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1 Executive Summary

This report is the Interim Technical Report for the Building Code Energy Performance Trajectory Project. It accompanies
the Interim Synthesis Report for the Building Code Energy Performance Trajectory Project, entitled The Bottom Line —
the household impacts of delaying improved energy requirements in the Building Code and which was published on the
8" of February 2018, providing more detail on the assumptions behind and the preliminary results from the underlying
modelling work.

The report provides the following key items:

1. Background, context and methodology for the study.

2. Review of parameters used in the economic assessment.

3. Preliminary baseline results for residential building energy modelling.

4. Preliminary benefit costs analyses for potential residential construction upgrades.

5. Preliminary modelling results for residential building energy modelling, incorporating
improvements that are currently cost-beneficial.

6. Assumptions for the non-residential (commercial) building energy modelling.

7. Preliminary stock model projections of the impact of proposed residential upgrades at state,
territory and national levels.
This study assessed a range of simple energy efficiency opportunities across three building types (detached, attached
and apartment), and three climate zones covering Australia’s largest population centres. It sought to identify improved
energy efficiency measures for which the capital cost is outweighed by financial benefits (‘cost-effective’) from a societal
perspective over the lifetime of the relevant building elements, in most cases a 10-15 year period.

It considered opportunities to improve efficiency of the building ‘fabric’ (walls, ceilings, windows etc.) and fixed equipment
(hot water, lighting), but not plug-in appliances, which are regulated separately. Results presented in this report are
preliminary, and a number of improvement opportunities remain under investigation.

The analysis used conservative assumptions and focused on simple lowest common denominator opportunities to
improve energy efficiency.

Importantly, the analysis did not consider opportunities for accelerated adoption of best practice building design for
energy efficiency, such as optimal building orientation and window sizing and placement.

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

e Improved air tightness, ceiling fans and roof insulation were the most cost-effective measures identified, with
variations across the different building types and climate zones. Of the cost- effective improvements, measures to
reduce infiltration are the most significant building ‘fabric’ measure.

e Combined, these cost-effective measures could reduce energy consumption for heating and cooling by an estimated
28 to 51 per cent across a range of housing types and climates. This is equivalent to between 1 and 2.5 Stars on the
NatHERS scheme.

¢ A high-level analysis of solar photovoltaics (PV) suggests that it is now highly economic. For buildings where solar
access is available, PV is economic to the point that 60-70% of the generated energy is being exported under today’'s
economics. However, it should be noted that PV does not of itself deliver a range of other co-benefits provided by
the other energy efficiency measures modelled in this study, such as comfort, health and resilience, and faces a
number of implementation challenges.

e Lighting and domestic hot water have potential for cost-effective upgrade in the mid-term, but is not immediately cost-
effective on the economic analysis used for this study.

This research is funded by the CRC for Low Carbon Living Ltd supported by the Cooperative Research Centres program,

an Australian Government initiative. The authors would also like to acknowledge the contributions of the Australian

Sustainable Built Environment Council (ASBEC) and ClimateWorks Australia to this study.
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2 Introduction

2.1 Project Context

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

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

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

This project - the Building Code Energy Performance Trajectory project — is a partnership between ASBEC and
ClimateWorks Australia. The project intends to bring together researchers, key industry stakeholders and government
policy makers to develop an industry-led evidence base for the adoption of ambitious long-term targets and forward
trajectories for progressive increases in energy performance for new building work under the Code.

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

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

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

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

e Projected increases in energy costs.

In line with current government process, there has to be an economic justification for all measures included in the

trajectory, hence the methodology for this study includes cost-benefit analysis. However, in considering the economics,

barriers such as split incentives between builders and owners are ignored as it is these economic distortions that the

NCC has to address to produce optimal societal outcomes. Economic analysis is only one of many factors to be

considered when making decisions about changes in the NCC energy requirements.

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

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

! Australian Sustainable Built Environment Council (ASBEC). 2016. Low Carbon, High Performance. ASBEC, Australia.
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e Develop a baseline case of energy efficiency measures that are cost effective today.

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

o Develop a timeline of decreasing energy intensity based on the projected forward trajectory.

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

refurbishment.

e Develop an understanding of the technological and economic barriers that need to be addressed to bring critical
technologies into economic feasibility.

2.3 Project Outline

This project consists of two distinct parallel streams, being residential and commercial (i.e. non-residential). These two
streams have similar overall structure but differ in detail due to the fact that significant work has already been undertaken
to determine current cost-effective opportunities to increase of energy requirements for commercial buildings as part of
the update of the NCC2019 led by the Australian Building Codes Board (ABCB), while no such work has been
undertaken for residential buildings.

2.4 Interim Report Context
This Interim Technical Report is intended to deliver the following key components of the project:

el A\

5.

The basis of economic analysis to be used in the project.

The basis of technical analysis to be used in the project.

Preliminary results for proposed current cost-effective measures for residential buildings.

Recap of current cost-effective measures for commercial building, based on previous work by
Energy Action for the ABCB.

Preliminary results for projection of the impact of current cost-effective energy efficiency
measures (for residential buildings) on the national, state and territory building stock energy use.

Final results, and the development of the forward trajectories beyond what is currently cost-effective will be covered in
the Final Technical Report, to be published in mid-2018.
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3 Economic Assumptions

3.1 Energy Costs

The national electricity and gas prices are derived from previous work by CSIRO completed during the Electricity
Network Transformation Roadmap — ENTR?2. For the baseline scenario of the trajectory project, data outputs from the
Roadmap scenario were used. A key feature of the Roadmap scenario was that the electricity sector does more than its
proportional share of current national abatement targets (i.e. achieving 40% below 2005 levels by 2030) and accelerates
that trajectory by 2050 to reach zero net emissions.

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

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

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

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

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

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

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

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

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

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

The national average emission intensity of grid electricity falls from its current level of around 0.78 tCO2-e/MWh to
around 0.09 tCO2-e/MWh by 2050. The calculated price paths are shown in Figure 1.

2 http://www.energynetworks.com.au/electricity-network-transformation-roadmap
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Figure 1. Calculated price paths for electricity

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

3.1.1 Discussion — Energy Costs

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

However, network costs are ‘sticky’ rather than unavoidable. The Australian Energy Regular can reduce network
charges, and indeed has been very actively doing so in recent years, as a delayed response to inflated demand growth
and related cost growth projections by networks.34 If network businesses imagined their revenues could not fall when
their product is over-priced, then they are being reminded otherwise at present.> As with most businesses, when
projected demand fails to materialise, revenues can indeed fall and fall sharply. At most, we could say that network
costs are avoidable with a lag. The length of the lag would depend upon the sharpness of regulatory oversight, but
would be unlikely to exceed 2 - 3 years, and such delays will rarely be material in the context of long-term social benefit
cost analysis.®

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

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

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

5 Houston Kemp, Residential Building Regulatory Impact Statement Methodology, April 2017, pp 14 — 15.
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3.1.2 Discussion — Shadow Carbon Price

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

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

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

Nevertheless, including shadow carbon prices is accepted practice in social benefit cost analysis. For example, shadow
carbon prices (central, high and low) were developed by ACIL Allen in the context of the Climate Change Authority’s
2013 Targets and Progress Review — see Figure 2. While these values date from 2013, the Australian Government has
not updated these values since, and indeed they remain the consultant's assumptions, rather than officially-endorsed
values. The ‘central policy scenario’ is taken as the default option for this project, but we note that this scenario suggests
lower values than those used by Energy Networks Australia and CSIRO for their Electricity Network Transformation
Roadmap — which uses values closer to the ‘high carbon price’ scenario.

"IPCC, 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups |, 1l and Ill to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change, p. 16
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Figure 2. Shadow carbon price projections — ACIL Allen. The carbon price used for this study runs from $30/t in 2020 to $190/t in 2050, making it
an intermediate case between the central and high price scenarios

3.2 Economic Methodology

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

3.2.1 Baseline Economic Scenario
The baseline economic methodology makes the following assumptions:

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

Electricity prices are as calculated in Section 3.1.

Discount rate is 7%, reflecting standard practice for government economic assessments.
Avoided network augmentation costs are priced at $963/kW, falling to around $905/kW by 2050
(see section 3.1).

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

i N

3.2.1.1  Discussion — Discount Rates

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

8 COAG, Best Practice Regulation: a guide for ministerial councils and national standard setting bodies, October 2007.
9 Australian Government Department of the Prime Minister and Cabinet, Office of Best Practice Regulation, Cost-Benefit Analysis
Guidance Note, February 2016.
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3.2.2 Benefit Cost Analysis Criterion
In line with the criteria used by Energy Action for the NCC 2019 work for commercial buildings, a measure is deemed
acceptable if:

a) It achieves the highest energy savings available for that measure; and
b) It has a benefit cost ratio in the region 1-1.5.

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

1. The base year is moved forward 5, 10 and 15 years

2. Baseline technology costs are adjusted, as relevant, to allow for learning rates

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

4. Discount rate is 7%, reflecting standard government practice

5. Avoided network augmentation costs are priced at the rate current for the year of implementation.

6. Learning rates are considered for both the cost of technology and the efficiency of technology,

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

3.2.3.1  Discussion — Learning Rates

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

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

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

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

The principal difficulty in applying learning rates to anticipated future Code changes is a lack of hard data on the rate of

past and anticipated future cost and performance trends for building components, construction techniques and designs.

While it is possible to obtain quotes or other sources of information on building products and elements — like lighting

components, windows and chillers — there is considerable uncertainty about the effect of volume discounts. Actual prices

paid, particularly by larger or volume builders, are likely to be much lower than suppliers will provide quotes for — when
they do not have the prospect of volume sales to justify lower margins.

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

L LOW CARBON LIVING |
"<"® CRC



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

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

Thus, while intuitively it is relatively straightforward to posit the existence of learning rates, and to build these into
regulatory benefit cost analysis, finding hard evidence with which to quantify rates is extremely problematic. Houston
Kemp in their Residential RIS Methodology report recommended applying a ‘cost efficiency rate’ of 2% per year, unless
better information is available.1° In this project, we have captured data from suppliers, quantity surveyors and other
sources on the change in real prices for building elements where real prices are changing rapidly, such as LED lighting.
For most building products, markets in Australia are more mature and real price changes are not significant. Research
by Strategy. Policy. Research. found that a basket of 150 building products had declined in real terms by just 0.2% per
year, on a sales-weighted average basis, over the 2004 — 2016 period. Given that this includes LED lighting, we have
not applied learning rates to other products.

3.3 Cost Modelling

Cost modelling for all measures is built up from the following sources:

e Contractor pricing of systems

e Retail and trade pricing of components

e Quantity surveyor pricing

e Rawlinson’s Australian Construction Handbook 1

The methodology for cost estimation is described in more detail in the presentation of each measure.

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

3.4 Other Costs and Benefits Included

3.4.1  Costs and Benefits Included
For this analysis, the only additional cost/benefit considered is the change in size of air-conditioning plant!2.

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

19 Houston Kemp, Residential Buildings Regulatory Impact Statement Methodology, April 2017, pp iv - v.
1 Rawlinson’s Australian Construction Handbook, Rawlinsons Publishing, Edition 35, 2017
2 This is in addition to the avoided network augmentation costs discussed in Section 3.1
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Figure 3. Cost of air-conditioning systems™?

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

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

e Higher building values and rental yields

e Higher worker productivity/reduced lost time through illness

e For residential buildings, improved occupant health outcomes and reduced health system costs

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

On the other hand, some would claim that higher energy performance regulation may also involve additional costs that

may or may not be explicitly accounted for in benefit cost analysis. These could include:

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

e The costs associated with modifying designs and re-verifying compliance

e Costs associated with retraining personnel to acquire necessary knowledge/skills to comply with new standards

e Additional financing costs (where additional capital expenditure is required)

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

e Potential negative implications for competition

e Incremental costs to government, e.g. associated with developing and applying a new standard.

The general guidance about the scope of both benefits and costs that should be included in benefit cost analysis, for

regulatory impact assessment purposes, includes observations such as:

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

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

e To identify costs or benefits attributable to a regulatory change, a clear chain of causation must be established

e Where they are relevant, productivity improvements should be included

¢ Non-marketed ‘health, environmental or other social benefits’ should be included

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

Essentially, there are no hard-and-fast rules on whether or not certain classes of (potential) social benefit or cost should

be included or examined — the extent is context-dependent.

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

Second, the extent of benefits may be contingent on factors such as the starting point efficiency/energy performance, the
quantum of performance improvement that is mooted, and the extent to which it is possible to establish a causal link

between the effect and the building Code change. Practically, the limited extent of buildings research in Australia means
that evidence on many of the above factors is limited and not able to be relied upon for regulatory assessment purposes.

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

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

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

16 Australian Government, Department of the Prime Minister and Cabinet, Office of Best Practice Regulation, Cost Benefit Analysis
Guidance Note, February 2016, p. 13.
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4 Residential Modelling

4.1 Methodology

This section summarises the modelling approach for the residential building archetypes. Three baseline archetype
models were developed in consultation with project stakeholders to represent a detached house, and attached house
and a single mid-level apartment compliant with the current NCC energy requirements (further details are provided in
Section 4.2 and 4.3).

For this project, the program of work has been broken into three stages:

e One-Dimensional Analysis: The sensitivity of the energy efficiency of each building archetype to changes in each
of the identified building element/design factors was assessed on a one-dimensional basis, i.e. varying one design
parameter while holding others constant. This approach was designed to provide an overall picture of the importance
of key building components and parameters in improving the energy efficiency of the building. The one-dimensional
analysis was completed in two steps: an energy analysis to determine the energy impacts of each element; and an
economic analysis to estimate the cost-effectiveness of each measure based on the energy modelling results. The
results from the one-dimensional energy analysis are summarised in Section 4.5, while the results from the one-
dimensional economic analysis are summarised in Section 4.6.

e Multi-Dimensional Analysis: A range of scenario models will be completed, taking the most effective technologies
identified for that building archetype from the one-dimensional analysis, and integrating them into a package of
measures that cover existing technologies that are found to be cost-effective on current economic assumptions. The
multi-dimensional analysis is still in progress, but preliminary results are provided in Section 4.7.

e Trajectory Analysis: Similar to the multi-dimensional analysis, but instead of limiting the analysis to what's currently
cost effective, the project team will consider progressively stringent packages to be evaluated in respect of cost-
effectiveness and likely future availability of technology. These packages can be characterised as: i) a conservative
scenario employing existing technologies with extrapolations of current efficiency trends and economics, and ii) an
ambitious scenario with relaxed economic criteria to assess the potential opportunity if costs or technologies improve
faster. The trajectory analysis is outside the scope of this Interim Technical Report, but the results will be set out in
the Final Report to be published in mid-2018. Section 7 provides a high-level summary of the approach to the
trajectory analysis.

4.2 Archetypes

Archetypes were developed to represent simplified versions of typical buildings with a range of surface-area to volume
ratio (bracketing the range of exposure to outdoor weather conditions), and were designed to characterise the energy
performance of typical building types under typical operational conditions. There were three residential archetypes
modelled (refer to Table 1) and used to benchmark the energy efficiency trajectory analysis within the Building Code
Energy Performance Trajectory project.

Table 1. Residential Archetypes.

Building type Description

Standalone detached house Class 1A, Single Level, Gross floor area = 190 m?, 21.7 x
12.7 m, 2.4 m ceilings, Surface-to-Volume ratio = 1.17

Attached townhouse Class 1A, Two storey, Gross floor area = 127 m?, 10.1 x 7.3
m, 2.4 m ceilings, Surface-to-Volume ratio = 0.51

Residential apartment Class 2, Mid-level apartment, Gross floor area = 75 m?, 15.2
X 7.4 m, 2.7 m ceilings, Surface-to-Volume ratio = 0.39
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The archetype models and major inputs and assumptions (including form details, construction details and operation
details) used for each archetype are presented in Appendix A. The archetypes were adjusted in response to feedback
from the project’s Technical Advisory Group (TAG). Refer to Appendix J for a sample of the TAG feedback provided..

Each archetype was developed to enable ‘single-dimensional’ energy efficiency performance measures to be applied at
various levels of stringency using a baseline of NCC 2016 requirements. The archetypes were modelled using AccuRate
Sustainability software, a building rating tool accredited under the Nationwide House Energy Rating Scheme (NatHERS).

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

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

e Zone 2: Warm humid summer, mild winter;
e Zone 5: Warm temperate; and
e Zone 6: Mild temperate.

4.3 Baselines

The baseline detached and attached archetypes were modified to comply with the National Construction Code 2016
Deemed-to-Satisfy (DtS) Elemental Provisions. As there are no DtS Elemental Provisions for Class 2 (apartment)
buildings, the apartment archetype baseline was modelled at an Equivalent 6 Star rating under the National Home
Energy Rating Scheme (NatHERS). For all archetypes the baseline simulations incorporated the air tightness
benchmark of approximately 15 ACH at 50Pa (matching the blower door field test results of CSIRO?) so that the impact
of the improvement in air tightness of the buildings could be modelled appropriately (further details provided in Section
4.3.1). Glazing types for baseline models were initially based on details of typical windows as provided by the Technical
Advisory Group (TAG). This was later adjusted to ensure better alignment with the Code DtS requirements. DtS
requirements for glazing were determined using the NCC Glazing Calculator Spreadsheet ensuring that glazing met DtS
requirements for at least one orientation for each archetype, in each climate zone (Refer to Appendix M).

The Equivalent Star Ratings of the majority of the baseline archetype models used were approximately NatHERS 6
Stars, for each of the three climate zones considered (Climate Zones 2, 5, and 6).

4.3.1  Air Tightness and Infiltration

To ascertain the impact of air tightness improvements/changes the baseline archetype models were developed with air
tightness values that approximately matched the average from blower door survey data made available by the CSIRO in
their report “House Energy Efficiency Inspections Project” (Ambrose & Syme 2015, p10). This report stated that the
average air change rate for the buildings tested in situ was 15.4 ACH (at 50 Pa). This figure included buildings up to 10
years old.

7 Ambrose MD and Syme M (2015). House Energy Efficiency Inspections Project — Final Report. CSIRO, Australia.
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To ensure that the ACH (at 50 Pa) data was as closely representative of buildings in the present Building Code Energy
Performance Trajectory project as possible, only the city-by-city mean values provided by Ambrose and Syme for newly
constructed buildings (up to 3 years old) were averaged. Thus, it could be inferred that the buildings in this dataset were
built close to current NCC energy performance standards (noting that 6 Star NatHERS applied in most jurisdictions, with
some less stringent requirements used in others). The resultant average air change rate was then calculated to be 14.7
ACH (at 50 Pa).

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

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

4.3.2 Glazing
Two types of baseline glazing model were developed for the three building archetypes based on the following.

i) Baseline | (‘Typical WWR’): Typical window sizes and window-to-wall ratios currently adopted by the industry.
Baseline | was used for the one-dimensional analysis results presented in this Interim Technical Report.
i) Baseline Il (‘Minimum WWR’): Minimum window sizes, where glazing provides close to the lowest cost in terms
of construction, by being relatively small in area, but complies with the daylighting requirements in the NCC, i.e.
windows which ‘have an aggregate light transmitting area measured exclusive of framing members, glazing
bars or other obstructions of not less than 10% of the floor area of the room’ (NCC Vol. 2, 2016, clause 3.8.4.2).
Baseline Il was used for the multi-dimensional analysis presented in this Interim Technical Report (see Section
4.7 for further details).
The following list summarises the process by which the One-Dimensional and Multi-Dimensional Archetype glazing
baselines were determined.

