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Executive Summary

Energyefficiencyrequirementsin the AustralianNationalConstructionCode,Volume OneSection &im to

f 26SNJ SYSNHe& dzA S | Yy Releityeityéostzbddgraeihaudaasmissdns Whikisind Q
and territorieshave adopted these minimum requirementie Northern TerritoryNT)have only adopted
the 2009 version of these minimum standards @ass1 and2 building anda Qass 4 part of a buildindn

the NT, Section J does not applydass 3and5 ¢ 9 buildings TheNTcommerciabuildingsectorincurshigh
coolingenergycoststo battle hot exteriorconditions which are expected to worsen in future with the impacts
of dimate changeThe NTis now consideringdoption of theseenergy efficiencyequirements(Section J).

Prior to making the decisidio adoptSection Jdt is important to have &lear understanding of the potential
changes to design and construction practit@sNT buildingsnd theassociateadostsand benefitof these

at conzimer andsocietallevels. It is within this context that the DeltaQ consortium (DeltaQ,Hoogland
Conslt, EnerEfficiency and Strategy Policy Research) was engaged to conduct lzemefit analysis
regarding thepossibleadoptionof SectionJof the NationalConstructionCodefor commercial buildings the
NT.The consortium was assisted in the developm@iNT specific construction cost estimates by Sunbuild
as well as FRM and Coldzap refrigeration contractors.

Policy Options

The policy options considered under this stuidgiudethree options:

1. Business as usu@AU) this is an option where the energy efficiency requirements (Sectiared)
not adopted for commercial buildings in NT Tier 1 anouR]ding controlareas in 2022. The BAU
provides a baselingbase casepgainst which the impacts of Option A and Option Boweare
evaluated.

2. Option A- Adoption of NCC2016 Section J requirements

3. Option B- Adoption of NC2019 Section J requirements

Approach

The analysis considers six commercial building archetfgfedasses 3, 5 6, 9a and 9b)Darwin (Cimate
Zone 1)and Alice Springs (Climate ZoneTBie costs and benefitef adoptingNCC206 andNCC2@9 were
modelled and compared with the base case (current situation) irNfiérom the owneroccupier and NT
economy wide perspectives

The development of thébase casds an important stepn this study becauseit is used toassesshe
incremental costs and benefits associated with Section J compliBac¢his studythe specificconstruction

methods ancheating, ventilation and air conditioning (HVAC) systevere customised to Darwin and Alice
Springs standargractice in consultation with local construction compani€ee general approach was to
RSSY GKS aolasS OFaSeé a GKS GeLAOKE O2yadNuzOGAz2Y
where the developer has no specific requirements for energy performalfzdtiple construction methods

to achieve Section J compliance were considered and a leastanaltsiswas conducted to select the
cheapest compliance construction method used in the tesifit analysis.
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Comparison of the base case construction to BeemedTo-Satisfy(DTSNCC2016 and NCC2038ction J
requirements found thatthe largest change introduced by adoption of the NCC Sectioraddiag or
increasingnsulation for building envelope (wallsgofs and some floors) to counteract impacts of thermal
bridging and high heat transfer across the building fabric from the extdiocontrastpnly relatively minor
adjustments to building services were requremostly related to controllability and monitoring of
equipment A summary of the changes required to meet Section J requirements for each building type is
provided inAppendix Kp.199.

Typical changes to current building envelop construction methods that would result from introduction of
Section J were found to be:

1 Increased insulation (including insulation spacing systems) and introduction of reflective air gaps in
roof constructions

1 Addition of insulation and reflective air gaps in wall constructions

Higher performance glazing specifications and

9 Addition of insulaibn under floors in some instances.

=

An alternate approach to the use of the DeemBatSatisfy requirements is the use of alternative verification
paths in which building compliance can be proven using energy modelling. Investment in upfront energy
modelling can result in savings in lower construction costs.

Estimated Impacts

Costs and benefits were estimated in Net Present Value (AiVBenefit Cost Ratio (BGBmMSs across the
40-year economic life dbuildings constructed@cross a 8-yearregulatory period (FY2023 to FY203M)is

was assesseftom the social and owneoccupierperspectivesThe social perspective considers costs and
benefits that arise for parties not directly involved in a building project, such as goverroostst (which
implies lower taxes for alljeduced greenhouse gas emissions (which lowers to risk of climate damage for
everyone), and reduced electricity system capacity requirements (which implies reduced energy bills for all
users of the network). Ownerccupier osts and benefits are those that accrue directly to parties involved

in a building, such as higher construction costs and lower building operation costs.

At a building level, the least cost analysis indicates that BD6@C2016 and NCC2019 Section J cantpli
buildings can be achieved at an incremental construction absd more than2.6% (26% for NCC2016 and
2.4% for NCC2019). Whilleeseincremental construction costs are similz@tween NCC2016 and NCC2019
the difference in modelled energy savingssignificantlylarger 6 ¢ 27% energy savingare available if
NCC2016 is adopted, comparedii® ¢ 40% energy savings should NCC2019 be adopted ingk@@2019
averageenergysavings of 23% across all building archetypes in Darwin, 8¥df@r Alice Springs)The
greater NCC2019 energy savings, compared to NCC2016 saxénggonsistent for both Alice Springs and
Darwin
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Table 1:Energysavingsper sqm (kWh/n®) for each building fornrelative to the base casdor all fuels, Darwin and Alie Springs.

Darwin

Alice Springs

Darwin

Alice Springs

Hotel (3A)

16.5 (13.1%)

17.8 (14.7%)

16.6 (13.1%)

29.0 (24.1%)

Multi -Storey Office (5A)

26.1 (27.3%)

13.0 (22.8%)

32.5 (34.1%)

12.0 (21.1%)

Single Storey Office (5)

6.9 (6.4%)

11.4 (10.9%)

16.9 (15.7%)

26.6 (25.4%)

Retail (6B)

22.9 (11%)

22.7 (15.4%)

68.0 (32.6%)

37.7 (25.6%)

Hospital Ward (9aC)

10.9 (6.1%)

14.9 (14.7%)

24.5 (13.7%)

40.4 (39.9%)

School (9bH)

15.6 (10.5%)

16.4 (15.6%)

20.6 (13.9%)

32.1(30.5%)

Simple Average Savings:

16.5 (12.4%)

16.0 (15.7%)

29.8 (20.5%)

29.6 (27.8%)

Weighted Average Savings

17.7 (11.7%)

18.8 (16.7%)

34.3 (22.7%)

32.4 (28.9%)

NCC2019vas found to becosteffective from both the social and owneccupier perspectiveander all
scenariosand assumptions examinedNCC2019 significantly outperforms NCC2@b@ler all scenarios
consideredincluding bestand worstcase scenariosherethe percentage of expected savings realised, real
discount rates, learning rates, and social cost of carbon were varied.

Under theexpected or most likelgcenario, NCC2019 produces a net social benefit for the NT/76frfiHlon
(present value) This is2.7 times the net present value (NPVgssociated with implementing NCC2016
($203million). The benefito-cost ratios for adopting NCC2019 and NCC2041@ 3.6 and 2.0respectively.
From an ownefoccupier perspectiveNCC2019 will have a NPV @03 million (BCR 03.8) which isalso 2.7
times larger than that of NCC2016L(@Bmillion at a BCR &*.0).

Even under the worstase scenarig which assumes that all variables in the analysis turn out at the least
favourable end of a plausible spectruurNCC2019emains coseffective from both the social and owner
occupier perspectives 8million and at $04million, and BCRs of9and 2.0, respectively)The net social
and private benefits of NCC201®der the same worstase scenario assumptiomsuld be significantly
lower (at $5million net social benefiteand $8million private benefity, achieving benefito-cost ratiosof 1.1

in both cases.

The sociatost benefitanalysis results include an assumed $500,000 NT Government funding a thesdor
years to upskill industry and tailor training resources to the Territfrthis cost is not incurred, then the
social benefit cost analysis (for NCC2016 and NCC2019) would be very slightly improved.

1Weightings, based on the projected building type floor areas to be constructed in the NT in th@ @82period assessed, are
applied to the expected energy savings.
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Table2: Net Present Value and Benef@ost Rats of adopting NCC2016 and NCC2019 Section J in the NT (Tier 1 and Tier 2 areas)
from FY2023Societal Perspective

NPV BCR NPV BCR
Best Cask $368million 43 $775million 78
ReferenceCasé $103million 2.0 $276million 36
Worst Casé $5million 1.1 $89million 19

1.100% modelled energy savings, 3% real discount 8telearning ratehighcost of carbon
2.100% modelled energy savings, 7% real discount Pdtelearning rateaverage cost of carbon
3.75% modelled energy savings, 10% real discount rate, 0% learninprat®st of carbon

Table3: Net Present Value and Benefitost Ratios of adopting NCC2016 and NCC2019 Section J in the NT (Tier 1 and Tier 2 areas)
from FY20230wner Occupier Persptive

NPV BCR NPV BCR
Best Cask $186million 29 $438Bmillion 54
Reference Cage $108million 2.0 $295million 38
Worst Casé $8million 11 $104million 2.0

1.100% modelled energy savings, 3.9% disdount rate, 5% learning rate, 1% real electricity cost escalation
2.100% modelled energy savings, 4.7% real discount rate, 2% learning rate, 0.4% real electricity cost escalation
3.75% modelled energy savings, 6.3% real discount rate, 0% learning raealGectricity cost escalation

Reductions in greenhouse gas emissiand peak electrical demanrare also greater under NCTCI®. The
adoption of NCC2019 generates the largest greenhouse gas savings of 891,000 tonngs ¢fGCER)
cumulativelyover the life of the buildings builfFY2023, FY2070); this is almost double the greenhouse gas
emissions savinggenerated fromNCC201&ompliance(469,000 tC@®e). Under NCC2016geductions in
peak electrical demand would reach 17.1 MW by FY2@8fMpared to businesasusual, while under
NCC2019, reductions in peak demand would reach 27.3 MW by the same date.

Conclusion

Based onlie analysipresented in the studythe preferred option is to adopt the NCC2019 energy efficiency
requirementsfor newNTcommercial buildings
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Disclaimer: Readers should keep in mind that the results in this report are based on simulated building

models with predetermined forms and geometrig§secific buildinglesignamay perform
differently depending on their designed fqreervicingand geometry.

T
1
|l

There is a strong case for adoption of the NCC2019 Section J in tHéeNT and 2 areas
NCC2018ignificantly outperforms NCC2016, whilst incurring similar additional costs.
Under al core scenariogonsidered, NCC2019 is ceffective from both the social and owner
occupier perspective.

NCC2019 produces a net social benefit for the NT of@gillion (present value)2.7 times the
net present value (NPV) associated with implementing NCC2016%iillion).

From an owneroccupier perspective, NCC2019 wiktliver a NPV of 895million (BCR 08.8),
2.7times larger than that of NCC20161@8million & a BCR of 2)0

At a buildinglevel, NCC2016 and NCC2019 Section J compliant buildings can be achieved
incremental constructiorcost of less than 3% (2.6% maximum for NCC2016 and 2.4% maxil
for NCC2019).

Modelled energy savings at luilding-level for NCC2019 compliant buildings rafrom 12 to
68 kWh/n? (13%- 40% relative to base case). This is larger than the energy savings modk
for NCC2016 compliant buildings of 7 to 26 kWH/(6%627%).

It is recommended that dedicated budgebe set aside by Government to support th

administration and roltout of NCC2019 Section J in the NT.
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Acronyms & Definitions

Acronym

ABCB
ACH
AEMO
AER
AHU
AIRAH
BCA
BCR
BMS
BMT
CBA
CHW
CIBSE
CIE
CLF
COAG
COP
Ccz
DHW
DIPL
DISER
DKIS
DX
EMS

ESD

Definition

Australian Building Codes Board

Air Change per Hour

Australian Energy Markets Operator

Australian Energy Regulator

Air Handling Unit

Australianinstitute of Refrigeration, Air conditioning and Heating
Building Code of Australia

Benefit Cost Ratio

Building Management System

Base Metal Thickness

Cost Benefit Analysis

Chilled Water system

Charteredinstitution of Building Services Engineers
The Centre for International Economics
Conservation Load Factor

Council of Australian Governments

Coefficient of Performance

Climate Zone

Domestic Hot Water

Department of Infrastructure, Planning and Logistics
Australian Department of Industry, Science and Resources
DarwinKatherine Interconnect System

Direct Expansion Cooling

Energy Management System

Ecologicallysustainable Development
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Acronym

FCU
GEMS
GHG
GSP
GSP
HHW
HVAC
Internal Walls
IPLV

ISP

LGA
NABERS
NCC

NEM
NPV
NT
NWIS
OA
OBPR
PAC
PIR
PV
PWC

Regulated

Energy Intensity

RIN
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Definition

Fan Coil Unit

Greenhouse and Energy Minimum Standards
Greenhouse Gas

Gross State Product

Gross State Product

Heating Hot Water system

Heating, Ventilation, and Air Conditioning
Walls in a building that divide rooms
Integrated Part Load Value

Integrated System Plan

Local Government Area

National Australian Built Environment Rating System

National Construction Code
NCC2016, NCC20MCC2022 refers to the National Construction Code released in
2016, 2019, and 2022

National Electricity Market

Net Present Value

Northern Territory

North West Interconnect System

Outdoor Air

l'dzZ2a G0N ALY D2OSRIWSYOURDIADEAQ@SIAFI (A
Package Ai€Conditioning Unit

Polyisocyanurate (insulation)

Present Value

Power and Water Corporation

Regulated energy intensity is the annual energy consumed, per sqm ofltatiaérea,
that is associated with maintaining the regulated services of a building (e.g. HVAC
systems and lighting. It excludes pluagoads).

Regulation Information Notices
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Acronym

RIS

R-Value

SHGC

Solar
Absorptance

Solar
Admittance

sgm
SWIS
Appendix A

U-Value

VAV
VRF
VSD
WWR
XPS

/() DELTAQ

ABN:48 628 897 870
info@dqgcs.com.au

Definition
Regulatory Impact Statement

Rvalue is a measure of resistance to the flow of heat through the thickness of a
material. A higher Ralue indicates better insulating properties. For a construction
material made of multiple different layers/materials, thevRlue is referred to as the
Total RValue; this is the overall-RRlue accounting for the insulative property of eact
material present.

Solar Heat Gain Coefficierd measure of how much solar radiation passes through
window. Windows with a higher SHGC value allow more sathation to pass through

The fraction of solar radiation that a surface absorbs (typically converted to heat). .
higher solar absorptance value indicates that the surface/ material absorbs more ¢
larger fraction of solar radiation, and heats up more when exposed to solar radiatic

The fraction of incident irradiance on a wglhzing construction that adds heat to a
building space. A building that has walihzing construction with higher solar
admittance values is more likely to heat up more than one that relsglazing
construction with lower solar admittance values. The method of calculating the sol:
admittance value is defined in the National Construction Code, and takes into accc
the windowto-wall ratio, the solar heat gain coefficient of glazing anelsence of
shading.

Area in square metres @n
South West Interconnect System
Tonnes (1) of carbon dioxide (g@quivalent (e)

U-value is the measure of how much heat is transferred through a window. A ldwei
value indicates better insulation properties-vdlue is the inverse of-fRalue.

