66 1 2
$ $ 1100. $ $ $ $ 0.3
Level 1 R3.5 3,613.33 $ - 3,613.33 6 3.6 -$302.64 318.51 368.47 406.32 242.20 0.28 3 0.36 0.39 0.22 0.26 0.29 0.31
$ $ 1093. $ $ $ $ 0.1
Level 2 R4.2 4,849.57 $ - 4,809.57 3 3.9 -$ 88.98 355.03 21072 452190 492.89 0.14 6 0.18 | 0.19 0.13 0.15 0.17 0.19
$ $ 1090. $ $ $ $ 0.1
e Ra.9 60ss81 | ° | somsm 9 39 6958 | 36720 | 42480 | 46843 | soo9 | OO | | 042 | 03 g s i i
$ $ 1082. $ $ $ $ 0.0
Level 4 R5.6 7,569.30 $ - 7,560.30 o 3.9 -$ 82.74 411.83 476.43 525.37 571.76 0.08 9 0.10 0.11 0.08 0.09 0.10 0.11
Detached Base $ $
Ccz5 case R28 2,191.66 2,191.66 oL BS
Level 1 R3.5 $ - 904.3 EHS -$ 46.83 $ $ $ 0.06 o0 0.07 0.08 0.05 0.06 0.07 0.08
3,613.33 3,613.33 77.09 89.18 98.34 107.03 6
$ $ $ $ $ $ 0.0
Level 2 R4.2 4,849.57 $ o 4,849.57 894.6 35 -$ 24.09 125.78 145.51 160.46 174.63 0.05 6 0.06 | 0.07 0.05 0.05 0.06 0.07
0.0
Level 3 R4.9 6,085.81 $ - 6,085.81 890.2 35 -$ 64.68 148.10 171.33 188.93 205.61 0.04 2 0.05 0.05 0.04 0.04 0.05 0.05
$ $ $ $ $ $ 0.0
Level 4 R5.6 7,569.30 $ - 7,560.30 882.1 35 -$ 80.29 188.67 218.27 240.69 261.94 0.04 4 0.05 0.05 0.04 0.04 0.04 0.05
Detached Base 2587.
Cz6 case 2 2,191.66 2,191.66 6 a8
$ $ 2539. $ $ $ $ 0.2
Level 1 R3.5 3,613.33 $ - 3,613.33 1 23 -$ 40.14 243.45 281.64 310.56 337.98 0.18 0 0.22 0.24 0.17 0.20 0.22 0.24
$ $ 2507. $ $ $ $ 0.1
Level 2 R4.2 4,849.57 $ - 4,809.57 - 23 -$ 24.09 401,69 ea0 512/a3 G 0.15 3 019 | 0.21 0.15 0.17 0.19 0.21
$ $ 2486. $ $ $ $ 0.1
Level 3 R4.9 6,085.81 -$230.00 5,855.81 o 1.9 -$379.13 509.21 589.09 649.59 706.95 0.16 P 0.20 0.21 0.14 0.16 0.18 0.19
$ $ 2468. $ $ $ $ 0.1
Level 4 R5.6 7,560.30 $ o 7,569.30 6 2.2 -$ 75.83 506.44 690.01 760.88 828.06 0.11 3 0.14 | 0.16 0.11 0.13 0.14 0.15
Detached Base $ S 2668.
cz7 case 2 2,191.66 2,191.66 5 24
$ $ 2605. $ $ $ $ 0.2
Level 1 R3.5 3,613.33 $ - 3,613.33 a 4.1 -$ 72.48 316.48 366.13 403.73 439.38 0.23 7 0.30 0.33 0.22 0.26 0.28 0.31
$ $ 2621. $ $ $ $ 0.1
Level 2 R4.2 4,849.57 $ - 4,849.57 2 4.1 -$ 37.24 237.36 274.59 302.80 320.53 0.09 ° 012 | 0.13 0.09 0.10 0.11 0.12
$ $ 2569. $ $ $ $ 0.1
Level 3 R4.9 6,085.81 $ - 6,085.81 8 4.0 -$ 87.20 495.01 572.66 631.48 687.23 0.13 5 0.17 0.18 0.13 0.15 0.16 0.18
$ $ 2554. $ $ $ $ 0.1
Level 4 R5.6 7,569.30 $ = 7,569.30 a 4.0 -$100.58 572.10 661.84 720.82 794.26 0.11 3 0.14 | 0.15 0.11 0.12 0.14 0.15
Apartment Base $ S
Cz2 case meyEg 1,636.96 1,636.96 s e
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"!YAC Sl Ener Network Lifecycl Lifecycl Lifecycl Lifecycl BC BC BC. BC. BC. Ratio BC Ratio BC. Ratio BC. Ratio
Performa sizing Cost (not Peak N . . Rati Rati (without N (without (without
Base 3 . gy adjustme e e e e Rati Rati (without
nce value . capital inc Dema o- o- network network network
Constructi Use nts to energy energy energy energy o- o- " network . "
(e.g.R cost network nd . 10 15 adjustme A adjustme adjustme
on Cost . _ (kwh capital cost cost cost cost Toda 5 adjustme
value) adjustm adjustmen (kw) A . . . yea yea nt) - nt) - 10 nt)-15
o ts) ) cost savings savings savings savings y yrs rs rs Toda nt)-5yrs s s
(today) (5yrs) (10 yrs) (15 yrs) Y Y v
$ $ $ $ $ $ 0.0
Level 1 R3.5/R4.2 2,447.39 $ - 2,447.39 335.9 34 -$ 37.91 3291 38.07 41.98 45.68 0.04 5 0.05 | 0.06 0.04 0.05 0.05 0.06
$ $ $ $ $ $ 0.0
Level 2 R4.2/RS 3,176.18 $ = 3,176.18 329.7 35 $ = 64.13 7418 81.80 89.03 0.04 5 0.05 0.06 0.04 0.05 0.05 0.06
RA.9/RRS5. $ $ $ $ $ $ 0.0
Level 3 8 3,880.41 $ - 3,889.41 326.8 34 -$ 84.75 78.47 90.78 100.10 108.94 0.04 4 0.05 0.05 0.03 0.04 0.04 0.05
R5.8/RR6. $ $ $ $ $ $ 0.0
Level 4 8 4,756.22 $ = 4,756.22 3233 34 -$100.36 96.19 111.28 122.71 133.54 0.03 4 0.04 | 0.04 0.03 0.04 0.04 0.04
Apartment Base $ S
Ccz5 case R2:9/R3.4 1,076.87 1,076.87 SO az
$ $ $ $ $ $ 0.1
Level 1 R3.5/R4.2 1,685.78 $ - 1,685.78 291.3 2.2 -$ 11.15 97.88 113.23 124.86 135.88 0.16 9 0.21 0.23 0.16 0.19 0.21 0.22
$ $ $ $ $ $ 0.0
Level 2 R4.2/RS 2,447.39 $ - 2,447.39 296.5 2.2 -$ 72.26 71.72 82.97 91.49 99.57 0.06 6 0.07 | 0.08 0.05 0.06 0.07 0.07
R4.9/RR5. 0.0
Level 3 8 3,062.99 $ - 3,062.99 288.6 21 -$133.81 111.38 128.85 142.08 154.63 0.06 7 0.08 0.08 0.06 0.06 0.07 0.08
R5.8/RR6. $ $ $ $ $ $ 0.0
Level 4 Py 3,873.43 $ = 3,873.43 304.3 2.2 -$ 75.83 3291 38.07 41,98 45.68 0.01 1 0.02 | 0.02 0.01 0.01 0.02 0.02
Apartment Base
Cz6 case CReE 1,076.87 1,076.87 967.8 21
$ $ $ $ $ $ 0.2
Level 1 R3.5/R4.2 1,685.78 $ - 1,685.78 941.9 21 $ 892 129.94 150.32 165.76 180.40 0.21 4 0.27 0.29 0.21 0.25 0.27 0.30
0.1
Level 2 R4.2/R5 2,447.39 $ = 2,447.39 939.4 2.0 -$ 72.26 142.59 164.96 181.91 197.97 0.11 3 0.14 | 0.15 0.10 0.12 0.13 0.14
R4.9/RR5. $ $ $ $ $ $ 0.2
Level 3 8 3,062.99 -$230.00 2,832.99 928.4 1.5 -$608.84 197.44 228.41 251.87 274.11 0.17 0 0.22 0.24 0.11 0.13 0.14 0.16
R5.8/RR6. $ $ $ $ $ $ 0.0
Level 4 Py 3,873.43 $ = 3,873.43 948.5 2.0 -$ 46.83 97.03 112.25 123.78 134.71 0.04 4 0.05 | 0.05 0.03 0.04 0.04 0.05
Apartment Base S $ 1510.
cz7 case CReE 1,076.87 1,076.87 5 25
$ $ 1489. $ $ $ $ 0.2
Level 1 R3.5/R4.2 1,685.78 $ = 1,685.78 3 24 -$ 85.94 106.31 122,99 135.62 147.60 0.20 4 0.26 | 0.28 0.17 0.20 0.22 0.24
$ $ 1468. $ $ $ $ 0.1
Level 2 R4.2/R5 2,447.39 $ = 2,447.39 3 25 -$ 535 21178 245.00 27017 294.02 0.16 8 020 | 0.22 0.15 0.18 0.20 0.21
R4.9/RR5. $ $ 1453. $ $ $ $ 0.1
Level 3 8 3,062.99 $ - 3,062.99 3 25 -$ 6.84 286.88 331.88 365.97 398.28 0.14 7 0.18 0.20 0.14 0.17 0.18 0.20
R5.8/RR6. $ $ 1438. $ $ $ $ 0.1
Level 4 8 3,873.43 $ - 3,873.43 3 25 -$ 833 361.97 218.75 261,76 502.53 0.13 5 0.17 | 0.18 0.13 0.15 0.17 0.18
SP0016 Building Code Energy Performance Trajectory Final Report 214




The results indicate limited benefits for increased wall insulation.
E.4  Wall Colour

E.4.1 Capital Costs
The following costs were used to determine the attached archetype cost benefit ratio:

Scenarios Performance Value Climate Zone 2 | Climate Zone 5 | Climate Zone 6
Construction Construction Construction
cost (per unit) cost (per unit) cost (per unit)

Base Case External render, 65% $67.80 $50.16 $59.11

Level 1 50%, light green external render $67.80 $50.16 $59.11

Level 2 30%, light cream $67.80 $50.16 $59.11

Level 3 23%, white $67.80 $50.16 $59.11

Number of units for construction cost: 72.42 m2

No learning rate has been applied to either performance or cost.