Baseline |
a) The archetype geometries, including windows sizes, were largely derived from archetypes published in the
report by Isaacs?®. In addition, the modelling team took advice from members of the Technical Advisory Group
(TAG) and other stakeholders on a number of relatively minor layout and design modifications. The resultant
glazing areas were larger than the minimum window to floor area ratio for daylighting requirements (i.e. >10%
Window-to-Floor-Area-Ratio).

18 The baseline infiltration value is equivalent to approximately 12.8 m*m?2.hr for the detached house archetype, 15.2 m®m?2.hr for the
attached house, and 11.1 m®m?2.hr for the single apartment, at 50Pa
19 |saacs, T. “Development of Housing Stock Model to predict heating and cooling energy use in Victoria”, Tony Isaacs Consulting, 2007.
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b)

The same glass type was used on all facades of a given dwelling, regardless of orientation. This approach was
taken to reduce the b) number of possible combinations of windows to be resized under different orientations,
climates, etc. to a tractable cohort that could be processed with the resources available to the project. (To date
the only time this constraint has been relaxed was for the Glazing Energy Analysis described below).

Baseline Il

a)

b)

c)

d)

e)

A number of representative glazing types, that were available to the modellers in the AccuRate Sustainability
default glazing library, were chosen following relevant advice of the TAG and other stakeholders/practitioners.
These glazing types are listed in Table 2 below.

The initial modelling glazing baseline was set using sizes representing the minimum window to floor area ratio
for day lightingrequirements of the Code (i.e. this ratio must exceed 10% as detailed in NCC Vol. 2, 2016,
clause 3.8.4.2). The lowest performance glazing option Glass 1 was first trialled in the NCC Glazing Calculator
for the Detached and Attached archetypes, and substituted by higher performance glazing options if compliance
was not achieved.

In the case of the Apartment archetype glazing was chosen to satisfy an Equivalent 6 Star rating (i.e. using the
15 ACH@50Pa air tightness baseline) since the NCC does not have a DtS pathway for Class 2 buildings.

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

For the purposes of the Multi-Dimensional energy analyses, the glazing of an archetype in a particular climate
zone was deemed to meet the requirements of the present study if the building complied with NCC glazing
requirements in at least one cardinal orientation (N, S, E or W). The Detached and Attached archetypes had to
comply with NCC Glazing Calculator in at least one cardinal orientation, and the Apartment had to achieve at
least an Equivalent 6 Stars with AccuRate (using the 15 ACH@50Pa air tightness baseline), in at least one
orientation.

Table 2. Glazing types used in this study and taken from the default AccuRate Sustainability glazing library.

Type U-value (W/mZK) SHGC VT Frame ratio (%) |Description

Glass 1 6.7 0.7 0.9 0.24|Single glazing (SG) clear glass

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

Glass 3 4.3 0.53 0.75 0.24|Al frame, double glazing (DG), air fill, glass: High solar gain low-E - Clear
Glass 4 2.3 0.25 0.45 0.2|uPVC frame, DG, air fill, glass: Low solar gain low-E - Clear

Glass 5 2.9 0.51 0.75 0.24|Al frame, DG, Argon fill, glass: High solar gain low-E - Clear

Glass 6 2.6 0.53 0.82 0.35|Timber frame, DG, Argon fill, glass: Clear - Clear

During the Multi-Dimensional energy analysis the Baseline | glazing was adjusted to more closely align with the more
detailed process of determining Baseline Il glazing, specifically to utilise only glass types from Table 2 as per a) from
Baseline Il approach above and to ensure compliance with Baseline 1l requirement e).

As stated above, Baseline Il was developed for the Multi-Dimensional analysis. The following additional considerations
were included in the development of Baseline Il.

a)

b)

c)

A decision by the NCC Trajectory Project team was also made that glass areas should be increased to
compensate for the reduction in visual transmittance (VT) of light through higher performing glazing types. The
baseline visual transmittance for a single-glazed window was taken to be 0.9.

Once the windows were sized for the lowest performing glass, a test was made to see if the energy
consumption/equivalent star rating from AccuRate (with infiltration of approximately 15ACH at 50 Pa
implemented) was better than the equivalent NatHERS Star bands value for at least one orientation of the
building.

If this was not the case the glazing (on all windows) was changed to the next highest performing glass, all
windows resized (if necessary for maintenance of overall visual light transmission) and the energy/star
performance again tested against the equivalent NatHERS Star rating.
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d) Item d) was repeated until at least one orientation had higher performance than the nominal 6 Star band (noting
that this was with infiltration of approximately 15ACH at 50Pa implemented).

A summary of the window to wall ratios and glass types chosen for the Single Dimensional Analysis Glazing Baseline
(Baseline 1) and the two Multi-Dimensional Analyses Glazing Baseline (Baseline Il) is shown in Table 3 below.

Table 3. Window-to-wall ratios and glazing types adopted for the Baseline | (one-dimensional analysis), and Baseline 11 (multi-dimensional analysis)
archetypes as a function of climate zone.

Apartment Archetype
. Baseline | Model Baseline Il Model
Al Glass U Value Glass U Value
Z WWR SHGC VT F WWR SHGC | VT F
one Type | (W/mK) rame Type | (W/m2K) rame
2 20% - 4.8 0.51 | 0.82 | 0.41 | 23.4% 4 2.3 0.25 | 0.45 0.2
5 20% - 4.8 0.51 | 0.82 | 0.41 | 23.4% 4 2.3 0.25 | 0.45 0.2
6 20% - 4.8 0.51 | 0.82 | 0.41 | 14.9% 3 4.3 0.53 [ 0.75 | 0.24
Attached Archetype
. Baseline | Model Baseline Il Model
il Glass U Value Glass U Value
Z WWR SHGC | VT | F WWR SHGC | VT | F
one Type (W/mK) rame Type (W/m?K) rame
2 40% - 6.7 0.57 [ 09| 041 | 20.0% 1 6.7 0.7 | 09| 0.24
5 40% - 6.7 0.57 [ 09| 041 | 20.0% 1 6.7 0.7 | 09| 0.24
6 40% - 6.7 0.57 [ 09| 041 | 20.0% 1 6.7 0.7 | 09| 0.24
Detached Archetype
. Baseline | Model Baseline Il Model
Ak Glass U Value Glass U Value
Z
one WWR Type | (W/m2K) SHGC | VT | Frame | WWR e || A SHGC | VT | Frame
2 28% - 6.7 0.57 {09 | 041 | 30.9% 4 2.3 0.25 | 0.45 0.2
5 28% - 6.7 0.57 {09 | 041 | 16.3% 1 6.7 0.7 0.9 0.24
6 28% - 6.7 0.57 {09 | 041 | 19.5% 5 2.9 0.51 [ 0.75 | 0.24

4.4 Overview of One-Dimensional Analysis Results

For each archetype and climate zone, analysis was undertaken to assess the energy impact and benefit-cost ratio of
each building element. A summary of the results below are presented from analysis which involved graphing benefit cost
ratio versus percentage energy saving to assist in the identification of measures that are both effective (>2% saving) and
economic (BCR>1), as well as identification of measures that are variously ineffective but economic, effective but
economic, or neither. Further details are provided in following sections.

The summary results for the three archetypes are presented in Table 4 to Table 6 below.

Table 4. Overview of measures for the Apartment Archetype, current day economics.

Not Effective Effective
Economic Lighting
Infiltration CZ6
Not Economic Wall Ins CZ2,5 Wall insulation CZ6
Wall colour CZ2,5,6 Roller shutters CZ2,5
Roller Shutters CZ6 Infiltration CZ2,5

Thermal Mass CZ2,5,6

Table 5. Overview of measures for the Attached Archetype, current day economics.

Not Effective Effective
Economic (Roof Type CZ2,5) (Roof type CZ6)
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Not Effective

Effective

(Roof colour CZ 2)

(Roof colour CZ5)
Infiltration CZ6

Not Economic Roof Insulation CZ2
Wall Insulation CZ2,5
Wall colour CZ2,5,6
Roof openness CZ 2,5,6
Slab insulation CZ2,5,6
Thermal Mass CZ2,5
Roller shutters CZ6
Eaves Extension CZ5,6

Roof insulation CZ5,6
Infiltration CZ2,5
Eaves Extension CZ2
DHW

Wall insulation CZ6
Thermal Mass CZ6
Ventilation fan CZ2,5
Roller Shutters CZ2,5

(Roof colour CZ6)
Ventilation fan CZ6

Table 6. Overview of measures for the Detached Archetype, current day economics.

Not Effective Effective

Economic Roof Insulation CZ 5,6
Infiltration CZ 5,6
Eaves Extension CZ 5
Ventilation fan CZ 5

Not Economic Wall Insulation CZ 5 Wall Insulation CZ 2,6
Wall colour CZ 2,5,6 Lighting CZ 2,5,6
(Roof type CZ2,6) Roller Shutters CZ 2,5,6
(Roof colour CZ 2,6) Ventilation fans CZ 2
Slab insulation CZ 2,5,6 Eaves Extension CZ2,6
Ventilation fans CZ6 DHW CZ2,5,6

Thermal Mass CZ2,5,6
(Roof Type CZ5)

The apartment savings show a consistent pattern of generally smaller with poor economics. The notable exceptions are
lighting, which shows a negative costs for the apartment archetype and infiltration testing in climate zone 6 only.

4.5 Details of One-Dimensional Energy Analysis

The design and construction changes outlined in Section 4.2 were applied to each orientation of the one-dimensional
baseline model to investigate the heating and cooling energy savings and the equivalent star rating changes. Similar to
the approach of the Zero Carbon Australia Building Plan??, the individual design and construction changes were tested
for performance and potential economic opportunities and challenges, within the constraints and guidance provided by
ClimateWorks in relation to objectives and targets. It is noted that this approach is perceived as being conservative, and
more cost effective opportunities than those derived from the one-dimensional elemental approach could be determined
using a whole of house equivalent Star rating approach. However, the elemental approach enables the many available
design factors/improvement options to be rationalised with a consistent baseline.

20 Beyond Zero Emissions. (2013). Zero Carbon Australia Buildings Plan. (The University of Melbourne & Melbourne
Energy Institute, Eds.).
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The simulated energy efficiency stringency scenarios included different magnitudes, or ‘levels’, for each design factor,
which generally (though not always) resulted in increased energy efficiency performance. Up to four levels of change in
each design parameter were chosen, resulting in up to a total of five levels: Baseline, Level 1 Change, Level 2 Change,
Level 3 Change and Maximum Change. The Maximum Change level was considered to be the practical maximum
change that could be made in the building parameter given current and near-term materials, construction and design
practices. The levels of change for the different design factors were chosen on a case-by-case basis, and as a result of
input from stakeholders such as the Technical Advisory Group, and domain experts. For example, the width of the eaves
was increased linearly between each level, whereas the Level 1 Change in infiltration rates was chosen as being
achievable with reasonable improvements to current construction industry practice.

Table 7. Matrix of building types and relevant technologies tested.

Apartment Attached Detached
Townhouse House

Insulation Y Y Y
Surface Colour (ext. wall surface only) Y Y Y
Infiltration Y Y Y
Thermal Mass Y Y Y
External Shading Y Y Y
Appliances Y Y Y
Lighting Y Y Y
Efficient Domestic Hot Water N Y Y
Ceiling Fans N (present in the base Y Y

case)
HVAC efficiency and controls Y Y Y
PV N Y Y

Each of the above stringencies was initially tested on a one-dimensional basis.

The AccuRate Sustainability software tool was employed for this energy analysis, in which it was assumed that natural
ventilation is always utilised by the occupant whenever the outdoor temperature is suitable to maintain indoor thermal
comfort conditions. However, it should be noted that in practice it is likely that many occupants may not adopt the
schedules, control strategies, and other assumptions incorporated in NatHERS/Accurate.

45.1  Energy Efficiency Measures Tested

A range of energy efficiency design factors/measures were considered by the project team, which were informed by
suggestions provided by the TAG following the meeting on 31t July 2017. The 'baseline’ selected for each measure, with
the exception of glazing in some cases (as discussed in Section 4.2.3), was in minimum compliance with the deemed-to-
satisfy (DtS) elemental provisions of NCC 2016. These design factors are briefly described below and detailed in

[Q"@ LOW CARBON LIVING .
< CRC



Table 8 to Table 10. Glazing is currently being considered separately (see Section 4.8.2).

4511 Insulation

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

45.1.2  Surface Colour of Walls and Roof
The surface colour will impact solar absorption and therefore the amount of heat gains. We investigated the impact of the
surface colours of external walls (for all archetypes) and roof (for attached and detached archetypes).

45.1.3 Glazing

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

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

This glazing analysis is still ongoing. Energy analysis and cost benefit analysis results for glazing are not yet complete.
Results of the glazing analysis will be included in the Final Technical Report for this project. Refer to Section 4.8.2 for
further information on how the glazing analysis is being carried out.

4514 Infiltration

Infiltration is the uncontrolled movement of air through windows, cracks or other openings in the building envelope
principally due to natural buoyancy and wind effects. By contrast, ventilation is an intentional introduction of air from the
outside into the building, either driven mechanically by fans, etc. or by the control of natural ventilation through openable
windows.

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

Different levels of airtightness were considered using the in-built algorithms in the AccuRate Sustainability software. The
Level 1 stringency for air tightness was estimated to be approximately 6 ACH (at 50Pa)2! from the Accurate simulations
of archetypes, using the method described in Appendix G. The archetypes upgraded to Level 1 air tightness stringency
were designed so that well sealed building components were used throughout, including ‘sealed’ exhaust fans (i.e.
exhaust fans that incorporate a sealing device/damper).

2 The Level 1 stringency infiltration is equivalent to approximately 5.1 m¥m?2.hr for the detached house archetype, 6.1 m¥m?2.hr for the
attached house, and 4.4 m3m?2.hr for the single apartment, at 50Pa
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45.1.5 Thermal Mass

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

45.1.6  External Shading

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

4.5.1.7  Energy Efficient Appliances and Lighting Controls

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

45.1.8 Roof Ventilation

While roof insulation slows the heat transfer from outdoors via roof materials and roof spaces reaching into living areas, it
does not prevent heat entering over an extended period of time. Removal of a component of this heat from roof spaces
can be achieved through implementation of additional roof ventilation. This can be via additional vents or ventilation
systems. For the single dimensional analysis hurricane ventilators were considered as an addition to relevant roof areas
to achieve two levels if increased roof ventilation.

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

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

45.1.10 Ceiling Fans
Ceiling fans were considered as a means to facilitate air movement to improve occupant summer thermal comfort and
reduce demand for air conditioning. Ceiling fans are currently an option under the NCC deemed-to-satisfy provisions.

Ceiling fan installation data from the Australian Bureau of Statistics for pre- and post-regulations show that the
installation of fans has been generally stable over previous decades and higher in locations that are warmer, i.e.
Queensland and the Northern Territory.22 Ceiling fans are included in the baseline model for the Apartment Archetype
and as stringency increases for the Attached and Detached Archetypes.

45.1.11 Solar Photovoltaic Systems

Solar photovoltaic systems were considered at a high level as a measure to offset energy consumption in the residential
archetypes. Photovoltaic systems sized to take up 40% and 50% of the available roof surfaces on north, west, and east
facing roof areas were considered for the attached and detached archetypes respectively, with two export scenarios (full
export and full on-site use). The apartment archetype was excluded from this analysis due to very limited roof area per
dwelling available in the archetype model, but high-level estimates of the opportunity for apartments will be undertaken
for the trajectory analysis. Grid integration issues have not been considered in the analysis.

45.2 One-Dimensional Simulation Scenarios

22 Australian Bureau of Statistics, Environmental Issues: Energy Use and Conservation, 4602.0.55.001, March 2008.
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Table 8 details the measures adopted for the one-dimensional simulation scenarios for the apartment archetype. The
grey areas of the table indicate situations that are not suitable for the application of the corresponding technical option.
The simulation results under the Climate Zones 2, 5, and 6 are summarised in Appendix C, respectively.
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Table 9 summarises the one-dimensional simulation scenarios designed for the attached archetype. Similar to the
apartment archetype, the grey areas mean that it is not applicable to use the corresponding technical option for the
change scenario(s). The simulation results for Climate Zones 2, 5, and 6 are presented in Appendix C.

Table 10 summarises the one-dimensional simulation scenarios designed for the detached archetype. Similar to the
apartment archetype, the grey areas mean that it is not applicable to use the corresponding technical option for the
change scenario(s). The resulting simulation results under the Climate Zones 2, 5, and 6 are presented in Appendix C.
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Table 8. Single-dimensional measures and design parameters studied for the Apartment Archetype.

Design parameters Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Climate Zone 5 Climate Zone 5 | Climate Zone 5 | Climate Zone 5 | Climate Zone 5
and 6: and 6: and 6: and 6: and 6 :

South wall (R- South wall (R- South wall: (R- | South wall (R- South wall (R-
value 2.4 value 2.9 value 3.5 value 4.0 value 4.8
Km?/W): W/mz2K): m2K/W): m2K/W): m2K/W):
90mm of Glass | 90mm of Glass | 90mm of Glass | 90mm of Glass | 90mm of Glass
fibre batts and fibre batts and fibre batts and fibre batts and fibre batts and
18mm 27mm 49mm 68mm 90mm
Polystyrene Polystyrene Polystyrene Polystyrene Polystyrene
extruded. extruded extruded. extruded extruded
Other walls (R- | Other walls (R- | Other walls (R- | Other walls (R- | Other walls (R-
value 2.9 value 3.5 value 4.2 value 4.9 value 5.8
Km?/W): m2K/W): m2K/W): m2K/W): m2K/W):
90mm of Glass | 90mm of Glass | 90mm of Glass | 90mm of Glass | 90mm of Glass
fibre batts and fibre batts and fibre batts and fibre batts and fibre batts and
27mm 49mm 73mm 92mm 118mm
Polystyrene Polystyrene Polystyrene Polystyrene Polystyrene
. extruded extruded. extruded. extruded extruded
Insulation® Climate Zone
Climate Zone 2: | Climate Zone 2: Climate Zone 2: Climate Zone 2: 2
South wall (R- South wall (R- " | South wall (R- ’
South wall (R- South wall (R-
value 2.9 value 3.5 value 4.2 value 4.9 value 5.8
m2K/W): m2K/W): ) ' m2K/W): ) ’
m2K/W): m2K/\W):
90mm of Glass 90mm of Glass 90mm of Glass
i ! 90mm of Glass ! 90 mm of glass
fibre batts and fibre batts and . fibre batts and .
fibre batts and fibre batt and
27mm 49mm 92mm
73mm 118mm of
Polystyrene Polystyrene Polystyrene
Polystyrene polystyrene
extruded extruded. extruded extruded extruded
Other walls (R- Other walls (R- ’ Other walls (R-
Other walls (R- Other walls (R-
value 3.4 value 4.2 value 5 m?K/W): value 5.8 value 6.8
m2K/W): m2K/W): " m2K/W): ) .
90mm of Glass m2K/\W):
90mm of Glass 90mm of Glass . 90mm of Glass
. . fibre batts and . 90mm of Glass
fibre batts and fibre batts and fibre batts and .
95mm fibre batts and
47mm 73mm 118mm
Polystyrene 145mm
Polystyrene Polystyrene Polystyrene
extruded Polystyrene
extruded extruded extruded

_ extruded

c

z fcljlgife External render 50%, light green

s " | the external 30%, light cream | 23%, white
oy (absorptan | 65%
< render
) ce)
Roof type Roof tiles
Surface Brick (red press
colour clay), 79%
Openness
5 (roof Standard
& | ventilation)
> R-value 1.5
£ Insulation* | (total R-value
& 2.5)
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Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Slab
Insulation None
(Edge)
Slab
5 Insulation None
2 | (Unden)
> Double glazed,
£ -
I I e
o (W/m2K) .
2 |andsHec | VMK
2 SHGC=0.51;
= WWR=20%
900mm fan
(bedrooms,
Ceiling fan | kitchen); and
ol 1200 mm fan
8 (living room)
< Improve Approximately Approximately
'g wprkmans 15 ACH at 50 6 ACH at 50 Pa
= hip Pa
£
Balcony 0.8 m
> Eave overhang and Extend eaves to | Extend eaves to | Extend eaves to | Extend eaves to
§ extension eave 0.45m 0.56 m 0.68 m 0.8 m 1.2m
5 length
E Roller None include roller
*q;j shutters shutters
]
(9]
a 200 mm Increase 300 mm
c Floor, ) exposed
= concrete and Reverse brick concrete floor to
< External . concretes floors
= carpet, Brick veneer 300mm and
= walls . and reverse
Q veneer leave it expose .
= brick veneer

* Impact of thermal bridging included in insulation R-value

* Glazing analysis was subsequently superseded by comprehensive Uiotal vS. WWRXSHGC analysis (see Section 4.4.4)
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Table 9. Single dimensional measures and design parameters studied for the Attached Archetype.