Variable Air Volume
Variable Refrigerant Flow
Variable Speed Drive
Windowto-Wall Ratio

Extruded Polystyrene (insulation)
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1 Introduction

1.1 ProjectContext

Sincethe introduction of the energyefficiencyrequirementsin the AustralianNational ConstructionCode,
VolumeOne Section Jstates and territories have adopted these minimum requirements; howeterNT

has only adopted the 2009 veosi of these minimum standards for class 2 buildings and a class 4 part of a
building.In the NT Section J does not apply to class 3 and clagsésiflingsThe NT is now reconsidering
this postion due to the high cooling energy demands of the commehidting sectomwhich is expected to
further increase with the warming climate

The DeltaQ ConsortiumincludingDeltaQ, Hoogland Consult, EnerEfficiency and Strategy Policy Research)
was engaged to conduct a cdsnefit analysis regarding the possilaldoption of Section J of the National
Construction Code in the NT for commercial buildings. The analysis considers six commercial building
archetypes (clas3, 5, 6, 9a and 9kin Darwid and Alice Springs

It should be noted that sincelay 2021, all new NT Government building wotlkat eitherexceeda valueof

$3 million, require 24/7 akconditioning or have new conditioned floor areas over 7502must meet
Sectiond . Prior to thisinitiative, the NTGovernmentapplied Sectionrgquirementsto multiple government
building projects including Zucdlrimary SchoandPalmerston Regional Hospital

1.2 Objective
This study aims to determine ithe benefits associated with adoptirgjther NCQ016 orNCQ@019 Section J
for NT commercial buildingsutweigh theassociatedost.

Thethree policy options considered under this studse:
1. Business as usual (BAtJhis is an option where the energy efficiency requirements (Sectiared)
not adopted for commercial buildings in NTilding control areas The BAU provides a baseline
(base casedgainst which the impacts of Option A and ©ptB below are evaluated.
2. Option A- Adoption of NCC2016 Section J requirements
3. Option B- Adoption of NC2019 Section J requirements

2 Located withinClimate Zone 1 in the Section J.

3 Located within Climate Zone 3 ingtlSection J.

4DIPL Sustainability Minimum Design Standards (MDS), Department of Infrastructure, Planning and Logistics, 2021,
accessed on 1 October 202ittps://dipl.nt.gov.au/ data/assets/pdf file/0004/996376/diglustainabilityminimum:
designstandardmds.pdf

5The NT, certain areas are declared building control areas. Building control areas are divided into two tieexaln gen
there are more requirements for Tier 1 areas than Tier 2 areas. For more info, refer to
https://nt.gov.au/property/building/buildin-a-controlled-area/
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1.3 Methodology

The overall impact of adopting Section JNCC2016 and
NCC201%r commercial buildings in the NT is assedsgd
conducting a cosbenefit analysisThis analysis compares Base Case +
the impacts of the changesrequired for the selected [B)ziiﬁiggr?e Compliance
building archetypeso be compliantwith Section J NCC2016 Gap Analysis
and Section J NCC201® the base casge which is
representative otypical construction practices in théT.
The works completed to assess the impact of adopting kbl C%?g?r%iﬁé?,
Section J can bdivided into four stagesTheseare as Cost
summarised below:

Energy Use

Stage 1:Defining the Base Case

This study first defies the base case construction of six Cost Benefit

building archetypes in Alice Springs and Darlising the el

building forms defined by the NT Governm&rhe process

involves the creation of a base case representing typical

construction practices in the NThiswas de¢ermined in ~ Figurel-1: Methodology used to assess the impact
. . . . o . the NT adopting NCC2016 and NCC2019 Sectio

consultation witha major builderand building services

providers in Darwin and Alice Springs.

Stage 2:DeterminingChanges inConstruction QGosts

The incremental construction cost is one of the cbenefit analysis inputsChanges to the bascase
construction and construction costs were determiresipart ofthis stage A gap analysis between the base
case and NCC2016 and NCC2019 was conducted to idemtifyonents of the base case archetypes that
were compliantor non-compliant The base @se construction was revised to achieve 2016 and 2019 Section
J compliant buildings, respectivelgeveral optiongo comply with the NCC2018nd NCC2019 Section J
requirements were consideredand the leastost Section J compliant constructioptions, from those
assessed, weresed for the cosbenefit analysis.

The change in construction coséssociated withadopting NCC2016 or NCC2048s determined by
comparing the leastcost compliantconstruction options aganst the base casewith the base case
construction cost providetly a construction companyperating in both Darwin and Alice Sprin@ostings
of Section ompliantoptions were developed with input frombocal builders, servicesontractorsand a
glazing supplierArchitects and consultants servicing Darwin and Alice Springs were also consulted

Stage 3:Modelling hanges in EnergiJse

The energy savings, represented lmpange inwhole buildingenergy intensity(eg. kWh/n¥) driven by
regulated buildingelements,are one of the cosbenefit analysis input<Changes to the energy usecie
determined by comparing the predicted energy intensity of the base case building archetypes to the

8 These buildindorms (shape and number of stories) were referenced by the NT Government from the ABCB, NCC2019
Decision Regulatory Impact Statement (RIS).
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corresponding NCC2016 or NCC28#etion tompliant buildingforms. Predicted energyintensities were
based on simulationperformedusingdynamic thermal and energy simulation softwdEES<VEModelled
equipment ontrol sequencesapplied to thesimulation were confirmed bylocal consultants and services
contractorsto be representative of a building in Darwin or Alice Springs.

Sage 4:CostBenefitAnalysis

The cosbenefit analysisvasperformedat the economywide levelfrom an owneroccupier perspective and

a socialperspective The analysis was performed using a methodologysistent withRegulatory Impact
StatementqRIS) prepared for the Australian Building Codes B@&BCB)and COAG Energy Council Code
Trajectory for new commercial buildings. The method complies with th&iAi NI t Ay D2 GSNY Y Sy
.Sa4d0 t N OGAOS wS JaztBeriefit AnglyRid GuidancetNatetl] valueg used i Bie analysis

reflect local NT conditions and pricings.

This stageonsists of @ore studyand multiple smallersensitivityanalyses

1 Thecore studypolicy casefocuses on the base case models developad usesthem as the
reference point for determining the impact of adopting NCC2016 and NCC2019.

1 Thesensitivity analysistudieslook atthe effect of adopting the Section J requiremeifteconomic
parametersare variedandif the buildingform andconstructionare altered. Economic parameters
varied includedifferent social costs of carbon, percentage of modelketergy savings realised,
discount rates, and the building control are&ensitivityanalyes focusingon building changes
include changes tothe building geometrieqvariation of window-to-wall area ratio$ and wall
construction(cladded steel frame walland use of external shading to compensate uninsulated
walls).
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1.4 Report Structure
This report consists afevensections in additon to the introduction

1 Section2 provides a brief background on Section J of the National Construction Code.

1 Section3introduces thebuilding forms modelled in this study

1 Sectiond providesa summary of the gapetween the presentlay building forms and building forms
required to be compliant with the NCC2016 and NCC2019 regulatipiaéso summarises the
incremental caistruction costs associated wittdopting NCC2016 and NCC2019 Section J.

1 Sections summarises th@redicted energy use fdhe base case, NCC2016 and NCC2z0fpliant
building forms Resultdncluded in this section pertain to th@e study

9 Section6 and7 provide results of the codienefit analysis associated with the core analysis (policy
case)from a societal perspective (Secti@) and from a ower-occupier perspective (Sectiof).
Sensitivity analysis results associateith the variation in economic parametease also included in
this section.

1 Section8 focuses on sensitivity analysis studies that investiglageeffects of varying the building
geometry and constructionThe incremental construction costgredicted energy useand cost
benefit analysis results are presented and discusSednarios othanges to the wall construction,
variation in windowto-wall ratios, and the impacts of replacing wall insulation witteemxal shading
are considered

9 Section9 provides adiscussion on the impacts and practicality of implementyi@C2016nd
NCC2019 Section J in the Northern Teryitor

Pagel8of 218


mailto:info@dqcs.com.au

REPO0524-05NCC Section J in the NT m DELTAQ

ABN:48 628 897 870
info@dqgcs.com.au

2 TheBvolution of Section J

2.1 General History

The National Construction Cod®ICC)A & ! dza G NI £t Al Q& LINAYI NE &aSad 27 i
provisions for buildingsoutlining the minimumperformance levels that a building needs to achietke

energy efficiency provisiorier nonresidential buildingare contained within the NCVolume OneSectiond,

with its stated objective to reduce greenhouse gas emissions.

The Building Code of AustralBCA)was firstlaunchedin 1996with the first energy efficiency provisions
introduced in 2005 for Class 2, 3 and 4 buildihg2006 energyefficiencyprovisionscoverage was expanded

to all building classes 2 ta b 2016, the building code and plumbing codes were consolidated into a-three
@2f dzyYS Wbl GA 2y fwhictewei@ otz byAtiee \Conimdriwéalth, States and Territories.
Volume One ceers nonresidential buildings, Volume Two covers residential buildings and Volume Three is
the Plumbing Code.

While minor updates and clarificatiotave occurred Note:

regularly since2006, there have only been two major In 2009, the Northern Territory adopted NCC2
stringency changes tenergy efficieng provisiongor minimum energy efficiency requirements
non-residential buildingsg in 2010 and 2019.The Class 1 and 2 buildings. These are a separat
NCC2016was the most recentedition before the of requirements tothose for nomresidential
release of NCC20109. buildings assessed in this study.

Under the current NCCQregulated buildings must satisfy theerformance Requirements set out in Section
JP. Compliancean be achieved through either:

1 TheDeemedTo-Satisfy (DTS) prescriptive requiremetdsd out inSectionJO to J8.
1 Performance solutions, either through:

i. A Verification Methodn Section JV, or

ii.  Other evidence of suitabilitis described in Section A2.2.

Energy efficiency plays an important role in lowering energy bills for households and businesses; improving
occupant comfort, health and productivity; saving energy (reducing wastage) for ther wiwbnomy;
improving resilience to extreme weather and blackouts (peak demand); and reducing enfissions

The National Energy Productivity Plan (NEPP), agreed bfortmer Council of Australian Governments

6/ h! DO AY HnamMpZ FAYa (G2 AYLINROGS ! daAGNIf Al QA Sy SNH
Ffa2 &adz2Jl2NIa GKS !'dzAaldNX ALY D2@SNYYSyidiQa O2YYAGY
gas emissions t86%28% below 2005 levels by 2030. Looking forward into the future, the cxpd&sed
Trajectory for Low Energy Building®rk plan involveghe implementation of coskffective stringency

changes for energy efficiency requirements in 2022, 2025 and 2B28ond 2028, the Trajectory

”NCC2019 at the time that this report was being prepared

8 Trajectory for Low Energy Buildings, Commonwealth ofstralia 2018. Accessed 1 October 2021,
https://consultation.abch.gov.au/engagement/energfficiencyscopingstudy
2019/supporting_documents/Trajectory%20for%20Low%20Energy%20Buildings.pdf
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recommendsghe progression of triennial revisions to building energy efficiency to keep pace with changing
technologies and energy prices.

2.2 KeyDifferencesBetween NCC2016 and NCC2019 Section J

2.2.1 Summary

Section Energy efficieny provisionsunderwenttheir first major overhaukince 2010n 2019 consistent

with the COAG National Energy Productivity Pldmepackage of changes to tiNCC2019 Sectiobéemed

To-Satisfy measures s anticipated to reduceenergy consumption by potential 35%relative to the

NCC2016 Sectionrépresenting a steghange for commercial buildingsrom a Performance Requirement

(JP) perspective, the dispensation to gas systems in the form of JP3 in NCC2016 was removed in the NCC2019,
and new quantied performance requirements (kJfhr) were introduced in the NCC2019 JP1.

While the existing Verification Method JViB8 NCC2016was retained, Bw Verification Methods
wereintroducedin NCC201% demonstrate compliance with the relevant Performance Requirement by
way of NABER®r Class 5 offices onlghd Green Stabuildingenvironmental performance rating systems
To avad building designs trading off building fabric performaatthe expense of reduced occupant thermal
comfort, new thermal comfort standards were introduceid the NCC2019The use of any verification
methodJV1, JV2 or JMaust meetthermal comfort requirements (predicted mean vote, PMV+bachieved
98% of the time in 95% of occupied zonesNCC2019.

Prescriptive requirements atéested in the @emedTo-Satisfy sections Parts J1 to J8. In NCC2@idfocus
was on simplification and increaséldxibility of design, at the same time as increased efficiency stringency
levels.Thelargest changés attributable to the whole-of-system
Note: compliance approach introduced favall-glazing systemwith
NCC Section J requirements vary ac the flexibility to demonstrate complianceacross the whole
climates zones with climate zones 1 an  pyilding (as opposed tan orientation-by-orientation basisjps
applying to the Northern Territory. well asenergy efficiency requirementfor pumping and dn
systems

Details of the changes between NCC2016 and NCC2018udteer discussed in theectionsbelow.

2.2.2 Building Fabric
Themain differencesn building fabricDeemedTo-Satisfyprovisions between NCC2016 and NCC2019 are
summarised imTable2-1.
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1 Roof/Ceilings:

i No limit on roof upper surface
solar absorptance values.

ii. Rvalues range from R3.2 to R4
depending on solar absorptance
values, with further Rralue
adjustments due to loss of
ceiling insulation.

1 Roof/Ceilings
i.
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Table2-1: Comparison of NCC2016 and NCC2§i&ificationsrelated to building fabric.

Roofsolar absorpincevalues are
limited to 0.45, except for climate zon
8.

Rvalues are simplified into a single
requirement (R3.7) and slightly more
stringent.

1 Roof lightssolar heat gain coefficient

(SHGC) and-thlues differ depending
on roof light fiaft index and total roof
lights area proportion of total room
floor area.

1 Roof lightsSHGC requirements are similar
but simplified and stringency increased.
Maximum allowable Walue simplified to a
single value (3.9).

1 Wall and glazing

i.  Assessed separately in Part J1
and J2 respectively.
Requirements must be assesse
separately for eacbrientation.

. Minimum Rvalue of the wall is
adjusted depending on wall
thermal mass, external shading
projections or solar absorptance
of wall, ranging from 1.8 to 3.3.
Furring channels provide a
dispensation on Ralue at 1.4
depending on the glazing ergy
index requirements.

iii. Internal envelope walls
minimum Rvalue at R1.0
(ClimateZone 1only) or R2.3

1 Wall and glazing
i.

Total Uvalue and solar admittance for
wall-glazing construction are assesse(
holistically (Part J1) to determine the
whole of facade thermal performance.
Where the windowto-wall ratio is at
least 20%, totamaximumU-value
stringency increased to 2.0rfdaytime
buildings and 1.1 for 24/7 buildings
(classes 3, 9a and 9c¢). Maximum
display glazing Walue set at 5.8U-
value adjustments removed and
minimum Rvalue on wall is 1.0.

Two methods are introduced to allow
compliance on a single orientation
basisor using areaveighted
performance on a wholef-building
facade basis.

Where the windowto-wall ratio <20%,
minimumRvalue of the wall is R2.4
(ClimateZone 1 €.g.Darwin) or 1.4
(ClimateZone 3 (eg.Alice Springg or
R3.3 for 24/7 building class8s9a and
9c¢ no dispensation for internal
envelope walls.

9 Floors

i Floor insulation requirements
allowed to be offset by higher
roof/ceiling insulation.

ii. No insulation required for floors
without in-slab/screed
heating/cooling and R1.25 for
floors with inslab/screed
heating/cooling.

9 Floors
i

Rvalue requirement is R2.0 for floors
without in-slab/screed heating/cooling
and R3.25 for floors with in
slab/screed heating or cooling. CIBSE
Guide A calculation method, impact @
external wall and suffioor insulation
requirements introducedlmpact of
ground contact resistance integrated
into the total Rvalue requirement.