E.4.2 Benefit Cost Analysis
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BC BC BC BC
Lif Rati Rati Rati Rati
HVAC Capital Networ iy Lifecy Lifecy Lifecy .a ' _a ° _a 0 .a '
. Ene cle (withou (withou (withou (withou
Base sizing cost Peak k cle cle cle
Constru capital (notinc gy Dem adjust energ ener; ener; ener; Ll L s s ¢ t t L
Performance value . P Use s y cost 4 4 4 Ratio - Ratio - 5 Ratio - Ratio - networ networ networ networ
ction cost network and ments . y cost y cost y cost
i . (kw savin . . . Today yrs 10yrs 15yrs k k k k
Cost adjust adjustm (kw) to savin savin savin . - - .
e ents) h) capital gs s(5 s (10 s (15 adjustm adjustm adjustm adjustm
cht (toda 8 . 8 ) & ) ent) - ent)-5 ent) - 10 ent) - 15
y) U U U Today yrs yrs yrs
liac s Base External render, 65% s s 554. 2.8
2 case 127 4,910 4,910.08 6 :
Level 50%, light green S s } S 552. 28 -$ S S S S negative negative negative negative negative negative negative negative
1 external render 4,910 4,910.08 8 . 10.93 4.66 5.34 5.86 6.20 cost cost cost cost cost cost cost cost
Level 30%, light cream S s R S 550. 28 -$ S S S S negative negative negative negative negative negative negative negative
2 4,910 4,910.08 5 19.18 10.66 12.21 13.39 14.18 cost cost cost cost cost cost cost cost
Level 3%, white S s R S 549. 27 -S S S S S negative negative negative negative negative negative negative negative
3 £ 4,910 4,910.08 0 . 28.99 14.65 16.79 18.41 19.49 cost cost cost cost cost cost cost cost
Attached Base S S 401.
o
5 case External render, 65% 3,633 3,632.59 2 2.7
Level 50%, light green S s R S 400. 27 -$ S S S S negative negative negative negative negative negative negative negative
1 external render 3,633 3,632.59 6 . 10.70 1.33 1.53 1.67 1.77 cost cost cost cost cost cost cost cost
Level . S S 399. -$ S S S S negative negative negative negative negative negative negative negative
30%, light - 2.7
2 % I @i 3,633 $ 363259 | 4 4.01 4.66 534 5.86 6.20 cost cost cost cost cost cost cost cost
Level ) S 400. S S S S S negative negative negative negative
23%, whit - 2.8 0.08 0.09 0.10 0.11
3 RS 3633 | ° 363259 | 6 16.50 133 | 153 | 167 | 177 cost cost cost cost
Attached Base 5 $ $ 135
cz6 case S e, G 4,281 428075 | 18 | *7
Level 50%, light green S s . S 135 25 S S -S -S -S negative negative negative negative negative negative negative negative
1 external render 4,281 4,280.75 6.4 ) 6.69 11.99 13.74 15.06 15.95 cost cost cost cost cost cost cost cost
Level 30%, light cream S s R S 136 27 S -S -S -S -S negative negative negative negative negative negative negative negative
2 4,281 4,280.75 1.5 11.37 25.31 29.00 31.80 33.67 cost cost cost cost cost cost cost cost
Level 23% white S s . S 136 25 S S -S -S -S negative negative negative negative negative negative negative negative
3 D 4,281 4,280.75 5.5 : 132.03 35.97 41.21 45.19 47.84 cost cost cost cost cost cost cost cost
$
Detached Base 8 116
E} | 9 10,739. 4.
P case xternal render, 65% 10,740 0, 239 5 21 0
Level 50%, light green S s R 10 7§9 5 115 3.9 -$ S S S S negative negative negative negative negative negative negative negative
1 external render 10,740 ! 2 ) 9.7 ) 30.78 11.63 13.33 14.62 15.47 cost cost cost cost cost cost cost cost
Level o S 115 S S S S S negative negative negative negative negative negative negative negative
2 S0 lishiean 0740 | * 10‘7239‘5 6a | 38 19380 | 2009 | 23.02 | 2525 | 26.73 cost cost cost cost cost cost cost cost
Level 23% white S s R 10 739 s 114 38 S S S S S negative negative negative negative negative negative negative negative
3 R 10,740 ! 2 ) 9.1 : 187.78 39.13 44.83 49.16 52.05 cost cost cost cost cost cost cost cost
Detached Base N $ $ 919.
75 case External render, 65% 7,945 7,945.34 7 3.6
Level 50%, light green S s R S 918. a5 S S S S S negative negative negative negative negative negative negative negative
1 external render 7,945 7,945.34 9 ) 42.37 2.12 2.42 2.66 2.81 cost cost cost cost cost cost cost cost
Level . S S 918. S S S S S negative negative negative negative negative negative negative negative
2 S0ellightciean 7,945 $ 7,945.34 5 96 - 3.17 3.64 3.99 4.22 cost cost cost cost cost cost cost cost
Level ) S S 912. S S S S S negative negative negative negative
239 = d .21 .2: .2 W2
3 R 7,945 $ 794534 | 8 36 8475 | 17.98 | 2060 | 22.59 | 2391 0 0-24 0.27 0.29 cost cost cost cost
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BC BC BC BC
Lif Rati Rati Rati Rati
HVAC Capital Networ iy Lifecy Lifecy Lifecy .a ' _a ° _a 0 .a '
. Ene cle (withou (withou (withou (withou
Base sizing cost Peak k cle cle cle
Constru capital (notinc ray Dem adjust energ ener; ener; ener; Ll L s s ¢ t t L
Performance value . P Use s y cost 4 4 4 Ratio - Ratio - 5 Ratio - Ratio - networ networ networ networ
ction cost network and ments . ycost | ycost | ycost
i . (kw savin . . . Today yrs 10yrs 15yrs k k k k
Cost adjust adjustm (kw) to savin savin savin . " - .
e ents) h) capital gs s(5 s (10 s (15 adjustm adjustm adjustm adjustm
cht (toda 8 . 8 ) & ) ent) - ent)-5 ent) - 10 ent) - 15
y) U U U Today yrs yrs yrs
Detached Base S S 258
o
cz6 case SUINEICIE AR 9,363 936302 | 76 | %3
Level 50%, light green S s . 260 23 -$ -$ -S -S -S negative negative negative negative negative negative negative negative
1 external render 9,363 9,363.02 0.6 ) 42.37 33.84 38.78 42.52 45.01 cost cost cost cost cost cost cost cost
Level . S S 261 S -$ -S -S -S negative negative negative negative negative negative negative negative
2 2% ik @ 9,363 S | 936302 | 63 a4 - 7508 | 86.03 | 9434 | 99.87 cost cost cost cost cost cost cost cost
S S S S . . . .
Level o N S S 263 S negative negative negative negative
3 23%, white 9,363 S - 9,363.02 53 2.6 229.71 125548 143.2 1528.1 16;.4 -0.55 -0.63 -0.70 -0.75 cost cost cost cost
GRS LS External render, 65% s 10, 729 5 Sz 35
nt cz2 case e 10,740 Iy 5 ’
Level 50%, light green S s . 10 7?;9 5 341. 34 -$ S S S S negative negative negative negative negative negative negative negative
1 external render 10,740 ! 2 ) 3 . 46.83 3.08 3.53 3.87 4.10 cost cost cost cost cost cost cost cost
Level . S 339. S S S S S negative negative negative negative negative negative negative negative
2 S0elicutciean 10,740 $ B 10'7239‘5 9 89 - 6.60 7.56 8.29 8.78 cost cost cost cost cost cost cost cost
$ ’ ) ) .
Level ) S 340. S S S S S negative negative negative negative
239 h - 10,739. o .07 I ¥ .1
3 SERS 10740 | ° 0. 239 5| 73 = 78.06 5.72 655 | 718 | 761 e oCs it oL cost cost cost cost
Apartme Base o $ $ 310.
nt Cz5 case e 2,149 214936 | 8 22
Level 50%, light green the S s ) S 312. 25 S S -S -S -S negative negative negative negative negative negative negative negative
1 external render 2,149 2,149.36 0 ) 42.37 3.08 Bi5S) 3.87 4.10 cost cost cost cost cost cost cost cost
Level . S S 316. S S -S -S -S negative negative negative negative
2 30%, light cream 2148 | * | 214938 | 7 23 2409 | 1530 | 1764 | 1934 | 2048 | 0 073 082 087 cost cost cost cost
Level o ) S S 317. S S -S -S -S negative negative negative negative
3 e it 2,149 5 | 214936 4 e 13827 | 1715 | 19.65 | 21.55 | 22.82 i i i i cost cost cost cost
Apartme Base o S S 967.
nt CZ6 case External render, 65% 2,533 2,532.86 3 2.1
Level 50%, light green the S s R S 977. o S S -S -S -S negative negative negative negative negative negative negative negative
1 external render 2,533 2,532.86 1 . 17.84 24.19 27.72 30.40 32.18 cost cost cost cost cost cost cost cost
Level ) 5 S 989. S S S S S negative | negative | negative | negative
2 e 2,533 S | 253286 | 4 21 2400 | 5630 | east | 7074 | 7480 | 23 268 299 320 cost cost cost cost
Level o $ S $ 992. $ -$ -$ = =
3 2EF, i 2,533 230 2,762.86 4 a4 34791 | 6421 | 7358 | 80.69 | 85.42 ol it o o i “0Ez 0z i
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E.5 Roof Insulation

E.5.1 Capital Costs

The following cost figures were used in the assessment of insulation, based on available retail costs for insulation.

Expanded polystyrene batts used Foamex EPS Expanded Polystyrene Styroboard SL (price for coverage at required

thicknesses estimated at $0.12/mm/m?2 based average costs of 4 products with differing thickness and batt coverage)

Loose fill blown in cellulose (price for coverage estimated at $0.12/mm/m?2 based on $33 per bag that provides 6.5m?
coverage at 100mm thickness plus $1,500 for machine blown in installation)

Glass fibre batts used Bradford Polymax Ceiling Batts (price for coverage at required thicknesses estimated at
$0.04/mm/m2 based average costs of 8 products with differing thickness and batt coverage)

No learning rate has been applied to either performance or cost. The modelled costs for each insulation construction were

as follows:

Table 4-73. Per m2 insulation costs used for the analysis

Detached Attached

Cz2 &5 Cz6 All zones

R2.93 $14.98 R3.45 $16.00 R3.45 $16.00
R3.7 $16.50 R4.2 $17.52 R4.2 $17.52
R4.45 $18.03 R5.2 $19.55 R5.2 $19.55
R5.2 $19.55 R5.95 $21.07 R5.95 $21.07
R5.82 $20.82 R6.95 $23.10 R6.95 $23.10

E.5.2 Benefit Cost Analysis
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I-!\{AC Capital EneT Network Lifecycl Lifecycl Lifecycl Lifecycl BC BC BC. BC. BC. Ratio BC Ratio BC. Ratio BC. Ratio
Performa sizing Cost (not Peak N . . Rati Rati (without L (without (without
Base . . gy adjustme energy energy energy energy Rati Rati (without
nce value capital inc Dema o- o- network network network
Construct Use nts to cost cost cost cost o- o- " network R R
(e.g.R A cost network nd . 0 N 5 . 10 15 adjustme " adjustme adjustme
ion Cost ) ) (kw capital savings savings savings savings Tod 5 adjustme
value) adjustm adjustme h) (kw) - (today) (5yrs) (10yrs) (15 yrs) a s yea yea nt) - nt)-5yrs nt) - 10 nt) - 15
ent nts) U U U U Y U rs rs Today U yrs yrs
Attached Base 554.
Cz2 case e 2,840.00 2,840.00 6 a3
$ $ 546. $ $ $ $
Level 1 R4.45 3,294.40 S - 3,294.40 9 2.7 -$ 35.24 3833 2435 48.90 5322 0.09 0.11 0.12 0.13 0.08 0.10 0.11 0.12
$ $ 541. $ $ $ $
Level 2 R5.3 3,862.40 S - 3,862.40 6 2.8 S 045 65.17 75.39 83.14 00.48 0.06 0.07 0.08 0.09 0.06 0.07 0.08 0.09
S $ 526. S S $ $
Level 3 R6.6 4,430.40 S - 4,430.40 9 2.7 -$ 25.65 138.77 160.54 177.03 192.66 0.09 0.10 0.11 0.12 0.09 0.10 0.11 0.12
$ $ 542. $ $ $ $
Level 4 R8.7 5,140.40 S - 5,140.40 9 2.7 -$ 5241 53.78 63.00 74.98 8161 0.03 0.03 0.03 0.04 0.03 0.03 0.03 0.04
Attached Base S S 401.
CZ5 case e 2,840.00 2,840.00 2 &
$ $ 393. $ $ $ $
Level 1 R4.45 3,294.40 S - 3,294.40 3 2.7 -$ 16.64 39.61 2583 5053 54.99 0.09 0.10 0.12 0.13 0.09 0.10 0.11 0.12
389. $ S $ $
Level 2 R5.3 3,862.40 S - 3,862.40 2 2.8 S 48.62 53.78 63.00 74.98 8161 0.05 0.06 0.07 0.08 0.06 0.07 0.07 0.08
S $ 369. S S $ $
Level 3 R6.6 4,430.40 S = 4,430.40 9 2.8 S 27.65 156.66 18123 199.85 217.50 0.10 0.11 0.12 0.13 0.10 0.11 0.13 0.14
384. $ $
Level 4 R8.7 5,140.40 S - 5,140.40 1 2.8 S 24.09 85.61 99.04 109.22 118.86 0.04 0.04 0.05 0.05 0.04 0.04 0.05 0.05
Attached Base S S 1351
CZ6 case s 2,840.00 2,840.00 .8 2
1322
Level 1 R4.45 3,294.40 S - 3,204.40 5 23 -$209.86 146.95 170.00 187.46 204.01 0.60 0.70 | 0.75 | 0.81 0.32 0.37 0.41 0.45
S S 1308 $ S S S
Level 2 R5.3 3,862.40 S - 3,862.40 5 2.7 -$ 18.96 217.23 251.30 277.12 301.59 0.22 0.25 0.28 0.30 0.21 0.25 0.27 0.29
$ $ 1290 S S $ $
Level 3 R6.6 4,430.40 S = 4,430.40 7 2.6 -$ 95.45 306.16 35419 39057 42506 0.20 0.24 | 0.26 | 0.28 0.19 0.22 0.25 0.27
$ $ 1288 $ $ $ $
Level 4 R8.7 5,140.40 S - 5,140.40 6 2.6 -S 44.83 316.90 366.61 404.26 439.96 0.14 0.16 0.18 0.19 0.14 0.16 0.18 0.19
Attached Base $ $ 1346
Cz7 case e 2,840.00 2,840.00 2 2l
$ $ 1303 $ $ $ $
Level 1 R4.45 3,294.40 S = 3,294.40 9 2.1 -$ 25.65 212.12 245 39 270.60 294.49 0.49 0.57 | 0.63 | 0.69 0.47 0.54 0.60 0.65
$ S 1284 S 8 $ $
Level 2 R5.3 3,862.40 S - 3,862.40 2 21 -$ 26.54 31051 359.22 396.11 431.09 0.31 0.36 0.40 0.43 0.30 0.35 0.39 0.42
S $ 1267 $ $ $ $
Level 3 R6.6 4,430.40 S = 4,430.40 7 2.0 -$ 3145 393.57 455,30 502.07 546.40 0.25 029 | 032 | 035 0.25 0.29 0.32 0.34
$ $ 1259 $ $ $ $
Level 4 R8.7 5,140.40 S - 5,140.40 0 2.0 -$ 38.14 437.01 505.57 557.49 606.72 0.19 0.22 0.25 0.27 0.19 0.22 0.24 0.26
Detached Base $ S 1164
CZ2 case LRLE 2,854.02 2,854.02 1 o
$ $ 1144 $ $ $ $
Level 1 R3.7 3,144.16 S - 3,144.16 7 3.9 -$ 31.00 97.38 112.65 12423 135.19 0.38 0.43 0.48 0.52 0.34 0.39 0.43 0.47
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I-!\{AC Capital EneT Network Lifecycl Lifecycl Lifecycl Lifecycl BC BC BC. BC. BC. Ratio BC Ratio BC. Ratio BC. Ratio
Performa sizing Cost (not Peak N . . Rati Rati (without L (without (without
Base . . gy adjustme energy energy energy energy Rati Rati (without
nce value capital inc Dema o- o- network network network
Construct Use nts to cost cost cost cost o- o- " network R R
(e.g.R A cost network nd . 0 N 5 . 10 15 adjustme " adjustme adjustme
ion Cost ) ) (kw capital savings savings savings savings Tod 5 adjustme
value) adjustm adjustme h) (kw) - (today) (5yrs) (10yrs) (15 yrs) a s yea yea nt) - nt)-5yrs nt) - 10 nt) - 15
ent nts) U U U U Y U rs rs Today U yrs yrs
S $ 1132 $ $ $ $
Level 2 R4.45 3,434.31 S - 3,434.31 5 39 -$ 61.78 16027 185.41 204.45 22251 0.31 0.36 0.39 0.43 0.28 0.32 0.35 0.38
$ $ 991. S S $ $
Level 3 R5.2 3,724.45 S - 3,724.45 2 3.8 -$177.97 867.07 1,003.09 1,106.12 1,203.79 1.25 1.45 1.59 1.73 1.00 1.15 1.27 1.38
$ $ 954. $ $ $ $
Level 4 R5.82 3,966.24 S - 3,966.24 5 3.8 -$171.73 1,050.88 1,215.72 1,340.60 1,458.97 1.12 1.29 1.42 1.54 0.94 1.09 1.21 131
Detached Base S S 919.
CZ5 case in 2,854.02 2,854.02 7 &
$ $ 896. $ $ $ $
Level 1 R3.7 3,144.16 S - 3,144.16 3 3.5 -$ 28.99 117.67 136.12 15011 163.36 0.45 0.52 0.57 0.62 0.41 0.47 0.52 0.56
S $ 879. S S $ $
Level 2 R4.45 3,434.31 S - 3,434.31 3 35 -$ 48.17 202.87 234.70 258.80 281.65 0.38 0.44 0.49 0.53 0.35 0.40 0.45 0.49
S $ 736. $ $ $ $
Level 3 R5.2 3,724.45 S - 3,724.45 3 34 -$169.50 919.82 1,064.11 1,173.41 1,277.02 1.31 1.52 1.67 1.81 1.06 1.22 1.35 1.47
-S 698.
Level 4 R5.82 25 SENGT AT a 3.1 -$414.82 aamzn || asmame aaem | agme 238 | 275 | 298 | 3.22 1.26 1.46 1.61 1.75
Detached Base S S 2587
CZ6 case it 3,047.45 3,047.45 .6 as
2516
Level 1 R4.45 3,337.59 S - 3,337.59 7 28 -$ 31.22 357.05 413.06 455.49 495.71 1.38 1.60 1.76 191 1.23 1.42 1.57 1.71
$ S 2465 S $ $ $
Level 2 R5.2 3,724.45 S - 3,724.45 3 22 -$ 72.26 610.64 706.43 778.99 247.78 1.01 1.17 1.29 1.40 0.90 1.04 1.15 1.25
-S 2322 10.9 12.6 12.7 13.2
Yalg L 4,014.60 230.00 3,784.60 .8 i HE5EE 1,327.59 1,535.85 1,693.60 1,843.14 2 3 1 6 50 o i it
$ -$ $ 2271 $ $ $ $
Level 4 R6.9 4,401.46 230.00 4,171.46 6 19 -$423.74 1,584.43 1,832.98 2,021.24 2199.71 2.26 2.62 2.85 3.09 141 1.63 1.80 1.96
Detached Base $ $ 2668
Cz7 case it 3,047.45 3,047.45 .5 &
$ $ 2587 $ $ $ $
Level 1 R4.45 3,337.59 S - 3,337.59 6 4.0 -$121.77 405.74 469.39 517.60 563.31 241 2.79 3.03 3.28 1.40 1.62 1.78 1.94
$ S 2493 S $ $ $
Level 2 R5.2 3,724.45 S o 3,724.45 7 3.9 -$198.04 876.41 1,013.89 1,118.03 1216.74 1.83 212 232 2,51 1.29 1.50 1.65 1.80
$ $ 2446 $ $ $ $
Level 3 R5.82 4,014.60 S o 4,014.60 8 39 -$242.87 1,111.74 1,286.13 1,418.24 1,543.46 153 1.78 1.95 211 1.15 133 1.47 1.60
$ $ 2403 $ $ $ $
Level 4 R6.9 4,401.46 S - 4,401.46 1 3.8 -$281.90 1,330.84 1,539.61 1,697.74 1,847.65 1.24 1.44 1.58 1.71 0.98 1.14 1.25 1.36
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E.6  Roller Shutters