Design parameters Baseline case Level 1 Change Level 2 Change Level 3 Change Mca:;r::(ren
R-value 2.8 R-value 3.5 R-value 4.2 R-value 4.9 R-value 5.8
m2K/W: m2K/W: m2K/W: m2K/W: m2K/W:

90 mm of glass | 90 mm of glass | 90 mm of glass | 90 mm of glass | 90 mm of glass

_ o fibre batt and fibre batt and fibre batt and fibre batt and fibre batt and

g Insulation 27mm of 50mm of 70mm of 90mm of 120mm of

< polystyrene polystyrene polystyrene polystyrene polystyrene

5 extruded extruded extruded extruded extruded

5

Surface External render, | 50%, light green | 30%, light 23%. white
colour 65% external render | cream
(absorptance)
Metal Steel Metal Steel Metal Steel
‘ Roof tiles deck, medium deck, light deck, white
Roof type colour (50%) colour (30%) (23%)
Brick (red press | 50%, medium 30%, light 0 .
Surface clay), 79% colour colour 23%, white

5 colour

o]

0: .

Highly
Ventilated ventilated
Ope””‘fess Standard (Roof (Dual Dutch
(r.oo' Ventilators) Gable or Roof
ventilation) .
Ventilators)
Total R-value of | Total R-value of | Total R-value of | Total R-value of
Total roof and f and ceili f and ceili f and ceili f and ceili
iina Rovalue roof and ceiling | roof and ceiling | roof and ceiling | roof and ceiling

o ceting 6.4 M2K/W: 7.7 m2KAW: 9 M2K/W: 10.1 m2K/W:

£ lation® 5.1 m2K/W:

g | "M | 25 mmof 310 mm of 370 mm of 480mm of Glass | 540mm of Gl
Glass fibre batt mmo mmo . mm of Glass . mm of Glass

Glass fibre batt | Glass fibre batt | fibre batt fibre batt
Polystyrene Polystyrene
Slab None expanded R- expanded R-
Insulation value of 0.5 value of 1.5
(Edge)y* m2K/W m2K/W
g
[ Polystyrene Polystyrene
Slab None expanded R- expanded R-
Insulation value of 1 value of 2
(Under) m2K/W m2K/W
U-value=6.7
2 +g: U-value W/m?K;
o N (W/m2K) and | SHGC=0.57;
=5 SHGC WWR=40%
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Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum

Change
900mm fan
(bedroom 2,
studio),
1200mm fan
%) . None
S Ceiling fan (bedroom 1,
* kitchen),
1400mm fan
(living)
c Approximately .
S 15 ACH at 50 Approximately 6
g Improve ACH at 50 Pa
= workmanship | Pa
£
Balcony 0.8 m
o overhang and Extend eaves to | Extend eaves to | Extend eavesto | Extend eaves to
=S Eave eave 0.45 m 0.56 m 0.68m 0.8m 1.2m
@ extension
< length
2]
T
s
Q None Include roller
i Roller shutters
shutters
) 200 mm Increase 300 mm
@ . exposed
£ Floor, concrete and Reverse brick concrete floor to concretes floors
T External carpet, brick veneer 300mm and
£ . and reverse
5 Walls veneer leave it expose .
2 brick veneer
|_

* Impact of thermal bridging included in insulation R-value

** Slab edge insulation to be re-modelled in updated version of AccuRate Sustainability when available

* Glazing analysis was subsequently superseded by comprehensive Uiota vS. WWRXSHGC analysis (see Section 4.4.4)

Table 10. Single-dimensional measures and design parameters studied for the Detached Archetype.

Design parameters Baseline case Level 1 Change Level 2 Change Level 3 Change Mca:;T:z
R-value 2.8 R-value 3.5 R-value 4.2 R-value 4.9 R-value 5.6
m2K/W: 90 mm | m?K/W:90 mm | m?K/W:90 mm | m?K/W:90 mm | m2K/W: 90 mm
of glass fibre of glass fibre of glass fibre of glass fibre of glass fibre
3 Insulation* batt and 27mm batt and 50mm batt and 70mm batt and 90mm batt and 114mm
c_i of polystyrene of polystyrene of polystyrene of polystyrene of polystyrene
c extruded extruded extruded extruded extruded
()
i
0, I 0, i
Surface External render, | 50%, light green | 30%, light 23%, white
colour 65% external render | cream
(absorptance)
5 Steel deck Roof tiles
e Roof type
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Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum

Change
Surface 50%, medium 49%, pink 30%, light 23%, white
colour
Highly
. ventilated
Op(ennf‘ss Standard E/Recl:ct)lfliiitilator) (Dual Dutch
roo
ventilation) GabI.e or Roof
Ventilators)
Climate 2 and
i:75 mm of Climate 2 and Climate 2 and Climate 2 and Climate 2 and
Glass fibre o S S S
batts. R-value 220mm of Glass | 260 mm of 305mm of Glass | 340mm of Glass
293 ’(Total R- fibre batts, R- Glass fibre fibre batts, R- fibre batts, R-
vélue of roof value 3.7 batts, R-value value 5.2 value 5.8
and ceiling 4.6 m2K/W 4.41 m?K/W m2K/W m2K/W
m2K/W)
g)
= Insulation* cli 6 Climate 6: Climate 6: Climate 6: Climate 6:
o 20|mate ) 250mm of Glass | 305mm of Glass | 350 mm of 405mm of Glass
5 mm of fibre batts, R- fibre batts, R- Glass fibre fibre batts, R-
Gl fib
b aSSR', rel value 4.24 value 5.2 batts, R-value value 6.95
Sa;t;' ZQ’I?NUG m2K/W m2K/W 5.99 M2K/MW m2K/W
45 m
(Total R-value
of roof and (Total R-value (Total R-value (Total R-value (Total R-value
ceiling 5.1 of roof and of roof and of roof and of roof and
m2K/W) ' ceiling 5.7 ceiling 6.7 ceiling 7.5 ceiling 8.5
m2K/W) m2K/W) m2K/W) m2K/W)
Polystyrene Polystyrene
Slab None expanded R- expanded R-
Insulation value of 0.5 value of 1.5
(Edge)** m2K/W m2K/W
‘g
o Polystyrene Polystyrene Polystyrene Polystyrene
Slab None expanded R- expanded R- expanded R- expanded R-
Insulation value of 1 value of 2 value of 3 value of 4
(Under) m2K/W m2K/W m2K/W m2K/W
. U-value=6.7
(=]
£ W/maK;
2 U-value SHGC =0.57;
g (W/m?3K) and
) SHGC
e WWR=28%
S
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Design parameters Baseline case Level 1 Change Level 2 Change Level 3 Change McarT;T::

900mm fan

(bedrooms,

study), 1200mm
@ ing f None fan (living 2);
5 Ceiling fan 1400mm fan

(living 1,

kitchen)

Approximatel .
15 lgiCH at 50y Approximately
8 Improve 6 ACH at 50 Pa
= workmanship | Pa
IS
g’ Eave 0.450 m length Eaves 0.563 m Eaves 0.675 m Eaves 0.788 m Eaves 0.900 m
B extension
@
- Include roller
< None
5 Roller shutters
] shutters
x
L
200 mm 400 mm 200 mm 400 mm

@ o concrete and concrete and concrete and concrete and
g oor carpet carpet carpet carpet
g
b . . Reverse brick Reverse brick
< External Brick veneer Brick veneer
[= walls veneer veneer

* Impact of thermal bridging included in insulation R-value
** Slab edge insulation to be re-modelled in updated version of AccuRate Sustainability when available
* Glazing analysis was subsequently superseded by comprehensive Uiota vS. WWRXSHGC analysis (see Section 4.4.4)

45.3  Summary of Simulated Energy Performance Analysis

The significant results from the energy performance analysis for each archetype are summarised in Table 11, Table 12
and Table 13. The values indicated within the tables are the annual heating and cooling electrical energy savings per unit
area (kWh/m?/year) in comparison to the baseline case. The results are based on an assumed heating and cooling
coefficient of performance (COP) of 3.0. It is to be noted that while a majority of the values presented in these tables are
from the Maximum Change in design factor, there are some instances where this was not the case.

Table 11. Significant results for Apartment Archetype (Unit - KWh/m?/year).

Climate Orientation
Impact Z
one 0o 90° 180° 270°
Highest 2 Thermal mass (1.26) Thermal mass (1.03) Roller shutters (0.58) | Infiltration (0.93)
66?%- Infiltration (1.14) Thermal mass (0.55) | Thermal mass (0.75)
100% Roller shutters (0.94) infiltration (0.43)
of 5 Infiltration (1.31) Thermal mass (0.9) Infiltration (0.79) Infiltration (1.35)
maximum Infiltration (0.76) Thermal mass (0.7)
impact — Tg Infiltration (4.67) Infiltration (4.49) Infiltration (4.61) Infiltration (4.68)
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Climate Orientation
Impact
AT 0 90° 180° 270°
2 - Infiltration (0.6) Ext. wall insulation Roller shutters (0.5)
Medium Roller shutters (0.55) | (0.28) Ext. wall insulation (0.31)
33%- 66% 5 Thermal mass (0.68) Roller shutters (0.41) | Thermal mass (0.57)
of ) Roller shutters (0.45) Ext. wall insulation
_maX|mum (0.26)
impact
6
2 Eaves (0.39) Ext. wall insulation Eaves (0.11) Eaves (0.22)
Ext. wall insulation (0.15) Ext. wall colour (0.06) |Ext. wall colour (0.06)
(0.31) Eaves (0.13)
Ext. wall colour (0.06) Ext. wall colour (0.01)
I;g\g% 5 Ext. wall insulation Roller shutters (0.26) | Eaves (0.02) Ext. wall insulation (0.37)
of (0.36) Ext. wall insulation Roller shutters (0.36)
. Eaves (0.1) (0.21) Eaves (0.04)
maximum
. Ext. wall colour (0.02) Eaves (0.02)
impact
6 Ext. wall insulation Thermal mass (1.27) Ext. wall insulation Ext. wall insulation (1.09)
(1.06) Ext. wall insulation (1.05) Thermal mass (0.85)
Thermal mass (0.9) (0.96) Thermal mass (0.95) Roller shutters (0.25)
Roller shutters (0.36) Roller shutters (0.33) | Roller shutters (0.32)
2 - Ext. wall colour (-0.02) |- -
g 5 Ext. wall colour (-0.06) | Ext. wall colour (-0.1) | Ext. wall colour (-0.11) | Ext. wall colour (-0.1)
Eaves (-0.01) Eaves (-0.06) Eaves (-0.02)
Impact
6 Eaves (-0.43) Eaves (-0.56) Eaves (-0.48) Ext. wall colour (-0.29)
Ext. wall colour (-0.31) |Ext. wall colour (-0.36) | Ext. wall colour (-0.36) |Eaves (-0.23)

Table 12. Significant results for Attached Archetype (Unit - kWh/m?/year).

Impact

Climate
Zone

Orientation

o

90°

180°

270°

Highest
66%- 100%

Ventilation (1.52)

Ventilation (2.06)
Roller shutters (1.69)

Ventilation (1.42)

Ventilation (2.13)

of 5 Infiltration (1.11) Infiltration (1.16) Ventilation (0.73)
maximum Ventilation (1.10) Infiltration (0.62)
impact
P 6 Infiltration (4.06) Infiltration (4.05) Infiltration (3.94) Infiltration (3.99)
2 Infiltration (0.98) Infiltration (1.47) Infiltration (0.64) Roller shutters (1.41)
Medium Infiltration (1.23)
0/- 0,
£ B0 5 Ventilation (0.69) Roller shutters (1.05) - Ventilation (1.08)
of N
i Infiltration (0.96)
rnaxmum Roller shutters (0.8)
impact
6 - - - -
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Orientation

Impact Climate
Zone 0 90° 180° 270°
2 Roller shutters (0.18) Eaves (0.53) Roller shutters (0.13) Eaves (0.63)
Ceiling insulation (0.14) | Thermal mass (0.41) Eaves (0.09) Thermal mass (0.3)
Roof colour (0.1) Ceiling insulation (0.19) | Roof surface type Ceiling insulation (0.14)
Roof surface type Roof colour (0.16) (0.08) Ext. wall insulation
(0.09) Roof surface type Ceiling insulation (0.07) | (0.11)
Thermal mass (0.09) (0.15) Roof colour (0.06) Ext. wall colour (0.07)
Roof openness (0.07) | Ext. wall insulation Ext. wall insulation Roof openness (0.03)
Eaves (0.09) (0.13) (0.05) Roof colour (0.03)
Ext. wall colour (0.06) | Ext. wall colour (0.13) | Ext. wall colour (0.02) | Roof surface type
Ext. wall insulation Roof openness (0.07) | Roof openness (0.01) |(0.02)
(0.06) Thermal mass (0.01)
5 Thermal mass (0.11) Eaves (0.33) Thermal mass (0.18) Eaves (0.36)
Low Ext. wall insulation Ceiling insulation (0.21) | Ceiling insulation (0.14) | Thermal mass (0.26)
< 33% (0.12) Thermal mass (0.19) Eaves (0.12) Ceiling insulation (0.20)
of Ceiling insulation (0.1) | Ext. wall insulation Roller shutters (0.1) Ext. wall insulation
maximum Roller shutters (0.1) (0.17) Ext. wall insulation (0.12)
impact Eaves (0.02) Roof type (0.08) (0.09) Roof colour (0.02)
Roof openness (0.02) | Roof colour (0.07) Roof colour (0.07) Ext. wall colour (0.02)
Roof openness (0.06) | Roof type (0.07) Roof openness (0.03)
Ext. wall colour (0.05) | Roof openness (0.05) | Roof type (0.03)
Ext. wall colour (0.03)
6 Ceiling insulation (0.56) | Roller shutters (0.61) Thermal mass (0.75) Ceiling insulation (0.57)
Under slab insulation Ceiling insulation (0.56) | Under slab insulation Roller shutters (0.5)
(0.46) Under slab insulation (0.72) Under slab insulation
Ext. wall insulation (0.53) Ceiling insulation (0.7) |(0.48)
(0.42) Ext. wall insulation Ext. wall insulation Ext. wall insulation
Thermal mass (0.31) (0.46) (0.42) (0.44)
Ventilation (0.2) Thermal mass (0.42) Ventilation (0.21) Ventilation (0.38)
Roller shutters (0.07) Ventilation (0.33) Roller shutters (0.06) Thermal mass (0.29)
2 Underslab insulation (- | Underslab insulation (- | Underslab insulation (- | Underslab insulation (-
0.51) 0.21) 0.33) 0.41)
Thermal mass (-0.21) Thermal mass (-0.16) | Roof colour (-0.01)
Roof colour (-0.02) Roof surface type (-
Roof surface type (- 0.01)
0.04)
. Roof openness (-0.01)
Negative
Impact 5 Underslab insulation (- | Underslab insulation (- | Underslab insulation (- | Underslab insulation (-

0.44)

Thermal mass (-0.25)
Roof surface type (-
0.08)

Roof openness (-0.03)
Roof colour (-0.02)
Ext. wall colour (-0.02)

0.29)

0.22)

0.33) Roof type (-0.01)
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Impact

Climate
Zone

Orientation

o

90°

180°

270°

Eaves (-0.9)

Roof type (-0.21)

Roof colour (-0.19)
Ext. wall colour (-0.19)
Roof openness (-0.06)

Eaves (-0.46)

Roof surface type (-
0.19)

Roof colour (-0.18)
Ext. wall colour (-0.09
Roof openness (-0.04)

Eaves (-0.48)

Ext. wall colour (-0.15)
Roof type (-0.14)

Roof colour (-0.13))
Roof openness (-0.04)

Eaves (-0.41)

Roof colour (-0.17)
Ext. wall colour (-0.16)
Roof type (-0.16)

Roof openness (-0.09)

* Slab edge insulation results omitted, to be re-modelled in updated version of AccuRate Sustainability when available

Table 13. Significant results from Detached Archetype (Unit - kWh/m?/year).