1 The requirement to consider thermal

bridging when calculating total-Ralues

9 The requirement to consider thermal bridgir
when calculating total Rralues are explicit
through the referencing NZS 4214 (2006),
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was implicit (via reference to the with supporting material such as the ABCB
AS4859.9) Facade Calculat¥t
Glazingcompliance is assesseding 1 PartJ2wasremoved,and the wall-glazing
W-A2NW RAGA 2y Ay 3 Sy S constructionisassessed as a whole system
an areaweighted calculation using under Part J1The number of orientations
window-to-wall ratio, orientation- assessed is simplified to four aspegtdorth,

specific energy constantthe SHGC of East, West and South.
each windowgxternal shading
multipliers for heating and cooling
impacts and the Walue.

Eight orientations are assessed

Details requirementsor sealing 1 No fundamental changes between NCC201
conditioned spacewwith the intert of and NCC201%Added requirementor loading
minimising air leakage. dock entrance, if leading to a conditioned

Hements forming the building envelop  space, to be fitted with a rapid roller door.
such as roofs, ceilingwalls, floors,
windows, doors, windav frames and
door framesmust be constructed to
minimise air leakage.

Dampers or flaps are required for
chimneys and flues, exhaust fans, an
evaporative coolers. Roof lights must
be/ capable of beingealed.

2.2.3 Building Services
The main differences in building servié@semedTo-Satisfyprovisions between NCC2016 and NCC2019 are
summarised irmable2-2.

Table2-2: Comparison of NCC2016 and NCC2§iificationsrelated to building services

1 Prescribes requirements for selecting th § Pumps and fan efficiency compliance can be

mechanical systems. assessed using two methods systerbased
1 Pump and fans efficiency requirements approach W/(L/s), or a componebised

assessed based on Whronditioned approach.

space. i. For fans, all ductwork fittings to meet

Section J limits for pressure drops; and

ii. For pumps, all straight pipework prasge
drops to meet Section J limits depending
hours of operation and configuration. Pum
efficiency must meet the EU standards
(Minimum Efficiency Index or Energy
Efficiency Index).

9 AS/NZS 4859.1:20Thermal insulation materials for building General criteria and technical provisioosssed on 3
July 2021https://infostore.saiglobal.com/erau/Standards/ASNZ$48591-2018116009 _SAIG_AS_AS 2685445/

0 Facade Calculator- Facade Volume One 2019, ABCB 201&ccessed on October 2021,
https://abcb.gov.au/resource/calcator/facadevolume-one-2019
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Outside air
i. Generally, the minimum threshold
of outside air treatment is 1,000
L/s.
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9 Outside air
i.  Minimum threshold of teatment of outside
air via modulating control for Darwin
reduced to 500 L/s.

Air-side economy cycle requirement for
Alice Springgclimate zone 3) linked to
total system capacity (KWr).

9 Air-side economy cycle requirement for Alice
Springs (climate zone 3) linked to total air flow
(L/s).

Chillers
i.  Two levels of compliance for
chillers < 350kWe full load and
integrated part load performance
levelsc for water-cooled chiller
and aircooled chiller.

1 Chillers

i. Chiller efficiency stringency increased wi
two options to complyg option 1 with
greaterfocus on full load performance;
option 2 with greater focus on integrated
part load performance. Explicit reference
to Minimum Energy Performance
Standards (MEPS) set via the
CommonwealthGreenhouse and Energy
Minimum Standards Act (GEMS).

Unitary airconditioning unitswith

capacities greater than or equal to

65 kWr

i Minimum energy efficiency ratio
for unitary air conditioning units se
at 2.7 to 2.8 depending on
equipment type and capacity.

1 Unitary air conditioning unitaith capacities
greater than orequal to 65kWr
i. Minimum energy efficiency ratio for unitary
air conditioning units stringency increased
to 2.9 or 4.0, depending on atooled or
water-cooled heat rejection.

Prescribes requirements fartificial
lighting, power control boiling water and
chilled water storage units.

Maximum illumination power density
(W/m?) specified This is adjustedased
on room aspect ratio and control device

1 Maximumillumination power densityreduced
Adjustment of the maximum illumination power
densitybased on light colour introduce@nd
adjustment factors for control devices revised.

9 Subcategories for carpaskpacesareintroduced

1 Vertical transport and moving wallay efficiency
requirements are introduced. These largely
reference thelnternational $andard ISO 25745

Prescribes requirements for selecting
heated water systems based on the
minimum targets.

Swimmingpools heatediy gas or heat
pump, and spa heated by gas or heat
pumparerequiredto have a cover and
time switch operation for the heater.

1 Additional requirements for increased system
efficiency, insulation and control introduced.

1 Added requiement for overs for heated
swimming pools and spas toVveaminimum R
value of 0.05

1 Added requirement for pework carrying heated
or chilled water for a spa pool or swimming poo
must comply with insulation requirements
specified inJ5.

Specifisthe requiremensfor buildings
to havethe facility to monitor gs and
electricity consumption, and individual
energy consumption ddrtificial lighting,
appliance power, central hot water

supply,internal transport devices, air

1 Introduces the need foenergy monitoring
facilities tohavetime-of-use data capturing
capability
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conditioning plants, heatingnd cooling
plants, air handling unitsand other
ancillaryplants

2.3 Anticipated NCC2022 changes

At the time of writing, the NCC202®%asin Stage f its publicconsultationperiod. Based on the NCC2022
PublicCommentDraft releasé on 6 Septemhe2021, it is anticipated that thénal Deemedto-Satisfy
provisions irSection J of NCC20¥®lume 1will belargely similar to Section J NCC20ume 1

Thefollowingadjustments are anticipated:

1 New verification methods using the NABERS pathway (JV1) have been introduegdrtarent
buildings, hotels and shopping centresvith emissions of the proposed design mapped to levels
better than 4 or 4.5 starsThis was previously only available fofia# buildings in NCC2019.

1 New requirementsntroducedto ensure that all new developmentan be readily retrofitted with
electric vehicle charging equipmendolar photovoltaic and battery systems. These inclutkes
provisions to ensure capability ofeetrical systems to accommodate future installationslefctric
vehicle chargers for 10 to 25% of car paakdat least 20% of roof ardeft clearto install solar PV

1 Technical karificationregarding the applicability afallandglazing thermalequirements depending
on whether the construction isxternalor wholly internal.

9 Clarification regarding thdeemed thermal performance {Ralue) of slab on ground floors without
in-slab heating or cooling systeth

1 Significant changes t@sidential components dflass 2 (apartments) and Class 4 part of the building
includingbuilding fabricair tightnessand ceiling famequirements.

2.4 Forward Trajectory of NCC

At time of writing, he Trajectory forLowEnergy 68mmercial Buildings? agreed by the Energy Ministers in
February 2019is being updatedby the Australian Department of Industry, Science and Resources (DISER)
The Trajectorywas developed in close consultation with stakeholders to outline policies dediver cost
effective energy efficiency improvements to businessesl householdsThis update will inform policy
changes required in the NCC2025 and beyond.

1 Thedraft NCC2022o0de (public comment versionSection J4D7 (P3pecifies that a slabn-ground without inslab
heating or cooling systelis considered to achieve a total\Rilue of 2.0In this study, the provisioaffects the single
storey office, retail, hospital ward and schaabdels, in that the base case floor would not require additional insulation
for NCC2022NCC 2022 Volume On&ersion 20210906.pdhaccessed o080 February 2021)

12 Governmen Prioritiesg Commercial Buildings, Department of Industry, Science, Energy and Resourcec2é2ied

on 1 October 2021 https://www.energy.gov.au/governmepriorities/buildings/commerciabuildings
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3 Building FormdModelled

The following & building forms were considered as part of this study

A hotel (archetype 3A)

A 200 mz singlestorey office building (archetype 5)
A multistorey office building (archetype 5A)

A retail building (archetype 6B)

A hospital ward (archetype 9aC)

A school (archetype 9bH)

= =4 =4 4 -4 =4

The morphologies of each building form¢luding the number of floors, building shape and winetovwvall

ratios (WWR) were either defined by DIPL or referenced from the 2018 Regulatory Impact Statemetit (RIS)
undertaken by the ABCBhe modelled building geometries are showrrigure3-1 andfurther described in
Table3-1. Unless otherwise specified, these building configurationkept constant between the base case
and Section J compliant building forms.

Hotel Building (3A) Multi-Storey Office Building (5A) SingleStorey Office Buildingp)
Hospital Ward9aC) School Building (9bH)

Figure3-1: Modelled geometry of the different building archetypes considered.

13 Decision Regulation Impact Statement (RB)ergy Efficiency of Commercial Buildings, Prepared for

Australian Building Codes Board, The CIE§ 201

<https://www.abcb.gov.au/sites/default/files/resources/2020//Final_RIS Energy_efficiency of commercial buildings
DOC.docx
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Table3-1: Building configuration for selected building archetypasDarwin and Alice Springs.

with ceiling space.

Rectangle Rectangle
1:1 2:1 11 2:1 11 131
10,000 200 10,000 2,000 1,000 2,880
10 1 10 3 1 3
30% 30% 40% 30% 30% 30%
2.7 2.7 2.7 2.7 4.8 3
0.9 N/A 0.9 0.9 1.2 0.6
Flat 15° pitched Flat 15° pitched | 15° pitched | 15° pitched
Y N Y N N N
6570 2860 2860 4004 8760 2600
* Further details on the assumed occupancy and operating hours are avail#peéndixB.2.1
" Value roundedo one significant figure the actual WWR for this model is 26¥hich includesdditional wall area associate
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4 Building-LevelConstruction Gap Analysis and Costing

This section aims to provide informatioagarding Section J compliance status of base case constructions
and incremental construction costsit a building levelassociated with meetingNCC2016 and NCC2019
Section J requirements

4.1 Base Cas€onstruction- Determination

The base case was generally deemed to be the typical construction of a private development for each
archetype, where the deveper has no specific requirements for energy performance. This appesadiies

the cost benefit analysego be targeted at development®n which Section J would have the greatest
regulatory impact, rather than highemd commercial or government developms that may already be
comparable to Section J. Noteowever, that the base cases were not designed to represent the lowest end

2F GKS YIFN)] SO Sor-leANF a8dzi I BEHNK IR REPWET 21LIvySyda GKI
businessasusual experiences in each location.

In the case of the Hospital Wabdiilding (archetype 9aC), the base case building services design concept was
developed with a relatively higher focus on energy efficiency than that of the other archetypes, to better
represent the reality that NT buildings in this class are most likalgldped by private owneoccupiers or
government entities.

Note with respect to multistorey/high-rise building archetypes in Alice Springg.

U

The scope of this study focussed on six building archetypes in both Alice Springs and Darwin. Tjwo of the
archetypes were 10 storeys high. For simplicity of the scope, the general layout of these two buildings
were unchanged in the Alice Springs models, despite those buildings being above height restriftions of
their jurisdiction. Acknowledging that fact, assumption® 31 NRAY 3 GKS o6 dzA f-RA Yy 3
NAaS¢ odAfRAYyIa AYy !''fAOS {LINAYy3IEa ogSNBE GNBIHGESR |

As part of the base case determination, construction details ofciraponentsforming the building fabric

and building ervices, for each building archetype in Darwin and Alice Springs, were defiabli4-1
summarises theomponentsof the building fabric and building services thatreveonsideredDetails of each
componentwere determined in coordination with multiple NBased building industry professionghe
construction and configuration of each building fabric and services element was found to vary depending on
the building archgype and location. Consequentlgetails of the base case building fabric buildésgvices
resultsare not included in the main body of the repenteaders interested in these details are referred to
Appendix B
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Table4-1: Componentsof building fabric and building services that were defined during the base case determination.

1 Roof 1 HVAC
1 Ceiling o Fansystems
1 Wwalls o Pumpsystems
0 External walls 0 Ductwork and Pipework
o Nonexternal envelop walls insulation
0 Internal nonenvelop walls 0 Heating systems
1 Glazing 0 Refrigerant chillers
1 Shading of walls anglazing 0 Unitary airconditioning
T Floor equipment
1 Lighting hardware and controls
1 Domestic hot water heating
1 Lifts

4.2 Base Cas€onstruction¢ Section Jsap Analysis

4.2.1 Summary

A gap analysis of the base case constructions against the energy efficiency requirements of Section J NCC2016
and Section J NCC2019 was performed to determine the changes required for each buildiricafied2
andTable4-3 provide an overview of the areas where each base case archetype comipliedCC2016 and
NCC2019 requirement3he base case construction and building seggiand the gap analys&re detaled

in Appendix Band Appendix C
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Table4-2: Construction Gap between Base Case and NCC2016 Sectiandices noncompliance, Y indicates compliance.

Single | Multi- Hospita Single | Multi- Hospita
Hotel Storey | Storey | Retail | Wa? d School | Hotel Storey | Storey | Retail | WaF; d School
(3A) Office | Office | (6B) (9aC) (9bH) (3A) Office | Office | (6B) (9aC) (9bH)
®) (5A) ©) (5A)
Building Fabric (Parts J1 and J2)
1 Roof and ceiling N N N N N N N N N N N N
1 Walls N N N N N N N N N N N N
1 Glazing N N N N N N N N N N N N
1 Flooring N Y N Y Y Y Y Y Y Y Y Y
Building Sealing (Parts J3) Y Y Y Y Y Y Y Y Y Y Y Y
Building Services
1  Air Conditioning and Ventilation Systems (PartJ N1 Y N1 Y Y N1 N1 Y Y Y Y Y
9 Aurtificial lighting and power (Part J6) Y Y N?2 N2 Y N?2 Y Y N2 N2 Y N2
1 Heated WaterSupply (Part J7) Y Y Y Y Y Y Y Y Y Y Y Y
1 Facilities for Energy Monitoring N v3 N v3 v3 N N v3 N v3 v3 N
(Parts J8)
Notes:
1: Does not meeClause J5.2 (c) NEX16- Chilled watepumping systemsith pump powers larger than 3k\b nothave variablespeed pump motors
2: Lights in a natural lighting zone are not separately controlled (from lights not within a natural lighting zone)
3: Smaller than the floor area threshold (2,508) m
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Table4-3: Construction Gap between Base Case and NCC2019 Sechidndicates noncompliance, Y indicates compliance.

Single | Multi- Hospita Single | Multi- Hospita
Hotel Storey | Storey | Retail | Wa? d School | Hotel Storey | Storey | Retail | Wa? d School
(3A) Office | Office | (6B) (9aC) (9bH) (3A) Office | Office | (6B) (9aC) (9bH)
®) (5A) ®) (5A)
Building Fabric (Parts J1 and J2)
1 Roof and ceiling N N N N N N N N N N N N
1 Walls and Glazing N N N N N N N N N N N N
1 Flooring N N N Y Y Y N N N Y Y Y
Building Sealing (Parts J3) Y Y Y Y Y Y Y Y Y Y Y Y
Building Services
. — I N
f  Air Conditioning and Ventilation Systems (PartJ N 23 Y N 24 N4 Y N 24 i Nt Nt Nt Nt Nt
1 Artificial lighting and power (Part J6) Yo Yo NS 6 NS,6 Yo N 56 Yo Yo NG 6 N5 6 Yo N5 6
1 Heated Water Supply (Part J7) Y Y Y Y Y Y Y Y Y Y Y Y
1  Facilities for Energy Monitoring N v N v v N N v N v v N
(Parts J8)

Notes:

1. Does not meeClause J5.2 (viii) NCC2@IM™linimum requirements for theonetemperaturedead bandcontrol) are not met.

2. Does not meeClause J5.2 (X§CC201¢ (Darwin)Chilled water systems do not feature automatic variable control of the chileg@nsupply temperature setpoinfAlice Springsjhilled
water and heating hot water systems do not feature automatic variable control of the leaving water temperature setpoints.