E.6.1 Capital Costs
Shutters used were manually powered aluminium/foam shutters. Prices were obtained for individual window sizes that

ranged from $475 to $800 per window.

E.6.2 Benefit Cost Analysis
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HVAC Capital e Network Lifecycl BC BC BC BC BC Ratio BC Ratio BC Ratio BC Ratio
sizing Cost (not Peak N ¥ Lifecycle Lifecycle Lifecycle . . Rati Rati (without (without (without (without
Performance Base . 3 gy adjustme e Rati Rati
capital inc Dema energy energy energy o- o- network network network network
value (e.g.R Construct Use nts to energy o- o- " . " .
N cost network nd . cost cost cost 10 15 adjustme adjustme adjustme adjustme
value) ion Cost . ) (kw capital cost | ) ) Tod 5
adjustm adjustme (kw) ! savings savings savings yea yea nt) - nt)-5 nt) - 10 nt) - 15
h) cost savings ay yrs
ent nts) (5yrs) (10 yrs) (15 yrs) rs rs Today yrs yrs yrs
(today)
Attached W Base Nolshutters S S 554, 28
C72 case - - 6 i
Shutters S S 507. 0.0 0.0 0.1
lovald installed 233750 | ° " | 233750 7 28 529060 | 4 00 168.33 190.28 21206 | %7 8 9 0 0es oy 0es BEs
Attached N Base S S 554,
Py case No shutters T T 5 2.8
Shutters S S 548. S S S S 0.0 0.0 0.0
=z installed 233750 | ° 7| 233750 2 27 | 53256 | 1956 22.87 25.85 I Bl 1 1 s s s s
Attached E Base S S 554,
ey case No shutters T T 5 2.8
Shutters S S 519. S S S S 0.0 0.0 0.0
oel installed 233750 | * 7| 233750 4 27 | 5877 | ygo0 | 12625 142.71 15904 | %% | s 6 7 0.05 0.5 0.06 0.07
Attached W Base S S 401.
s case No shutters T T 2 2.7
Shutters S S 372. S S S S 0.0 0.0 0.0
oel installed 233750 | * 7| 233750 6 25 || HTE | e 102.46 115.83 12008 | “% | s 6 6 0.04 0.04 0.05 0.06
Attached N Base S S 401.
75 case No shutters T T 2 2.7
Shutters S S 396. S S S S 0.0 0.0 0.0
Level 1 installed 233750 | * 7| 233750 1 28 $ 1338 | ioes 18.30 20.68 2305 | %0t | 1 1 0.01 ool 0.01 0.01
Attached E Base S S 401.
75 case No shutters T T 2 2.7
Shutters S S 379. S S S S 0.0 0.0 0.0
levald installed 2,337.50 $ ) 2,337.50 0 s S I 68.09 79.59 89.97 100.27 e 4 4 5 0 e 0Es s
Attached W Base S S 1351
z6 case No shutters T ; 8 2.7
Shutters S S 1333 S S S S 0.0 0.0 0.0
levald installed 2,337.50 $ ) 2,337.50 & aa HAAEE 54.78 64.04 72.39 80.67 e 3 3 4 o e 0 0
Attached N Base S S 1351
z6 case No shutters T T 8 2.7
Shutters S S 1349 $ $ $ $ 0.0 0.0 0.0
ledld installed 2,337.50 $ ) 2,337.50 .0 24 $ ) 8.61 10.06 11.38 12.68 oy 0 0 1 - e - S
Attached E Base S S 1351
76 case No shutters T T 8 2.7
Shutters $ $ 1338 $ $ $ $ 0.0 0.0 0.0
laveld installed 233750 | ° " | 233750 8 ae 5 6L78 | g9 46.66 52.74 58.78 ®en 2 2 3 oen @0z oen 0eB
Attached W Base S S 2287
cz7 — No shutters T T 6 2.5
Shutters $ S 2224 $ $ $ $ 0.1 0.1 0.1
laveld installed 233750 | ° " | 233750 9 23 $13693 | 50, 225.05 254.40 28351 | 29° 0 2 3 0e3 ol 0 02
Attached N Base S S 2287
7 case No shutters T T 6 2.5
Shutters 5 S 2274 S S S S 0.0 0.0 0.0
Level 1 installed 233750 | ° | 233750 6 23 S| zem 46.66 5274 ss7s | C02 | 2 3 0.02 0.02 0.02 0.03
SP0016 Building Code Energy Performance Trajectory Final Report 222




HVAC Capital e Network Lifecycl BC BC BC BC BC Ratio BC Ratio BC Ratio BC Ratio
sizing Cost (not Peak N ¥ Lifecycle Lifecycle Lifecycle . . Rati Rati (without (without (without (without
Performance Base . 3 gy adjustme e Rati Rati
capital inc Dema energy energy energy o- o- network network network network
value (e.g.R Construct Use nts to energy o- o- " . " .
N cost network nd . cost cost cost 10 15 adjustme adjustme adjustme adjustme
value) ion Cost . ) (kw capital cost | ) ) Tod 5
adjustm adjustme (kw) ! savings savings savings yea yea nt) - nt)-5 nt) - 10 nt) - 15
h) cost savings ay yrs
ent nts) (5yrs) (10 yrs) (15 yrs) rs rs Today yrs yrs yrs
(today)
Attached E Base S S 2287
z7 case No shutters N N 6 25
Shutters S S 2278 S S S S 0.0 0.0 0.0
lovald installed 233750 | ° " | 233750 5 AL S 558 | ey 32.93 37.23 41.49 Qe 1 2 2 os 0l oen Doz
Detached W Base e S S 1164 20
Cz72 case = = ol
Shutters S -S S 1040 S S S S 0.4 0.4 0.5
lovdld installed 2,287.50 460.00 1,827.50 ot/ &l HEBE 378.96 443.00 500.77 558.07 i 4 9 4 i 02 0 0=n
Detached N Base S S 1164
ey case No shutters T T 1 4.0
Shutters S S 884. S S S S 0.4 0.5 0.5
lold installed 2,287.50 $ ) 2,287.50 1 G $ B 859.80 1,005.09 1,136.18 1,266.18 e 4 0 5 Bt oas 0sle 08
Detached E Base S S 1164
P case No shutters T T 1 4.0
Shutters S S 851. S S S S 0.5 0.6 0.6
lold installed 2,287.50 $ ) 2,287.50 7 i SABIE 959.19 1,121.29 1,267.53 1,412.56 08 4 1 8 i 0 0B o
Detached W Base S S 919.
75 case No shutters T T 7 4.2
Shutters S S 844. S S S S 0.1 0.1 0.1
Level 1 installed 228750 | * 7| 208750 1 38 | 31401 | ha | a7ier 307.03 3216 | O | 4 6 7 0.10 0.12 0.13 0.15
Detached N Base 8 8 919.
75 case No shutters T T 7 4.2
Shutters S S 898. S S S S 0.0 0.0 0.0
levdld installed 2,287.50 $ ) 2,287.50 3 & S e 65.85 76.98 87.02 96.98 e 3 4 4 e o oEs s
Detached E Base 8 8 919.
s case No shutters T _ 7 4.2
Shutters S S 868. S S S S 0.0 0.0 0.1
levdld installed 2,287.50 $ ) 2,287.50 7 & H 2080 156.55 183.01 206.88 230.55 By 8 9 0 0y e 0 o
Detached W Base R e—— S S 2587 an
CZ6 case ° = 6
Shutters $ ES) $ 2539 $ $ $ $ 0.1 0.1 0.1
Lol installed 2,287.50 230.00 2,057.50 ol Al DB 149.10 174.29 197.02 219.57 0 1 3 4 0y e o 04
Detached N Base S S 2587
z6 case No shutters T T 6 3.4
Shutters $ S 2473 S S $ S 0.1 0.2 0.2
lowld installed 228750 | ° " | 228750 9 3 54795 | 3514 | 40814 461.37 s1416 | 01 8 1 3 b OB 0Zp vz
Detached E Base S S 2587
z6 case No shutters T T 6 3.4
Shutters $ S 2478 S S $ S 0.1 0.2 0.2
lowld installed 228750 | ° " | 228750 4 8 53122 | o0y, 392.16 44331 49403 | O 7 0 2 b ol L vz
Detached W Base No shutters $ S 2668 2@
Cz7 case = = D)
Shutters S S 2455 S S S S 0.3 0.4 0.4
Level 1 installed 228750 | ° | 228780 7 28 | 925580 | oogcq | 76308 | s63.63 96244 | 3 | g 2 7 0-29 033 038 042
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HVAC Capital e Network Lifecycl BC BC BC BC BC Ratio BC Ratio BC Ratio BC Ratio
sizing Cost (not Peak N ¥ Lifecycle Lifecycle Lifecycle . . Rati Rati (without (without (without (without
Performance Base . 3 gy adjustme e Rati Rati
capital inc Dema energy energy energy o- o- network network network network
value (e.g.R Construct Use nts to energy o- o- " . " .
N cost network nd . cost cost cost 10 15 adjustme adjustme adjustme adjustme
value) ion Cost . ) (kw capital cost | ) ) Tod 5
adjustm adjustme (kw) ! savings savings savings yea yea nt) - nt)-5 nt) - 10 nt) - 15
h) cost savings ay yrs
ent nts) (5yrs) (10 yrs) (15 yrs) rs rs Today yrs yrs yrs
(today)
Detached N Base S S 2668
cz7 case No shutters N N 5 3.0
Shutters S S 2660 S S S S 0.0 0.0 0.0
Levelkl installed 228750 | ° " | 2,287.50 4 B0 $ 1316 | o s 29.05 32.84 36.59 oot 1 1 2 oos ot oos 002
Detached E Base S S 2668
cz7 case No shutters T T 5 3.0
Shutters S S 2654 S S S S 0.0 0.0 0.0
= installed 228750 | ° | 228750 0 i $ 38811 473 52.29 50.11 es87 | %02 | 3 3 i K o R
Apartment W Base S S 342.
Py case No shutters T T 5 1.6
Shutters S S 302. S S S S 0.1 0.1 0.2
el installed 900.00 I 7 15 | 5208 | oles | 1256 161.16 1959 | “M | 6 3 0 0.14 0.16 0.18 0-20
Apartment N Base S S 342.
Py case No shutters T T 5 1.6
Shutters S S 325. S S S S 0.0 0.0 0.0
el installed 900.00 I 8 16 S 1782 | g 59.80 67.60 7534 | %% | 5 7 3 0.06 0.07 0.08 0.08
Apartment E Base S S 342.
o case No shutters T T 5 1.6
Shutters S S 312. S S S S 0.1 0.1 0.1
Level 1 installed 900.00 | o000 2 16 378 | o30p | 10873 122.92 13698 | %1% | 2 3 5 0.10 0.12 0.14 0.15
Apartment W Base No shutters S S 310. 16
CzZ5 case = = 8
Shutters S S 296. S S S S 0.0 0.0 0.0
levald installed 900.00 $ ) 900.00 4 &3 ® @ 44.44 51.95 58.73 65.45 o 6 7 8 0 e 0y 0y
Apartment N Base S S 310.
s case No shutters ; ; 3 1.6
Shutters S S 303. S S S S 0.0 0.0 0.0
e installed 900.00 $ | e00.00 3 Lo 2R (W5ahs 27.18 30.73 3424 | %0 | 3 3 4 e e e R
Apartment E Base S S 310.
s case No shutters T T 3 1.6
Shutters S $ 300. $ $ $ $ 0.0 0.0 0.0
levald installed 900.00 $ ) 900.00 1 & 5 99 33.07 38.66 43.70 48.70 e 4 5 5 0Es e 0 0
Apartment W Base S S 967.
z6 case No shutters T T 3 11
Shutters $ $ 954. $ § 5 $ 0.0 0.0 0.0
Ll installed 900.00 | 90000 9 13 $ 12155 | 3959 46.51 52.58 ssee0 | %% | s 5 6 0.04 0.05 0.06 0.07
Apartment N Base S S 967.
cz6 — No shutters T T 3 1.1
Shutters $ $ 892. $ § 5 $ 0.2 0.3 0.3
Ll installed 900.00 | 90000 9 11 $ 1160 | 22505 | 26881 303.87 33860 | O | 9 3 7 0.26 0.30 034 R
Apartment E Base S S 967.
z6 case No shutters T T 3 1.1
Shutters S S 890. S S S S 0.2 0.3 0.3
Level 1 installed 900.00 | o000 7 12 5 3858 | y35e7 | 27667 | 31275 3854 | O | o 3 7 0-26 031 033 039
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HVAC Capital e Network Lifecycl BC BC BC BC BC Ratio BC Ratio BC Ratio BC Ratio
sizing Cost (not Peak N U Lifecycle Lifecycle Lifecycle " " Rati Rati (without (without (without (without
Performance Base . 3 gy adjustme e Rati Rati
capital inc Dema energy energy energy o- o- network network network network
value (e.g.R Construct Use nts to energy o- o- . . A A
N cost network nd . cost cost cost 10 15 adjustme adjustme adjustme adjustme
value) ion Cost . ) (kw capital cost | ) ) Tod 5
adjustm adjustme (kw) ! savings savings savings yea yea nt) - nt)-5 nt) - 10 nt) - 15
h) cost savings ay yrs
ent nts) (5yrs) (10 yrs) (15 yrs) rs rs Today yrs yrs yrs
(today)
Apartment W Base Nolshutters S S 1510 25
Ccz7 case - - .5
Shutters $ $ 1469 0.1 0.2 0.2
e installed 900.00 S | e00.00 1 23| 1388 | 7y | w60 167.98 w720 | *Y7 | o 2 4 i i s R
Apartment N Base Modinias S S 1510 o5
Ccz7 case = = i)
Shutters $ S 1502 $ $ $ $ 00 | 00 | 00
=i installed 900.00 S | e00.00 0 s S | 2635 30.81 34.83 sger | %% | 3 4 4 R e 0.04 0.04
Apartment E Base S S 1510
27 case No shutters T T 5 25
Shutters $ S 1504 $ $ $ $ 00 | 00 | 00
e installed 900.00 I 5 24 |5 558 | g0 21.75 24.58 wa | %% | 3 3 0.02 0.02 0.03 0.03
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E.7 Roof Ventilation