33%-66%
of

Thermal mass (0.95)

Climate Orientation
Impact
AN 0’ 90’ 180° 270°
Highest 2 Ventilation (1.75) Ventilation (2.03)
66%-100% Infiltration (1.28)
of . 5
maximum
impact 6 Infiltration (3.2) Infiltration (3.28) Infiltration (3.31) Infiltration (3.29)
2 Ventilation (1.48) Roller shutters (1.25) Roller shutters (1.43) Ventilation (1.98)
Roller shutters (1.4) Thermal mass (0.81) Infiltration (1.3) Roller shutters (1.74)
Medium Infiltration (1.18) Thermal mass (1.05) Infiltration (1.43)

Ceiling insulation (0.39)
Roof type (0.28)

Ext. wall insulation
(0.21)

Roof colour (0.08)

Ceiling insulation (0.33)
Ext. wall insulation
(0.23)

Roof surface type
(0.22)

Roof colour (0.13)

Ext. wall colour (0.08)

Ceiling insulation (0.35)
Roof type (0.23)

Ext. wall insulation
(0.18)

Roof colour (0.11)

Ext. wall colour (0.03)

maximum 5 Infiltr.atign (1.04) Ve.ntila.tion (1.08) Infiltr.atic.)n (1.13) Infiltr.atign (1.14)
i Ventilation (0.94) Infiltration (1.03) Ventilation (1.12) Ventilation (1.03)
Roller shutters (0.82) Roller shutters (0.79) Roller shutters (0.81) Roller shutters (0.93)
6 - - - -
2 Eaves (0.62) Ext. wall insulation Eaves (0.63) Thermal mass (0.86)
Ext. wall insulation (0.44) Ext. wall insulation Eaves (0.67)
(0.42) Ceiling insulation (0.29) | (0.49) Ext. wall insulation
Ceiling insulation (0.22) | Eaves(0.19) Ceiling insulation (0.29) | (0.54)
Roof colour (0.11) Roof colour (0.15) Roof colour (0.2) Ceiling insulation (0.37)
Ext. wall colour (0.09) | Ext. wall colour (0.13) | Ext. wall colour (0.09) | Roof colour (0.2)
Roof type (0.01) Roof type (0.06) Roof type (0.01) Ext. wall colour (0.13)
Low Surface type (0.04)
<f33% Roof openness (0)
(r)naximum 5 Thermal mass (0.67) Thermal mass (0.57) Thermal mass (0.65) Thermal mass (0.63)
impact Eaves (0.43) Eaves (0.45) Eaves (0.4) Eaves (0.5)

Ceiling insulation (0.41)
Ext. wall insulation
(0.24)

Roof type (0.23)

Roof colour (0.09)

Ext. wall colour (0.01)
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Ceiling insulation (1.05)
Ext. wall insulation
(0.68)

Roller shutters (0.63)
Thermal mass (0.26)
Ventilation (0.26)

Roof surface type (0)

Thermal mass (1.07)
Ceiling insulation (1.06)
Ext. wall insulation (0.7)
Roller shutters (0.53)
Ventilation (0.28)

Roof surface type
(0.01)

Ceiling insulation (1.10)
Thermal mass (0.88)
Ext. wall insulation
(0.67)

Roller shutters (0.48)
Ventilation (0.24)

Roof surface type (0)

Ceiling insulation (1.07)
Thermal mass (0.98)
Ext. wall insulation
(0.68)

Roller shutters (0.62)
Ventilation (0.29)

Roof surface type
(0.01)

Negative
impact

Underslab insulation (-
3.56)
Roof openness (-0.02)

Underslab insulation (-
3.56)

Large eaves (-0.38)
Roof openness (-0.05)

Underslab insulation (-
3.99)
Roof openness (-0.04)

Underslab insulation (-
3.76)

Underslab insulation (-
3.44)

Roof openness (-0.02)
Ext. wall colour (-0.01)

Underslab insulation (-
3.27)

Roof openness (-0.04)
Thermal mass (-0.02)
Roof colour (-0.02)

Underslab insulation (-
3.33)

Roof openness (-0.03)
Roof colour (-0.01)

Underslab insulation (-
3.26)

Roof openness (-0.02)
Ext. wall colour (-0.02)

Underslab insulation (-
1.73)

Eaves (-0.39)

Ext. wall colour (-0.33)
Roof openness (-0.29)
Roof colour (-0.09)

Underslab insulation (-
1.58)

Eaves (-0.39)

Ext. wall colour (-0.25)
Roof openness (-0.25)
Roof colour (-0.06)

Underslab insulation (-
1.43)

Eaves (-0.56)

Ext. wall colour (-0.39)
Roof openness (-0.3)
Roof colour (-0.11)

Underslab insulation (-
1.46)

Eaves (-0.38)

Ext. wall colour (-0.31)
Roof openness (-0.28)
Roof colour (-0.08)

* Slab edge insulation results omitted, to be re-modelled in updated version of AccuRate Sustainability when available

454

Summary of Simulated Peak Load Analysis

Table 14. Apartment Archetype - Peak Load Improvement (Cooling) (Units - kW)

Apartment Archetype

66%- 100%
of
maximum
impact

Thermal mass (0.25)

Infiltration (0.9)
Thermal mass (0.66)

Thermal mass (0.4)
Infiltration (0.33)
Surface colour (0.31)
Ext. wall ins. (0.3)

Impact iz Peak Load Improvement (Cooling)
0’ 90° 180° 270°
Thermal mass (0.41)
Eaves (0.35)
Highest Eaves (0.46) Thermal mass (0.51)

Infiltration (0.48)
Surface colour (0.48)
Eaves (0.48)

Ext. wall ins. (0.47)

Roller shutters (0.25)

Ext. wall ins. (0.33)
Thermal mass (0.31)

Thermal mass (0.31)

Medium
33%- 66%
of
maximum
impact

Thermal mass (0.16)

Roller shutters (0.27)
Thermal mass (0.2)
Infiltration (0.19)

Roller shutters (0.16)

Eaves (0.13)
Surface colour (0.13)
Ext. wall ins. (0.13)

Infiltration (0.18)

Low
<33%

of
maximum

Ext. wall ins. (0.04)
Surface colour (0.04)
Roller shutters (0)

Infiltration (0.15)
Roller shutters (0.1)
Ext. wall ins. (0.06)
Surface colour (0.06)

Eaves (0.14)
Surface colour (0.05)
Ext. wall ins. (0.05)
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impact Roller shutters (0.25)
Ext. wall ins. (0.09) Surface colour (0.06)
Infiltration (0.02) Ext. wall ins. (0.04) Roller shutters (0.07)
Eaves (0.04)
Infiltration (0.06)
Eaves (-0.26)
Roller shutters (-0.19) | Thermal mass (-0.39)
Ext. wall ins. (-0.1) Eaves (-0.28)
Surface colour (-0.09) | Infiltration (-0.09)
Infiltration (-0.01)
Eaves (-0.39)
Negative Surface colour (-0.09) Roller shutters (-0.11)
Impact Roller shutters (-0.07)

Thermal mass (-0.49)
Eaves (-0.47)

Ext. wall ins. (-0.39)
Infiltration (-0.34)
Roller shutters (-0.23)
Surface colour (-0.09)

Thermal mass (-0.45)
Infiltration (-0.11)

Eaves (-0.27)
Roller shutters (-0.24)
Surface colour (-0.14)

Surface colour (-0.39)
Eaves (-0.39)

Table 15. Apartment Archetype - Peak Load Improvement (Heating) (Units - KW)

Eave extension (0.00)
Roller shutters (0.00)

Eave extension (0.00)
Roller shutters (0.00)

Eave extension (0.00)
Roller shutters (0.00)

Apartment Archetype
Impact Climate Peak Load Improvement (Heating)
Zone
0° 90° 180° 270°

Highest 2 'T”;'grrr?:;%fsz?o 23 | nfittation (0.32) Infiltration (0.37) Infiltration (0.30)
66%-100%
of . 5 Infiltration (0.34) Infiltration (0.35) Infiltration (0.31) Infiltration (0.30)
maximum
impact

6 Infiltration (0.44) Infiltration (0.45) Infiltration (0.43) Infiltration (0.42)

2 Thermal mass (0.18) Thermal mass (0.13)
Medium
33%-66%

. 5 Thermal mass (0.18) Thermal mass (0.17) Thermal mass (0.13) Thermal mass (0.13)

of maximum
impact

6 Thermal mass (0.15) Thermal mass (0.14)

Ext. wall ins. (0.10) Ext. wall ins. (0.09) Ext. wall ins. (0.09) Ext. wall ins. (0.09)

2 Ext. wall colour (0.00) | Ext. wall colour (0.00) | Thermal mass (0.10) Ext. wall colour (0.00)
Low Roller shutters (0.00) Roller shutters (0.00) Roller shutters (0.00) Roller shutters (0.00)
< 33%
of maximum Ext. wall ins. (0.07) Ext. wall ins. (0.06) Ext. wall ins. (0.06) Ext. wall ins. (0.06)
impact 5 Ext. wall colour (0.00) | Ext. wall colour (0.00) | Ext. wall colour (0.00) | Ext. wall colour (0.00)

Eave extension (0.00)
Roller shutters (0.00)
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Thermal mass (0.14) Ext. wall ins. (0.07) Thermal mass (0.13) Ext. wall ins. (0.07)
Ext. wall ins. (0.07) Ext. wall ins. (0.07)
Ext. wall colour (0.00) Ext. wall colour (0.00)
6 Ext. wall colour (0.00) . Ext. wall colour (0.00) .
. Eave extension (0.00) . Eave extension (0.00)
Eave extension (0.00) Roller shutters (0.00) Eave extension (0.00) Roller shutters (0.00)
Roller shutters (0.00) ' Roller shutters (0.00) '
Eave extension (- Eave extension (- Eave extension (- Eave extension (-
2 0.04) 0.06) 0.10) 0.04)
Ext. wall colour (-0.01) | Ext. wall colour (-0.01) | Ext. wall colour (-0.01) | Ext. wall colour (-0.01)
Negative Eave extension (- Eave extension (- Eave extension (- Eave extension (
" gact 5 0.02), Ext. wall colour | 0.01) 0.01) 0,00
P (-0.01) Ext. wall colour (-0.01) | Ext. wall colour (-0.01) '
Ext. wall colgur (-0.01) | Ext. wall coIc_;ur (-0.01) e e (o e
6 Eave extension (- Eave extension (- 0.01) 0.01)
0.01) 0.01) ‘ '
Table 16. Attached Archetype — Peak Load Improvement (Cooling) (Units - KW)
i Attached Archetype
Impact Cz|g1nage Peak Load Improvement (Cooling)
0° 90° 180° 270°
Highest
66%-100%
of maximum impact**
2 Ventilation (0.32) 2022; shutters Infiltration (0.39)
g”;i'_‘gg% . Infiltration (0.23)
. . Ventilation (0.23)
of maximum impact —
6 Thermal mass Roller shutters Ceiling ins. (0.45)
(0.5) (0.95) Eaves (0.44)
Roller shutters
Roller shutters Eaves (0.27) Ventilation (0.13) (0.34)
(0.13) Thermal mass S
Ceiling ins. (0.1) Eaves (0.2)
Roof type (0.07) (0.13) S
S I Eaves (0.04) Ceiling ins. (0.12)
Ceiling ins. (0.06) | Ceiling ins. (0.1) .
Ext. wall ins. Roof colour (0.11)
Roof colour (0.04) | Roof type (0.09)
(0.03) Roof type (0.11)
Roof openness Roof colour (0.08)
2 Ext. wall colour Roof openness
(0.04) Roof openness
. (0.03) (0.07)
Ext. wall ins. (0.08) ol
Low Roof openness Infiltration (0.05)
(0.02) Ext. wall colour
<33% (0.03) Ext. wall colour
. . Ext. wall colour (0.03)
of maximum impact . Roller shutters (0.05)
(0.02) Ext. wall ins. (0.01) Ext. wall ins
Infiltration (0.01) (0.03) (0.04)
Ext. wall colour Infiltration (0.11) Roller shutters
(0.17) Roof type (0.1) (0.4)
5 Roller shutters Ext. wall ins. Roof colour (0.07) | Thermal mass
(0.03) (0.15) Roof openness (0.37)

Roller shutters
(0.13)

(0.06)
Eaves (0.04)

Eaves (0.12)
Ventilation (0.04)

LOW CARBON LIVING

‘%L\ CRC

34




Roof type (0.12)
Roof colour (0.11)
Ceiling ins. (0.08)
Roof openness
(0.07)

Underslab ins.
(0.03)

Roller shutter
(0.01)

Roof colour (0.04)
Roof type (0.03)
Ceiling ins. (0.02)
Ext. wall colour
(0.01)

Ventilation (0.46)
Roof colour (0.45)
Ceiling ins. (0.42)
Infiltration (0.33)
Eaves (0.05)
Roof type (0.05)
Roof openness
(0.03)

Ext. wall ins.
(0.03)

Ext. wall colour
(0.01)

Roller shutters
(0.01)

Eaves (0.29)
Roof colour (0.18)
Roof openness
(0.15)

Ext. wall colour
(0.03)

Ext. wall ins.
(0.03)

Roof openness
(0.42)

Ext. wall ins.
(0.42)

Ext. wall colour
(0.41)
Ventilation (0.39)
Thermal mass
(0.36)

Infiltration (0.12)
Roof colour (0.05)
Roller shutters
(0.04)

Ventilation (0.42)
Infiltration (0.27)
Eaves (0.27)
Roller shutters
(0.23)

Ceiling ins. (0.22)
Roof openness
(0.22)

Roof type (0.15)
Roof colour (0.14)
Ext. wall ins.
(0.13)

Ext. wall colour
(0.12)

Negative Impact

Thermal mass (-
0.36)

Eaves (-0.1)
Underslab ins. (-
0.01)

Infiltration (-0.03)
Underslab ins. (-
0.1)

Ventilation (-0.1)

Thermal mass (-
0.27)

Roof colour (-0.03)
Roof type (-0.02)
Underslab ins. (-
0.1)

Thermal mass (-
0.14)

Underslab ins. (-
0.14)

Ventilation (-0.03)

Thermal mass (-
0.46)

Underslab ins. (-
0.45)

Roof colour (-
0.42)

Roof type (-0.34)
Ceiling ins. (-0.22)
Eaves (-0.12)
Ext. wall ins. (-
0.12)

Roof openness (-
0.12)

Ext. wall colour (-
0.11)

Thermal mass (-
0.36)

Infiltration (-0.28)
Ventilation (-0.12)
Eaves (-0.1)

Underslab ins. (-
0.41)

Thermal mass (-
0.27)

Ventilation (-0.21)
Ext. wall ins. (-
0.12)

Ext. wall colour (-
0.12)

Ceiling ins. (-0.05)

Underslab ins. (-
0.12)

Ext. wall ins. (-
0.02)

Infiltration (-0.01)
Roof openness (-
0.01)

Underslab ins. (-
0.62)

Underslab ins. (-
0.51)

Thermal mass (-
0.48)

Roof type (-0.35)
Ceiling ins. (-0.22)
Infiltration (-0.12)
Ventilation (-0.01)

Underslab ins. (-
0.7)
Roof type (-0.05)

Underslab ins. (-
0.47)

Thermal mass
(0.1)

* Slab edge insulation results omitted, to be re-modelled in updated version of AccuRate Sustainability when available

** Glazing was previously identified as having highest impact on peak cooling load. However, results have been removed
as preliminary glazing analysis was subsequently superseded by more comprehensive approach (see Section 4.3.3).
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Table 17. Attached Archetype — Peak Load Improvement (Heating) (Units - K\W)

cli Attached Archetype
Impact Zl;nﬂe;te Peak Load Improvement (Heating)
0° 90° 180° 270°
Highest 2 Infiltration (0.3) Infiltration (0.29) Infiltration (0.28) Infiltration (0.25)
66%-100%
of 5 Infiltration (0.46) Infiltration (0.44) Infiltration (0.48) Infiltration (0.44)
maximum I
impact 6 Infiltration (0.52) Infiltration (0.5)
Medium 2
33%-66% | 5
of
maximum | 6 Infiltration (0.54) Infiltration (0.49)
impact
Thermal mass
(0.07)
Ceiling ins. (0.07)
Ceiling ins. (0.05) Ext. wall ins.
Ext. wall ins. (0.04) Ceiling ins. (0.04) (0.05)
Roof openness (0.01) | Ext. wall ins. (0.03) A Underslab ins.
2 Ventilation (0.01) Roof openness (0.01) (IE:Et”ICv%IIIniis(o(ggg) (0.02)
Roof type (0.01) Ventilation (0) ’ A Roller shutters
Roof colour (0.01) Roller shutters (0) (0.01)
Roller shutters (0) Roof openness
(0.01)
Roof colour (0)
Ventilation (0)
Thermal mass
(0.06)
Low Thermal mass (0.1) Ceiling ins. (0.05)
< 33% o : Ceiling ins. (0.05) S o
Ceiling ins. (0.05) . Ceiling ins. (0.07) Ext. wall ins.
of . Ext. wall ins. (0.04) .
maximum | 5 Ext. wall ins. (0.04) Ventilation (0) Ext. wall ins. (0.05) (0.04)
. Underslab ins. (0.01) Ventilation (0) Underslab ins.
impact . Roof openness (0)
Ventilation (0) Roller shutters (0) Roof openness (0) (0.01)
Roller shutters (0) Ventilation (0)
Roller shutters (0)
Roof openness (0)
Underslab ins.
Underslab ins. (0.07) Unpl_ersl.ab ins. (0.06) Underslab ins. (0.07) (0'9.6) )
S Ceiling ins. (0.05) S Ceiling ins. (0.05)
Ceiling ins. (0.05) - Ceiling ins. (0.05) .
. Ext. wall ins. (0.04) . Ext. wall ins.
Ext. wall ins. (0.04) Ext. wall ins. (0.04)
Roller shutters (0.01) (0.04)
Roof colour (0.01) Roof openness (0)
6 Roof colour (0) Roof colour (0.01)
Roof type (0) Roof colour (0)
Ext. wall colour (0) Roller shutters (0)
Roof openness (0) Roller shutters (0)
S Roof openness (0) L Roof openness (0)
Ventilation (0) S Ventilation (0) S
Roller shutters (0) Ventilation (0) Ext. wall colour (0) Ventiation (0)
Roof type (0) ' Ext. wall colour (0)
Roof type (0)
Thermal mass (-0.1)
Thermal mass (-0.13) | Eaves (-0.05) Egﬁ;@?ly ;35)3 (-0.11) Eaves (-0.03)
Negative 2 Eaves (-0.08) Underslab ins. (-0.05) RoOf t e. (-0.02) Ext. wall colour (-
Impact Underslab ins. (-0.03) | Ext. wall colour (-0.01) . yp : 0.01)
Ventilation (-0.01)
Ext. wall colour (-0.01) | Roof colour (-0.01) Roof type (-0.01)
Roller shutters (-0.01)
Roof type (-0.01)
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Roof openness (-
0.01)

Ext. wall colour (-0.01)
Roof colour (-0.01)
Underslab ins. (-0.01)

Eaves (-0.04)

Roof colour (-0.01)
Ext. wall colour (-0.01)
Roof openness (-0.01)
Roof type (-0.01)

Thermal mass (-0.13)
Eaves (-0.08)

Ext. wall colour (-0.01)
Roof type (-0.01)
Roof colour (-0.01)
Underslab ins. (-0.01)

Thermal mass (-0.11)
Eaves (-0.03)

Roof colour (-0.01)
Underslab ins. (-0.01)
Ext. wall colour (-0.01)
Roof type (-0.01)
Roller shutters (-0.01)

Eaves (-0.03)
Roof type (-0.01)
Roof colour (-
0.01)

Ext. wall colour (-
0.01)

Thermal mass (-0.08)
Eaves (-0.02)
Ext. wall colour (-0.01)

Thermal mass (-0.1)
Eaves (-0.01)

Thermal mass (-0.07)
Eaves (-0.01)
Roof type (-0.01)

Thermal mass (-
0.1)
Eaves (-0.01)

* Slab edge insulation results omitted, to be re-modelled in updated version of AccuRate Sustainability when available

Table 18. Detached Archetype - Peak Load Improvement (Cooling) (Units - kW)