3. Does not meePart J5.7 Thepipework pressure lossesxceed170 Pa/mwhich is higher than allowable for a constasgteed tilled water pumping systeraperatng more than5,000
hours/year.

4. Does not meeClause J5.3 (a) (iifFresh Air ventilatiosystemshave airflowsover 500 I/shut do not feature demanetontrolled ventilation.

5. Does not meetNCC2019 requiraent for motion detector controlledighting in fireisolated stairways, passageways and ramps. This is not a common practice in the NT and most
are expected to ba@on-compliant. In this study, the buildings are modelled without-fgelated areas and hence deemed to be compliant in this regard.

6. Lighting control systenfnatural light zonedjacent windowsre notswitchedseparately)
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While none ofbase case building archetypes are fully compliant with either NCC2016 or NCC2019
requirements, all base case building archetypes met both the NCC2016 and NCC2019 requirements for
building sealing (Part J3) and hedtwater supply (Part J7).

4.2.2 Building Services

From a technical perspective,ast base case mechanical building services either alreadyply with
NCC2016 and NCC2019 Sectjar dequireonly minor adjustments to compl. This finding also extends to
artificial lighting and poweminor adjustmentgo mechanical building services include changes to the HVAC
control settings, installing variabkpeed capability for fans and pumps afat the Darwin retaiand multi

storey officearchetypes introductionof demandcontrolled ventilation to achieve NCC2019 compliance. To
comply with NCC2016 and NCC2019, lighting control upgrades such as installation of motion detector control
or timeclocks are required for certain functional spaces.

4.2.3 Building Fabric

None d the building archetypesnet NCC2016 or NCC2019 requirements for roof and ceiling, walls and
glazingHotels andthe multi-storey office in Darwin were the only building archetypes withCC2016 nen
compliantbase case floor constructipmvhilst hotels, single and mukstorey offices in Darwin and Alice
Springshad NCC2019 netompliantbase case floor constructisnThenon-compliance obase case roof
wall, and floor constructiongith NCC2016 and NCC2019 requiremevasdue toinadequatetotal system
Rvalues, that is, how well the building fabric can resist heat transfer between conditioned and non
conditioned spces.

Requirements for external walls and glazing quite different in NCC2016 and NCC2019. For all building

archetypes, the base case external and internal wall construction wereompliant as theotal system R

value was lower than the minimum required by NCC2@@kzing requirements in NCC2016 vartyhw

numerous factors, including building class, climate zone, shading, orientation and wall construction. While

glazing systems on the North and South facades on some buildings were found to be compliant with Section

J NCC2016, the glazing system of adebzase archetypes on the East and West facade did not comply with
Section J NCC2016.

None of the base case buildinggomplied with the

Base case building fabric i requirements for the walfjlazing construction of Section J
largely noncompliant with NCC2019. Under NCC2019, walls and glazing are assessed
the NCC2016 and NCC20 together against minimum requirements for totalrkalues
Section J. Mst base case and solar admittance. The wallazing Wvalue is an area

weighted average of the thermal transmittance across both
the wall and glazing components of the construction. The
solar admittance represents ¢hsolar irradiance that adds
heat to the building via the glazing component of the wall
glazing construction.

mechanical building service
and artificial lighting were
compliant oronly required
minor adjustments

1 As discussed ippendix C.2the code requirements already represent standard industry practice. This is likely
because efficient building services equipment in itself is already demonstrastgffective and the market availability
of such products are widespread without substantial cost uplift.
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4.2.4 Energy MonitoringFacilities

Base cashotel, highrise office and school buildings in both Alice Springs and Dar@imon-compliant with

the requirements of Part J8 Facilities for Energy MonitoiimgNCC2016 and NCC2019. These building
archetypes do not include energy meters to record energy consumption of key systems as sjpeSiiettbn

J NCC2019 also requires these systems to communittaia common system that collates tiroé-use
energy consumption data to a single interface monitoring system where it can be stored, analysed and
reviewed All other building archetypes (singdéorey office, retail and hospital ward) are compliant with
NCC2016 and NCC2019 because they are smaller than the floor area threshold fp&@btherefore do

not require subsystem energy monitoring.

4.3 Incremental Construction Cost

4.3.1 Approach

Thecostof makingeach building form compliant with the NCC2016 and 202€ wasdeterminedby first
consideringmultiple solutions thataddress thecompliancegaps then selecting the compliance option with
the leastcost. Appendix CGand Appendix Dprovide details of the various options considered to address
compliance gaps betweerhé base case constructions and NCC requiremearid, the cost elements
considera@. Appendix Eletailshow the leastcost compliant solutions were identified, detailepgecifications
for NCC compliance and the total costs of compliance per archeftypemmary of the changes required to
meet Section J requirements for each archetype is also providagpendix K

The dfference in cost between a building form that meets the NCC requirements and the cost of the base
case archetypés shown irFigured-1 for each building fornfrefer to Appendix E.for tabulated construction
costings) Costs shown are in dollaper squaremetre of grossfloor area.For building models that were
asymmetrical (singlstorey office, retail and ghool), the average costacross two different building
orientations is reported herand used in codtenefitanalysesThetotal incremental construction costan

be divided into the following four categories

a) Incremental Cost of Building Fabric

This is the costfoachieving compliant building fabrigvall construction accounts for the largest
proportion ofincrementalbuilding fabric costs, followed by glazing cogéall construction costare
mainly associated with using walls that have higher totabRes, which can be realised through
usingmore wallinsulation reflective air gaps antthermal breaktapes.Glazing costarise from the
need to useglazingwith lower Uvalues and Solarddt Gain Coefficientdor exampletinted and/or
double glazed panes instead of single panegCosts associated with roof, floor and shading
constructionsare also includedyith cost contributions that are much lower than those of the wall
and glazing cds.

b) Incremental Cost of Building Services and Energy Monitoring Compliance Measures
Mechanical plahcompliance costs, réficial light and powercompliance costs, anda€ilities for
energy monitoring costare accounted for in this section. The relatigentribution of each
component to the totalncremental cost of building services and energynitoringvaries depending
on the building archetype3he base case building services in small offices and hospiedsly meet
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NCC2016 and NCC2019 requiretseand do not require facilities to monitor their energy usage
theytherefore have no incremental cost contribution from this category.

c) Cost savings from reductions in plant capacities
Upgrade of the thermal performance of the building fabric (as required for Section J compliance)
reducesthe capacity required of the HVAC plant. This will result in reduced capital requirement for
HVAC plant and this negative cost impact has been inclucibe total incremental cost assessment.

d) Design and Consultation Fees
Thiscategory includesrchitectural design and consultanf®es engineeing consultancy feesand
allowances for thireparty Section J compliance assessménteacharchetype, using the
DeemedTo-Satisfy methodologyt should be noted that design and consultation fees apply even if
no changeso building construction/ services are requiresgince compliance of the building still
needs to be verified.

4.3.2 Differencesm Incremental Costs between NCC2016 andRIT19

As reflected irFigured-1, building archetypes that are compliant with NCC2016 ta86¢ 2.6% ($9 ¢ $72
per n¥) more than the base case building in Darwin, and 1324 % ($4 ¢ $58 per n¥) more than the base
case buildings in Alice Springg.he cost of NCC2019 compliant buildings 484k, 2.4% (%7 ¢ $81 per n¥)
and 1.3% 1.7% ($42 - $76 per n?) more than thebase case in Darwin and Alice Springs, respectively.

15 Note: The percentages and cost pef specified excludes NCC2016 compliant hospital wards, which had an
incremental construction cost that wassle than 1% of the base case construction.
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Figure4-1: Incremental costs of NCC20H8d NCC2018ompliance for each model in Darwin and Alice Sprinmeremental cost
is broken downinto costs associated with building fabric, building services and design and consultancy fees. Cost savings from
reduced plant capacities decreases the total incremental costs. Percentage values shown correspond to the total incremental
cost relative to the base case construction costs.
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5 BuildingLevelPredicted Energyse
This section provideinformation on how much the predicted energy usage a building levelcan be
improved by having NCC2016 and NCC2019 compliant buildings.

5.1 Summary
The change imodelledregulatedenergy intensity for each building archetype, relative to the base,égase
shown inFigure5-1 (seeAppendix For tabulated energy intensities for each scenario).

% Base Case & NCC2016 m NCC2019

-13.1%
-13.1%  -27.3% |
- ’ 34.1% g

-6.4%
-15.7%

Regulated Energy
Intensity (kWh/ng)
[2=Y
g

50

0 5
Hotel (3A) Multi-Storey Single Storey Retail (6B)* Hospital Ward ~ School (9bH)
Office (5A) Office (5)* (9aC)
250 _ _
Alice Springs
200
g%\ -15.4%
P 0,
W=
< 100
g 2
EY:
o 50
x =
o o
Hotel (3A) Multi-Storey Single Storey Retail (6B)* Hospital Ward ~ School (9bH)
Office (5A) Office (5)* (9aC)

Figure5-1: Predicted regulated energy intensities of the base case, NCC2016 and NC&aapBant building archetypesn
Darwin (top) and Alice Springs (bottom). Percentage values shown correspond to change in regulated energy intensity of
NCC2016 and NCC2019 comaptibuilding forms, relative to the base cas¥alues shown include electricity and gas
consumption.

As shown inTable5-1, NCC2019 compliant building archetypes haweeightedaverage energy intensity
that is 23%lower than the base case in Darwin, a2@olower in Alice frings These energy savings are

16\Weightings, based on the projected building type floor areas to be constructed in the NT in th@ @B2period assessed, are
applied to the expected energy savings.
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larger thanNCC2016 compliartbuilding archetypeswvhich, on averageare 12% and 17% less energy
intensive than the base casechetype, for Darwimnd Alice Springs respectively.

Based on the energy modelling results, the adoptiornthef NCC2019
Section ¥ expected taleliver betweeril3¢ 34% decrease in energy
intensity in Darwinbuildings with the highest percentage of
energy saving realised imulti-storey office buildings (34%,

33 kWh/m?) and retail buildings @6, 68 kWh/r).

Modelled building energ
intensities for NCC2019 we
up to 40% lower than th
base case. The large
energy savings modelle
was 68 kWh/n? (33%) fol
retail buildings in Darwit
(NCC201¢

In Alice Springs, the energy intensity of NCC2019 compliant
building archetypes decrease by 240%, relative to the base
case, and hospital wards realise tlaegest percentage energy
savings (40%, 40Nh/m?). For NCC2016 compliant building
models, multistorey office buildings are modelled to have the
largest percentage energy savings in Darwin and Alice Springs (27%
and 2%, 26kWh/m? and 13 kWh/m?)

Two excefions to NCC201ompliant buildings being less energy intensive than NCC2td6pliant
buildings are

1 The modelledCC2016 and NCC2019 compltasitl in Darwinachievethe same energy intensity
and

T The NCC2016 compliamnultistorey office building in Ade Springs is marginally less energy
intensive than the NCC20t®mpliantbuilding form, with a difference of less than 1 kwh per

On the whole, these results suggest that occupiers of the NCC2019 compliant building form can expect to
save more energthan occupants of NCC2016 complaint building forms.

Table5-1: Summary oBuilding-Level Bergy Saving¢gas and electricityjor NCC2016 and NCC2019 compliant buildings
(kwWh/m?2 and %relative to the base casg

Darwin

Alice Springs

Darwin

Alice Springs

16.5 (13.1%)

17.8 (14.7%)

16.6 (13.1%)

29.0 (24.1%)

26.1 (27.3%)

13.0 (22.8%)

32.5 (34.1%)

12.0 (21.1%)

6.9 (6.4%)

11.4 (10.9%)

16.9 (15.7%)

26.6 (25.4%)

22.9 (11%)

22.7 (15.4%)

68.0 (32.6%)

37.7 (25.6%)

10.9 (6.1%)

14.9 (14.7%)

24.5(13.7%)

40.4 (39.9%)

15.6 (10.5%)

16.4 (15.6%)

20.6 (13.9%)

32.1 (305%)

16.5 (12.4%)

16.0 (15.7%)

29.8 (20.5%)

29.6 (27.8%)

17.7 (11.7%)

18.8 (16.7%)

34.3 (22.7%)

32.4 (28.9%)

*Averages are weightebased orprojectedbuilding stocKloor area
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6 Economywide SocialCostBenefitand ImpactAnalysis

6.1 Social CosBenefit Analysis

This section presents the economyde analysis of the net economic costs or benedissociated with

adopting NCC2016 or NCC2019 Section J requirements from etabaci socal perspective. In this
perspective, costs and benefits may be included eveerell KS& | NB Wdzy LINA OSRQX & dzOK
greenhouse gas emissions yanere theyarecaptured by (or fall on) parties not directly involved in a building
project, such as reduced peak electrical network loads, where the benefits are shared among all network
users.

The minimum benchmark focosteffectivenessfrom a social pergective occurs when the total social
benefits (including private benefits such as enempst savings and public benefits such as reducing
greenhouse gas emissioard required electrical network investmgrdre higher than the associatsdcial

costs.In such a case, a measure vd#llivera Net Present Value (NPYj)eater than zer@and a Benefit Cost

Ratio (BCR) greater than NPV is the discounted present value of benefiigiusthe discounted present

value of costs, while the BCR is the discountedemesgalue of benefitglivided bythe discounted present

value of costs. Our perspective is that NPV is a better basis for ranking options than BCR, as BCRs are
dimensionless and give no indication of the degree to which changes in net social welfaresoiajroen
theoptionsC2 NJ G KA & NBlFazysx ./ wa OFyy2dd 06S AyBySonrdskS i SR
NPVOIl Yy 06S AYGSNLINBGSR A@AYNPIGAYRKSIARE KNI ANSB £ 0SSl (ySINIW | of | daSA:
in the analysis, meang that options can be unambiguously ranked using NPV.

TheCBAfindingscan be broken dowby climate zon¥ andby building control areas (Tier 1 and Tiey @&)d
this analysiss presented intablesin AppendixH. The analysis is based on an assumeglilatory period of
FY2023 to FY2036uring which the Section J requirements amplied to all new nomesidential buildings
and a 4Byear average economic life for new buildinshe regulations were to apply ferlonger or shorter
period, both costs and benefits would change proportionateligh@ut changing the ranking of optiores
BCRs.

Table6-1 summarisathe different variables useth examine the economic impact of adopting NCC2016 and
NCC2019 Section As far as possible, theconomicanalysishas been customised tNT conditionsboth
costingand energy pricesfurthermore, the analysisiza Sa G KS 5SLI NI YSyGQa 246y F
Australian Bureau of Statistics, for annual construction actiftyther details on the codienefit analysis
methodology and inputs are provided Appendix G

17 Climate zone 1 includes Darwin, and climabne 3 includes Alice Springs.
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Table6-1: Economic Parameters defining averagbest and worstcase scenarios, sociperspective

100%

100% 75%

3% 7% 10%
5% 2% 0%
0,
TS Eld (17 Mid - 3%real High- 5%real
discount rate, 9 . .
discount rate discount rate

percentile

6.1.1 Key Findings

Overall, adoption of NCC2019 enemgrformance requirements from FY2023
FY2030n both Tier 1 and Tier 2 areasuld generate net social benefits for Adoption of
the NT of $Z6million in present value termsvith a benefit cost ratio (BCR) NCC2019vould
of 36. These values assume default input assumptions including a 7% real

. . L : generate net socia
discount rate, 2% learning rate, 100% realisation of expected energy savings,

and the medium social cost of carbon. That is, on these default assumptions, ben1elf|ts Of_ h
the present value of benefits wouekceed the present value of costsingre $27B6(T|I? |0fn3w6|t
of 3.6.

thanthreeand a halfimes. These values are quite high relative to the minimum
thresholds for cost effectiveness (an NPV greater than zero and a BCR greater than
1). Otherinput assumptions are tested in sensity analysielow.