E.7.1 Capital Costs
The capital costs for roof ventilation were as follows:

Roof ventilators used are the 300mm CRS Edmonds Windmaster natural roof vents ($120 each).
The eave vents are Haron 400mm x 200mm Aluminium vents ($21 — 2 pack).

Installation labour of $160 for every 2 ventilators has been allowed for.

E.7.2 Benefit Cost Analysis
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H.V.AC Sl Ener Network Lifecycl Lifecycl Lifecycl Lifecycl BC BC BC. BC. BC. Ratio BC Ratio BC. SHiB BC. Ratio
sizing Cost (not Peak N . . Rati Rati (without N (without (without
Performance Base 5 3 gy adjustme e e e e Rati Rati (without
. capital inc Dema o- o- network network network
value (e.g.R Constructi Use nts to energy energy energy energy o- o- " network " N
cost network nd . 10 15 adjustme n adjustme adjustme
value) on Cost . . (kwh capital cost cost cost cost Tod 5 adjustme
adjustm adjustmen (kw) 3 3 A A yea yea nt) - nt) - 10 nt) - 15
ent ts) ) cost savings savings savings savings ay yrs rs rs Toda nt)-5yrs rs rs
(today) (5yrs) (10 yrs) (15 yrs) \ Y Y
Suached Base Standard $ $ 5546 | 2.8
CZ2 case - -
i $ $ $ $ $ $ 0.0
Level 1 Ventilated BT $ - P 551.8 2.7 $ 3457 v ey B aaan 0.03 8 0.03 | 0.03 0.03 0.03 0.03 0.03
Highly $ $ $ $ $ $ 0.0
Level 2 VTt NS s - NG 549.5 2.7 $ 48.84 T 608 e TR 0.02 9 0.03 | 0.03 0.02 0.03 0.03 0.03
haced 85 Standard $ $ 401.2 2.7
CZ5 case - -
} $ $ $ $ $ S 0.0
Level 1 Ventilated RS $ - AP 398.9 2.8 $ 1450 068 B o T 0.02 . 0.02 | 0.03 0.02 0.02 0.02 0.03
Highly S $ $ $ $ $ 0.0
Level 2 Vet NEE s - ED 398.6 2.7 $ 290 o L6 B B 0.01 2 0.01 | 0.01 0.01 0.01 0.01 0.01
Attached Base S S 1351.
6 case Standard T T 3 2.7
' $ $ 1356. -$ -$ -5 -5 - ' - -
Rl pentiated 442.00 s 442.00 4 25 S 43041 g0 20.77 22.09 2298 | 005 0_;,0 0.06 | 0.06 e s oS ~
Highly 1357. ES ES $ 3 - y - -
bezle Ventilated 884.00 $ 884.00 4 25 DIE 22.96 25.39 26.99 28.09 0.03 oz.lo 0.04 | 0.04 0.03 0.03 0.03 0.03
Detached Base S S 1164.
o case Standard T T 1 4.0
' $ $ 1169. -$ -$ -$ -$ 5 ' = =
Level 1 Ventilated CPAGE s - 384.00 2 3.8 -$104.15 N0 B ) e 268 oéo 268 | @an -0.03 -0.03 -0.03 -0.03
Highly 1168. ES S $ 3 - y - _
fezle Ventilated 1,768.00 $ 1,768.00 6 39 $ 8698 | g5 20.15 21.43 2230 | 001 oio 001 | 0.01 0.01 0.01 0.01 0.01
Deiacied Base Standard $ $ 919.7 36
CZ5 case o °
Level 1 Ventilated $ s - $ 922.6 3.5 -$ 75.83 - & » n - 0?0 p p -0.01 -0.01 -0.02 -0.02
884.00 884.00 11.60 12.83 13.64 14.19 0.01 2 0.02 | 0.02
Highly $ $ -$ -$ -$ -$ - ) - -
leel2 Ventilated 1,768.00 s - 1,768.00 g2 86 $ Al 18.23 20.15 21.43 22.30 0.01 Oio 0.01 | 0.01 o el o el
Detached Base S S 2587.
z6 case Standard T T 6 2.3
' $ $ 2630. -$ -$ -$ -$ - ' - -
Pl petied 884.00 - 884.00 5 23 $ 68 | oce | 10421 | 20650 | 21486 | 020 Oéz 023 | 024 020 0.22 0.3 0.4
Highly $ $ 2636. $ $ $ $ - ) - -
leel2 Ventilated 1,768.00 s - 1,768.00 2 28 S 7 198.82 219.86 233.77 243.24 0.11 0; 0.13 | 0.13 o e B G
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E.8 Eaves Extension

E.8.1 Capital Costs
The capital costs for the attached archetype eaves extension were as follows:

Scenarios Performance Value Climate Zone 2 Climate Zone 5 Climate Zone 6
Construction Construction Construction
cost (per unit) cost (per unit) cost (per unit)

Base Case Balcony 0.8 m overhang and eave 0.45 m $44.20 $37.60 $37.99
length

Level 1 Extend eaves to 1.2 m $104.26 $84.24 $81.49

Number of units for construction cost: 19.4 m (attached), 69.4 m (detached)

The capital costs for the detached archetype eaves extension were as follows:

Scenarios Performance Value Climate Zone 2 Climate Zone 5 Climate Zone 6
Construction Construction Construction
cost (per unit) cost (per unit) cost (per unit)

Base Case Balcony 0.8 m overhang and eave 0.45 m | $37.24 $30.09 $29.10
length

Level 1 Extend eaves to 1.2 m $97.23 $82.72 $83.57

Number of units for construction cost: 19.4 m (attached)

69.4 m (detached)

Costs are based on linear metres of eaves, no soffits, painted timber extensions, no barge board or gutters, no wall plates