Climat Detached Archetype
Impact ZI(Tnie Peak Load Improvement (Cooling)
0° 90° 180° 270°
Highest 2 Thermal mass (0.92)
66%-100% 5
of maximum B
impact
Roller shutters (0.87)
Ve 2 Roller shutters (1.22) Infiltration (0.78) Roller shutters (0.92) | Thermal mass (0.63)
3360/ Ilggo/ Roller shutters (1.06)
oo 5 Thermal mass (1.06) Thermal mass (0.80) Thermal mass (0.89)
of maximum _—
. Infiltration (0.97)
impact e
6 Infiltration (0.54)
Roller shutters (0.47)
Infiltration (0.64) Thermal mass (0.35)
Roof colour (0.52) Eave extension (0.34) | Infiltration (0.27) Roller shutters (0.49)
. Ext. wall colour (0.19)
Thermal mass (0.51) Roof colour (0.28) Eave extension (0.24)
S . . Roof colour (0.15)
Ceiling insulation Ceiling fan (0.24) Roof colour (0.11) Infiltration (0.15)
(0.48) Ext. wall colour (0.21) | Ext. wall colour (0.10) Eave extensi.on (0.15)
2 Ext. wall colour (0.45) | Ext. wall ins. (0.20) Roof type (0.09) '
. Roof type (0.14)
Eave extension (0.33) | Roof openness (0.20) | Roof openness (0.09) Ext. wall ins. (0.13)
Roof type (0.21) Ceiling insulation Ceiling insulation RO(.)f o ennc.ass.(o 11)
Ceiling fan (0.12) (0.09) (0.09) i pinsulation '
Roof openness (0.08) | Roof type (0.06) Ext. wall ins. (0.07) © 11)9
of maximum Ext. wall ins. (0.05) Ceiling fan (0.06) '
Roller shutters (0.45) Roller shutters (0.55) Roller shutters (0.37)
Thermal mass (0.43) Eave extension (0.26) | Infiltration (0.42) Infiltration (0.39)
Infiltration (0.36) Ceiling insulation Eave extension (0.20) | Eave extension (0.18)
Eave extension (0.15) | (0.14) Ceiling insulation Ext. wall colour (0.16)
5 Ceiling insulation Ext. wall ins. (0.13) (0.14) Ext. wall ins. (0.15)
(0.14) Ext. wall colour (0.13) | Ext. wall ins. (0.12) Ceiling insulation
Ext. wall ins. (0.11) Roof type (0.09) Ext. wall colour (0.11) | (0.14)
Ext. wall colour (0.10) | Roof colour (0.09) Roof type (0.10) Roof colour (0.09)
Roof colour (0.09) Roof openness (0.04) | Roof colour (0.09) Roof type (0.08)
Roof type (0.05) Roof openness (0.04) | Roof openness (0.04)
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Roof openness (0.03)

Roller shutters (0.48)
Thermal mass (0.43)
Ceiling insulation
(0.24)

Eave extension (0.24)

Ceiling insulation
(0.28)

Ext. wall colour (0.24)
Roller shutters (0.21)

Ext. wall ins. (0.47)

Roller shutters (0.45)
Thermal mass (0.21)
Ext. wall colour (0.12)

Thermal mass (0.43)
Ext. wall colour (0.25)
Eave extension (0.13)
Ceiling insulation

Roof openness (-
0.01)

0.24)
Infiltration (-0.20)
Thermal mass (-0.18)

Roof colour (-0.13)
Ext. wall colour (-
0.12)

Thermal mass (-0.11)

6 Ext. wall ins. (0.19) Ext. wall ins. (0.20) infiltration (0.12) (0.09)
Infiltration (0.19) Roof colour (0.18) Ceiling insulation Ext. wall ins. (0.08)
Roof colour (0.06) Ceiling fan (0.04) (0.02) Roof colour (0.08)
Ext. wall colour (0.05) | Roof type (0.00) Roof type (0.00) Roof openness (0.02)
Roof type (0.00) Roof openness (0.00) | Roof openness (0.00) | Roof type (0.01)
Roof openness (0.00)
Underslab ins. (-0.62)
. . . Ceiling fan (-0.37)
2 Underslab ins. (-0.55) | Underslab ins. (-0.41) | Underslab ins. (-0.45) Underslab ins. (-0.03)
Thermal mass (-0.01)
Underslab ins. (-0.63) | Underslab ins. (-0.69) | Underslab ins. (-0.69)
5 Underslab ins. (-0.70) | Ceiling fan (-0.01) Ceiling fan (-0.03) Ceiling fan (-0.02)
Thermal mass (-0.01) | Thermal mass (-0.03) | Thermal mass (-0.01)
Negative Underslab ins. (-1.28)
Impact Underslab ins. (-1.43) | Ceiling fan (-0.32)
Underslab ins. (-1.12) | Ext. wall colour (- Ceiling ins. (-0.21)
Ceiling fan (-0.04) 0.33) Eave extension (- Underslab ins. (-1.19)
6 Thermal mass (-0.03) | Eave extension (- 0.14) Thermal mass (-0.04)

Ceiling fan (-0.03)

* Slab edge insulation results omitted, to be re-modelled in updated version of AccuRate Sustainability when available

Table 19. Detached Archetype - Peak Load Improvement (Heating) (Units - kW)

Detached Archetype

Ceiling fan (0.00)

Ceiling fan (0.00)

Roller shutters (0.00)

Impact C;;“n"’:e Peak Load Improvement (Heating)
0° 90° 180° 270°
Highest ) Infiltration (0.58) Infiltration (0.58) Infiltration (0.58) Infiltration (0.57)
66%-100% Thermal mass (0.44) | Thermal mass (0.43) | Thermal mass (0.44) | Thermal mass (0.45)
of —— — —— —
maximum Infiltration (0.52) Infiltration (0.52) Infiltration (0.52) Infiltration (0.52)
impact
Medium 5 Ceiling insulation Ceiling insulation Ceiling insulation
33%-66% (0.21) (0.21) (0.21)
of 5 Thermal mass (0.28) Thermal mass (0.29) Thermal mass (0.29) Thermal mass (0.28)
maximum L Infiltration (0.52), L o
impact 6 Infiltration (0.52) Thermal m(ass ()0.28) Infiltration (0.53) Infiltration (0.51)
Ceiling insulation Ext wallins, 0.12) | DXt wallins. Q11) 1 oo oins. (0.12)
Low 2 (0.21) Roof colour (0.00) Roof colour (0.00) Roof colour (0.00)
< 33% Ext. wall ins. (0.12) ) Ceiling fan (0.00) :

Ceiling fan (0.00)
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of Ceiling insulation Ceiling insulation Ceiling insulation Ceiling insulation
maximum (0.15) (0.15) (0.15), (0.15)
impact Ext. wall ins. (0.10) Ext. wall ins. (0.09) Ext. wall ins. (0.09), Ext. wall ins. (0.10)
Roof colour (0.00) Roof colour (0.00) Roof colour (0.00), Roof colour (0.00)
Ceiling fan (0.00) Ceiling fan (0.00) Ceiling fan (0.00), Ceiling fan (0.00)
Roller shutters (0.00) Roller shutters (0.00) Roller shutters (0.00) | Roller shutters (0.00)
Thermal mass (0.27) S . Thermal mass (0.27) Thermal mass (0.27)
S . Ceiling insulation S . S .
Ceiling insulation (0.12) Ceiling insulation Ceiling insulation
(0.12) E)%t wall ins. (0.08) (0.12) (0.11)
Ext. wall ins. (0.08) Ext. wall col.our.(O 00) Ext. wall ins. (0.07) Ext. wall ins. (0.07)
Ext. wall colour (0.00) Roc;ft e (0.00) ' Ext. wall colour (0.00) | Ext. wall colour (0.00)
Roof type (0.00) ype (& Roof type (0.00) Roof type (0.00)
Roof colour (0.00)
Roof colour (0.00) Ceiling fan (0.00) Roof colour (0.00) Roof colour (0.00)
Ceiling fan (0.00) 9 o Ceiling fan (0.00) Ceiling fan (0.00)
. Eave extension (0.00) . .
Eave extension (0.00) Roller shutters (0.00) Eave extension (0.00) | Eave extension (0.00)
Roller shutters (0.00) ' Roller shutters (0.00) Roller shutters (0.00)
Underslab |n.s. (-1.39) | Underslab |n.s. (1.39) Underslab ins. (-1.39) Underslab |n.s. (-1.36)
Eave extension (-0.08) | Eave extension (-0.07) . Eave extension (-0.07)
Eave extension (-0.07)
Roof openness (-0.06) | Roof openness (-0.06) Roof openness (-0.06)
Roof openness (-0.06)
Roof openness (-0.06) | Ext. wall colour (-0.03) Roof type (-0.04)
Ext. wall colour (-0.04)
Ext. wall colour (-0.03) | Roof type (-0.03) Ext. wall colour (-0.03)
Roof type (-0.03)
Roof type (-0.03) Roof colour (-0.01) Roof colour (-0.01) Roof colour (-0.01)
Roller shutters (-0.01) | Roller shutters (-0.01) o Roller shutters (-0.01)
Negative Underslab ins. (-1.03) | Underslab ins. (-1.03) | Underslab ins. (-1.02) | Underslab ins. (-1.01)
Impact Eave extension (-0.05) | Eave extension (-0.05) | Eave extension (-0.05) | Eave extension (-0.05)
Roof openness (-0.04) | Roof openness (-0.04) | Roof openness (-0.04) | Roof openness (-0.04)
Ext. wall colour (-0.02) | Ext. wall colour (-0.02) | Ext. wall colour (-0.03) | Ext. wall colour (-0.02)
Roof type (-0.02) Roof type (-0.02) Roof type (-0.02) Roof type (-0.02)
Roof colour (-0.01) Roof colour (-0.01) Roof colour (-0.01) Roof colour (-0.01)
Underslab ins. (-0.82) Roof openness (-0.03) Underslab ins. (-0.82) | Underslab ins. (-0.82)
Roof openness (-0.03) Roof openness (-0.03) | Roof openness (-0.03)
. Ext. wall colour (-0.01) . .
Eave extension (-0.02) e Eave extension (-0.02) | Eave extension (-0.02)
Ext. wall colour (-0.01) ’ Ext. wall colour (-0.01) | Ext. wall colour (-0.01)

* Slab edge insulation results omitted, to be re-modelled in updated version of AccuRate Sustainability when available
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4.6 Details of One-Dimensional Economic Analysis

The following sections provide a summary of the inputs and economic outcomes for each of the one dimensional
scenarios analysed (from Section 4.5) including an outline of capital costs for implementation, benefit cost analysis
results, and subsequent recommendations.

46.1 Infiltration

46.1.1 Capital Costs

Based on feedback from industry, the capital costs associated with improved infiltration control are nominal and are more

associated with workmanship than capital works. As a result, capital costs are based on estimated costs for undertaking
a blower door test only.

4.6.1.2  Benefit Cost Analysis
e Attached Archetype, Climate Zone 2 - Cost Benefit Ratio
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
network to capital 10 15
value) . (kwh) | (kw) Today 5yrs
adjustments) | cost years years
Base | 14.5 ACH at g - 555 277
case | 50
Level | 5.3 ACHAL 1 ¢ 600 -$102 436 | 2.67 0.35 040 |043 |046
1 50 Pa
e Attached Archetype, Climate Zone 5 - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital wh) | &w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | 14.5 ACH at $ - 401 275
case | 50
Level | S3ACHAt | ¢ 400 -$13 295 | 273 0.28 032 |035 |[o037
1 50 Pa
e Attached Archetype, Climate Zone 6 - Cost Benefit Ratio
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital &wh) | kw) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | 14.5 ACH at $ - 1,352 267
case | 50
kevel :praCH A | $1,000 $145 910 | 2.52 1.35 155 |169 | 179
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Detached Archetype, Climate Zone 2 - Cost Benefit Ratio

Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital &wh) | xw) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | 14.5 ACH at $ - 1,164 3.96
case | 50 Pa
Level | 5.8 ACH at $770 -$444 938 3.49 1.82 2.08 2.22 2.33
1 50 Pa
e Detached Archetype, Climate Zone 5 - Cost Benefit Ratio
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC . BC .
(notinc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital ®wh) | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | 14.5 ACH at
case | 50Pa $- 920 3.55
Level | S8ACHAL | o770 -$364 730 | 317 1.22 140 | 150 | 158
1 50 Pa
e Detached Archetype, Climate Zone 6 - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
network to capital 10 15
value) . (kwh) | (kw) Today 5yrs
adjustments) | cost years years
Base | 14.5 ACH at $ - 2,588 231
case | 50 Pa
Level | S.8ACHAt | &) 100 -$107 2,016 |2.20 1.67 192 |210 |222
1 50 Pa
e Apartment Archetype, Climate Zone 2 - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital ®wh | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | 14.5 ACH at
case | 50 Pa $ - 519 3.47
ievel ;:CH a0 1 41,000 -$98 434|336 0.25 028 031 |033
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Apartment Archetype, Climate Zone 5 - Cost Benefit Ratio

Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital &wh) | xw) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base 14.5 ACH at
. a
case -
50 Pa $ 471 2.24
Level 7 ACH at 50
1 Pa $1,000 $9 355 2.25 0.30 0.34 0.38 0.40
e Apartment Archetype, Climate Zone 6 - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital wh) | w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | 14.5 ACH at $ - 1,466 208
case | 50 Pa
Iievel ; aACH ats0 1 41,000 -$20 958 | 2.06 1.35 155 |170 | 1.80
4.6.1.3 Recommendations

Inclusion of infiltration improvements into additional stringency measures is recommended for all archetypes for CZ6 and
for detached houses in CZ2 and CZ5.

It should also be noted that the scale of the savings from 15 ACH to 7 ACH is not sufficient to justify the $3,000+ cost of
heat recovery ventilation associated with reducing the infiltration significantly below 7ACH. As a result we have not
assessed infiltration rates below 7 ACH.

4.6.2 Wall Insulation

4.6.2.1  Capital Costs
The following underlying cost figures were used in the assessment of insulation, based on available retail costs for
insulation.

e Expanded polystyrene batts used Foamex EPS Expanded Polystyrene Styroboard SL (price for coverage at
required thicknesses estimated at $0.12/mm/m2 based average costs of 4 products with differing thickness and
batt coverage)

e Glass fibre batts used Bradford Gold Wall Batts (price for coverage at required thicknesses estimated at
$0.04/mm/m2 based average costs of 4 products with differing thickness and batt coverage)

e Polyurethane rigid foamed aged Knauf XPS Multi-Use Foam Board at (average price at $0.40/mm/m2 based
average costs of 4 products with differing thickness and batt coverage)

e Polyester batts used Bradford Polymax Wall Batts (price for coverage at required thicknesses estimated at
$0.09/mm/m? based average costs of 8 products with differing thickness and batt coverage)
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No learning rate has been applied to either performance or cost. The modelled costs for each insulation construction
were as follows:

Detached Attached

R2.8 $14.18 R2.8 $14.18

R3.5 $23.38 R3.5 $23.38

R4.2 $31.38 R4.2 $31.38

R4.9 $39.38 R4.9 $39.38

R5.6 $48.98 R5.8 $51.38

Apartment

CZz2 CZ5 &6

South walls Other walls South walls Other walls

R2.9 $14.18 R3.4 $22.18 R2.4 $10.58 R2.9 $14.18

R3.5 $22.98 R4.2 $32.58 R2.8 $14.18 R3.5 $22.98

R4.2 $32.58 R5 $41.38 R3.5 $22.98 R4.2 $32.58

R4.9 $40.18 R5.8 $50.58 R4.2 $30.58 R5 $40.18

R5.8 $50.58 R6.8 $61.38 R4.9 $39.38 R5.8 $50.58
4.6.2.2  Benefit Cost Analysis

Energy performance was calculated for each orientation. In order to obtain a suitable metric for assessment, the energy
performance and peak demand are expressed as the average of the figures for each orientation. The benefit cost ratio is
the then expressed in terms of this average, effectively expressing the average impact for the archetype across all
orientations.

The performance of each scenario, averaged across the four orientations was as follows:

Attached Archetype, Climate Zone 2 - Cost Benefit Ratio

Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - | Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital &wh) | xw) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | poe $1,007 555 | 277
case
Iievel R3.5 $ 1,660 -$13 550 | 2.76 0.03 003 |003 |[0.03
Level
5 R4.2 $2,228 -$19 548 2.75 0.02 0.02 0.03 0.03
Level
3 R4.9 $2,796 -$21 546 2.75 0.02 0.02 0.02 0.02
I;revel R5.8 $3,648 -$28 546 | 2.74 0.01 002 |002 |[0.02
e Attached Archetype, Climate zone 5 - Cost Benefit Ratio
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - | Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
network to capital 10 15
value) . (kwh) | (kw) Today 5yrs
adjustments) | cost years years
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Base | o $ 1,007 401 | 275
case
Level
1 R3.5 $ 1,660 -$ 13 396 2.73 0.03 0.03 0.04 0.04
;eve' R4.2 $2,228 -$6 393 | 274 0.03 003 |003 |[0.03
'éeve' R4.9 $2,796 $20 390 | 277 0.02 003 |[003 |0.03
Level
4 R5.8 $ 3,648 $22 387 2.77 0.02 0.02 0.02 0.03
e Attached Archetype, Climate zone 6 - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital &wh) | w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | pog $ 1,007 1352 | 2.67
case
Iievel R3.5 $ 1,660 $8 1,334 | 267 0.11 013 |014 |o0.14
Level
5 R4.2 $2,228 -$ 139 1,321 2.53 0.12 0.13 0.14 0.14
Level
3 R4.9 $2,796 -$ 19 1,314 2.65 0.09 0.10 0.10 0.11
Level
4 R5.8 $ 3,648 -$ 127 1,304 2.54 0.08 0.09 0.09 0.09
e Detached Archetype, Climate Zone 2 - Cost Benefit Ratio
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
network to capital 10 15
value) . (kwh) | (kw) Today 5yrs
adjustments) | cost years years
Base | pog $2,192 1,164 | 3.96
case
Level
1 R3.5 $ 3,613 -$303 1,101 3.64 0.23 0.26 0.27 0.28
Level
5 R4.2 $ 4,850 -$89 1,093 3.86 0.11 0.12 0.13 0.14
Level
3 R4.9 $ 6,086 -$70 1,091 3.88 0.08 0.09 0.09 0.10
Level
4 R5.6 $7,569 -$83 1,082 3.87 0.06 0.07 0.07 0.08
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Detached Archetype, Climate zone 5 - Cost Benefit Ratio

Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital ®wh | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | oo $2,192 920 | 355
case
Level
1 R3.5 $3,613 -$47 904 3.50 0.05 0.05 0.05 0.06
Level
5 R4.2 $ 4,850 -$24 895 3.53 0.04 0.04 0.05 0.05
Iéevel R4.9 $6,086 -$65 890 3.48 0.03 0.03 0.04 0.04
Level
4 R5.6 $7,569 -$80 882 3.47 0.03 0.03 0.03 0.04
e Detached Archetype, Climate zone 6 - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital wh) | &w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | o8 $2,192 2,588 | 231
case
Level
1 R3.5 $ 3,613 -$40 2,539 2.27 0.14 0.16 0.17 0.18
Level
5 R4.2 $4,850 -$24 2,507 2.29 0.12 0.14 0.15 0.15
Level
3 R4.9 $5,856 -$ 379 2,486 1.92 0.13 0.14 0.15 0.15
Level
4 R5.6 $ 7,569 -$76 2,469 2.23 0.09 0.10 0.11 0.11
e Apartment Archetype, Climate Zone 2 - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
network to capital 10 15
value) . (kwh) | (kw) Today 5yrs
adjustments) | cost years years
Base | pooR34 | $1,637 342|347
case
Level
1 R3.5/R4.2 $2,447 -$38 336 3.43 0.03 0.04 0.04 0.04
Level
5 R4.2/R5 $3,176 $ - 330 3.47 0.03 0.04 0.04 0.04
Level
3 R4.9/RR5.8 $3,889 -$85 327 3.38 0.03 0.03 0.03 0.04
Level
4 R5.8/RR6.8 $4,756 -$ 100 323 3.36 0.03 0.03 0.03 0.03
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e Apartment Archetype, Climate zone 5 - Cost Benefit Ratio

Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital ®wh | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | oo oR3.4 $1,077 311 | 2.24
case
Level
1 R3.5/R4.2 $1,686 -$11 291 2.23 0.13 0.15 0.16 0.16
Level
5 R4.2/R5 $2,447 -$72 297 2.17 0.05 0.05 0.05 0.06
Level
3 R4.9/RR5.8 $3,063 -$134 289 2.10 0.05 0.05 0.06 0.06
Level
4 R5.8/RR6.8 $3,873 -$76 304 2.16 0.01 0.01 0.01 0.01
e Apartment Archetype, Climate zone 6 - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital wh) | &w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | oo 9R3.4 $1,077 968 | 2.08
case
Level
1 R3.5/R4.2 $1,686 $9 942 2.09 0.17 0.19 0.20 0.21
Level
5 R4.2/R5 $2,447 -$72 939 2.01 0.09 0.10 0.11 0.11
Level
3 R4.9/RR5.8 $2,833 -$609 928 1.45 0.14 0.16 0.16 0.17
Level
4 R5.8/RR6.8 $3,873 -$47 948 2.03 0.03 0.03 0.03 0.04

The results indicate limited benefits for increased wall insulation.