Adoption of NCC2016 energy performance requirements from FY¥EY2B30n both Tier 1 and Tier 2 areas
would generatemuchlower ¢ but still significant¢ net social benefits for the NT ofil@3million at a BCR of

2.0, on the samedefaut input assumptionsThe net social benefits associated wadoptingNCC2019 are

2.7times higher than foadoptingNCC2016.

These expected values are summarisediable6-2.

Table6-2: Economywide CostBenefit Analysis Societal Perspectivd)efault Assumptions

7% 2% 3% (av.) 100% 1+2 $102,817 2.0

7% 2% 3% (av.) 100% 1+2 $275,517 36

6.1.2 EconomyWide Sensitivity Analysis

While Table6-2 shows the expected outcomes of the chsnefit analysis from a societal perspective, we
also generate a range of scenarios that demonstrate what outcomes would occur if key values thged in
analysis deviated from their expected values. This is referred tersstivity analysisThe best, expected
and worst case valuassed as inputs for the sensitivity analyai® summarised ifTable6-1 aboveand
discussed further il\ppendix G

Real Discount Rate

Varying the real discount rate has the most significant imp&atidhe variables considered. The reasons for
this are discussed in more detailAppendix GIn short, higher real discount ratdead to values in the future
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being discounted mor¢han thosethat occurin the near term Conversely, the lower the discount rate, the
more evenly values are weighted over time. For examalex 0% real discount rate, values are exactly the
samein real terms (that is, after inflation) regardless of when they oratnereas with a 10% real discount
rate, $100 (whether of cost or benefit) that occurred 25 years into the future would be valued at only $7.18
in present value termsSince incrementatonstruction costs associated with higher energy performance
standards are incurred upfront, while the benefits are spread out over the economic life of the building, the
higher the real discount rate, the lower the apparent net social benefit.

For NCC2(&:

1 a 10% real discount rate reduces the NPV t60idillion with a BCR of 2.
M a 3% real discount rate increases the NP¥848million with a BCR @&.2

For NCC2016:

T a 10% real discount rate reduces th@4$million with a BCR of 4.
1 a 3% realliscount rate increases the NPV tod$illion with a BCR of &.

Thus, while the impact of a higher discount rate is severe, both NCC2019 and NCC2016 would remain cost
effective even with a 10% real discount ra#dsq the ranking of options does not chge, regardless of the
real discount rate selected, with NCC2019 consistesitbwinghighervaluesthan NCC2016.

Realisation of Energy Savings

If only 75% of expected energy savings were realided example if compliance were low, or if simulations
under-predicted actualenergy consumption, NCC2019 would remain cost effective, widm NPV of
$194million anda BCR of 8. On the same assumption, NCC2016 walbremain cost effective, with an
NPV of $0million and a BCR of6l.This indicates that the net benefits associated with both measures would
remain robust even if the realisation of energy savings was unexpectedly low.

Cost Learning Rate

Varying the learning raté&hat is, the rate at whicincremental cost®f complianceare expected to fall over
time), produces the following results

For NCC2019

1 with a 0% learning ratémplying that incremental costs of compliance never change over tithe)
NPWvould fall marginally to $9million at a BCR of 8.

1 with alearning rateof 5%(implying that after20 yearsthere would be no incremental cost still being
incurred as a result of the 2023 performance requiremerntsg) NPV for NCC2019 would increase to
$284million at a BCR &9

For NCC2016:

1 a 0% learning rate would redutiee NPV tdb97million at a BCR of Q.
1 a 5% learning rate would lift the NPV associated with NCC2016Liorfiillion with a BCR of 2.
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Overall, changes iimcrementalcosts over timawithin the ranges indicatetiave only a low impact on the
social cosbenefit analysis.

Social Cost of Carbon

As discussed iAppendix Gthe social cost of carboassumptions ar@erived from research in the United
Statesthat has been used internationally for the Int&overnmental Panel on Climate Change (IPCC)
AssessmenReviews(and which are currently being updated for th® Assessment Reviewljhe US analysis
considers climate change impacts over a long period (300 years) and therefore, as notedlabousts are

highly sensitive to even small changes in the realadist rate. The reference rate assumes a 3% real discount

rate, taking the average of future cost ranges, while the high rate uses the same real discount rate but the
95" LISNOSYGAES 2F (GKS LINR O 6 Xk flthdugh thR fesedtNg\ obirozitl Ieiyig 0 A S
updated and values are expected to be revised highidre low case applies a 5% real discount rate.

For NCC2019:

9 the low social cost of carbon reduct® NPV to $26million at a BCR of 8.
1 the high social cost of carbancreases the NPV to $8million at a BCR @f.1.

For NCC2016:

9 the low social cost of carbon reduces the NPV38riillion with a BCR of 4.
9 the high social cost of carbon increases the NPV &si®illion with a BCR of 2.

Thus varying the social cost afarbonassumptionhasa larger impacton the social cosbenefit analysis
resultscompared to changes the learning rate Theimpactof changing the social cost assumptionsiisch
less tharvaryingthe real discount rate.

Summary ofSensitivity Analyses

The sensitivity analyses are summarisedaile6-3.
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Table6-3: Economywide CostBenefit Analysis, Societal Perspective, Sensitivity Analyses

3% (av.) $44,856
10% 2% 3% (av.) 100% 1+2 $159,661 2.7
3% 2% 3% (av.) 100% 1+2 $296,576 3.4
3% 2% 3% (av.) 100% 1+2 $648,488 6.2
7% 2% 3% (av.) 75% 1+2 $59,892 1.6
7% 2% 3% (av.) 75% 1+2 $193,960 2.8
7% 0% 3% (av.) 100% 1+2 $96,554 1.9
7% 0% 3% (av.) 100% 1+2 $269,126 3.4
7% 5% 3% (av.) 100% 1+2 $111,356 2.2
7% 5% 3% (av.) 100% 1+2 $284,424 3.9
7% 2% 5% 100% 1+2 $92,519 1.9
7% 2% 5% 100% 1+2 $256,023 3.4
7% 2% 39%(95th) 100% 1+2 $134,492 2.3
7% 2% 3% (95th) | 100% 1+2 $335,816 4.1

StressTesting

A technique used to explore thauter limits of the costeffectiveness of potential policy changes is called

W3 (-fB a Grhiy tachniue makes tredmittedly rather extreme assumptionghat all of the sensitivity
variables turn oueither (a) withthe leastfavourable outcomes witin a plausible rangeor (b) with the most

FI @2dzN>F 6t S 2dz2i02YSa gAGK LI | dzi petspeStiveNddthé BIEVOf theA G K
potential policy measure®©n this basis, NCC2019 would achieve:

1 in the worst case, an NPV d8%®nillion, with a BCRf 1.9
M in the best case, an NPV ®f75million, with a BCR of g.

NCC2016 would achieve:

1 in the worstcase, an NPV &million, with a BCR of 1.
1 in the best case, an NPV of@@nillion, with a BCR of 3.

Importantly, this stresgtesting reveals that even if extremely unfavourable outcomes were to occur, both
measures would remain cost effectiggN\CC202, comfortably so, while NCC2016 would be marginally-cost
effective in the worst case. The basdse results reveal the upside potential of both measures. Agairay

be noted that the stresgesting does not change the ranking order of the two measufés. stress testing
results are summarised ifable6-4.
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Table6-4: Economywide CostBenefit Analysis, SocietdPerspective, Stress Testing Results

3%
0 0 0
Best 3% 5% (95th) 100% 1+2 $368,084 4.3
Worst 10% 0% 5% 75% 1+2 $5,466 1.1
3%
0 0 0
Best 3% 5% (95th) 100% 1+2 $775,198 7.8
Worst 10% 0% 5% 75% 1+2 $89,389 1.9

6.2 Energy and Greenhous Gas Emission Savings

6.2.1 Energy Savings

Energy savings accumulate over the FY20282030 period, during which tlpelicy measures are assumed
to apply, and then remain at the same level over the balance of economic life of the buildingisown in
Table6-5. The savings are predanantly electricity.

Table6-5: Economywide Energy Savings by Fuel and Policy Measure

MWh | Electricity | 4,788 9,744 15,496 20,753 26,095 31,523 37,038 42,643

MWh | Electricity | 9,104 18,529 29,467 39,463 49,620 59,941 70,429 81,086

GJ Gas 162 330 525 703 884 1,068 1,255 1,445
GJ Gas 297 603 960 1,285 1,616 1,952 2,294 2,641
TJ Both 17 35 56 75 95 115 135 155
TJ Both 33 67 107 143 180 218 256 295

6.2.2 EnergyCostSavings

The savings shown ihiable6-5 would have a value tit reaches $5.0 million for electricity by 2030, if
NCC2016 is adopted, aimostdouble that¢ $28.6million ¢ if NCC2019 is adoptdgeeTable6-6). The values
for gas savings are much lower and relate to the Alice Springs locationTbeliscountedpresent values
of savings, over the economic life of the 2@23030 newbuilding cohortare shown in Column 3.

Table6-6: Value of Economywide EnergyCostSavingg$million) by Fuel and Policy Measure

Electricity $162.2 $1.7 $3.4 $5.5 $7.3 $9.2 $11.1 $13.1 $15.0

Electricity $308.5 $3.2 $6.5 $10.4 $13.9 $17.5 $21.1 $24.8 $28.6
Gas $0.2 $0.00 $0.00 $0.01 $0.01 $0.01 $0.01 $0.02 $0.02
Gas $0.4 $0.00 $0.01 $0.01 $0.02 $0.02 $0.02 $0.03 $0.03
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6.2.3 Greenhouse Gas Emissions Savings

The adoption of NCC2019 generates the largest greenhouse gas

savings 0891,000 tonnes of C& (tCQ-e) cumulatively over the Adoption ofNCC201Section J
FY2023; FY2070 period ¢ seeTable6-7. Under NCC2016, these 6] savm e e idea e
savings are slightly less than half of thaseder NCC2019, at wou

469,000 tCG-e. On an annual basis, emissions savings is expecteecp(_:_‘rgy ) groeilielss g
to peak around FY2030, and then decline over time due to th&MISSIONS than NCC2016.
declining greenhouse gas intensity of electricity consumption ove

time (Table 6-7 and Figure 6-1). Relative to the base case, the NCC2019
emissions savings associated with the adoption of NCC2019 & id

NCC2016 are 23.3% and.3%, respectivelyi-urther details of the Savegg'?’%
GHG emissions savings and energy savings by fuel types wre of base case emissions,

provided inAppendix J 891.,00Q@co-e
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Figure6-1: Annual greenhouse gas emissions savings, t@Qgelected years

Table6-7: Greenhouse Gas Emissions Savings §t€)y Policy Scenario, Selected Years

468,720
891,035

6.3 Limitations of the Analysis
The key limitations of the econonwide costbenefitanalysis from a social perspective are:

1 not all building classes have been simulated, and therefore the performance e$imutated
building classes has been estimated. That said, the major building classes are represented, and
simulating every building class would add significantly to the cost of the analysis, without necessarily
adding significant value

8 The cumulative emissions savings is determined by summing the annual emissions savings over the stated period of
time.
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1 while NCC2019 ghown to be more costffective than NCC2016, and much more esféective than
the status quo, this does guarantee that all possible building designs would realise the same
outcomesc there is an extent to which every building design is unique.

6.4 Conclusion

Overall, we find that NCC20%@nificantly outperforms NCC2016,
generaing consistently highenet socialbenefitsand BCRen all

_ _ assumptions and sensitivigssumptions examinedhis result is
eco_nomlcbenefltstfrom a not surprising, in that NCC2019 was found to be cost effective at a
societal perspective, and muct national level,relative to NCC2016, when subjected to national
larger energy and emissions  regulation impact assessmeHt.

savings in all scenarios

examined.

NCCR19significantly
outperforms NCC2016.
It generatesmuch highemet

19 The CIEDecision Regulation Impact StatemerEnergy Efficiency of Commercial Buildjisvember 2018.
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7 Economywide Owner-OccupierCostBenefitand ImpactAnalysis

This chapter presents similar analysisSection6, but all results are stated from an own2rO O dzLdA S NI &
private perspectiveThe energy and emissions savings are the same, but benefits or costs that fall on parties
other than an ownetoccupier are excludeftom the analysisThe® include

the value of avoided greenhouse gas emissions

costs of government administration

government costs associated with the energy pricing community service obligation
avoided(economywide) network costs.

= =4 -4

The values associated with avoided energy consumption are asssaletybn what is avoidable according

to (atypical)owner-2 O O dzLJA S NI & Weshyit& thalséme awhdr-dcéudiers may be able to generate
private value streams from avoided greenhousrigsions, such as reduced loan costsclimate bonds
However, since such benefits are contingent upon factors specific to individual buildings/owners, they are
not quantified here.

7.1 Economywide CostBenefitAnalysis

Table7-1 summarises the different variables used to examine the economic impact of adopting NCC2016 and
NCC2019 Section J.

Table7-1: EconomidParameters defining averagebest and worstcase scenarios, Owne©ccupier

100%
1% 0.4% 0%
3.9% 4.7% 6.3%
5% 2% 0%

As noted above, social costs of carbon areinoluded from an ownebccupier perspectiveand different
real discount rategrom those used irfsection6 are selectedThe rationale for the values shovi;mprovided

in Appendix HBroadly, they are baseda range of values for threal cost of capital (for typical commercial
construction firms in the NT), which is constructed fromominal cost of capital, less average NT inflation,
plus a pretax return on debtWe note that the real cost of capital Wiary from firm to firm and that these
are intended as indicative values only.

Learning rate assumptions as the same as those usgddtion6, while an additional variable is tested here,
which is a real (or afteinflation) escalation of electricity pricesas discussed in

Appendix HThereference case is based on the estimated real escalation

rate in commercial electricity prices in the NT since 2010 of 0.4% per NCC201%ould

year. generate netprivate

7.1.1 Key Findings SR 6f
Overall, adoption of NCC2019 energy performance requirements from §295rm|!mn <
FY202&Y2030 in both Tier 1 and Tier 2 areas would generate net 2.7 times higher thar
private benefitsin the NT of 95million in present value terms, with a for NCC2016.
(private)benefit cost ratio (BCR) 818. These vales assume default input
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assumptions including 4.7% real discount rate, 2% learning rat®4% per year real electricity cost
escalation, andl00% realisation of expected energy savingSther input assumptions are tested in
sensitivity analysis belowhe NPV and BCR alaghtly higheithan from the social perspectiydespitethe
non-inclusion of social benefitand the resulting lower level of energy castecause of the lower real
discount rate

Adoption of NCC2016 energy performance requiremémis FY2023-Y2030 in both Tier 1 and Tier 2 areas
would generate significantly loweybut still significant; net private benefitsin the NT of $08million at a
BCR 0f2.0 on the samedefault input assumptionsThe netprivate benefits associated with agbting
NCC2019 ar2.7times higher than for adopting NCC2QHAd the benefit cost ratio @mlmostdouble.