E.8.2 Benefit Cost Analysis
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H.\I.AC Capital cost Ener Network Lifecycl Lifecycl Lifecycl Lifecycl BC BC BC BC BC_Ratlo BC_Ratlo BC_Ratlo BC. i
Base sizing (not inc (el adjustm ener; ener; ener; ener; Rati Rat Rat Rat (uithout (uithout (uithout (hout
Performance . capital 8y Dema " 8y gy 57 7 . o . network network network network
Construction network Use ents to cost cost cost cost o- io - io - io - . . . .
value cost . nd N R q . . adjustm adjustm adjustm adjustm
Cost . adjustments (kw capital savings savings savings savings Tod 5 10 15
2diustn ) h) W) cost (today) (5yrs) (10 yrs) (15 yrs) a rs rs rs Gt ay)=8 Eotlo )=t
ent i U U U v U U U Today yrs yrs yrs
Attached W Base Eaves 0.45m S S 554, A8
CZ2 case length - - 6 )
Level Eaves 1.2m S S S 539. S S S S S 0.1 0.1 0.1
1 length 381 - 380.55 3 2l 75.60 39.97 45.79 50.22 53.16 o 5 6 7 e e o ok
Attached N Base Eaves 0.45m S S 554, A8
CZ22 case length - - 6 )
Level Eaves 1.2m S S S 560. S -$ -$ -$ -$ = ) ) )
1 length 381 - 380.55 2 22 134 14.65 16.79 18.41 19.49 0.04 0“10 0_;’0 0_;’0 -0.04 -0.04 Rc: s
Attached E Base Eaves 0.45m S S 554, 28
CZ2 case length - - 6 )
Level Eaves 1.2m S S S 533. -$ S S S S 0.1 0.2 0.2
1 length 381 - 380.55 2 2 26.09 55.95 64.11 70.30 74.43 o 8 0 1 o o o 00
Attached W Base Eaves 0.45m S S 401. 27
CZ5 case length - - 2 )
Level Eaves 1.2m S S S 390. S S S S S 0.1 0.1 0.2
1 length 307 - 307.48 4 s 125.11 27.98 32.06 35.15 37.21 0 8 9 0 0 e 04 e
Attached N Base Eaves 0.45m S S 401. 27
CZ5 case length - - 2 )
Level Eaves 1.2m S S S 406. S -$ -$ -$ -$ - ) ) )
1 length 307 - 307.48 0 8 23.86 12.66 14.50 15.90 16.83 0.04 01'10 0_;’0 0_;’0 O 0 0 s
Attached E Base Eaves 0.45m S S 401. 25
CZ5 case length - - 2 .
Level Eaves 1.2m S S S 381. -$ S S S S 0.2 0.2 0.2
1 length 307 - 307.48 5 & 72.26 51.29 58.77 64.44 68.22 o 5 7 9 i 0B 0 0z
Attached W Base Eaves 0.45m $ $ 135 27
CZ6 case length - - 1.8 )
Level Eaves 1.2m S S S 134 S S S S S 0.0 0.0 0.0
1 length 297 = 297.44 8.7 & 159.24 7.99 9.16 10.04 10.63 0.02 2 2 2 0.03 0.03 0.03 0.04
Attached N Base Eaves 0.45m $ $ 135 27
CZ6 case length - - 1.8 )
Level Eaves 1.2m S S S 136 $ -$ -$ -$ -$ - ’ ) )
1 length 297 - 297.44 5.0 28 131.36 34.64 39.69 43.52 46.07 0.08 oéo 0(')1 Oil 012 013 015 015
Attached E Base Eaves 0.45m S S 135 27
CZ6 case length - - 1.8 )
Level Eaves 1.2m S S 134 S S S S S 0.0 0.0 0.0
1 length 297 - 297.44 3.4 B 88.32 21.98 25.19 27.62 29.24 o 7 7 8 0y e o o
Detached W Base Eaves 0.45m S S 116 A6
CZ22 case length - - 4.1 )
Level Eaves 1.2m S S S 113 - $ $ $ $ 0.0 0.0 0.0
1 length 1,672 - 1,672.36 4.6 e 250.23 77.20 88.46 97.00 102.69 o 6 7 7 o o — o
Detached N Base Eaves 0.45m S S 116 A6
CZ22 case length - - 4.1 )
Level Eaves 1.2m S S S 115 - $ $ $ $ 0.0 0.0 0.0
1 length 1,672 - 1,672.36 5.2 B 103.70 23.27 26.66 29.23 30.95 s 2 2 2 o o o o
Detached E Base Eaves 0.45m S S 116 40
CZ2 case length - - 4.1 )
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H.\I.AC Capital cost Ener Network Lifecycl Lifecycl Lifecycl Lifecycl BC BC BC BC BC_Ratlo BC_Ratlo BC_Ratlo BC. i
Base sizing (not inc (el adjustm ener; ener; ener; ener; Rati Rat Rat Rat (uithout (uithout (uithout (hout
Performance . capital 8y Dema ! 8y 57 57 7 o o . network network network network
Construction network Use ents to cost cost cost cost o- io - io - io - . . . .
value cost . nd N R q . . adjustm adjustm adjustm adjustm
Cost . adjustments (kw capital savings savings savings savings Tod 5 10 15
2diustn ) h) W) cost (today) (5yrs) (10 yrs) (15 yrs) a rs rs rs Gt ay)=8 Eotlo )=t
ent i U U U v U U U Today yrs yrs yrs
Level Eaves 1.2m S S S 109 -$ 0.1 0.1 0.1
1 length 1,672 - 1,672.36 3.7 8 68.91 184.01 210.84 231.21 244.76 o g 4 5 o 0B oK il
Detached W Base Eaves 0.45m S S 919. 42
CZ5 case length - - 7 )
Level Eaves 1.2m S S S 893. S S S S S 0.0 0.0 0.0
1 length 1,423 - 1,422.78 0 &% 56.65 69.80 79.98 87.70 92.84 e 6 6 7 e o o ey
Detached N Base Eaves 0.45m S S 919. 42
CZ5 case length - - 7 )
Level Eaves 1.2m S S S 907. S S S S S 0.0 0.0 0.0
1 length 1,423 - 1,422.78 6 a4 70.92 31.73 36.35 39.86 42.20 o 3 3 3 o 0z 0z o
Detached E Base Eaves 0.45m S S 919. an
CZ5 case length - - 7 )
Level Eaves 1.2m S S S 874. S S S S S 0.1 0.1 0.1
1 length 1,423 - 1,422.78 0 il 36.58 119.50 136.93 150.15 158.96 o 0 1 1 B il o i
Detached W Base Eaves 0.45m S S 258 aa
CZ6 case length - - 7.6 )
Level Eaves 1.2m S S S 255 -$ S S S S 0.0 0.0 0.0
1 length 1,437 - 1,437.40 2.8 &g 78.95 90.95 104.21 114.27 120.97 vy 8 8 9 e R B Qs
Detached N Base Eaves 0.45m S S 258 34
CZ6 case length - - 7.6 )
Level Eaves 1.2m S S S 257 -$ S S S S 0.0 0.0 0.0
1 length 1,437 = 1,437.40 6.7 34 10.26 28.55 32.72 35.88 37.98 0.02 2 3 3 0.02 0.02 0.02 0.03
Detached E Base Eaves 0.45m $ $ 258 34
CZ6 case length - - 7.6 )
Level Eaves 1.2m S S S 256 -$ S S S S 0.0 0.0 0.0
1 length 1,437 = 1,437.40 5.8 8 60.44 57.11 65.43 71.75 75.96 oes 5 5 6 oEs 0 0 o
Apartment Base Eaves 0.45m S S 342. 16
W CZ2 case length - - 5 )
Level Eaves 1.2m S S S 319. S S S S S 0.1 0.1 0.1
1 length 516 - 516.09 2 B 33.45 60.70 69.55 76.26 80.74 0 3 4 5 — 0 04 e
Apartment Base Eaves 0.45m S S 310. G
W CZ5 case length - - 8 )
Level Eaves 1.2m S S S 304. S S S S S 0.0 0.0 0.0
1 length 417 - 416.99 8 B 4.91 15.83 18.14 19.90 21.06 oes 4 5 5 0Es 0Es 0 o
Apartment Base Eaves 0.45m S S 967. ad
W CZ6 case length - - 8 )
Level Eaves 1.2m S S S 973. S -$ S S S - ) ) )
1 length 403 - 403.38 5 iz 79.40 14.95 17.13 18.79 19.89 0.03 0;10 0;10 0;10 e e 0B s
Apartment Base Eaves 0.45m S $ 342. 16
N CZ2 case length - - 5 )
Level Eaves 1.2m S S S 332. S S S S S 0.0 0.0 0.0
1 length 516 - 516.09 9 e 4.91 25.07 28.73 31.50 33.35 o 6 6 6 ) o o LRl
Apartment Base Eaves 0.45m S $ 310. 16
N CZ5 case length - - 8 )
Level Eaves 1.2m S S 5 313. -$ -$ -$ -$ -$ = ’ ’ ’
1 length 417 = 416.99 2 i 39.25 6.16 7.06 7.74 8.19 0.02 oéo oéo oéo ol 02 02 ooz
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H.V.AC Capital cost Ener Network Lifecycl Lifecycl Lifecycl Lifecycl BC BC BC BC BC_Ratlo BC_Ratlo BC_Ratlo BC. i
Base sizing (not inc (el adjustm ener; ener; ener; ener; Rati Rat Rat Rat (uithout (uithout (uithout (hout
Performance . capital 8y Dema ! 8y By &7 &7 o o . network network network network
Construction network Use ents to cost cost cost cost o- io- io- io- " " " "
value cost . nd N R . 3 . adjustm adjustm adjustm adjustm
Cost . adjustments (kw capital savings savings savings savings Tod 5 10 15
2diustn ) h) W) cost (today) (5yrs) (10 yrs) (15 yrs) a rs rs rs Gt ay)=8 Eotlo )=t
ent i u U u v U U U Today yrs yrs yrs
Apartment Base Eaves 0.45m S S 967. 11
N CZ6 case length - - 8 )
Level Eaves 1.2m S S $ 981. -S -S - -S - - . . .
1 length 403 = 403.38 6 i 37.24 36.07 4133 45.32 47.97 0.10 0‘11 o; 051 R i 0 O
Apartment E Base Eaves 0.45m S S 342. 16
CZ22 case length - - 5 )
Level Eaves 1.2m S S S 321. S S S S S 0.1 0.1 0.1
1 length 516 = 516.09 3 16 94.34 55.42 63.50 69.63 73.72 0.09 0 1 2 0.11 0.12 0.13 0.14
Apartment E Base Eaves 0.45m S S 310. 16
CZ5 case length - - 8 )
Level Eaves 1.2m S S 5 305. S S S S S 0.0 0.0 0.0
1 length 417 = 416.99 8 Bk 24.31 13.19 15.12 16.58 17.55 o 4 4 4 0z oz oz e
Apartment E Base Eaves 0.45m S S 967. el
CZ6 case length - - 8 )
Level Eaves 1.2m S S S 980. S -$ - - - - ) ) )
1 length 403 - 403.38 4 i 76.05 32.99 37.80 41.45 43.88 0.07 Oéo Oéo Oéo <O 0 i i
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E.9 Slab Edge Insulation

E.9.1 Capital Costs
Insulation materials were represented as expanded polystyrene board, with costs of $2.32/m2 for R0.5 and $4.53/m2 for
R1.0. The slab perimeter was 33m for the attached house and 64m for the detached house; insulation depth was 0.5m.

E.9.2 Benefit Cost Analysis

The results for slab edge insulation have been withdrawn owing to errors in the AccuRate package representation of slab
performance. Results will be made available once updates to the simulation package have been received and models
rerun.
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E.10 Thermal Mass

E.10.1 Capital Costs
The capital costs for the attached archetype thermal mass were as follows:

Scenarios

Base Case

Level 1

Level 2

Level 3

Performance Value

200 mm concrete and carpet, brick veneer

200 mm concrete and carpet, brick veneer,
Reverse brick veneer

Increase concrete floor to 300mm and
leave it expose

300 mm exposed concretes floors and
reverse brick veneer

Number of units for construction cost:

Climate Zone 2 Climate Zone 5 Climate Zone 6

Construction Construction
cost (per unit) cost (per unit)

$385.20 $416.54
$455.66 $484.77
$347.83 $368.31
$381.66 $397.62

122.34 m2 (attached)

The capital costs for the detached archetype thermal mass were as follows:

Scenarios

Base Case

Level 1

Level 2

Level 3

Performance Value

200 mm concrete and carpet & brick
veneer

400 mm concrete and carpet & brick
veneer

200 mm concrete and carpet & reverse
brick veneer

400 mm concrete and carpet & reverse
brick veneer

Number of units for construction cost:

Climate Zone 2 Climate Zone 5
Construction Construction
cost (per unit) cost (per unit)

$270.63 $296.06
$333.16 $362.72
$315.44 $334.87
$377.98 $401.54

202.04 m2 (detached)

The capital costs for the apartment archetype thermal mass were as follows:

Construction
cost (per unit)

$443.91
$517.10

$380.31

$421.75

Climate Zone
Construction
cost (per unit)

$313.79

$391.89

$368.68

$446.78

6
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Scenarios Performance Value Climate Zone 2 Climate Zone 5 Climate Zone 6
Construction Construction Construction
cost (per unit) cost (per unit) cost (per unit)

Base Case 200 mm concrete and carpet, Brick veneer  $403.68 $431.51 $450.27

Level 1 200 mm concrete and carpet, Reverse $435.46 $459.04 $489.19
brick veneer

Level 2 Increase concrete floor to 300mm and $366.69 $386.03 $403.03
leave it expose

Level 3 300 mm exposed concretes floors and $398.47 $413.56 $441.96

reverse brick veneer

Number of units for construction cost: 77.06 m2 (apartment)

E.10.2 Benefit Cost Analysis
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A