4.6.2.3

Recommendations

No change in wall insulation stringency is recommended.

4.6.3

4.6.3.1

Wall Colour

Capital Costs

The following costs were used to determine the attached archetype cost benefit ratio:

Scenarios Performance Value Climate Zone 2 | Climate Zone 5 | Climate Zone 6
Construction Construction Construction
cost (per unit) cost (per unit) cost (per unit)

Base Case External render, 65% $67.80 $50.16 $59.11

Level 1 50%, light green external render $67.80 $50.16 $59.11
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Level 2 30%, light cream $67.80 $50.16 $59.11
Level 3 23%, white $67.80 $50.16 $59.11
Number of units for construction cost: 72.42 m2

No learning rate has been applied to either performance or cost.

4.6.3.2

orientations. Data for each individual orientation is provided in the Appendices.

Benefit Cost Analysis
Energy performance was calculated for each orientation. In order to obtain a suitable metric for assessment, the energy
performance and peak demand are expressed as the average of the figures for each orientation. The benefit cost ratio is
the then expressed in terms of this average, effectively expressing the average impact for the archetype across all

The performance of each scenario, averaged across the four orientations was as follows:

Attached Archetype, Climate Zone 2

Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - | Ratio -
value (e.g. R . Use Demand Ratio - | Ratio -
value) network to capital kwh) | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | External render, | $
case 65% i 555 2.77
Level 50%, light
1 green external $ 4,910 -$11 553 2.76 0.00 0.00 0.00 0.00
render
—
Level | 30%, light $4,910 $19 551|275 000 |o000 |o000 |o000
2 cream
;eve' 239%, white $4,910 $29 549 | 274 000 |000 |o000 |o0.00
e Attached Archetype, Climate zone 5
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - | Ratio -
value (e.g. R . Use Demand Ratio - | Ratio -
value) network to capital kwh) | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | External render, | $
case 65% i 401 2.75
Level 50%, light
1 green external $3,633 -$11 401 2.74 0.00 0.00 0.00 0.00
render
—
Level | 30%, light $3,633 $4 399|274 000 |000 |[000 |o0.00
2 cream
;eve' 239%, white $ 3,633 $17 401 | 277 000 |000 |o000 |o0.00
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Attached Archetype, Climate zone 6

Performance Capl.tal Cost Ne_twork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - | Ratio -
value (e.g. R . Use Demand Ratio - | Ratio -
value) network to capital kwh) | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | External render,
case | 65% $ - 1,352 2.67
Level 50%, light
1 green external $4,281 -$7 1,356 2.67 0.00 0.00 0.00 0.00
render
T
Level | 30%, light $4,281 $11 1,361 | 2.66 001 |-001 |-001 |-001
2 cream
;eve' 239%, white $4,281 $132 1,366 | 2.54 001 |-001 |-001 |-0.01
e Detached Archetype, Climate Zone 2
Performance Capl.tal Cost Ne_twork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - | Ratio -
value (e.g. R . Use Demand Ratio - | Ratio -
value) network to capital kwh) | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | External render,
case | 65% $ - 1,164 3.96
Level 50%, light
1 green external $10,740 -$31 1,160 3.92 0.00 0.00 0.00 0.00
render
YT
Level | 30%, light $10,740 -$194 1,156 | 3.76 000 |[000 [000 |o0.00
2 cream
;eve' 239%, white $10,740 -$188 1,149 | 3.76 000 |000 |o000 |o0.00
e Detached Archetype, Climate zone 5
Performance Capl.tal Cost Ne_twork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - | Ratio -
value (e.g. R . Use Demand Ratio - | Ratio -
value) network to capital kwh) | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | External render,
case | 65% $- 920 3.55
Level 50%, light
1 green external $ 7,945 -$42 919 351 0.00 0.00 0.00 0.00
render
YT
Level | 30%, light $7,945 $ - 919 | 355 000 |[000 [000 |o0.00
2 cream
;eve' 23%, white $7,945 $85 913 | 364 000 |o000 [000 |o0.00
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Detached Archetype, Climate zone 6

Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - | Ratio -
value (e.g. R . Use Demand Ratio - | Ratio -
value) network to capital kwh) | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | External render,
case | 65% $ - 2,588 2.31
Level 50%, light
1 green external $9,363 -$42 2,601 2.27 0.00 0.00 0.00 0.00
render
T
Level | 30%, light $9,363 $ - 2,616 | 231 001 |[-001 [-001 |-001
2 cream
;eve' 239%, white $9,363 $230 2,636 | 255 001 |-002 |-002 |-0.02
e Apartment Archetype, Climate Zone 2
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - | Ratio -
value (e.g. R . Use Demand Ratio - | Ratio -
value) network to capital kwh) | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | External render,
case | 65% $- 342 3.47
Level 50%, light
1 green external $10,740 -$47 341 3.42 0.00 0.00 0.00 0.00
render
T
Level | 30%, light $10,740 $ - 340 | 3.47 000 |000 |[000 |o0.00
2 cream
;eve' 239%, white $10,740 $78 340 | 355 000 |000 |o000 |o0.00
e Apartment Archetype, Climate zone 5
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - | Ratio -
value (e.g. R . Use Demand Ratio - | Ratio -
value) network to capital kwh) | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | External render,
case | 65% $- 311 2.24
Level 50%, light
1 green the $2,149 -$42 312 2.20 0.00 0.00 0.00 0.00
external render
T
Level | 30%, light $2,149 $24 317|227 001 |[-001 [-001 |-001
2 cream
;eve' 239%, white $2,149 $138 317 | 238 001 |-001 |-001 |-0.01
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e Apartment Archetype, Climate zone 6

Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - | Ratio -
value (e.g. R . Use Demand Ratio - | Ratio -
value) network to capital kwh) | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | External render,
case | 65% $- 968 2.08
Level 50%, light
1 green the $2,533 -$18 977 2.06 -0.01 -0.01 -0.01 -0.01
external render
T
Level | 30%, light $2,533 $24 989 | 2.11 002 |[-003 |[-003 |-003
2 cream
Level .
3 23%, white $2,763 $348 992 2.44 -0.02 -0.02 -0.03 -0.03

4.6.3.3 Recommendations
No wall colour measure is recommended.

4.6.4 Roof Insulation

46.4.1  Capital Costs
The following cost figures were used in the assessment of insulation, based on available retail costs for insulation.

o Expanded polystyrene batts used Foamex EPS Expanded Polystyrene Styroboard SL (price for coverage at required
thicknesses estimated at $0.12/mm/mz? based average costs of 4 products with differing thickness and batt coverage)

¢ Loose fill blown in cellulose (price for coverage estimated at $0.12/mm/m? based on $33 per bag that provides 6.5m?
coverage at 100mm thickness plus $1,500 for machine blown in installation)

e Glass fibre batts used Bradford Polymax Ceiling Batts (price for coverage at required thicknesses estimated at
$0.04/mm/m? based average costs of 8 products with differing thickness and batt coverage)

No learning rate has been applied to either performance or cost. The modelled costs for each insulation construction

were as follows:

Table 20. Per m? insulation costs used for the analysis

Detached Attached

CZ2 &5 CZ6 All zones

R2.93 $14.98 R3.45 $16.00 R3.45 $16.00
R3.7 $16.50 R4.2 $17.52 R4.2 $17.52
R4.45 $18.03 R5.2 $19.55 R5.2 $19.55
R5.2 $19.55 R5.95 $21.07 R5.95 $21.07
R5.82 $20.82 R6.95 $23.10 R6.95 $23.10

4.6.4.2  Benefit Cost Analysis

Energy performance was calculated for each orientation. In order to obtain a suitable metric for assessment, the energy
performance and peak demand are expressed as the average of the figures for each orientation. The benefit cost ratio is
the then expressed in terms of this average, effectively expressing the average impact for the archetype across all
orientations. Data for each individual orientation is provided in the Appendices.
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The performance of each scenario, averaged across the four orientations was as follows:

Attached Archetype, Climate Zone 2 - Cost Benefit Ratio

Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital ®wh | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | oo $2,840 555 | 277
case
Level
1 R4.45 $3,294 -$35 547 2.74 0.07 0.08 0.09 0.09
;eve' R5.3 $3,862 $0 542|277 0.05 006 |006 |0.06
'éeve' R6.6 $4,430 -$26 527 | 275 0.07 008 |009 |0.00
Zeve' R8.7 $ 5,140 -$52 543 | 2.72 0.02 002 |003 o003
e Attached Archetype, Climate zone 5 - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital wh) | &w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | oo $2,840 401 | 275
case
Level
1 R4.45 $3,294 -$17 393 2.73 0.07 0.08 0.09 0.09
;eve' RS5.3 $3,862 $49 389 | 2.80 0.04 005 |005 |[o0.05
',;,eve' R6.6 $4,430 $28 370 | 278 0.08 009 |009 |[0.10
IA_feveI R8.7 $5,140 $24 384 2.77 0.03 0.03 0.04 0.04
e Attached Archetype, Climate zone 6 - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
network to capital 10 15
value) . (kwh) | (kw) Today 5yrs
adjustments) | cost years years
Base | pos $2,840 1352 | 2.67
case
Level
1 R4.45 $3,294 -$210 1,322 | 2.46 0.49 0.54 0.57 0.59
Level
5 R5.3 $3,862 -$19 1,308 | 2.65 0.18 0.20 0.21 0.22
Level
3 R6.6 $4,430 -$95 1,291 | 2.58 0.17 0.18 0.20 0.20
Level
4 R8.7 $5,140 -$45 1,289 | 2.63 0.11 0.13 0.13 0.14
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Detached Archetype, Climate Zone 2 - Cost Benefit Ratio

Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC . BC .
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital ®wh | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | 203 $2,854 1164 |3.96
case
Level
1 R3.7 $3,144 -$31 1,145 3.92 0.31 0.34 0.36 0.37
Level
5 R4.45 $3,434 -$62 1,132 3.89 0.25 0.28 0.30 0.31
Iéevel R5.2 $3,724 -$178 991 3.77 1.02 1.13 1.20 1.24
Level
4 R5.82 $3,966 -$172 955 3.78 0.91 1.01 1.07 1.11
e Detached Archetype, Climate zone 5 - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital wh) | &w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | 203 $2,854 920 | 355
case
Level
1 R3.7 $3,144 -$29 896 3.52 0.37 0.41 0.43 0.45
Level
5 R4.45 $3,434 -$48 879 3.50 0.31 0.34 0.37 0.38
',;,eve' RS5.2 $3,724 -$169 736 | 3.38 1.07 119|125 |130
Level
4 R5.82 $3,736 -$415 698 3.12 1.94 2.15 2.25 2.32
e Detached Archetype, Climate zone 6 - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
network to capital 10 15
value) . (kwh) | (kw) Today 5yrs
adjustments) | cost years years
Base | 2293 $2,854 2588 | 231
case
Level
1 R3.7 $3,144 -$31 2,516 2.28 1.13 1.25 1.32 1.37
Level
5 R4.45 $3,434 -$72 2,466 2.24 0.98 1.09 1.15 1.20
Level
3 R5.2 $3,494 -$616 2,323 1.67 43.54 48.15 34.87 31.36
Level
4 R5.82 $3,736 -$424 2,272 1.87 2.82 3.12 3.26 3.36
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46.4.3

4.6.5

46.51

Recommendations
The results indicate that increased insulation has limited impact on energy use for the attached archetype, but a more
significant impact for the detached archetype, supplemented by a significant demand impact. The implication is that
detached houses would merit the highest level of insulation, while attached houses do not merit a change from the
existing requirement. More work would be required to understand the reason for this difference. For the purposes of the
trajectory analysis, Level 4 insulation is recommended for the detached archetype but no change is recommended for the
attached archetype.

Roller Shutters

Capital Costs

Shutters used were manually powered aluminium/foam shutters. Prices were obtained for individual window sizes that
ranged from $475 to $800 per window.

4.6.5.2

Benefit Cost Analysis
Energy performance was calculated for the building in each orientation, with shutters installed on specific windows only.

Attached Archetype, Climate Zone 2 West - Cost Benefit Ratio

ital N k B B
Performance Capl.ta cost gtwor Energy | Peak . BC C. C.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
network to capital - Today 10 -15
value) . (kwh) (kW) 5yrs
adjustments) | cost years years
B - .
ase No shutters $ 555 2.77
case
Level | Shutters $2,338 -$291 508 2.47 0.06 0.07 0.08 0.08
1 installed
Attached Archetype, Climate Zone 2 North - Cost Benefit Ratio
Capital Cost | Network BC BC
Performance apl_ altos e. wor Energy | Peak . BC . .
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
network to capital - Today 10 -15
value) . (kwh) | (kW) 5yrs
adjustments) | cost years years
B - .
ase No shutters $ 555 2.77
case
Level | Shutters $2,338 -$33 548 2.74 0.01 0.01 0.01 0.01
1 installed
Attached Archetype, Climate Zone 2 East - Cost Benefit Ratio
ital N k B B
Performance Capl_ta cost gtwor Energy | Peak : BC C. C.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
network to capital - Today 10 -15
value) . (kwh) (kW) 5yrs
adjustments) | cost years years
B - .
ase No shutters $ 595 2.7
case
Level | Shutters $2,338 -$29 519 2.74 0.04 0.05 0.05 0.05
1 installed
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Attached Archetype, Climate Zone 5 West - Cost Benefit Ratio

Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R ) Use Demand Ratio -
value) network to capital &wh) | kw) - Today 5 vrs 10 -15
adjustments) | cost y years years
B - .
ase No shutters $ 401 275
case
Level | Shutters $2,338 -$238 373 2.50 0.04 0.04 0.04 0.05
1 installed
Attached Archetype, Climate Zone 5 North - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
value) network to capital wh) | w) - Today 5 vrs 10 -15
adjustments) | cost y years years
B - .
ase |\ chutters $ 401 2.75
case
Level | Shutters $2,338 $13 396 2.76 0.01 0.01 0.01 0.01
1 installed
Attached Archetype, Climate Zone 5 East - Cost Benefit Ratio
Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R ) Use Demand Ratio -
network to capital - Today 10 -15
value) . (kwh) | (kW) 5yrs
adjustments) | cost years years
B - .
ase No shutters $ 401 2.75
case
Level | Shutters $2,338 -$181 379 2.56 0.03 0.03 0.03 0.04
1 installed
Attached Archetype, Climate Zone 6 West - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
value) network to capital «wh) | w) - Today 5 vrs 10 -15
adjustments) | cost y years years
B - .
ase NG shutters $ 1,352 2.67
case
Level | Shutters $2,338 -$242 1,334 | 2.42 0.02 0.03 0.03 0.03
1 installed
Attached Archetype, Climate Zone 6 North - Cost Benefit Ratio
Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
network to capital - Today 10 -15
value) . (kwh) | (kW) 5yrs
adjustments) | cost years years
B - .
ase No shutters $ 1,352 | 2.67
case
Level | Shutters $2,338 $- 1,349 2.67 0.00 0.00 0.00 0.00
1 installed
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Attached Archetype, Climate Zone 6 East - Cost Benefit Ratio

Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R ) Use Demand Ratio -
value) network to capital &wh) | kw) - Today 5 vrs 10 -15
adjustments) | cost y years years
B - .
ase No shutters $ 1,352 | 2.67
case
Level | Shutters $2,338 -$62 1,339 2.61 0.01 0.02 0.02 0.02
1 installed
Detached Archetype, Climate Zone 2 West - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
value) network to capital wh) | w) - Today 5 vrs 10 -15
adjustments) | cost y years years
B - .
ase NG shutters $ 1,164 3.96
case
Level | Shutters $1,828 -$816 1,041 3.11 0.32 0.37 0.39 0.41
1 installed
Detached Archetype, Climate Zone 2 North - Cost Benefit Ratio
Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R ) Use Demand Ratio -
network to capital - Today 10 -15
value) . (kwh) | (kW) 5yrs
adjustments) | cost years years
B - .
ase No shutters $ 1,164 | 3.96
case
Level | Shutters $2,288 $- 884 3.96 0.32 0.37 0.40 0.43
1 installed
Detached Archetype, Climate Zone 2 East - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
value) network to capital «wh) | w) - Today 5 vrs 10 -15
adjustments) | cost y years years
B - .
ase NG shutters $ 1,164 3.96
case
Level | Shutters $2,288 -$205 852 3.74 0.39 0.45 0.49 0.52
1 installed
Detached Archetype, Climate Zone 5 West - Cost Benefit Ratio
Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
network to capital - Today 10 -15
value) . (kwh) | (kW) 5yrs
adjustments) | cost years years
B - .
ase No shutters $ 920 4.17
case
Level | Shutters $2,288 -$314 844 3.84 0.10 0.11 0.13 0.13
1 installed
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Detached Archetype, Climate Zone 5 North - Cost Benefit Ratio

Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R ) Use Demand Ratio -
value) network to capital &wh) | kw) - Today 5 vrs 10 -15
adjustments) | cost y years years
Base No shutters $- 920 4.17
case
Level | Shutters $2,288 -$58 898 4.11 0.03 0.03 0.03 0.03
1 installed
Detached Archetype, Climate Zone 5 East - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
value) network to capital wh) | w) - Today 5 vrs 10 -15
adjustments) | cost y years years
Base NG shutters $- 920 4.17
case
Level | Shutters $2,288 -$24 869 4.14 0.06 0.07 0.07 0.08
1 installed
Detached Archetype, Climate Zone 6 West — Cost Benefit Ratio
Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R ) Use Demand Ratio -
network to capital - Today 10 -15
value) . (kwh) | (kW) 5yrs
adjustments) | cost years years
B - .
ase No shutters $ 2,588 | 3.39
case
Level | Shutters $2,058 -$529 2,539 2.84 0.08 0.10 0.10 0.11
1 installed
Detached Archetype, Climate Zone 6 North — Cost Benefit Ratio
Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
network to capital - Today 10 -15
value) . (kwh) | (kW) 5yrs
adjustments) | cost years years
B - .
ase No shutters $ 2,588 | 3.39
case
Level | Shutters $2,288 -$48 2,474 | 3.34 0.13 0.15 0.17 0.18
1 installed
Detached Archetype, Climate Zone 6 East — Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak : BC BC. BC.
(not inc adjustments BC Ratio i Ratio - Ratio
value (e.g. R . Use Demand Ratio -
value) network to capital «wh) | w) - Today 5 vrs 10 -15
adjustments) | cost y years years
Base No shutters $- 2,588 | 3.39
case
Level Shutters $2,288 -$48 2,474 3.34 0.13 0.15 0.17 0.18
1 installed
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Apartment Archetype, Climate Zone 2 West - Cost Benefit Ratio

Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R ) Use Demand Ratio -
value) network to capital &wh) | kw) - Today 5 vrs 10 -15
adjustments) | cost y years years
B - .
ase No shutters » 342 155
case
Level | Shutters $900 -$22 303 1.53 0.12 0.14 0.15 0.16
1 installed
Apartment Archetype, Climate Zone 2 North - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
value) network to capital wh) | w) - Today 5 vrs 10 -15
adjustments) | cost y years years
B - .
ase |\ chutters $ 342 1.55
case
Level | Shutters $900 $18 326 1.57 0.05 0.05 0.06 0.06
1 installed
Apartment Archetype, Climate Zone 2 East - Cost Benefit Ratio
Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R ) Use Demand Ratio -
network to capital - Today 10 -15
value) . (kwh) | (kW) 5yrs
adjustments) | cost years years
B - .
ase No shutters $ 342 1.55
case
Level | Shutters $900 $38 312 1.59 0.08 0.10 0.11 0.11
1 installed
Apartment Archetype, Climate Zone 5 West - Cost Benefit Ratio
Performance Capl.tal Cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
value) network to capital «wh) | w) - Today 5 vrs 10 -15
adjustments) | cost y years years
B - .
ase No shutters $ sl 161
case
Level | Shutters $900 -$61 296 1.55 0.05 0.05 0.06 0.06
1 installed
Apartment Archetype, Climate Zone 5 North - Cost Benefit Ratio
Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
network to capital - Today 10 -15
value) . (kwh) | (kW) 5yrs
adjustments) | cost years years
B - .
ase No shutters $ 311 161
case
Level | Shutters $900 -$2 303 161 0.02 0.03 0.03 0.03
1 installed
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Apartment Archetype, Climate Zone 5 East - Cost Benefit Ratio

Performance Capl_tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
value) network to capital &wh) | kw) - Today 5 vrs 10 -15
adjustments) | cost y years years
B - .
ase No shutters » 31l 1.61
case
Level | Shutters $900 $60 300 1.67 0.03 0.03 0.04 0.04
1 installed
Apartment Archetype, Climate Zone 6 West - Cost Benefit Ratio
Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
value) network to capital wh) | w) - Today 5 vrs 10 -15
adjustments) | cost y years years
B - .
ase No shutters $ 968 113
case
Level | Shutters $900 $122 955 1.25 0.03 0.04 0.04 0.04
1 installed
Apartment Archetype, Climate Zone 6 North - Cost Benefit Ratio
Performance Capl_tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R ) Use Demand Ratio -
network to capital - Today 10 -15
value) . (kwh) | (kW) 5yrs
adjustments) | cost years years
B
ase | Noshutters | ® 968 | 1.13
case -
Level | Shutters $ $
. 893 1.14 0.21 0.25 0.27 0.29
1 installed 900 12
Apartment Archetype, Climate Zone 6 East - Cost Benefit Ratio
Performance Capl.tal cost Ngtwork Energy | Peak . BC BC. BC.
(not inc adjustments BC Ratio . Ratio - Ratio
value (e.g. R . Use Demand Ratio -
value) network to capital «wh) | w) - Today 5 vrs 10 -15
adjustments) | cost y years years
B - .
ase No shutters $ 968 113
case
Level Shutters $900 $39 891 1.17 0.21 0.25 0.27 0.29
1 installed
4.6.5.3 Recommendations

Based on the findings, roller shutters are not economic. We note however that this analysis is being reworked currently
to assess roller shutters individually on each fagade.

4.6.6

4.6.6.1

Roof Ventilation

Capital Costs

The capital costs for roof ventilation were as follows:

e Roof ventilators used are the 300mm CRS Edmonds Windmaster natural roof vents ($120 each).

e The eave vents are Haron 400mm x 200mm Aluminium vents ($21 — 2 pack).
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¢ Installation labour of $160 for every 2 ventilators has been allowed for.

4.6.6.2

The performance of each scenario, averaged across the four orientations was as follows:

Benefit Cost Analysis
Energy performance was calculated for each orientation. In order to obtain a suitable metric for assessment, the energy
performance and peak demand are expressed as the average of the figures for each orientation. The benefit cost ratio is
the then expressed in terms of this average, effectively expressing the average impact for the archetype across all
orientations. Data for each individual orientation is provided in the Appendices.

Attached Archetype, Climate Zone 2

Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital &wh) | &w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | giandard $ - 555 | 2.77
case
Level .
1 Ventilated $442 -$35 552 2.74 0.03 0.03 0.03 0.03
Level | Highly $884 -$49 549 | 272 0.02 003 |[003 o003
2 Ventilated
Attached Archetype, Climate Zone 5
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
network to capital 10 15
value) . (kwh) | (kw) Today 5yrs
adjustments) | cost years years
Base Standard $ - 401 2.75
case
Level .
1 Ventilated $442 $14 399 2.76 0.02 0.02 0.02 0.03
Level | Highly $884 -$3 399|274 0.01 001 |o0o01 |[oo1
2 Ventilated
Attached Archetype, Climate Zone 6
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital ®wh | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | giandard $ - 1,352 | 2.67
case
Level .
1 Ventilated $442 -$43 1,356 | 2.63 -0.05 -0.05 -0.06 -0.06
revel | Highly $884 $191 1,357 | 2.48 003 |-004 |[-004 |-004
2 Ventilated
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Detached Archetype, Climate Zone 2

Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
network to capital 10 15
value) . (kwh) | (kw) Today 5yrs
adjustments) | cost years years
Base | standard $- 1,164 | 3.96
case
Level .
1 Ventilated $884 -$104 1,170 | 3.85 -0.03 -0.03 -0.03 -0.04
Level | Highly $1,768 -$87 1,169 | 3.87 -0.01 2001 |-001 |-001
2 Ventilated
Detached Archetype, Climate zone 5
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital &wh) | kw) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | standard $ - 920 | 355
case
Level .
1 Ventilated $884 -$76 923 3.47 -0.01 -0.02 -0.02 -0.02
Level | Highly $1,768 $48 924 | 3.60 001 |-001 |-001 |-001
2 Ventilated
Detached Archetype, Climate zone 6
Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC_ BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital wh) | xw) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | standard $- 2,588 | 2.31
case
Level .
1 Ventilated $884 $7 2,630 | 2.32 -0.20 -0.22 -0.23 -0.24
Level | Highly $1,768 $72 2,636 | 2.39 011 |-012 |-013 |-013
2 Ventilated
46.6.3 Recommendations

No stringency is recommended in this area as the impacts were variously trivial or negative.

4.6.7

46.7.1

Eaves Extension

Capital Costs
The capital costs for the attached architype eaves extension were as follows:
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Scenarios Performance Value Climate Zone 2 Climate Zone 5 Climate Zone 6
Construction Construction Construction
cost (per unit) cost (per unit) cost (per unit)

Base Case Balcony 0.8 m overhang and eave 0.45m | $44.20 $37.60 $37.99

length

Level 1 Extend eaves to 0.56 m $44.68 $36.10 $34.92

Level 2 Extend eaves to 0.68 m $59.58 $48.14 $46.56

Level 3 Extend eaves to 0.8 m $70.75 $57.17 $55.30

Level 4 Extend eaves to 1.2 m $104.26 $84.24 $81.49

Number of units for construction cost:

19.4 m (attached), 69.4 m (detached)

The capital costs for the detached architype eaves extension were as follows:

Scenarios Performance Value Climate Zone 2 Climate Zone 5 Climate Zone 6
Construction Construction Construction
cost (per unit) cost (per unit) cost (per unit)

Base Case Balcony 0.8 m overhang and eave 0.45m | $37.24 $30.09 $29.10

length

Level 1 Extend eaves to 0.56 m $53.04 $45.12 $45.58

Level 2 Extend eaves to 0.68 m $70.72 $60.16 $60.78

Level 3 Extend eaves to 0.8 m $83.98 $71.44 $72.17

Level 4 Extend eavesto 1.2 m $97.23 $82.72 $83.57

Number of units for construction cost:

19.4 m (attached)
69.4 m (detached)

Costs are based on linear metres of eaves, no soffits, painted timber extensions, no barge board or gutters, no wall

plates

46.7.2

Benefit Cost Analysis

Energy performance was calculated for each orientation.

The performance of each scenario was as follows:

e Attached Archetype — Climate Zone 2 West

Capital
Performance | Cost (not Ngtwork Energy | Peak BC BC BC . BC .
. adjustments . . Ratio - Ratio -
value (e.g. R | inc network to caital Use Demand | Ratio - Ratio - 10 15
value) adjustment P kWh) | (kw) Today | 5yrs
5) cost years years
Base | Eaves 0.45m | $- 555 2.77
case | length
Level | Eaves 1.2m $381 -$76 539 2.69 0.13 0.15 0.16 0.17
1 length
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Attached Archetype — Climate Zone 2 North

Capital
Performance | Cost (not Ne_twork Energy | Peak BC BC BC . BC .
. adjustments . . Ratio - Ratio -
value (e.g. R | inc network to capital Use Demand | Ratio - Ratio - 10 15
value) adjustment P wh) | w) Today | 5yrs
5) cost years years
Base | Eaves 0.45m | $- 555 2.77
case | length
Level | Eaves 1.2m $381 $1 560 2.77 -0.04 -0.04 -0.05 -0.05
1 length
e Attached Archetype — Climate Zone 2 East
Capital
Performance | Cost (not Ngtwork Energy | Peak BC BC BC . BC .
. adjustments . . Ratio - Ratio -
value (e.g. R | inc network to capital Use Demand | Ratio - Ratio - 10 15
value) adjustment P (kwh) | (kw) Today 5yrs
5) cost years years
Base | Eaves 0.45m | $- 555 2.77
case | length
Level | Eaves 1.2m $381 -$26 533 2.74 0.16 0.18 0.20 0.21
1 length
e Attached Archetype — Climate Zone 5 West
Capital
Performance | Cost (not Ngtwork Energy | Peak BC BC BC . BC .
. adjustments . . Ratio - Ratio -
value (e.g. R | inc network to capital Use Demand | Ratio - Ratio - 10 15
value) adjustment P (kwh) | (kw) Today 5yrs
5) cost years years
Base | Eaves 0.45m | $- 401 2.75
case | length
Level | Eaves 1.2m $307 -$125 390 2.62 0.15 0.18 0.19 0.20
1 length
e Attached Archetype — Climate Zone 5 North
Capital
Performance | Cost (not Ngtwork Energy | Peak BC BC BC . BC .
. adjustments . . Ratio - Ratio -
value (e.g. R | inc network to canital Use Demand | Ratio - Ratio - 10 15
value) adjustment P wh) | w) Today | 5yrs
5) cost years years
Base | Eaves 0.45m | $- 401 2.75
case | length
Level | Eaves 1.2m $307 $24 406 2.77 -0.04 -0.04 -0.05 -0.05
1 length
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Attached Archetype — Climate Zone 5 East

Capital
Performance | Cost (not Ne_twork Energy | Peak BC BC BC . BC .
. adjustments . . Ratio - Ratio -
value (e.g. R | inc network to capital Use Demand | Ratio - Ratio - 10 15
value) adjustment P wh) | w) Today | 5yrs
5) cost years years
Base | Eaves 0.45m | $- 401 2.75
case | length
Level | Eaves 1.2m $307 -$72 382 2.67 0.22 0.25 0.27 0.29
1 length
e Attached Archetype — Climate Zone 6 West
Capital
Performance | Cost (not Ngtwork Energy | Peak BC BC BC . BC .
. adjustments . . Ratio - Ratio -
value (e.g. R | inc network to capital Use Demand | Ratio - Ratio - 10 15
value) adjustment P (kwh) | (kw) Today 5yrs
5) cost years years
Base | Eaves 0.45m $- 1,352 2.67
case | length
Level | Eaves 1.2m $297 $159 1,349 2.84 0.02 0.02 0.02 0.02
1 length
e Attached Archetype — Climate Zone 6 North
Capital
Performance | Cost (not Ngtwork Energy | Peak BC BC BC . BC .
. adjustments . . Ratio - Ratio -
value (e.g. R | inc network to capital Use Demand | Ratio - Ratio - 10 15
value) adjustment P (kwh) | (kw) Today 5yrs
5) cost years years
Base | Eaves 0.45m | $- 1,352 2.67
case | length
Level | Eaves 1.2m $297 $131 1,365 2.81 -0.08 -0.09 -0.10 -0.11
1 length
e Attached Archetype — Climate Zone 6 East
Capital
Performance | Cost (not Ne_twork Energy | Peak BC BC BC . BC .
. adjustments . . Ratio - Ratio -
value (e.g. R | inc network to capital Use Demand | Ratio - Ratio - 10 15
value) adjustment P wh) | w) Today | 5yrs
5) cost years years
Base | Eaves 0.45m | $- 1,352 2.67
case | length
Level | Eaves 1.2m $297 $88 1,343 2.77 0.06 0.07 0.07 0.08
1 length
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Detached Archetype — Climate Zone 2 West

Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand Ratio - Ratio -
value) network to capital Kwh) | (kw) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | Eaves 0.45m | $- 1,164 3.96
case | length
Level | Eaves 1.2m $1,672 -$250 1,135 3.70 0.05 0.06 0.07 0.07
1 length
e Detached Archetype — Climate Zone 2 North
Performance Capl.tal Cost Ne_twork Energy | Peak BC BC BC. BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand Ratio - Ratio -
value) network to capital kwh) | w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | Eaves 0.45m | $- 1,164 3.96
case | length
Level | Eaves 1.2m $1,672 -$104 1,155 3.85 0.01 0.02 0.02 0.02
1 length
e Detached Archetype — Climate Zone 2 East
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand Ratio - Ratio -
network to capital 10 15
value) . (kwh) | (kw) Today 5yrs
adjustments) | cost years years
Base | Eaves 0.45m | $- 1,164 | 3.96
case | length
Level | Eaves 1.2m $1,672 -$69 1,094 | 3.88 0.11 0.13 0.14 0.15
1 length
e Detached Archetype — Climate Zone 5 West
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand Ratio - Ratio -
value) network to capital kwh) | kw) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | Eaves 0.45m | $- 920 4.17
case | length
Level | Eaves 1.2m $1,423 -$57 893 4.11 0.05 0.06 0.06 0.07
1 length
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Detached Archetype — Climate Zone 5 North

Performance Capl.tal Cost Ne_twork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand Ratio - Ratio -
value) network to capital Kwh) | (kw) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | Eaves 0.45m | $- 920 4.17
case | length
Level | Eaves 1.2m $1,423 -$37 874 4.13 0.09 0.10 0.11 0.11
1 length
e Detached Archetype — Climate Zone 5 East
Performance Capl.tal Cost Ne_twork Energy | Peak BC BC BC. BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand Ratio - Ratio -
value) network to capital kwh) | w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | Eaves 0.45m | $- 2,588 3.39
case | length
Level | Eaves 1.2m $1,437 -$79 2,553 3.30 0.07 0.08 0.08 0.09
1 length
e Detached Archetype — Climate Zone 6 West
Performance Capl.tal Cost Ne_twork Energy | Peak BC BC BC. BC_
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand Ratio - Ratio -
value) network to capital kwh) | w) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | Eaves 0.45m | $- 920 4.17
case | length
Level | Eaves 1.2m $1,423 -$71 908 4.09 0.02 0.03 0.03 0.03
1 length
e Detached Archetype — Climate Zone 6 North
Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - Ratio -
value (e.g. R . Use Demand Ratio - Ratio -
network to capital 10 15
value) . (kwh) | (kw) Today 5yrs
adjustments) | cost years years
Base | Eaves 0.45m | $- 2,588 | 3.39
case | length
Level | Eaves 1.2m $1,437 -$10 2,577 3.38 0.02 0.02 0.03 0.03
1 length
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Detached Archetype — Climate Zone 6 East

Performance Caplltal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - | Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital Kwh) | (kw) Toda 5 vrs 10 15
adjustments) | cost y y years years
Base | Eaves 0.45m | $- 2,588 3.39
case | length
Level | Eaves 1.2m $1,437 -$10 2,577 3.38 0.02 0.02 0.03 0.03
1 length
46.7.3 Recommendations

None of the scenarios appears cost effective. However it is noted that the analysis is being reworked to examine the
effect of increasing the width of eaves in individual orientations; this may yield some cost-effective scenarios.

4.6.8

4.6.8.1

Slab Edge Insulation

Capital Costs

Insulation materials were represented as expanded polystyrene board, with costs of $2.32/m2 for R0.5 and $4.53/m?2 for
R1.0. The slab perimeter was 33m for the attached house and 64m for the detached house; insulation depth was 0.5m.

4.6.8.2

Benefit Cost Analysis

The results for slab edge insulation have been withdrawn owing to errors in the AccuRate package representation of slab
performance. Results will be made available once updates to the simulation package have been received and models

rerun.

4.6.8.3

Recommendations

Recommendations will be made available once updates to the simulation package have been received and models

rerun.