These expected values are summarisediable7-2.

Table7-2: Economywide CostBenefit Analysis, OwneiOccupier Perspective, Default Assumptions

o o SN S, e e
Mo v m ew e smies e

4.7% 2% 0.4% 100% $108,076
4. ™% 2% 0.4% 100% $294,846 3.8

The net private benefits anBCRs determined farach building typenodelled is summarised ifiable7-3
(Further details imMppendixI.1.2). Adopting NCC2019 was found to be cost effectfee each individal
building type modelledThis is reflected in thpositive net present valuesind benefit cost ratiogreater

than 1.Q In contrast, adopting NCC2016 is cost beneficial for buildings modelled, except in the case of the
singlestorey officebuilding in Darwin where theincremental constructiorcost outweighed theprivate
benefits an owneroccupier could experiencthegativeNPV). At the level of each building type, the net
private benefits associated with adopting NCC201 i 6.2 time Igher than that for adopting NCC2031%

20The only exception to this is the muttiorey office in Alice Springs. For this building type, NCC2016 has a higher NPV
than that of NCC2019 because the NCC2016 compliant building is marginally less energy intensive than the NCC2019
compiant building form, with a difference of less than 1 kwWh pér m
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Table7-3: Buildinglevel Economywide CostBenefit Analysis, OwneiOccupier Perspective, Default Assumptions

- NPV/('000$2022)

NPV ('000$2022)
Hotel (3A) $7,366 1.6 $9,051 1.8
Multi -storey Office (5A) $35,378 3.0 $48,955 3.8
Singlestorey office (5) -$7,079 0.7 $10,025 1.4
Retail (6B) $23,448 2.4 $103,538 7.8
Hospital Ward (9aC) $2,463 15 $9,260 2.2
School (9bH) $19,446 1.7 $34,289 2.2
Hotel (3A) $1,033 1.6 $1,847 1.8
Multi-storey Office (5A) $2,302 1.9 $1,958 1.8
Singlestorey office (5 $938 1.3 $5,858 2.5
Retail (6B) $4,456 2.6 $9,988 5.9
Hospital Ward (9aC) $1,208 2.7 $3,718 35
School (9bH) $4,569 2.0 $13,711 4.3

7.1.2 EconomyWide Sensitivity Analysis

While Table7-2 shows theexpected(most likely outcomes of the cosbenefit analysis from a owner
occupierperspective, we also generate a rangeatternative scenarios as sensitivity analysis. The best,
expected and worst case valuesed as inputs for the sensitivity analysis summarised iffiable7-1 above
and discusseéurther in Appendix H

Real Discount Rate

As for the social costenefitanalysis, &rying the real discount rate has the most significant impact of all the
variabks consideredAs noted inSection6 (and Appendix ¢ changing theeal discount rate changes the
weightings of neaterm wversusfuture impacts.The higher the real discount rate, the more that present
values are weighted towards neterm impacts, such as increased construction costs, and the less weight
that is put on inpacts that occur over time, such as avoided energy consumption chses.effect is
significant because the assumed discount rate applies every year and accumulates rapidly over time.

For NCC2019:

1 a6.3% real discount rate reduces the NPV &9%nillion with a BCR d3.0
1 a 39% real discount rate increases the NPV 388pnillion with a BCR @f.3.

For NCC2016:

M1 a6.3% real discount rate reduces thé3nillion with a BCR of@.
1 a 39% real discount rate increases the NPV 1d@nillion with a BCR &F.3.
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Thus, while the impact of a higher discount ratesignificant,ooth NCC2019 and NCC2016 would remain
costeffectiveacross the range akal discount rats tested Also, the ranking of options does not change,
with NCC2019 corsgtently showing higher values than NCC2016.

Realisation of Energy Savings

If only 75% of expected energy savings were realided exampleif compliance were low, or if simulations
under-predicted actual energy consumptiodNCC2019 would remain costfedtive, with an NPV of
$195million anda BCR of 8. On the same assumption, NCC2016 walbremain cost effective, with an
NPV of $6million and a BCR of8l. This indicates that the ngtrivatebenefits associated with both measures
would remain robst even if the realisation of energy savings was unexpectedly low.

Cost Learning Rate

Varying the learning raté&hat is, the rate at whicincremental cost®f compliance are expected to fall over
time), produces the following results:

1 with a 0% learning rate, thBIPVassociated with implementing NCC204®8uld fall marginally to
$287million at a BCR of 3.

1 with alearning rateof 5%(implying that aftei20 yearsthere would be no incremental cost stiking
incurred as a result of the 2023 performance requirementsg) NPV for NCC2019 would increase to
$305million at a BCR @f.2

9 for NCC2016 0% learning rate would reduce the NPV 1@$nillion at a BCR of4.

1 a5% learning rate would lift the NPV asisted with NCC2016 to $& million with a BCR of 2.

Overall, changes in incremental costs over time within the ranges indicated have only a low impact on the
social cosbenefitanalysis.

Electricity Cost Escalation Rate
Varying the real escalation &for electricity costs shows the following results:
For NCC2019:

1 a 0% real escalation rate for electricity costs reduces the NP\6@n#ion with a benefit cost ratio
of 35

1 a 1% real escalation rate for electricity costs increases the NPV5toriBon with a benefit cost
ratio of 43.

For NCC2016:

1 a 0% real escalation rate for electricity costs reduces the NPYlioiffion with a benefit cost ratio
of 19

1 a 1% real escalation rate for electricity costs increases the NP\3friilion with a benefitcost
ratio of 23.

Thus, impact of real electricity cost escalation is reasonably signifielowever, both NCC2019 and
NCC2016 remain cost effective even with no cost escalation, and cost escalation rates do not change the
ranking order of the two optios.
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Summary of Sensitivity Analyses

The sensitivity analyses are summarisedable7-4.

/() DELTAQ

Table7-4: Economywide CostBenefit Analysis, Societal Perspective, Sensitivity Analyses

6.3% 2% 0.4% 100% $62,771 1.6
6.3% 2% 0.4% 100% $203,199 3.0
3.9% 2% 0.4% 100% $139,881 2.3
3.9% 2% 0.4% 100% $358,279 4.3
4.7% 2% 0.4% 75% $55,588 15
4.7% 2% 0.4% 75% $195,008 2.8
4.7% 0% 0.4% 100% $100,968 1.9
4.7% 0% 0.4% 100% $287,501 3.5
4.7% 5% 0.4% 100% $117,749 2.3
4.7% 5% 0.4% 100% $304,844 4.2
4.7% 2% 0.0% 100% $91,004 1.9
4.7% 2% 0.0% 100% $262,373 3.5
4.7% 2% 1.0% 100% $137,433 2.3
4.7% 2% 1.0% 100% $350,690 4.3

StressTesting

As noted inSectiong, atechnique used to explore the outer limits of the ceftectiveness of potential policy
OKlIy3aSa Aa-iCRUAFRQWAGKBAAE 6§ SOKYAIdzS YI{1Sa ihgS

sensitivity variables turn out either a) with theastfavourable outcomes within a plausible range, or b) with
2dzi O2YSa

themost¥ I g2 dzNJ 6 f S

achieve:

gAlK

M inthe worst case, an NPV daf®@million, with a BCRef 2.0
M inthe best case, an NPV af3Bmillion, with a BCR &4.

NCC2016 would achieve:

M in the worst case, an NPV $T.8million, with a BCR of 1.
M in the best case, an NPV df8Bmillion, with a BCR &J9.

NI

LY FdzaAo6fS NI y3aAS:
NPV of the potential policy meass On this basisfrom an owneroccupier perspectiveNCC201%vould

Importantly, this stresgesting reveds that even if extremely unfavourable outcomes were to octrom a

whole of economy perspectivbpth measures would remain cost effectiy®CC2019, comfortably so, while
NCC2016 would be marginally cedtective inthe worst case. The besase results reveal the upside
potential of both measures. Again, it mbg noted that the strestesting does not change the ranking order
of the two measures. The stress testing results are summariseédhle7-5.
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Table7-5: Economywide CostBenefit Analysis,Owner-OccupierPerspective, Stress Testing Results

Best Case 3.9% 5% 1.0% 100% $186,173 2.9
Worst Case 6.3% 0% 0.0% 75% $7,841 1.1
Best Case 3.9% 5% 1.0% 100% $437,551 5.4
Worst Case 6.3% 0% 0.0% 75% $104,365 2.0

The economywide NPV and BCR results are based on weighting individual butigiegesults by the
projected volume of floor area growth for each building type.

Individual building type stress testing results are listed in Appentli It has been found that thenost
sensitive archetypefrom a cost benefit perspectives the singlestorey small office buildinglue to its high
envelope surface area to floor area ratio.

Whilstthe study core analysis methodology did not allow for some design optimisation optien@indow
to wall area ensitivity analys summarised iSection8.2demonstrateshow varying glazing proportions can
improve the cost effectiveness of compliance

7.2 Energy Savings

This section considers ¢henergysavings thatwould be expected to follow from the adoption of either
NCC2019 or NCC2016 in thefddm an owneroccupier perspectiveNote that the quantities of energy and
greenhouse gas emissions savings are the same as those reported in Ghapteso are not repeated here.
Rather the analysis highlights the absolute and-gepriaremeter value of savings in the two policy options.

7.2.1 EnergyCostSavings

The energy cost savingsfor owner-occupiers wuld have a annualvalue trat reaches $3.2 million for
electricity by 2030, if NCC2016 is adoptedalonostdouble that¢ $25.1 million ¢ if NCC2019 is adopteq
seeTable7-6. The values for gas savings are much lower and relate to the Alice Springs locatiorhenly.
discounted present values of savings, over the economic life of the 2230 new building cohort, are
shown in Columi3. It may be noted that the present value of savings for NCC20d6ds todouble those
for NCC2016.

Table7-6: Value of Economywide EnergyCostSavingg$million) by Fuel and Policy Measure

Electricity | $217.9 $1.4 $2.9 $4.7 $6.3 $8.0 $9.7 $11.4 | $13.2

Electricity | $414.5 $2.7 $5.6 $8.9 $12.0 | $15.2 | $18.4 | $21.7 | $25.1
Gas $0.3 $0.00 | $0.00 | $0.01 | $0.01 | $0.01 | $0.01 | $0.02 | $0.02
Gas $0.6 $0.00 | $0.01 | $0.01 | $0.02 | $0.02 | $0.02 | $0.03 | $0.03
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EnergyCostSavings per Square Metre

The benefits of adopting NCC2016 and NCC2019 Section J can also be

viewed from the perspective of the energgstsavings per square metre NCC201@lso

($/m?). An overview of the energgostsavings per square metre from an  significantly
owner-occupier perspective is provided Table7-7. On average across outperforms NCC2016
the archetypes in the Darwin, savings increase fr@¥in the scenario  from a private cost
where NCC2016 Section J is adopted, up 3% dinder the NCC2019 affectiveness
scenariog that is, almostdouble A similar observation is also made for
buildings in Alice Springs, where the enecggt savings per square metre
of gross floor areéb/m? savingsjinder NCC2019 &o)are muchhigher than
the case of NCC20166%). It ould be noted that the value of savings will

vary somewhat by energy pricing zor@@ss the NTResults for individual building archetypes in Darwin and
Alice Springs areummarised irprovided inTable7-8, and further detailed i\ppendix 1.3

perspective

Table7-7: Average value of energgostsavings pe sqm, all buildingforms and fuels, Darwin and Alice Sprirfgs

Alice Springs
Darwin $3847 $5.10 11.7%
AliceSprings $26.16 $5.15 16.4%
Darwin $33.70 $987 22. ™%
Alice Springs $22.45 $8.86 28.3%

$/m2 consumptiong weighted averag?? using the modelled gas and electricity consumption for each building type
and considering energy prices (AppenGi2.J)

2. $/ m2savings determined the difference in $/mM consumption between the NCC Compliant scenarios and Base (
3. % Savings$/m2 savings shown in the table, relative to the base case2®&nsumption.

21 The value of energy savings relative to the base case (expressed as a percentage) accounts for savings in electricity
and gas consumption, which do not have the same value ($) per wieofy. Only Hotels in Alice Springs are modelled

with gas consumption, and hence the % value of energy savings (in $) reflected here differs slightly to the % energy
savings (in kwWh) presented in Secti®n

22\Weighted average valuesveightings, based on the projected building type floor areas to be constructed in the NT

in the 20232030 period assessed, are applied to the expected energy savings.
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Table7-8: Buildinglevel value of energy saved in NCC2016 and NCC2019 compliant building archetypes, relative to the base
case. Values equate to the decrease in value of energy consumed from the base case. The absolute decregsan(b/

percentage (%) decrease are shoéh.

Hotel (3A) (30% WWR)

$4.77(13.1%)

$4.77(13.1%)

Multi-storey Office (5A) (40% WWR)

$7.51(27.3%)

$9.38(34.1%)

Singlestorey office (5)(30%WWR)

$1.98(6.4%)

$4.86(15.7%)

Retail (6B) (30% WWR)

$6.60(11.0%)

$19.58(32.6%)

Hospital Ward (9aC) (30%WWR)

$3.15(6.1%)

$7.06 (13.7%)

School (9bH) (30% WWR)

$4.50(10.5%)

$5.94(13.9%)

Weighted Average

$5.10 (11.7%)

$9.87 (22.7%)

Hotel (3A) (30% WWR)

$341(12.1%)

$5.23(18.5%)

Multi -storey Office (5A) (40% WWR)

$3.74(22.8%)

$345(211%)

Singlestorey office (5)(30% WWR)

$329(10.9%)

$7.65(25.4%)

Retail (6B) (30% WWR)

$6.55(15.4%)

$10.86(25.6%)

Hospital Ward (9aC) (30%WWR)

$4.30(14.7%)

$11.63(39.9%)

School (9bH) (30% WWR)

$4.72(15.6%)

$9.24/(30.5%)

Weighted Average

$9.87 (22.7%)

$8.86 (28.3%)

7.3 Limitationsof the Analysis
The key limitations of the econonwide costbenefitanalysis from aowner-occupierperspective are:

1 the (real) cost of capital will vary from firm to firm, and the sensitivity analysis indicates how much
impact this is likely to have.

1 not all building @dsses have been simulated, and therefore the performance ofsnonlated
building classes has been estimated. That said, the major building classes are represented, and
simulating every building class would add significantly to the cost of the analitbisyt\necessarily
adding significant value

1 while NCC2019 is shown to be more eeffective than NCC2016, and much more esi$ective than
the status quo, thigloesnot guarantee that all possible building designs would realise the same
outcomesc there is an extent to which every building design is unique

1 the (real) cost of capital will vary from firm to firm, and the sensitivity analysis indicates how much
impact this is likely to have.

7.4 Conclusion

Overall, we find that NCC20a8sosignificantly outperdrms NCC2018om an owneroccupier perspective
generating consistently higher hprivate benefits and BCRs on all assumptions and sensitivity assumptions
examined.

23 Same as note Footnote 19
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8 Sensitivity Analysis StudiesBuildingConstruction Changes

To explore the influencéhat implementation ofNCC2016 or NCC2019 could have on building forms with
different construction specifications to those used in the core analysis, sensitivity anagsegerformed

on three types of variations to the building construction. These are:

9 Variation to the wall constructionof singlestorey offices. Walls in the core study were based on
singleskin blockwork. In the sensitivity analysis, cladded steel frame walls are considered

9 Variations in the windowto-wall ratio (WWR)of hotels and multistorey offices. In the core study,
WWR ratio for hotels and mulstorey offices were 30% and 40%, respectively. In the sensitivity
analysis

0 Abase case hotel with 50% WWR is compared with NCC2016 and NCC2019 compliant hotel
models wth 30% WWR.

0 Multi-storey offices with larger WWR ratios (56%) are considered (for the base case,
NCC2016 and NCC2019 compliant models).