BC BC BC BC
Q Ratio Ratio Ratio Ratio
I-!\{AC STIE Ene WL Lifecycl Lifecycl Lifecycl Lifecycl BC BC BC BC (withou (withou (withou (withou
Base sizing cost Peak k .
n B rgy . e e e e Rati Rat Rat Rat t t t t
Constru capital (notinc Dem adjust o o o
Performance value . Use energy energy energy energy o- io- io- io- networ networ networ networ
ction cost network and ments
. . (kw cost cost cost cost Tod 5 10 15 k k k k
Cost adjust adjustm (kw) to . . q q A q q q
i ents) h) capital savings savings savings savings ay yrs yrs yrs adjust adjust adjust adjust
et (today) (5yrs) (10 yrs) (15 yrs) ment) - ment) - ment) - ment) -
Today 5yrs 10 yrs 15 yrs
Attached Base 200 mm concrete and carpet, brick $ $ 554.
! 47,125. 47,125.3 2.8
Cz2 case veneer 6
37 7
Level 200 mm concrete and carpet, reverse S 543, S S S S S 0.0 0.0 0.0 0.0
1 brick veneer 55'47:5‘ - 55'7:5‘4 4 ak 14.05 56.22 65.04 71.72 78.06 1 1 1 1 coL coL coL coL
$ $
Level Increase concrete floor to 300mm and S 555. S -$ -$ S S 0.0 0.0 0.0 0.0
2 leave it expose 50';205‘ - 50'5205‘6 3 8 180.65 3.83 4.43 4.89 5.32 0 0 0 0 000 000 L0 L0
$ $
Level 300 mm exposed concretes floors and S 538. S S S S S 0.0 0.0 0.0 0.0
3 reverse brick veneer 54'36844‘ - 54'68443 3 29 122.88 81.78 94.61 104.33 113.54 1 1 1 1 0.01 0.01 0.01 0.02
Attached Base 200 mm concrete and carpet, brick $ $ 401.
! 50,959. 50,959.5 2.7
Cz5 case veneer 2
50 0
$ $
Level 200 mm concrete and carpet, reverse S 398. S S S S S 0.0 0.0 0.0 0.0
1 brick veneer 59,73:64 - 59,3;)647 B] 28 67.80 14.06 16.26 17.93 19.51 0 0 0 0 000 000 L0 L0
$ $
Level Increase concrete floor to 300mm and S 386. $ S S $ $ 0.0 00 [ 00 | 00
2 leave it expose 53'10511‘ - 53'0511‘1 6 8l 208.30 72.84 84.26 92.92 101.12 3 4 4 4 o3 o3 s s
$ $
Level 300 mm exposed concretes floors and S 387. S S S S S 0.0 0.0 0.0 0.0
3 reverse brick veneer 56’:396' = 56’5396'9 1 a 150.32 70.28 81.30 89.66 97.57 1 1 2 2 Lo Lo 002 002
Attached Base 200 mm concrete and carpet, brick $ 5 135
! 54,307. 54,307.9 2.7
Cz6 case veneer 1.8
95 5
$ $
Level 200 mm concrete and carpet, reverse S 134 -$ S S S S 0.0 0.0 0.0 0.0
1 brick veneer 63'02162' - 63'2162'0 3.6 A 298.40 40.89 47.30 52.16 56.77 0 1 1 1 000 coL cot coL
Level Increase concrete floor to 300mm and S 131 0.5 0.6 0.7 0.7
2 leave it expose 54’;379' - 54’4379'2 5.3 ZS 153.21 182.73 211.39 233.10 253.69 6 5 2 9 &ty &2 L3c LS
$ $
Level 300 mm exposed concretes floors and S 130 -$ S $ S S 0.0 0.0 0.0 0.0
3 reverse brick veneer 59'05(;‘9‘ - 59'5(;‘9‘0 9.7 25 130.69 210.84 243.91 268.97 292.72 4 5 5 6 LR GO o 00
Attached Base 200 mm concrete and carpet, brick $ $ 134
! 54,307. 54,307.9 2.1
Ccz7 case veneer 6.2
95 5
$ $
Level 200 mm concrete and carpet, reverse S 130 -$ S S S S 0.0 0.0 0.0 0.0
1 brick veneer 63'02162‘ - 63'21620 1.6 20 56.20 223.62 258.70 285.27 310.46 3 3 3 3 0.02 0.03 0.03 0.03
Level Increase concrete floor to 300mm and ” 579 S 5 4379 2 137 24 $ =S S 5! 5! 0-7 0>9 1>0 1>1 082 095 1.05 114
2 leave it expose L - T 4.2 . 5.65 140.56 162.61 179.31 195.14 . . . . : . ) )
23 3 9 2 1 0
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BC BC BC BC
Q Ratio Ratio Ratio Ratio
I-!\{AC STIE Ene WL Lifecycl Lifecycl Lifecycl Lifecycl BC BC BC BC (withou (withou (withou (withou
Base sizing cost Peak k .
n B rgy . e e e e Rati Rat Rat Rat t t t t
Constru capital (notinc Dem adjust o o o
Performance value . Use energy energy energy energy o- io- io- io- networ networ networ networ
ction cost network and ments
o . (kw cost cost cost cost Tod 5 10 15 k k k k
Cost adjust adjustm (kw) to . . q q A q q q
i ents) h) capital savings savings savings savings ay yrs yrs yrs adjust adjust adjust adjust
et (today) (5yrs) (10 yrs) (15 yrs) ment) - ment) - ment) - ment) -
Today 5yrs 10 yrs 15 yrs
Level 300 mm exposed concretes floors and 9 ?49 S 9 5i9 0 132 20 -$ S S S S 0.0 0.0 0.0 0.0 0.02 0.02 0,02 0,02
3 reverse brick veneer lOO : - ’ o : 7.6 ! 49.36 93.28 107.91 119.00 129.50 2 2 2 2 ’ ’ : :
Detached Base 200 mm concrete and carpet & brick 54,678, 54,678.0 116 20
Cz2 case veneer 4.1
09 9
) $ $
Level 400 mm concrete and carpet & brick S 116 -$ -$ -$ S S 0.0 0.0 0.0 0.0
1 veneer 67':511 - 67'3511‘6 6.1 8 55.75 10.14 11.73 12.94 14.08 0 0 0 0 000 000 00 00
Level 200 mm concrete and carpet & 63 7531 -$ 63 5?)1 s 100 34 -$ S S 1 0254 3 1 155 3 0.1 0.1 0.1 0.1 0.09 011 0.12 0.13
2 reverse brick veneer '50 . 230.00 ’ o : 3.9 ! 581.19 803.37 929.40 ! P i ! 5 : 0 1 2 4 ’ ’ : :
Level 400 mm concrete and carpet & 76 3?67 -$ 76 1537 0 100 34 -$ S S 1 Ogl 5 1 030 0 0.0 0.0 0.0 0.0 0.04 0.04 0.05 0.05
3 reverse brick veneer lOS ' 230.00 ! 3 ! 7.5 : 574.28 785.11 908.27 ' 6 i ’ 0 ! 4 4 5 5 ’ ’ : :
) $ $
Detached Base 200 mm concrete and carpet & brick 50,815 50,815.9 919. 36
Cz5 case veneer 7
96 6
! $ $
Level 400 mm concrete and carpet & brick S 918. S S S S S 0.0 0.0 0.0 0.0
1 veneer 73'92583‘ - 73'2583‘9 5 8 42.37 6.09 7.04 7.76 8.45 0 0 0 0 000 000 000 000
$ $
Level 200 mm concrete and carpet & S 810. S S S S S 0.0 0.0 0.0 0.1
2 reverse brick veneer 67’16357' - 67’6357'1 1 8 - 549.78 636.03 701.35 763.28 7 8 9 0 By 008 C0S oL
$ $
Level 400 mm concrete and carpet & S 810. -$ S S S S 0.0 0.0 0.0 0.0
3 reverse brick veneer 81'11427‘ - 81‘¥7‘1 5 3.3 281.01 547.75 633.68 698.77 760.46 3 3 3 4 0.03 0.03 0.03 0.04
) $ $
Detached Base 200 mm concrete and carpet & brick 63,398, 63,398.1 258 23
Cz6 case veneer 7.6
13 3
Level 400 mm concrete and carpet & brick S 253 S 0.0 0.0 0.0 0.0
1 veneer 79’41677- - 79’1677'4 6.6 Z8 49.06 255.62 295.72 326.09 354.88 2 2 2 2 202 202 002 002
$ $
Level 200 mm concrete and carpet & $ 250 -$ S S S S 0.0 0.0 0.0 0.0
2 reverse brick veneer 74'14188‘ - 74'4188‘1 1.4 23 24.09 432.12 499.90 551.25 599.92 4 5 5 5 LR C o o
$ $
Level 400 mm concrete and carpet & S 245 -$ S S S S 0.0 0.0 0.0 0.0
3 reverse brick veneer 90’42367' - 90’2367‘4 9.3 ad 129.35 643.10 743.99 820.40 892.84 2 3 3 3 002 o2 s s
Detached Base 200 mm concrete and carpet & brick $ 5 266
63,398. 63,398.1 4.1
Ccz7 case veneer 85
13 3
. $ $
Level 400 mm concrete and carpet & brick -$ 262 -$ S S S S 0.0 0.0 0.0 0.0
1 veneer 79‘41671 230.00 78‘9647‘4 2.0 B 328.73 233.30 269.90 297.62 323.90 2 2 2 2 002 002 002 002
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BC BC BC BC
Q Ratio Ratio Ratio Ratio
I-!\{AC STIE Ene WL Lifecycl Lifecycl Lifecycl Lifecycl BC BC BC BC (withou (withou (withou (withou
Base sizing cost Peak k .
n B rgy . e e e e Rati Rat Rat Rat t t t t
Constru capital (notinc Dem adjust o o o
Performance value . Use energy energy energy energy o- io- io- io- networ networ networ networ
ction cost network and ments
o . (kw cost cost cost cost Tod 5 10 15 k k k k
Cost adjust adjustm (kw) to . . q q A q q q
i ents) h) capital savings savings savings savings ay yrs yrs yrs adjust adjust adjust adjust
c’;st (today) (5yrs) (10 yrs) (15 yrs) ment) - ment) - ment) - ment) -
Today 5yrs 10 yrs 15 yrs
Level 200 mm concrete and carpet & 4 588 -$ 4 2$58 1 265 36 -$ S S S S 0.0 0.0 0.0 0.0 0.01 0.01 0.01 0.01
2 reverse brick veneer ’11 . 230.00 ’ 1 . 15 ! 517.63 85.21 98.57 108.70 118.29 1 1 1 1 ’ ’ : :
Level 400 mm concrete and carpet & -$ 267 -$ -$ -$ S S 0.0 0.0 0.0 0.0
3 reverse brick veneer 90’42367‘ 460.00 89’8??7‘4 34 e 688.02 24.34 28.16 31.06 33.80 0 0 0 0 0o 0o 0o 0o
Apartme Base 200 mm concrete and carpet, Brick $ S 342.
! 31,107. 31,107.5 4.1
nt CZ2 case veneer 5
58 8
$ $
Level 200 mm concrete and carpet, reverse S 291. S S S S S 0.1 0.1 0.1 0.1
1 Brick veneer 33'55556‘ - 33'5556‘5 3 e 98.13 256.50 296.74 327.22 356.11 0 2 3 4 10 0k L o
$ $
Level Increase concrete floor to 300mm and S 312. -$ S S S S 0.0 0.0 0.0 0.1
2 leave it expose 33'02366‘ - 33'2366‘0 8 88 148.75 148.50 171.80 189.44 206.17 7 9 9 0 ey C02 C0S Gl
$ $
Level 300 mm exposed concretes floors and S 277. - 0.0 0.0 0.0 0.1
3 reverse brick veneer 35'07015‘ - 35'7015‘0 3 39 136.27 326.53 377.75 416.55 453.33 7 8 9 0 0.07 0.08 0.09 0.10
Apartme Base 200 mm concrete and carpet, Brick $ $ 310.
! 33,252. 33,252.1 1.0
nt CZ5 case veneer 8
16 6
$ $
Level 200 mm concrete and carpet, reverse S 271. -$ S S S S 0.1 0.1 0.1 0.1
1 Brick veneer 35’;273' = 35’3273'6 1 o 96.12 199.13 230.36 254.02 276.45 0 1 3 4 B cL cL2 BB
$ $
Level Increase concrete floor to 300mm and S 286. -$ S S S S 0.0 0.1 0.1 0.1
2 leave it expose 34'37756‘ - 34'7756‘3 8 09 73.82 120.66 139.58 153.92 167.51 8 0 1 2 0.08 0.09 0.10 011
$ $
Level 300 mm exposed concretes floors and S 259. -$ S S S S 0.0 0.0 0.1 0.1
3 reverse brick veneer 36’88377' - 36’8377'8 0 o2 145.41 259.88 300.64 331.52 360.79 7 9 0 0 oy 2Cs e C0
Apartme Base 200 mm concrete and carpet, Brick 34,697, 34,697.8 967. 15
nt CZ6 case veneer 8
81 1
$ $
Level 200 mm concrete and carpet, reverse S 918. -$ S S S S 0.0 0.1 0.1 0.1
1 Brick veneer 37296896‘ - 37'6896‘9 3 & 99.69 248.06 286.98 316.45 344.39 9 0 1 2 008 0y O O
$ $
Level Increase concrete floor to 300mm and § 927. =S § 5 5 $ 0.1 01 | 01 | 0.2
2 leave it expose 36'30966' - 36'0966'3 9 a0 49.73 199.97 231.34 255.10 277.62 5 8 9 1 CL CL oL 020
$ $
Level 300 mm exposed concretes floors and S 895. -$ S S S S 0.0 0.1 0.1 0.1
3 reverse brick veneer 39'3(266‘ - 39'(2663 6 13 134.04 361.97 418.75 461.76 502.53 9 0 1 2 LR L L o2
Apartme Base 200 mm concrete and carpet, Brick $ 5 151
! 34,697. 34,697.8 25
nt CZ7 case veneer 0.5
81 1
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E.11 Lighting

E.11.1 Capital Costs

Lighting design for each of the archetypes assumed that CFL technology was used in the base case line scenarios, and
that LED technologies were used in the improved design factors. Since the same luminaire was used throughout all models
with just the lamp being replaced, luminaire pricing remained consistent throughout all models at $70.

Lamp pricing was referenced from Bunnings website as of October 2017.

Osram and Philips lamps tend to cost the same so we assumed the 11W and 13W Osram lamps used in the original model
would cost the same as the 15W Philips lamps on the Bunnings website- $6.49 including GST.

https://www.bunnings.com.au/philips-15w-cool-white-bc-tornado-spiral-globe-cfl_p4320539

LED case — pricing and lumen output referenced from Bunnings website - $7.95 + GST

Osram 10W 1050Im B22d Warm White 114mm long LED Value stick
https://www.bunnings.com.au/osram-10w-1050Im-warm-white-led-value-stick-b22d-globe_p4320899
Osram 7W 700Im B22d Warm White 114mm long LED Value stick
https://www.bunnings.com.au/osram-7w-700Im-warm-white-led-value-stick-b22d-globe_p4320892

The cost benefit analysis compares a base case of compact fluorescent lamps (CFL) which are in common use in 2017,
to an LED case which is in increasing use in 2017 and is on track to become the dominant lighting technology used in
residential buildings.

Simulations were conducted to find the energy consumption and lighting power density (LPD) of each archetype for the
base case and the LED case. To calculate kWh the NatHERS protocol for individual room type’s hours of use were applied.

Learning Rates

Pricing learning rates for the residential lighting benefit cost analysis were based on analysis done previous by Energy
Action for the purposes of Section J Lighting measures development, based on a survey of 13 luminaire manufacturers
comparing 394 LED luminaires. The luminaire types included and compared in the survey were:

+ Diffused battens
* Recessed troffers
« Down lights

* High bays

Pricing, lumen output and power consumption data was surveyed for all luminaires using archived and current price lists,
IES files and data sheets and tables filled in by suppliers, covering the years 1999 — 2017. Some predictions were provided
by 2 suppliers for the years 2018 and 2019.

The data from this survey was graphed and the percentage figure for the learning rates were calculated based on the trend
line created from the historical data for each of the following technology groups:

* Linear battens and troffers
« Down lights
* High bays

This report uses the results produced for down lights as down lights are the most commonly used luminaire type in
residential lighting. The graphs and description of the analysis from the report are provided below.

I_U LU [:H R Bon LlUl n G SP0016 Building Code Energy Performance Trajectory Final Report 240
"<"° CRC


https://www.bunnings.com.au/philips-15w-cool-white-bc-tornado-spiral-globe-cfl_p4320539
https://www.bunnings.com.au/osram-10w-1050lm-warm-white-led-value-stick-b22d-globe_p4320899
https://www.bunnings.com.au/osram-7w-700lm-warm-white-led-value-stick-b22d-globe_p4320892

Downlights

140.0
120.0
! . 3 v
100.0 @ ® o 2 :
: ! i
£ . ..................... .
E 80-0 ------------------------ . ‘
C ------ .
a. &
g 60.0 :
: 8
“ 400
20.0

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

® LED  esssess Linear (LED) y =2.1139x -4171.5

Figure 88: Pricing learning rate for LED down lights over time

According to the graph in Figure 88 the price of LED down lights is dropping at a rate of $0.075 per lumen, per year
equivalent to 11% p.a. Based on this the projected price reduction by 2021 would be 37%. We have conservatized this

to 30%.
The 30% decrease in the cost has been applied to the residential lighting analysis for the first 5 years, with the expectation
that the cost would plateau after that.
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Figure 89: Efficacy learning rate for LED down lights over time

According to the graph in Figure 89, the efficacy of LED down lights is improving at a rate of 2 lumens per Watt, per year.
This is equivalent to a 2021 learning rate of 9% relative to 2017.

Energy Consumption and Savings
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As the NatHERS protocol specifies a set lighting schedule for individual room types, it was adopted for the purposes of
this study. Lighting was assumed to remain unchanged through different orientations and climate zones. Table 21
summarises the annual lighting electrical energy consumption for CFL and LED technologies.

Table 4-74. Lighting annual energy demand for CFL and LED technologies for each archetype.

Design Technology | Details Lighting Annual Energy | Annual Energy
Power Density | (kWh/year) Density
(W/m2) (kWh/mz/year)
CFL (MF 0.8) 21 x 13W oysters on | 4.25 270 3.48
ceiling, 6 x 11W wall lights
< LED (MF 0.7) LED: 21 x 10W oysters on | 3.22 203 2.61
g ceiling, 6 x 7W wall lights
§_ Savings (kWh/m2/year) 0.87
CFL (MF 0.8) Ground: 15 x20W oysters | 4.4 429 3.1
on ceiling, 5 x 12W
oysters on walls. 1st floor:
10 x 20W oysters on
ceiling, 7 x 12W oysters
on walls
LED (MF 0.7) Ground: 15x16W oysters | 3.3 322 2.3
on ceiling, 5 x 7W oysters
on walls. 1st floor: 10 x
- 16W oysters on ceiling, 7
2 X 7W oysters on walls
Q
g Savings (kWh/m2/year) 0.77
CFL (MF 0.8) 37 x 20W oysters on | 4.4 351 1.9
ceiling, 8 x 12W oysters
on walls
LED (MF 0.7) 37 x 16W oysters on | 3.4 266 1.4
- ceiling, 8 x 7W oysters on
2 walls
3
g Savings (KWh/m?/year) 0.46

E.11.2 Benefit Cost Analysis
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Table 4-75. Results of lighting benefit cost analysis. Note that the results do not include allowance for the 9% projected
efficiency improvement in LEDs; inclusion of this, however, has no significant impact to the overall outcome.

Apartment Detached House Attached House
Today negative cost 0.53 0.74
5 years negative cost negative cost negative cost
10 years negative cost negative cost negative cost
15 years negative cost negative cost negative cost

The results indicate that it is not cost effective to install LED in a residential building instead of CFL today, but that it will
become cost effective within the next 5 years. The negative cost for apartments today is driven by a reduction in network
demand; actual upfront capital costs are very marginally higher for the LED option than the CFL option.

E.12 Domestic Hot Water

Domestic hot water is a significant energy use within Australian homes, and indeed is dominant in mild climates where
heating and cooling needs are limited. Australian homes currently use a mix of technologies for domestic hot water,
including:

Electric storage
Instantaneous electric
Gas storage
Instantaneous gas
Electric heat pump
Solar — electric boosted
Solar — gas boosted

For the purposes of this study, only electric options are being considered as this enables many building types to become
net zero emission buildings through the use of PV. This however is only a reflection of the scenario development process
and is not a recommendation against gas DHW per se. A full Code development process would need to properly address
the complex issues of the electricity/gas question.

E.12.1 Scenario Formulation
The available electric DHW technologies have been characterised as listed in Table 23.

Table 4-76. Electric DHW technologies considered. Efficiency COP is the number of units of hot water produced per unit
of energy put in, not including standing losses. It is noted that the actual efficiency of solar varies widely based on the
installation and climate zone, and the efficiency of heat pump units is temperature dependent.

Technology Description Effective  Efficiency
(CoP)

Electric storage Direct electric heating elements in a storage tank. 1.0

Standard Heat Pump HCFC refrigerant heat pump with storage tank. Examples: | 3.0

Rheem MPi series

High Performance Heat | CO2 refrigerant heat pump with storage tank. Examples: | 4.5
Pump Sanden EcoPlus

Solar with electric boost Roof mounted solar panel/storage tank unit. Examples: Rheem | 4.0
Hiline series

For the townhouse and detached house archetypes, all of the nominated technologies are viable. For apartments,
however, only direct electric heating is viable as a technology for DHW on an individual apartment basis; other technologies
require a centralised system (which is common practice, albeit typically gas fired, in larger apartment buildings). As it is
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beyond the scope of this study to assess centralised DHW versus individual unit DHW, and as it is possible for heat pump
and solar technologies to be used with centralised systems, we have elected not to analyse DHW for apartments, and
instead extrapolate the results for the other archetypes to the apartment case.

Assuming a townhouse occupancy of 3 persons and a detached house occupancy of 5 persons, both can be served
adequately using a system of any technology with approximately 300-325 litre storage. Costs vary but based on a survey
of prices available on the web it is possible to characterise costs as follows:

Technology Sample System Capital Cost

Electric storage 3.6kW direct electric heating elements in a 315 litre storage | $1,200
tank.

Standard Heat Pump R134a heat pump plus 3.6kW booster elements in a 325 litre | $3,000
storage

High Performance Heat | CO2 pump with 315 litre storage tank $4,800

Pump

Solar with electric boost 300 litre roof mounted solar panel/storage tank unit with 3.6kW | $4,500
boost.

Based on work by Whaley et al, annual standing losses from storage systems have been estimated at around 1.8kWh/day.
The same reference identifies average hot water use as 39 litre per person per day; for the purposes of the current
calculation, a 40°C temperature rise has been assumed. In practice this varies with inlet temperature and thus with climate
zone; however this is a second order factor and has been disregarded for the purpose of the current calculation.

Based on these assumptions the calculated energy use figures are as shown in Table 24 and Table 25.

Table 4-77. DHW energy use calculations for the townhouse

Water use | Standing

Annual water | energy losses Standing Annual energy
Technology use (litres) (kWhe) (kwWhth) losses (kWhe) | use (kWhe)
Direct Elec 42705 1993 664 664 2657
Standard HP | 42705 664 664 221 886
Hi Perf HP 42705 443 664 148 590
Solar DHW 42705 498 664 166 664

Table 4-78: DHW calculations for the detached house.

Water use | Standing

Annual water | energy losses Standing Annual energy
Technology use (litres) (kWhe) (kwWhth) losses (kWhe) | use (kWhe)
Direct Elec 71175 3322 664 664 3986
Standard HP 71175 1107 664 221 1329
Hi Perf HP 71175 738 664 148 886
Solar DHW 71175 830 664 166 996

It is noted that there is a significant difference in the peak demand from each of these systems. However, as all are typically
connected to ripple or off-peak control, no allowance has been included in the economic analysis for the impacts on network
infrastructure.

A 15 year lifespan has been assumed for all systems.
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E.12.2 Results — Baseline Analysis
All three upgraded technologies are cost effective relative to direct electric heating, as shown in Figure 90.

4.5

4

35
3

N
"

N

Benefit Cost Ratio
[
n

Std Heat Pump Hi Perf HP Solar DHW

B Townhouse M Detached

Figure 90: Benefit cost results for DHW technologies relative to direct electric.

However, the cost benefit for high performance heat pumps and solar DHW relative to standard heat pump is not attractive,
at 0.43/0.39 (HP/solar respectively) for townhouses and 0.64/0.58 for the detached house. As NCC 2016 DTS largely (but
not totally) proscribes the use of direct electric heating for hot water51, the standard heat pump is a more suitable baseline
for economic assessment.

Based on these results, the appropriate level of stringency for DHW based on current economics is taken to be that of
standard heat pump technology. Under today’s economic conditions, the unit cost for the high efficiency heat pump would
have to drop from $4,800 to $3,750 to become economic relative to a standard heat pump.

E.12.3 Future Economic Scenarios

The high performance heat pump currently carries a significant (60%) price premium relative to the standard heat pump,
and yet comprises essentially the same technological components while using a different refrigerant (albeit at higher
pressure).

However, it is reasonable to expect that the real cost of the high performance heat pump will reduce significantly as
production volumes and market competition increase. Given the 85% phase down of R134a over the next 20 years, it is
reasonable to project that the current R134a technology will be phased out of the market and gradually replaced with the
higher performance CO2 units. As there are few technical differences between the R134a and CO2 systems, it is expected
that the vast majority of the current rice difference is due to supply and scale issues rather than inherent technical cost.
As a result, it is projected that the cost of the high performance units will reduce to approximately 110% of the standard
heat pump over the next 10 years. Based on this assertion, a price path has been derived and the forward economic
scenarios developed, as shown in Figure 7.

51 Section BP2.8(b) of the Plumbing Code rules out the use of direct electricity for domestic hot water heating unless
there are no alternatives, but only for Class 1 and 10 buildings. Class 2 buildings (apartments) do not have this limitation
and thus can use direct electric heating
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Figure 91: Projected future economics of high efficiency heat pumps (relative to standard heat pumps) based on an assumed learning
curve for capital cost. It can be seen that the technology is expected to become cost effective relative to standard heat pumps win 4-6
years at a capital cost of $3900-$4200.

E.13 Photovoltaics (PV) Analysis

E.13.1 Analysis

The benefit of using PV systems for the attached and detached residential archetypes was analysed using online PVWatts
calculator14F52 developed by US National Renewable Energy Laboratory (NREL). This calculator estimates the electricity
production and energy value of a grid-connected roof or ground-mounted photovoltaic system based on default inputs or
user-defined inputs about the system's location, basic design parameters, and system economics.

In this analysis, the PV system was assumed to be installed on the north, east and west roofs of the detached and attached
archetypes. The analysis was carried out for three Climate Zones 2, 5 and 6, and four different orientations. The hip type
roof was considered for both archetypes. The specifications of the PV systems used are summarised in Table 23
summarises the roof areas and roof pitch of both the detached and attached archetypes and the DC system size installed
when the orientation of the house was 0°. In order to simplify the PV analysis, the North and South facing roof sections
were assumed to be the average of the two areas (80 m2 for the detached archetype, 14.5 m2 for the attached archetype),
as were the East and West facing sections (37 m2 for the detached archetype and 29 m? for the attached archetype). A
usable roof space factor of 0.5 (for detached) and 0.4 (for attached) was used to determine the DC system size (in
increments of panel size).

Table 4-79. Specifications of the PV systems used.

Module type Standard (Efficiency: ~15%)
Array type Fixed (roof mount)

System losses (%) 14

Invert efficiency (%) 96

DC to AC size ratio 11

52 http://pvwatts.nrel.gov/pvwatts.php
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Table 4-80. Roof areas of the Attached and Detached houses (0 degree orientation).

Detached house Attached house

Orientation Roof area | @) DC system size* | Roof area | Roof pitch | DC system size
(m?) (kw) (m?) (0) (kw)

North 77 23 6.0 14.5 23 0.75

East 40 23 2.75 29.1 23 1.75

South 84 23 - 14.5 23 -

West 34 23 2.75 29.1 23 1.75

* Size (kW) = Array Area (m?) x 1 kW/m?2 x Module Efficiency (%), based on average roof sizes of 80m2 and 37m?2 for
North/South and East/West facing roof sections for detached archetype.

For PV analysis Climate Zones 2, 5 and 6 were represented by weather data from Brisbane, Sydney, and Melbourne
coordinates to establish nominal solar irradiance levels. It was assumed that there was no shading from nearby
buildings/objects, roof sections, or other roof mounted equipment.

Table 25 to Table 27 summarises the AC output of the PV system when the detached archetype was oriented at 0°, 90°,
180°, and 270°, respectively. As expected, for the same climate zone, the monthly AC output of the PV system was quite
different. A higher PV output can be achieved when the baseline house was oriented at 90° or 270°, in comparison to that
was oriented at 0° or 180°, due to the capacity of roof area to install a larger system. The AC output of the PV system also
varied greatly with the variation in climate zones. The annual AC output of the PV system in this detached archetype for
Climate Zones 2, 5 and 6 were 20,010 kWh, 18,036 kWh and 17,745 kWh respectively, when the house was oriented at
90° or 270° and with a DC system size of 14.75 kW.

Table 4-81. The electricity generation of the Detached Archetype — Climate Zone 2.

Detached Climate Zone 2
Month 0° and 180° 90° and 270°

North East + West Total North East + West Total
January 875 807 1682 401 1761 2162
February 721 634 1355 331 1384 1715
March 788 636 1424 361 1388 1749
April 675 504 1179 309 1101 1410
May 568 398 966 260 869 1129
June 570 371 941 261 809 1070
July 664 436 1100 304 950 1254
August 771 542 1313 353 1182 1535
September 849 656 1505 389 1431 1820
October 827 702 1529 379 1532 1911
November 838 762 1600 384 1662 2046
December 890 826 1716 408 1801 2209
Annual (kWh) 9036 7274 16310 4140 15870 20010
DC System Size (kW) 6 5.5 11.5 2.75 12 14.75

Table 4-82. The electricity generation of the Detached Archetype — Climate Zone 5.

Detached Climate Zone 5
Month
0° and 180° 90° and 270°
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North East + West Total North East + West Total
January 846 762 1608 388 1662 2050
February 739 627 1366 339 1369 1708
March 669 530 1199 306 1157 1463
April 617 436 1053 283 951 1234
May 482 316 798 221 691 912
June 496 299 795 227 653 880
July 530 326 856 243 712 955
August 636 426 1062 291 931 1222
September 762 570 1332 349 1242 1591
October 856 704 1560 392 1537 1929
November 827 732 1559 379 1596 1975
December 866 788 1654 397 1720 2117
Annual (kWh) 8326 6516 14842 3815 14221 18036
DC System Size (kW) 6 5.5 11.5 2.75 12 14.75

Table 4-83. The electricity generation of the Detached Archetype — Climate Zone 6.