1 Replacing wall insulation with external wall shadingn the core study, wall insulation is added in
NCC2016 and Ne€l9 compliant models to meet Section J requirements. This sensitivity analysis
investigates the effect of substituting wall insulation with external wall shading.

In this section, the incremental construction casitdpredicted energy ustor each scenagiis reported The

total incremental cost for each of these sensitivity analysis are tabulatdgpendix E.4Further details on

the compliance options and incremental cost analysis for individual building elements compliant construction
are alsoavailable inAppendix E.4Tabulated forms of the predicted energy intensities are provided in
Appendix Fand detailed CBA resslare presented idppendix 1.2

The scenarios related teariation in the WWR and wall construction were also analysed via economic
analysis; this was performed frothe owneroccupier perspectivdNPV and BCR values evaluated for each
scenario are presented

8.1 Wall Construction Variation

This assessment focussed on the sensitivity of the analysise the base case external wall for the small
office building is a clated steel frame construction rather than single skin blockwork. Incremental
construction costs of the small office with steel frame walls are summarise#igure8-1, while the
predicted energy use is shown kigure8-2 (for tabulated incremental costs and energy intensities, see
AppendixE.4.1.landAppendix F.p For reference, both figures also show the incremental cost and predicted
energy use associated with singlorey office with single skin blockwork, which forms part of the core
analysis.
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SingleStoreyOffice with SingleStorey Office with
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# Building Fabric % Building Services (Savings Building Services and ® Design and X Total
- Reduced Plant Capacity Energy Monitoring Consultancy Fees Incremental
Compliance Measures Cost

Figure8-1: Incremental construction costs of NCC2016 and NCC2019 compliance for-stogdy office buildings in Darwin and
Alice Springs, with cladded steel frame wall (sensitivity case). Costings fatalsowith single skin blockwork (core analysis)
included for referencePercentage values shown correspond to the total incremental cost relative to the base case construction

% 60.0 % Z Z 7
% 30.0 % % %

% Base Case® NCC2016 mNCC2019

Figure8-2: Predictedenergy intensity of the base case, NCC2016 and NCC2019 compliant-stogdy office buildings with
cladded steel frame wall (sensitivity case). Costings for models with single skin blockwork (core analysis) included fencefe
Energy intensity for mdels with single skin blockwork (core analysis) has been included for reference.

Changing the wall construction from single skin blockwork to cladded steel frame has an impact on the
compliance options, and hence incremental costs. In the context o280BZompliance, the primary impact

of the change is on the wall compliance itself. Meanwhile, for NCC2019 compliance, both the wall
construction and glazing are affected (since wall and glazing are assessed together). In each of the NCC2016
and NCC2019 ampliance assessments, there is also an impact on the reduced plant capaditissare
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reflected in differences in the incrementaosts for
building fabric and savings from reduced plant capacity,
between the sensitivity case and the core study.
) ) . Further notes on the impacts that using a cladded steel
wall are higher than single skin frame construction has on compliance options, and
blockwork whenSection J NCC2016 and details of the compliant constation along with the

NCQ@019requirementsare implemented. cqonstruction costs are available in Appengi%.1.1

Energy savings in
buildings with cladded steel frame

However, NCC2019 compliant single From an energy intensity perspective, NCC2016 and
storey offices with single skin blockwork NCC2019 compliant models with the claddsteel
are still costeffective, delivering NPVs frame wall construction had similar energy intensities
of $10million in Darwin, and (+/- 1kWh/n¥) compared to those of the core study
$6million in Alice Springs. (singlestorey office with singleskin blockwork walls).
However, the energy savings associated with the
adoption of Sectiod NCC2016 and N@IQ
requirements is greater for cladded steel frame walls.
This is because the energy intensity of the base case model with cladded steel frame walls is higher than
those of the base case with a single skin blockwork wall (6 and 8 k¥ighver in Darwin ad Alice Springs,
respectively).

Table8-1 summarises theeconomywide sensitivity analysifor a small, single storey office building with
steel frame walldrom anowner-occupier perspectivéSeeAppendix For detailedCBAresults). Benefit cost

ratios forthe singlestoreyoffice archetype wittsteeHrame walls are greatehtan 1.0, and larger than those
of the archetype withconventional framing(single skin blockworkin all scenariosThis is because the
increase in the value of savings an owoecupier experiences in the stelehme variant is larger than the

increase irthe incremental cost.

NCC2019 agaisignificantlyoutperforms NCC2016 for this varianthe NCC2019 complaint singterey
office with cladded steel frame osteffective in bothDarwinand Alice Springswhile NCC2016 would be
(marginally) coseffedtive in Alice Springsnly.

Table8-1NPVO Wn n n land BGRF NCC2016 and NCC2019 commlisinglestorey office with cladded steel frame walls and
singleskin blockworkwalls, performed from an ownefoccuger perspective across a 4fear building life cycle.

NPV BCR NPV BCR
Darwin $556 1.0 -$7,079 0.7
Alice Springs ~ $4,156 2.2 $938 1.3

Darwin $25,408 24 $10,025 1.4
Alice Springs  $8,902 3.6 $5,858 25
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8.2 Window to Wall Ratio Variations

8.2.1 Hotels

This assessmehighlights the impact of glazirgn construction costdt also _
shows that thecost of compliance can be significantly reduced by reducing -~ @nstructing a hotel

the proportion of glazingn a building with less glazing will
incur a lower incremental

construction cost required
to meet NCC Section
compliance

In thissensitivity analysichanges to thavindow-to-wall ratio(WWR)of the
hotel model is considered. In the coranalysis WWRfor hotels was kep
constant at 30% across the base case and NCC compliant Easesthe
scenario wherethere is a transition frombase caséhotel with a higher
proportion of glazing50% WWR{p NCQ016 and NCC2019 complidmttels
with lower WWR of 30%s considered.

The 30% WWRcomplianceabsolute costsand energy intensitjor NCC2016 and NCC2019 hsteimain
unchangedrom the core analysidHowever the incremental cost of complian@nd energy savings relative
to the 50% WWHhase casédiffered sincethe base case construction cost and energy intensity of a hotel with
50% WWRs higher tharone witha WWR of 309 he incremental construction costs and predicted energy
intensities are shown iRigure8-3.

Hotel with Base Case WWR of 50% angl Hotelwith Base Case WWR of 30% and

g 120 Compliant Case WWR of 30% Compliant Case WWR of 30%
S 2.1% 1.7%
= 0,
5 80 1.8%
"(7'-) —~
c £
0, - 0,
S F 40 0.5% 0.0% 0.1%
<& -0.4%
c
g 0
g & k R \
= ! N

-40
NCC2016 NCC2019 NCC2016 NCC2019| NCC2016 NCC2019 NCC2016 NCC2019

Darwin Alice Springs Darwin Alice Springs

# Building Fabric # Building Services (Savingsiz Building Services and m Design and X Total
- Reduced Plant Capacity 9 Y SNH@& a2y AGoastltangyFdes Ly ONBYSy il ¢

Figure8-3: Incremental onstruction costs of NCC2016 and NCC2019 compliance for hotels with WWR of 30%, refaibade

case hotel that has a 50% WWR (left). Incremental costings of compliant hotels relative the base case hotel with a WWR of 30%

(core analysis) has been inclad for reference Percentage values shown correspond to the total incremental cost relative to the
base case construction costs

Figure8-3 shows that the incrementalomstruction costs for a base case hotel with more glazing (WWR of
50%) are significantly lower compared to the scenario where the base case hotel has a WWR of 30%. This is
because from a thermal performance perspective, glazing is most energy ineffiai¢of the building fabric

and requires substantial (and costly) upgrades. Reducing the amount of glaridgexternal shading in a

24\/ja decreased WWR.
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building,as also hathe flow-on benefit of reduced HVAC plant <zghence greater savings from reduced
plant capacity).In other words, constructing a hotel with less glazing will incur a lower incremental
construction cost to meet NCC Sectiareduirements

In this sensitivity analysis, the incremental constructiosted NCC2016 and NCC2019 compliant hotels in
Darwin and Alice Springs/hen glazing is reduced from 50% WWR to 30% WAMRwithin +f 1% of the

base case. This is attributed to the following: the combination of increased cost savings, reduced plant
capadaty and decreased incremental construction costs associated with the remaining costing components
(building fabric, building services, energy monitoring compliance measures, and design and consultancy fees)
results in similar construction costs between tb@mpliant models and the base case with 50% WWR. In
addition, there is overall cost savings, albeit marginal, for the hotel in Alice Spi§% (and-0.1% for
NCC2016 and NCC2Qd®npliance respectively

The predicted energy intensities are showrfigure8-4 (seeAppendix For tabulated energy intensities).

180

150
-17.8%
-17.8%

-13.1%
120 213.1%

5 -14.7%

(o]
o

Energy Intensity (kWh/A)
w
(@]

o

Darwin Alice Springs Darwin Alice Springs

Hotel base case WWR of 50% and compliant case YWl base case WWR of 30% and compliant case WW
of 30% of 30%

% Base Case® NCC2016 mNCC2019

Figure8-4: Predicted energy intensityelectricity and gaspf the base case, NCC2016 and NCC2019 compliant hotels, where the
base case hotel has a WWR of (left) 50% and (right) 30%, and NCC2016 and NCC2019 compliagtforrits have a WWR of
30%. Percentage values reflect the difference in energy intensity of the NCC compliant building forms, relative to thealsase c

From an energy perspectivéhe energy intensity of théiotel increases with theproportion of glazingf.
Consequentlyas shownin Figure8-4, the energy savinggealised in the NCC2016 and NCC2019 compliant
hotels are larger when the base cdsetel has 50% WWR, comparedthe base case witB0% WWRThe

results clearly show thd@hcreasing the WWR of the base case model leads to larger energy savings realised
in the NCC2016 and NCC2019 compliant models.

Economywide mstsbenefitanalysisvas canductedfrom an owneroccupier perspectiveA summaryof the
results for the sensitivity case (base case of 50% WéWWRvidedn Table8-2 (further details inAppendix ).
For comparison, results relatdd the core study, where théase caséotel has aWWRof 30%,are also
included inTable8-2. The conditions considered in both the sensitivity and core sty positive NPVSs.

2 due to less heat entering through the glazing

%6 See earlier explanation regarding glazing being the weakest building fabric element from a thermal performance
perspective.
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This indicates that the solution fghly costeffective in all scenarios, although the highh NPVs are for
NCC2019The NPVs for the sensitivity case (50% WWR base case) are larger than those of the core study
(30% WWR base case), indicating that a transition from hotels with larger proportion of glazing to one with
lower amount of glazingnd compliant with NCC2016 and NCC204%9nore cost effective.

Where hcremental costs arshown as neglive in theTable8-206%eO2 a 1 ¢ A Yy ( Ki8sindicates O2 f dz
that there is anet saving in construction castelative to the base casethis applies to thehotel model in
Alice Springs, as discusssatlier.

Table8-2b t + 0820822)1and BCR of NCC2016 and NCC2019 aminiplitel with 30% WWRwhere the base case hotel has a
WWR of 50% and 30%performed from an ownefoccupier perspective across a4@ar building life cycle.

NPV BCR NPV BCR
Darwin $26,581 10.2 $7,366 1.6
Alice Springs $10,599 NA ¢ve cost) $1,033 1.6
Darwin $29,385 211.2 $9,051 1.8
Alice Springs $11,575 NA {ve cost) $1,847 1.8

8.2.2 Multi-Storey Office

This assessment focussed on the case where a-statey office building has a windete-wall ratio of 56%

(in both the base case and compliance ca&dj6% WWR was selected as it wasenario tested in national
regulatory Impact studied.otal compliance costs are showrHigure8-5, while the predicted energy usage

is shown irFigure8-6. For reference, the incremental costs and energy usage of the model with 40% WWR,
which was used in the core study, are also shown in the figures.

The totalincremental cost for compliance of a mudtiorey office with 56% WWR is higher than the case of

a 40%WWR, except for the NCC2016 compliant mstibirey building in Alice Springs. Increasing the WWR
ratio of a multistorey office had a direct impact ongltompliance and cost of the glaziwgen considering
NCC2016and of wall and glazing when consideriNgC2019 compliarc For NCC2016 and NCC2019
compliance, higher performance glazing is required in the 56% WWR case than the 40% WWR case.
Compared to tk core study (40% WWR), the combination of higher performance glezinged and larger

glazing areas results in higher incremental construction costs associated with glazing. In contrast, and as
expected, the incremental wall construction costs aredowince the wall area is smaller. While buildings

with larger WWR require larger mechanical plant capacities, the reduction in plant capacity upon adopting
Section J NCC2016 and NCC2019 requirements is also larger; this in turn translates to gresasingsst

from the reduced plant capacities.

Pageb8o0f 218



REP00524-05NCC Section J in th&N m DELTAQ
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Figure8-5: Incremental construction costs of NCC2016 and NCC2019 compliance forstarkiy office buildings in Darwin and
Alice Springs, with 56% WWR (left)o&ings for models with 40% WWR (right, core analysis) included for refereReecentage
values shown correspond to the total incremental cost relative to the base case construction costs.
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Figure8-6: Predicted energy intensity of the base case, NCC2016 and NCC2019 compliarstondii office buildings with (left)
56% WWR. Energy intensity for models with 40% WWR (right, core analysis) has been included for reference.

The energy intensity of NCC2016 and NCC2019 compliant models witllV¥8Roare close tdout slightly
higher than those of the building modekith 40%WWR (2.2 kWh/rhhigher for NCC2016 compliant offices
in Alice Springs, and within +1kWh/m? for all other cases)Despite this, greateenergy savingsvere
realisedin multi-storey office buildingnodels withlargerWWRs. This is attributed to the base case model
with 56% WWR being more energy intensive than a building with 40% WWR.

The economywide sensitivity analysis from an owneccupier perspective for a mulsitorey office building
with 56% WWR is summarisedTiable8-3 (further details inAppendix ). The multistorey office with a 56%
WWR s costeffective in bothAlice Springs and Darwifhe highest NPVs generally occur for NCC20h@
exception is that the NPV is a little higher for NCC2028ide Springsas the incremental costs for this form
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are lower than for NCC2010y S LINBASy (i @It dzS Ay ONBY
Buildings with for NCC2016 is3¥039, compared to $,573in the case of NCC201%ore
lower WWR are than offsetting the lower energy savingdowever, in total, the NPV for
more favourable, NCC2019 is 54% higher than for NQ®2
with higher NPV

This sensitivity analyses demonstrates that NCC2016 and NCC2019 Section J
and BCR

compliant design variations are cost effective with a higher WWR (56%).

Table 83Y bt + 0@Fand BARf NCC2016 and NCC2019 camhphiulti-storey office with 56%
and 40% WWRs, performed from an owneccupier perspective across a4@ar building life cycle.