Detached Climate Zone 6
Month 0° and 180° 90° and 270°

North East + West Total North East + West Total
January 959 847 1806 439 1848 2287
February 829 690 1519 380 1504 1884
March 810 620 1430 371 1354 1725
April 623 429 1052 286 935 1221
May 418 268 686 192 586 778
June 400 234 634 183 510 693
July 427 266 693 196 581 777
August 550 371 921 252 811 1063
September 632 476 1108 289 1038 1327
October 849 693 1542 389 1513 1902
November 831 724 1555 381 1580 1961
December 882 790 1672 404 1723 2127
Annual (kWh) 8210 6408 14618 3762 13983 17745
DC System Size (kW) 6 5.5 11.5 2.75 12 14.75

Table 4-81 to Table 4-83 summarise the AC output of the PV system when the attached house was oriented at 0°, 90°,
180°, and 270°, respectively. Similar variation as that observed in the detached house was also observed. A higher PV
output can be achieved when the baseline house was oriented at 0° or 180°, in comparison to that was oriented at 90° or
270°. The annual AC output of the PV system in this attached house under Climate Zones 2, 5 and 6 were 5,756 kWh,

5,187 kWh and 5,106 kWh respectively, when the house was oriented at 0° or 180° with a DC system size of 4.25 kW.
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Table 4-84: The electricity generation for the Attached archetype — Climate Zone 2.

Attached Climate Zone 2
Month 0° and 180° 90° and 270°

North East + West Total North East + West Total
January 109 514 623 255 220 475
February 90 404 494 210 173 383
March 98 405 503 230 174 404
April 84 321 405 197 138 335
May 71 253 324 166 108 274
June 71 237 308 166 101 267
July 83 276 359 194 118 312
August 96 345 441 225 148 373
September 106 417 523 248 178 426
October 103 447 550 241 192 433
November 105 485 590 244 208 452
December 111 525 636 260 225 485
Annual (kwh) 1127 4629 5756 2636 1983 4619
DC System Size (kW) 0.75 3.50 4.25 1.75 1.50 3.25

Table 4-85. The electricity generation for the Attached Archetype — Climate Zone 5.

Attached Climate Zone 5
Month 0° and 180° 90° and 270°

North East + West Total North East + West Total
January 106 485 591 247 208 455
February 92 400 492 216 171 387
March 84 337 421 195 145 340
April 77 278 355 180 119 299
May 60 201 261 141 86 227
June 62 190 252 145 82 227
July 66 208 274 155 89 244
August 79 271 350 185 116 301
September 95 363 458 222 155 377
October 107 448 555 250 192 442
November 103 465 568 241 199 440
December 108 502 610 253 215 468
Annual (kwh) 1039 4148 5187 2430 1777 4207
DC System Size (kW) 0.75 3.50 4.25 1.75 1.50 3.25
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Table 4-86. The electricity generation for the Attached archetype — Climate Zone 6.

Attached Climate Zone 6

Month 0° and 180° 90° and 270°

North East + West Total North East + West Total
January 120 539 659 280 231 511
February 104 439 543 242 188 430
March 101 395 496 236 169 405
April 78 273 351 182 117 299
May 52 171 223 122 73 195
June 50 149 199 117 64 181
July 53 170 223 125 73 198
August 69 237 306 161 101 262
September 79 303 382 184 130 314
October 106 442 548 248 189 437
November 104 460 564 242 198 440
December 110 502 612 257 216 473
Annual (kWh) 1026 4080 5106 2396 1749 4145
DC System Size (kW) 0.75 3.50 425 1.75 1.50 3.25

E.13.2 Capital Costs

Capital costs were modelled as being $2.30/W for current pricing. A wide range of figures are touted as to future cost of
PV, with costs generally predicted to drop significantly over the next 10 years. We have interpreted this as a cost reduction

from $2.30/W today, $1.85/W in 5 years and $1.40/kW from 10 years onwards.

L LOW CARBON LIVING
A

< CRC

SP0016 Building Code Energy Performance Trajectory Final Report

251



E.13.3 Benefit Cost Analysis
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l'!\{AC Capital Network Lifecycl Lifecycl Lifecycl Lifecycl BC BC BC BC BC. Ratio BC. Ratio BC. Ratio BC.Ratlo
sizing cost (not Peak N A . . . (without (without (without (without
Base N B Energ adjustme energy energy energy energy Rati Rati Rati Rati
Performance capital inc Dema network network network network
Construct y Use nts to cost cost cost cost o- o- o- o- . . . A
value N cost network nd . 0 q q q adjustm adjustm adjustm adjustm
ion Cost . N (kwh) capital savings savings savings savings Tod 5 10 15
adjustme adjustme (kw) - (today) (5yrs) (10yrs) (15 yrs) a s rs s ent) - ent)-5 ent)-10 ent) - 15
nt nts) U U U U v U U U Today yrs yrs yrs
Attached Base $
<22 p— No PV $ - N 0.0 0.0
$ $ _ $ $ $ $ 08 | 12 | 12
levell | PV-fullexport | § - | o000 | 8625.00 1620' o0 $ - | 516011 | 586643 | 633634 | 665689 | %0 | 5 2 9 G20 B 52 )
o $ $ $ $
PV - full $ $ 2.6 3.8 4.0
Level 2 T $ - 8,625.00 8,625.00 5187. 0.0 $ - 16,217.5 18,437.3 19,914.2 20,921.6 1.88 7 5 2 1.88 2.67 3.85 4.04
5 [ 7 2 6
Level 3 PV - Oyr partial $ - $ $ 34-47 0.0 $ - 10 7$77 2 12, ZiZ 4 13 Z$33 9 13 9?]3 3 1.25 & Z2 Z8 1.25 1.78 2.56 2.69
i 862500 | 8625.00 : - bare e EEL e : 8 6 9 : g - g
3 7 7 0 9
Level 4 PV - 5yr partial $ - 24-26. 0.0 $ - 0.88 52 & S 0.88 1.25 1.80 1.89
8,625.00 8,625.00 9 7,587.21 8,625.75 9,316.68 9,788.01 5 0 9
Attached Base $
5 p— No PV $ - N 0.0 0.0
$ $ . $ $ $ $ 07 | 11 | 11
levell | PV-fullexport | & - | goto0 | 8625.00 14:4' o0 $ - | ae7220 | 531174 | 573721 | 602745 | %34 | 7 1 6 O o7 S e
o $ $ $ $
PV - full $ $ 24 3.4 3.6
Level 2 T — $ - 8,625.00 8,625.00 4697. 0.0 $ - 14,684.0 16,694.0 18,031.2 18,943.4 1.70 2 8 6 1.70 2.42 3.48 3.66
[ 7 3 4 3
) $ $ ; 17 | 25 | 26
Level 3 PV - Oyr partial $ - 3448. 0.0 $ - 10,779.4 12,254.9 13,236.5 13,906.2 1.25 1.25 1.78 2.56 2.69
8,625.00 8,625.00 8 6 9
0 4 4 7 0
i $ $ i $ $ $ $ 12 | 18 | 18
ladld || PY=GpEmE || ¢ 8,625.00 | 8,625.00 24:6' o0 $ 7,585.65 | 862399 | 931478 | 978600 | *%¥ | 5 0 9 RS 52 SE Y
Attached Base S
= o No PV $ - ; 0.0 0.0
; $ 07 | 10 | 11
Level 1 PV - full export $ = 8,625.00 8,625.00 14;1. 0.0 $ = 4,601.08 5,230.88 5,649.88 5,935.70 0.53 6 9 5 0.53 0.76 1.09 1.15
= $ $ $ $
PV - full $ $ 23 34 3.6
Level 2 . $ - 8,625.00 8,625.00 46525. 0.0 $ - 14,4460.5 16,4139.9 17,7656.7 18,6655.0 1.68 P 3 0 1.68 2.38 3.43 3.60
$ $ ., o g $ $ 17 | 25 | 26
Level 3 PV - Oyr partial $ - 3447. 0.0 $ - 10,778.0 12,253.3 13,234.8 13,904.3 1.25 1.25 1.78 2.56 2.69
8,625.00 8,625.00 8 6 9
6 3 4 4 8
} $ $ i $ $ $ $ 12 | 18 | 18
leveld | PV-Syrpartial | $ - | got00 | 8625.00 24:7' o0 $ - | 758850 | se27.22 | 931826 | 978967 | %38 | s 0 9 058 £ 80 82
Attached Base S
— oo No PV $ - ; 0.0 0.0
$ $ _ $ $ $ $ 08 | 12 | 13
levell | PV-fullexport | $ - | o060 | 8625.00 16:7' o0 $ - | 521234 | 592581 | 640047 | 672026 | %50 | 6 4 0 050 ©EB g2 A=
= $ $ $ $
PV - full $ $ 2.7 3.8 4.0
Level 2 T $ - 8,625.00 8,625.00 5230. 0.0 $ - 16,3?'81.6 18,6623.9 20,1615.7 21,1033.4 1.90 0 9 s 1.90 2.70 3.89 4.08
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l'!\{AC Capital Network Lifecycl Lifecycl Lifecycl Lifecycl BC BC BC BC BC. Ratio BC. Ratio BC. Ratio BC.Ratlo
sizing cost (not Peak N A . . . (without (without (without (without
Base N B Energ adjustme energy energy energy energy Rati Rati Rati Rati
Performance capital inc Dema network network network network
Construct y Use nts to cost cost cost cost o- o- o- o- . . " A
value N cost network nd . 0 q q q adjustm adjustm adjustm adjustm
ion Cost . N (kwh) capital savings savings savings savings Tod 5 10 15
adjustme adjustme (kw) - (today) (5yrs) (10yrs) (15 yrs) a s rs s ent) - ent)-5 ent)-10 ent) - 15
nt nts) U U U U v U U U Today yrs yrs yrs
$ $ ; $ $ $ $ 17 | 25 | 26
Level3 | PV -Oyr partial $ o 3448, 0.0 $ o 10,780.2 12,255.8 13,237.5 13,907.2 1.25 1.25 1.78 2.56 2.69
8,625.00 8,625.00 8 6 9
3 3 4 4 2
. $ $ ; $ $ $ $ 12 | 18 | 18
ladls || =B || ¢ 8,625.00 | 8,625.00 24526' oe $ 758581 | 862416 | 931497 | 978620 | °% | 5 0 9 Qe 225 280 LS
Detached Base $
22 p— No PV $ - N 0.0 0.0
$ $ ; $ $ $ $ 08 | 12 | 12
Level 1 PV - full export $ - 30,187.5 5778. 0.0 $ - 18,064.1 20,536.7 22,181.7 23,303.9 0.60 0.60 0.85 1.22 1.29
30,187.50 5 2 9
0 2 3 6 7 3
$ - $ $ $ $
Level 2 . vyl $ = 30,187.5 $ 18160 0.0 $ = 56,772.9 64,544.1 69,714.1 73,240.9 1.88 28 38 3 1.88 2.67 3.85 4.04
internal use 30,187.50 7 5 4
0 .0 7 1 5 3
$ $ - $ $ $ $ 17 | 25 | 26
Level 3 PV - Oyr partial $ - 30,187.5 12068 0.0 $ - 37,728.2 42,892.4 46,328.2 48,671.9 1.25 1.25 1.78 2.56 2.69
30,187.50 8 6 9
0 1 2 9 2 3
$ ; $ $ $ $ 12 | 1.8 | 18
Level 4 PV - 5yr partial $ - 30,187.5 8496. 0.0 $ - 26,560.7 30,196.3 32,615.1 34,265.1 0.88 0.88 1.25 1.80 1.89
30,187.50 5 0 9
0 0 2 7 3 0
Detached Base $
5 case No PV $ = _ 0.0 0.0
$ $ ; $ $ $ $ 07 | 11 | 11
Level 1 PV - full export $ - 30,187.5 5230. 0.0 $ - 16,352.2 18,590.5 20,079.6 21,095.4 0.54 0.54 0.77 111 1.16
30,187.50 7 1 6
0 6 1 2 4 5
$ - $ $ $ $
Level 2 . A={l $ = 30,187.5 16439 0.0 $ = 51,392.6 58,427.3 63,107.4 66,299.9 1.70 Ze =) 5.0 1.70 2.42 3.48 3.66
internal use 30,187.50 2 8 6
0 .0 7 4 3 8
$ $ - $ $ $ $ 17 | 25 | 26
Level 3 PV - Oyr partial $ - 30,187.5 12067 0.0 $ - 37,726.8 42,890.9 46,326.5 48,670.2 1.25 1.25 1.78 2.56 2.69
30,187.50 8 6 9
0 7 9 8 9 1
$ $ . $ $ $ $ 12 | 1.8 | 18
Level 4 PV - 5yr partial $ - 30,187.5 8492. 0.0 $ - 26,548.9 30,183.0 32,600.7 34,249.9 0.88 0.88 1.25 1.80 1.89
30,187.50 5 0 9
0 2 8 4 2 7
Detached Base $
26 case No PV $ = ; 0.0 0.0
> $ . 0 g p $ 07 | 10 | 11
Level 1 PV - full export $ - 30,187.5 5148. 0.0 $ - 16,096.0 18,299.3 19,765.1 20,765.0 0.53 0.53 0.76 1.09 115
30,187.50 6 9 5
0 7 7 2 1 1
$ - $ $ $ $
Level 2 . AF={tl] $ = 30,187.5 $ 16181 0.0 $ = 50,587.6 57,512.1 62,118.9 65,261.4 1.68 Z3 =) 8 1.68 2.38 3.43 3.60
internal use 30,187.50 8 3 (1]
0 5 5 4 1 6
g $ . $ $ $ $ 17 | 25 | 26
Level 3 PV - Oyr partial $ - 30,187.5 12066 0.0 $ - 37,722.2 42,885.7 46,320.9 48,664.2 1.25 1.25 1.78 2.56 2.69
30,187.50 8 6 9
0 3 9 6 5 8
$ $ ; $ $ $ $ 1.2 1.8 | 1.8
Level 4 PV - 5yr partial $ - 30,187.5 8491. 0.0 $ - 26,547.0 30,180.8 32,5983 34,247.4 0.88 0.88 1.25 1.80 1.89
30,187.50 5 0 9
0 6 2 0 1 3
Detached Base $
7 case No PV $ - _ 0.0 0.0
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