NPV NPV
Darwin $34,633 2.5 $35,378 3.0
Alice Springs $3,939 2.7 $2,302 1.9
Darwin $49,234 3.3 $48,955 3.8
Alice Springs $3,573 2.1 $1,958 1.8

8.3 Wall Insulation vs External Wall Shading

This assessment focussed on sensitivity of the analysis to the caseeaxitemeal wall shading structures are

used in lieu of installing externalall insulationasrequired by the 2016 and 2019 cod&he aim of this
analysis was tvestigate if the wall shading can have the same or better effect than wall insulation required
by NCC2016 and NCC2019. The energy use of a building model with and without wall insuldtion and
external shading was simulated’he singlestorey office buding with 30% WWR was used in this
investigation, with NCC2016 and NCC2019 compliant forms used as the reference point for comparison. The
predicted energy use for the building form with insulation, and without external wall shading was compared
to predided energy use of the corresponding model after the removal of wall insulation and addition of
external wall shading. Two shading scenarios were considered:

9 Vertical shading¢ this can be provided by structures such as louvered horizontal shades.
For maimum shading, opaque shading with the same height as the wall, on all external walls without
windows, was modelled.

9 Horizontal shadingg this can be provided by structures such as welas orextended eavesFor
maximum shading, the depth of the horizohthading was modelled as the same height as the wall.

Simulations on the building modeith and without windowswere also performed. Results from the model
without windows eliminate the shading effect on the windo(@s whdowstend to dominateheat transfer
through the combined wall/window structujendtherefore provides abetter insight intothe effect ofjust
replacing wall insulation with external shading. The modelling geometries used are shbignreB-7.

The predicted energy use for a singterey office with and without wall insulation, external shading and
windows are shown ifigure8-8.

The key result shown iRigure8-8 is that in all cases without windows, tiwashadednsulated wall

outperforms theshadeduninsulatedwall. An uninsulated building with external shadings found to
consume between 1.21.6%higher energy intensity compared to an insulated building in Darwin 2ahid
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9.7% higher energy intensity in Alice Sprifdse larger difference in energy intensity for Alice Springs,
compared to Darwin is attributed to larger heating energy requiretaém Alice Springs (cooler evening
temperatures).This indicates that shading is ragt effective as wall insulation.

In the scenarios with windowshe results are more ambiguouith often only small differencesn energy
intensity between the shaded/uninsulated andshaded/insulated cass;energy intensities for theertical
shading casare consistenthhigherthan the unshaded/insulatedase, while thénorizontal shading

performs very marginally better than ¢hinsulated wall case in three out of four scenarfosmparison

with the windowless scenarios shows however that these results reflect the impact of shading on windows
rather than the effect of shading on walls.

Overall, thereforethe analysis demonstrates that there is ezidence to support thénclusion of an NT
specific amendment to Section &é&nedTo-Satisfyrequirementspermit the substitution of shading as an
alternative to wall insulation. This does nbbwever prevent piojects from electing to implement such
design choicesasalternativeVerification Methods (such as J\{8pvidea compliance pathway for such
decisions

External Wall Insulation Present No External Wall Insulation.
No external wall shading, Vertical wall shading, Horizontal wall shading,
with windows with windows with windows.
No external wall shading, Horizontal shading, Horizontal shading,
without windows without windows without windows

Figure8-7: Modelled geometry for singlestorey office building with and without external wall shadinghorizontal and vertical
shading, coloured green), and with and without windows. Structures with external wall insulation have no wall shading.
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Figure8-8: Predicted annual energintensities of a NCC2016 and NCC2019 compliant small office with and without wall

insulation and external wall shading. Percentage values shown describe the difference in energy intensity of the model with

shading and without wall insulation, relative totte energy intensity of the model with wall insulation and no external wall

shading.
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9 Impacts of Section J Introduction in the NT

Throughout this report, the codienefit analysis results have demonstrated a strong positive case for the
adoption of minimumenergy efficiency standarder non-residential buildingsspecifically the NCC2019
Section J, in the NT. In this sectiather impacts and practicality dmplementing such regulatioare
discussed and examined.

9.1 Stakeholders Affected

NT buildingreguia A 2 ya NBO23yAasS (g2 WIASNBQEI 2NJ NBIA2ya gA
that Section J, if adopted, would apply in all declabedding control areasligned with the application of

the other sections of the NCQess than 4% of me building floor area is estimated to be outsibailding

control areas Simply put, the NCC2019 Section J requirements will apply tereswtential building
construction projectswith majority of affected buildings anticipated to be in the Tier 1 regiwith 67% of

the total Tier 1 and Tier 2 floor area falling within the DKIS electricity network area. For more detailed building
stock projection, refer td\ppendixG.2.5

Stakeholderén these locationshat will be directly affected by the proposed changes include:

1 Require familiarity with detail of the Section J requirements
o Engineers
0 Building certifiers
o Architects
o Equipment and building material suppliers
o Goverment- Northern Territory
1 Require sufficient higlhevel knowledge to change procurement practices
o Owner
o DeveloperfBuilders

The adoption of Section J wouldrgely impact owners and developers of office, educat retail
buildings, which comprised 64% of building approvals in FY20#0predominant stakeholders for these
building types are expected to be private, with education and some office buildings lilkelgdéonmissioned
by the Government.

Many industy stakeholdersshould already be familiar with the N2 6 Section equirements’, as
compliance has recently been required for:

1 Large private sector office buildings built for NT Government leasing (for example the Charles Darwin
Centre and Manund®ace)

1 Selected NT Government owned buildingigch Palmerston Regional Hospital

The majority of Defence buildings built in the Northern Territory

1 All new NT Government buildings over $3 million (or that meet other critdgalgned after 1 May
2021 as part ofthe Department of Infrastructure, Manning andLogisticsSustainability Minimum
Design Standards

=

27 Noting Section J requirementsddnot change from NCC2010 to NCC2016
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The NCC Section J requirements transceradiet and professional boundariesvithin the construction
industry. Specifically, the Section J Part J1 building fabric requirements directly irdpaigners and
architects, Part J3 building sealing requiremeatdfect builders andParts J5 to J8ffect all practitioners in

the building services (electrical, mechanical, hydraulics and building controls) industry. Within the supply
chain, equipment manufacturers will need to respond by increasing suppbfficfent materials and
equipment to the NTeither by creating local distribution partnerships or by local manufacture, due to rising
demandc particularly efficient glazing, building materials, chillers or variapleed drives.

If NCC2019 is adopted, architects and designers will need to leavrtdhose the ABCB NCC2019 facade
calculator or equivalent industry tooldrurthermore, the sensitivity analysis conducted S$ection 8
demonstrates that certain ardectural design decisions, such as the extent of glazing used, can radically
change the balance of cesffectiveness. In fact, the example of the hatelscribed in Sectio.2.1clearly
demonstrates that building an energy efficient NCC26d8pliant hotel, with 20% less glass, will be cheaper

to construct overall, not to mention the significant operational energy cost savings that could accrue to the
hotel owner/operator. All stakeholders, particularly architects, designers and owaeelopers, should
carefully consider such opportunitiés any decisions

For at least larger projects, local and interstate experience is that specialist Ecologically Sustainable
Development (ESD) consultants work with designers to verify Section J compRewant large Section J
compliant NT projects have used interstate ESD consultants however, if Section J is adopted in the NT, the
creation of local jobs in this area can be eged.

While they have the technical competencies to interpret the requirements, and design accordingly, engineers
will also need to be upskilled to provide the compliance reporting.

Building certifiers areritical stakeholders in respect to the achievemh of the private and social benefits of
Section J implementation. Buildimgrtifiersare licensed byhe NT Building Practitioners Boal provide
building approvalsGiven the breadth of topics that building certifiers need to be across to confirm
compliance, they are, to a certain extent, dependent on other professionals supplying a design that has been
verified to meet Section J compliance in each disciplingimmensely important thabuildingcertifiers are
upskilled sufficiently so that theyogsess the technicabmpetencyto interpret design documentatioand

check that designdo genuinely meet Section J requiremerdaad reviewcompliance reports.

Last but not least, government bodies such as the Department of Infrastructure, Planning and Laayistics,
the policy lever and enablers for Section J successful implementation.

9.2 Avalilability of Resources to Assist Stakeholders

DeltaQ recently completed a stktake of NC@elated information publicly available for the Commonwealth
Government. Our research found thatost of the information related to NCC training and compliance can

be found on the ABCB website, which included detailed documentation such dangeito the NCC,
understanding NCC series factsheets, supporting calculators (particularly those to supplement new building
fabric thermal bridging calculations) and many case studies. The ABCB Resource Library should be considered
a onestop shop for aINCC related information and training materials.

For any industry bodies or government seeking to provide training to practitioners, the R8CBTutor
feature on the ABCB websit@cludes training materialthat can be used to upskill practitionefBheNCC
Tutor feature encompasses 17 learning moduésed to facilitate progressive learning and systematic
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understanding of the NCC. Each module consists of a PowerPoint presentation with activities and detailed
facilitator notes to help create interestirgnd interactive lessons. These modules are offered at a Diploma
and Certificate 1V level, and are mapped to units of competency for Construction, Plumbing and Services, and
Property Services.

The Australian Institute of Refrigeration, Aipnditioning andHeating (AIRAH periodically runs gaid
Section J compliance training cours@erating as small (typically up to 25 people)pirson classeand
during COVID, asebinars.In FY2020, AIRAH alsm a Section J case stuifreamlinewebinar serieshat
were recorded accompanied by case studies published in their magazine Ecolittiiomrever, these case
studies and webinar series are only available to membEwpics covered included pumps, fans, ductwork,
facades, economy cycle and outside air requiratee@nd how practitioners can use Verification Methods to
comply instead of the Deemeth-Satisfy pathway.

9.3 Options for NT Government Assistance
The following optionscould be considered by the NT Governmémtsupport the rolout of new Section J
requirements

a)

b)

d)

Collaborate with industry peak bodies to provide training seminavss a first point of call, we
recommend that the NT Government liaise with the loodlstry associations, suchti® Australian
Institute of Architects, the Building Designers Association of AustreliRéAH and Master Builders
Australia to organise training semina¥ghile Section J applies to all commercial buildings, particular
focus should be placed on implications for officeducation and retail buildings classes, which
comprisemore than60% of new building approvals

Develop N¥specific case study material§his may include specific illustrations of wall, floor and
ceiling constructions suitable for NT conditions. The nMeedNT-specific case study materials arises
because majority of the case studies available in the public domain has focussed on temperate
climates, and not N§pecific climate conditionand design/construction practice€onsequently,

the development ofNT-specific case studies will ensure that resources relevant to Section J
compliant requirements in the NT are available. We note that the DIPL Building Sustainable Design
Guidelines is an excellent starting point for expansion of these case studies.

Regster and train practitionerssuch as building certifiersThis may include introducing compulsory
Continuing Professional Development (CPD) credits dedicated tarBiGiGg.

Allocation ofbudget for government implementation and supporfs the introducion of Section J

in the NT will be novel, adequate support and resources will be required to suppaultiwait. The

cost benefit analysis includes $500,000 per annum (under Appe@d&4 for positions for the
administration of new aspects of the Codad development of relevant education and training
material.
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10 Conclusion

To assess the implications of adopting Section J in theldifigein construction cost anénergyintensity
between the base case archetypes and NCC2016 and NC2019 compliant building archatgpbsen
determined. Thisprocessrequired definition of base case archetypesompletion ofa gap analysis to
determine areas the base caaechetypesare norcompliant in,and performance oénaly®s todetermine
the leastcost compliant construction details. The outputs of theselyses were used tihe determined
incremental construction cost associated with a compliant buildinghetype andmodel the changes to
building energy intensity

The incremental construction casat a building levefor adopting NCC2016 and NCC2019 wess than
2.6% and2.4%, respectively. Tésefiguresincludechanges to the building fabrand serviceplus associated
design consultd (i fee®. While the incremental construction casfor NCC201%re similar to those of
NCC2016, energy modelling resuindicatesthat NCC2019 leads tsignificantlylarger energy savings.
Adoption of NCC2019 energy performameguirements results ienergy savingéin kwWh/n¥) of 13 ¢ 40%
(averags at B% across all buildingrchetypesin Darwin, and 29% for Alice SprihgEnergy savings
(kWh/m?) associated with NCC2016 were present, albeit low&@27% (2% for Darwin and726 forAlice

Spring$.

Through conducting a costenefit analysiswe find that NCC2019 signifitity outperforms NCC2016
Adopting NCC201®om FY2023, in both Tier 1 and Tier 2 areas, wgalterate positive net benefits from
both societal and owneoccupier perspectivegn allcore scenarios and assumptions examin#dL00% of
the modelled energy savings are realised, NCC2019 produces a net social toertbét NTof $276million
(present value), with a BCR 063This is2.7 three times the socialNPV associated with implementing
NCC2016 @@3million at a BCR &.0). From an ower-occupier perspective NCC2019 will have a biffst
under $£95million (BCR 08.8) which isalso 2.7times larger than that of NCC2016L(Bmillion at a BCR of
2.0). Evenwhen modellinghe leastfavourable settings at the same time to, demonstratethe worstcase
scenario, NCC2019 remaissteffective from both the social and ownerccupierperspectiveg$89million
and at $.04million, and BCRs ofdand?2.0, respectively)Under the same worsease scenario assumptions
the net social and private benefits of NCC2016 would bothdsitive, but significantly small¢at $6million
and $Bmillion respectivelyy, both scenarios having a BCR df. 1.

The costbenefit results indicate a strong case for the adoption of NCC2019 in tNg. We
recommend that the NT Governmerntroduce the NCC2019 Section J requirements
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Appendix B ¢ Base Case Modelling Parametersand Assumptions
This sectiorcontains informatioron the base case constructicandenergy modelling parameters

Appendix B.1 Base CasParameters

B.1.1 Determination of the Base Case Construction

¢tKS RSGSNN¥YAYFGAZ2Y 2F | aolasS OFaSé g1 -haseddydngzOl SR
industry professionals:

Sunbuild (Darwitbased builder)

FRM Refrigeration (Darwimased airconditioning and electrical services provider)

Coldzap (Alice Springpmsed airconditioning and electrical services provider)
Hoogland Consult (Darwipased energy efficiency consultancy)

=A =4 =4 =

¢KS 3ISYSNIft FLILINRBIOK ¢ a G 2coiRtBuGidh ofiarprd/ateideveldapSentiord S ¢
each respective archetype, where the developer has no specific requirements for energy performance. The
rationale of this approach was to target the cdmnefit analyses at developments that the adoption of

Section J would have the greatest regulatory impact on, rather than higimek commercial or government
developments thatmay alreadybe comparable to Section J. Note however that the base £asre not

designed to represent the lowest end of the marktA (0 K S NE 0 dzifor-INIZNUKZSINS £ | GOBA
developmeni G Kl G NBLINBaSyd Ay Rdsud bikperidd@yint eadh @éadoNR Q 0 dza Ay

In the case of the Hospital Ward buildirgohetype 9aC), the base case building services design concept was
developed with a relatively higher focus on energy efficiency than that of the other archetypes, to better
represent the reality that NT buildings in this class are most likely developed by private-ovaugriers or
government entities.

174

Note with respect to multi-storey/high-rise building archetypes in Alic¢
Springs.

The scope of this study focussed on six building archetypes in both Alice Springs and Darwin. Two of
the archetypes were 10 storeys high. For simplicity of the scope, the general layouseotvitos
buildings were unchanged in the Alice Springs models, despite those buildings being abovg height
restrictions of their jurisdiction. Acknowledging that fact, assumptions regarding the building sérvices
2F OGKSRAEAKEIRdzA f RA Y Bré treatgd as thohgh Be Huildings yweBezactually only

five storeys.

B.1.2 Building Fabric

Base case building fabric construction in Darwin was generally deemed to be equivalent to that of Alice
SpringsUnless specifically noted, the building fabric desarimibelow apply to the base case in both Alice
Springs and Darwin
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