4.6.9

46.9.1

Thermal Mass

Capital Costs

The capital costs for the attached architype thermal mass were as follows:

Scenarios Performance Value Climate Zone 2 Climate Zone 5 Climate Zone 6
Construction Construction Construction
cost (per unit) cost (per unit) cost (per unit)

Base Case 200 mm concrete and carpet, brick veneer | $385.20 $416.54 $443.91

Level 1 200 mm concrete and carpet, brick $455.66 $484.77 $517.10

veneer, Reverse brick veneer

Level 2 Increase concrete floor to 300mm and $347.83 $368.31 $380.31

leave it expose

Level 3 300 mm exposed concretes floors and $381.66 $397.62 $421.75

reverse brick veneer

Number of units for construction cost:

122.34 m? (attached)
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The capital costs for the detached architype thermal mass were as follows:

Scenarios Performance Value Climate Zone 2 Climate Zone 5 Climate Zone 6
Construction Construction Construction
cost (per unit) cost (per unit) cost (per unit)

Base Case 200 mm concrete and carpet & brick $270.63 $296.06 $313.79

veneer

Level 1 400 mm concrete and carpet & brick $333.16 $362.72 $391.89

veneer

Level 2 200 mm concrete and carpet & reverse $315.44 $334.87 $368.68

brick veneer
Level 3 400 mm concrete and carpet & reverse $377.98 $401.54 $446.78

brick veneer

Number of units for construction cost:

202.04 m? (detached)

The capital costs for the apartment architype thermal mass were as follows:

Scenarios Performance Value Climate Zone 2 Climate Zone 5 Climate Zone 6
Construction Construction Construction
cost (per unit) cost (per unit) cost (per unit)

Base Case 200 mm concrete and carpet, Brick veneer | $403.68 $431.51 $450.27

Level 1 200 mm concrete and carpet, Reverse $435.46 $459.04 $489.19

brick veneer

Level 2 Increase concrete floor to 300mm and $366.69 $386.03 $403.03

leave it expose

Level 3 300 mm exposed concretes floors and $398.47 $413.56 $441.96

reverse brick veneer

Number of units for construction cost: 77.06 m? (apartment)

4.6.9.2  Benefit Cost Analysis

Energy performance was calculated for each orientation. In order to obtain a suitable metric for assessment, the energy
performance and peak demand are expressed as the average of the figures for each orientation. The benefit cost ratio is
the then expressed in terms of this average, effectively expressing the average impact for the archetype across all
orientations.

The performance of each scenario, averaged across the four orientations was as follows:

e Attached Archetype, Climate Zone 2 - Cost Benefit Ratio

Performance Capl.tal Cost Ngtwork Energy | Peak BC BC BC. BC.
(not inc adjustments . . Ratio - | Ratio -
value (e.g. R . Use Demand | Ratio - Ratio -
value) network to capital ®wh | (w) Toda 5 vrs 10 15
adjustments) | cost y y years years
200 mm
Base | concrete and
. $47,125 555 2.77
case | carpet, brick
veneer
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Level

200 mm
concrete and
carpet,
reverse brick
veneer

$55,745

$14

543

2.79

0.01

0.01

0.01

0.01

Level

Increase
concrete
floor to
300mm and
leave it
expose

$50,506

$181

555

2.96

0.00

0.00

0.00

0.00

Level

300 mm
exposed
concretes
floors and
reverse brick
veneer

$54,644

$123

538

2.90

0.01

0.01

0.01

0.01

Attached Archetype, Climate Zone 5 - Cost Benefit Ratio

Performance
value (e.g. R
value)

Capital Cost
(not inc
network
adjustments)

Network
adjustments
to capital
cost

Energy
Use
(kwh)

Peak
Demand
(kw)

BC
Ratio -
Today

BC
Ratio -
5yrs

BC
Ratio -
10
years

BC
Ratio -
15
years

Base
case

200 mm
concrete and
carpet, brick
veneer

$50,960

401

2.75

Level

200 mm
concrete and
carpet,
reverse brick
veneer

$59,307

$68

398

2.82

0.00

0.00

0.00

0.00

Level

Increase
concrete
floor to
300mm and
leave it
expose

$53,011

$208

387

2.96

0.03

0.03

0.03

0.03

Level

300 mm
exposed
concretes
floors and
reverse brick
veneer

$56,597

$150

387

2.90

0.01

0.01

0.01

0.01
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Attached Archetype, Climate Zone 6 - Cost Benefit Ratio

Performance
value (e.g. R
value)

Capital Cost
(not inc
network
adjustments)

Network
adjustments
to capital
cost

Energy
Use
(kwh)

Peak
Demand
(kw)

BC
Ratio -
Today

BC
Ratio -
5yrs

BC
Ratio -
10
years

BC
Ratio -
15
years

Base
case

200 mm
concrete and
carpet, brick
veneer

$54,308

1,352

2.67

Level

200 mm
concrete and
carpet,
reverse brick
veneer

$63,262

-$298

1,344

2.36

0.00

0.00

0.00

0.00

Level

Increase
concrete
floor to
300mm and
leave it
expose

$54,479

$153

1,315

2.83

0.46

0.51

0.55

0.57

Level

300 mm
exposed
concretes
floors and
reverse brick
veneer

$59,549

-$131

1,310

2.54

0.03

0.04

0.04

0.04

Detached Archetype, Climate Zone 2 - Cost Benefit Ratio

Performance
value (e.g. R
value)

Capital Cost
(not inc
network
adjustments)

Network
adjustments
to capital
cost

Energy
Use
(kwh)

Peak
Demand
(kw)

BC
Ratio -
Today

BC
Ratio -
5yrs

BC
Ratio -
10
years

BC
Ratio -
15
years

Base
case

200 mm
concrete and
carpet &
brick veneer

$54,678

1,164

3.96

Level

400 mm
concrete and
carpet &
brick veneer

$67,312

-$56

1,166

3.90

0.00

0.00

0.00

0.00

Level

200 mm
concrete and
carpet &
reverse brick
veneer

$63,501

-$ 581

1,004

3.35

0.08

0.09

0.09

0.10

Level

400 mm
concrete and
carpet &
reverse brick
veneer

$76,137

-$574

1,008

3.36

0.03

0.03

0.04

0.04
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Detached Archetype, Climate Zone 5 - Cost Benefit Ratio

Performance
value (e.g. R
value)

Capital Cost
(not inc
network
adjustments)

Network
adjustments
to capital
cost

Energy
Use
(kwh)

Peak
Demand
(kw)

BC
Ratio -
Today

BC
Ratio -
5yrs

BC
Ratio -
10
years

BC
Ratio -
15
years

Base
case

200 mm
concrete and
carpet &
brick veneer

$59,816

920

3.55

Level

400 mm
concrete and
carpet &
brick veneer

$73,284

$42

919

3.59

0.00

0.00

0.00

0.00

Level

200 mm
concrete and
carpet &
reverse brick
veneer

$67,657

810

3.55

0.06

0.06

0.07

0.07

Level

400 mm
concrete and
carpet &
reverse brick
veneer

$ 81,127

-$281

810

3.26

0.02

0.02

0.03

0.03

Detached Archetype, Climate Zone 6 - Cost Benefit Ratio

Performance
value (e.g. R
value)

Capital Cost
(not inc
network
adjustments)

Network
adjustments
to capital
cost

Energy
Use
(kwh)

Peak
Demand
(kw)

BC
Ratio -
Today

BC
Ratio -
5yrs

BC
Ratio -
10
years

BC
Ratio -
15
years

Base
case

200 mm
concrete and
carpet &
brick veneer

$63,398

2,588

231

Level

400 mm
concrete and
carpet &
brick veneer

$79,177

$49

2,537

2.36

0.01

0.01

0.02

0.02

Level

200 mm
concrete and
carpet &
reverse brick
veneer

$74,488

$24

2,501

2.29

0.03

0.04

0.04

0.04

Level

400 mm
concrete and
carpet &
reverse brick
veneer

$90,267

-$129

2,459

2.18

0.02

0.02

0.02

0.02
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Apartment Archetype, Climate Zone 2 - Cost Benefit Ratio

Performance
value (e.g. R
value)

Capital Cost
(not inc
network
adjustments)

Network
adjustments
to capital
cost

Energy
Use
(kwh)

Peak
Demand
(kw)

BC
Ratio -
Today

BC
Ratio -
5yrs

BC
Ratio -
10
years

BC
Ratio -
15
years

Base
case

200 mm
concrete and
carpet, Brick
veneer

$31,108

342

4.06

Level

200 mm
concrete and
carpet,
reverse Brick
veneer

$33,5657

$98

291

4.16

0.08

0.09

0.10

0.10

Level

Increase
concrete
floor to
300mm and
leave it
expose

$33,266

-$149

313

3.90

0.06

0.07

0.07

0.07

Level

300 mm
exposed
concretes
floors and
reverse brick
veneer

$35,715

-$136

277

3.92

0.06

0.07

0.07

0.07

Apartment Archetype, Climate Zone 5 - Cost Benefit Ratio

Performance
value (e.g. R
value)

Capital Cost
(not inc
network
adjustments)

Network
adjustments
to capital
cost

Energy
Use
(kwh)

Peak
Demand
(kw)

BC
Ratio -
Today

BC
Ratio -
5yrs

BC
Ratio -
10
years

BC
Ratio -
15
years

Base
case

200 mm
concrete and
carpet, Brick
veneer

$33,252

311

1.00

Level

200 mm
concrete and
carpet,
reverse Brick
veneer

$35,374

-$96

271

0.90

0.08

0.09

0.09

0.10

Level

Increase
concrete
floor to
300mm and
leave it
expose

$34,756

$74

287

0.93

0.07

0.08

0.08

0.08

A
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300 mm
exposed
Level | concretes

3 floors and
reverse brick
veneer

$36,878 -$145 259 0.85 0.06 0.07 0.07 0.07

e Apartment Archetype, Climate Zone 6 - Cost Benefit Ratio

Capital Cost | Network BC BC

(not inc adjustments Energy | Peak BC. BC. Ratio - Ratio -

network to canital Use Demand | Ratio - Ratio - 10 15
) P kwh) | (kw) Today | 5yrs

adjustments) | cost years years

Performance
value (e.g. R
value)

200 mm
Base | concrete and
case | carpet, Brick
veneer

$34,698 968 1.46

200 mm
concrete and
carpet, $37,697 -$100 918 1.35 0.07 0.08 0.08 0.09
reverse Brick
veneer

Level

Increase
concrete
Level | floor to

2 300mm and
leave it
expose

$36,066 -$50 928 141 0.12 0.14 0.15 0.15

300 mm
exposed
Level | concretes

3 floors and
reverse brick
veneer

$39,066 -$134 896 1.32 0.07 0.08 0.08 0.09

4.6.9.3 Recommendations
The thermal mass scenarios do not show an energy saving and do not provide a substantive peak demand benefit. As a
result, no modification to stringency is recommended.

4.6.10 Lighting

4.6.10.1 Capital Costs

Lighting design for each of the archetypes assumed that CFL technology was used in the base case line scenarios, and
that LED technologies were used in the improved design factors. Since the same luminaire was used throughout all
models with just the lamp being replaced, luminaire pricing remained consistent throughout all models at $70.

Lamp pricing was referenced from Bunnings website as of October 2017.

Osram and Philips lamps tend to cost the same so we assumed the 11W and 13W Osram lamps used in the original
model would cost the same as the 15W Philips lamps on the Bunnings website- $6.49 including GST.

https://www.bunnings.com.au/philips-15w-cool-white-bc-tornado-spiral-globe-cfl p4320539
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https://www.bunnings.com.au/philips-15w-cool-white-bc-tornado-spiral-globe-cfl_p4320539

LED case — pricing and lumen output referenced from Bunnings website - $7.95 + GST
Osram 10W 1050Im B22d Warm White 114mm long LED Value stick

https://www.bunnings.com.au/osram-10w-1050Im-warm-white-led-value-stick-b22d-globe p4320899

Osram 7W 700lm B22d Warm White 114mm long LED Value stick

https://www.bunnings.com.au/osram-7w-700Im-warm-white-led-value-stick-b22d-globe p4320892

The cost benefit analysis compares a base case of compact fluorescent lamps (CFL) which are in common use in 2017,
to an LED case which is in increasing use in 2017 and is on track to become the dominant lighting technology used in
residential buildings.

Simulations were conducted to find the energy consumption and lighting power density (LPD) of each archetype for the
base case and the LED case. To calculate kwh the NatHERS protocol for individual room type’s hours of use were
applied.

4.6.10.2 Learning Rates

Pricing learning rates for the residential lighting benefit cost analysis were based on analysis done previous by Energy
Action for the purposes of Section J Lighting measures development, based on a survey of 13 luminaire manufacturers
comparing 394 LED luminaires. The luminaire types included and compared in the survey were:

» Diffused battens
* Recessed troffers
* Down lights

e High bays

Pricing, lumen output and power consumption data was surveyed for all luminaires using archived and current price lists,
IES files and data sheets and tables filled in by suppliers, covering the years 1999 — 2017. Some predictions were
provided by 2 suppliers for the years 2018 and 2019.

The data from this survey was graphed and the percentage figure for the learning rates were calculated based on the
trend line created from the historical data for each of the following technology groups:

* Linear battens and troffers
« Down lights
e High bays

This report uses the results produced for down lights as down lights are the most commonly used luminaire type in
residential lighting. The graphs and description of the analysis from the report are provided below.
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https://www.bunnings.com.au/osram-10w-1050lm-warm-white-led-value-stick-b22d-globe_p4320899
https://www.bunnings.com.au/osram-7w-700lm-warm-white-led-value-stick-b22d-globe_p4320892
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Figure 4: Pricing learning rate for LED down lights over time
According to the graph in Figure 4 the price of LED down lights is dropping at a rate of $0.075 per lumen, per year
equivalent to 11% p.a. Based on this the projected price reduction by 2021 would be 37%. We have conservatized this

to 30%.

The 30% decrease in the cost has been applied to the residential lighting analysis for the first 5 years, with the
expectation that the cost would plateau after that.
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Figure 5: Efficacy learning rate for LED down lights over time
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According to the graph in Figure 5, the efficacy of LED down lights is improving at a rate of 2 lumens per Watt, per year.
This is equivalent to a 2021 learning rate of 9% relative to 2017.

4.6.10.3 Energy Consumption and Savings

As the NatHERS protocol specifies a set lighting schedule for individual room types, it was adopted for the purposes of
this study. Lighting was assumed to remain unchanged through different orientations and climate zones. Table 21
summarises the annual lighting electrical energy consumption for CFL and LED technologies.

Table 21. Lighting annual energy demand for CFL and LED technologies for each archetype.

Lighting Annual Ener
Desi . Power Annual Energy . 9y
esign Technology Details . Density
Density (kWhlyear) (KWh/m?/year)
W/m?) 4
CFL (MF 0.8) 21 x 13W oysters on 4.25 270 3.48
ceiling, 6 x 11W wall
lights
= LED (MF 0.7) LED: 21 x 10W oysters 3.22 203 2.61
@ on ceiling, 6 x 7W wall
E lights
§_ Savings (kWh/m?/year) 0.87
CFL (MF 0.8) Ground: 15 x 20W 4.4 429 3.1
oysters on ceiling, 5 x
12W oysters on walls.
1st floor: 10 x 20W
oysters on ceiling, 7 x
12W oysters on walls
LED (MF 0.7) Ground: 15 x 16W 3.3 322 2.3
oysters on ceiling, 5 x 7W
oysters on walls. 1st
- floor: 10 x 16W oysters
Q on ceiling, 7 x 7W oysters
g on walls
b Savings (kWh/m?/year) 0.77
CFL (MF 0.8) 37 x 20W oysters on 4.4 351 1.9
ceiling, 8 x 12W oysters
on walls
3 LED (MF 0.7) 37 x 16W oysters on 3.4 266 1.4
S ceiling, 8 x 7W oysters on
8 walls
a Savings (KWh/m?/year) 0.46

4.6.10.4 Benefit Cost Analysis
The results of the simulation and cost benefit analysis are shown in Table 22.

Table 22. Results of lighting benefit cost analysis. Note that the results do not include allowance for the 9% projected efficiency improvement in
LEDs; inclusion of this, however, has no significant impact to the overall outcome.

Apartment Detached House Attached House
Today negative cost 0.53 0.74
5 years negative cost negative cost negative cost
10 years negative cost negative cost negative cost
15 years negative cost negative cost negative cost
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The results indicate that it is not cost effective to install LED in a residential building instead of CFL today, but that it will
become cost effective within the next 5 years. The negative cost for apartments today is driven by a reduction in network
demand; actual upfront capital costs are very marginally higher for the LED option than the CFL option.

4.6.10.5 Recommendations

It is recommended that the current stringency for lighting (5W/m2) is maintained for the next code upgrade, but that this
should be dropped by 25% (3.75W/m?) from 5 years onwards. Further increases in stringency will need to reflect the
availability of improved LED sources 10 to 15 years into the future. Predictions prepared for the US DOE 22 indicate that
LED downlight luminaires are predicted to reduce in energy consumption by 75% over the period 2015-2035, with prices
reducing by 50-60% over the same period. For the purpose of future trajectory work we have simplified this to a 20%
reduction in energy per lumen in 5 years, 40% in 10 years and 60% in 15 years, with a 30% reduction in cost per lumen
in 5 years, 40% in 10 years and 50% in 15 years.

4.6.11 Domestic Hot Water

Domestic hot water is a significant energy use within Australian homes, and indeed is dominant in mild climates where
heating and cooling needs are limited. Australian homes currently use a mix of technologies for domestic hot water,
including:

e Electric storage

¢ Instantaneous electric

e Gas storage

e Instantaneous gas

e Electric heat pump

e Solar — electric boosted

e Solar — gas boosted

For the purposes of this study, only electric options are being considered as this enables many building types to become
net zero emission buildings through the use of PV. This however is only a reflection of the scenario development
process and is not a recommendation against gas DHW per se. A full Code development process would need to
properly address the complex issues of the electricity/gas question.

4.6.11.1 Scenario Formulation
The available electric DHW technologies have been characterised as listed in Table 23.

Table 23. Electric DHW technologies considered. Efficiency COP is the number of units of hot water produced per unit of energy put in, not
including standing losses. It is noted that the actual efficiency of solar varies widely based on the installation and climate zone, and the efficiency of
heat pump units is temperature dependent.

Technology Description Effective Efficiency
(COP)
Electric storage Direct electric heating elements in a storage tank. 1.0
Standard Heat Pump HCFC refrigerant heat pump with storage tank. Examples: 3.0
Rheem MPi series
High Performance Heat CO2 refrigerant heat pump with storage tank. Examples: 4.5
Pump Sanden EcoPlus
Solar with electric boost Roof mounted solar panel/storage tank unit. Examples: 4.0
Rheem Hiline series

2 Energy Savings Forecast of Solid State Lighting in General lllumination Applications Prepared by Navigant Consulting Inc for US
Department of Energy, September 2016.
https://energy.gov/sites/prod/files/2016/10/f33/energysavingsforecast16_0.pdf
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For the townhouse and detached house archetypes, all of the nominated technologies are viable. For apartments,
however, only direct electric heating is viable as a technology for DHW on an individual apartment basis; other
technologies require a centralised system (which is common practice, albeit typically gas fired, in larger apartment
buildings). As it is beyond the scope of this study to assess centralised DHW versus individual unit DHW, and as it is
possible for heat pump and solar technologies to be used with centralised systems, we have elected not to analyse DHW
for apartments, and instead extrapolate the results for the other archetypes to the apartment case.

Assuming a townhouse occupancy of 3 persons and a detached house occupancy of 5 persons, both can be served
adequately using a system of any technology with approximately 300-325 litre storage. Costs vary but based on a
survey of prices available on the web it is possible to characterise costs as follows:

Technology Sample System Capital Cost

Electric storage 3.6kW direct electric heating elements in a 315 litre storage $1,200
tank.

Standard Heat Pump R134a heat pump plus 3.6kW booster elements in a 325 litre $3,000
storage

High Performance Heat CO2 pump with 315 litre storage tank $4,800

Pump

Solar with electric boost 300 litre roof mounted solar panel/storage tank unit with 3.6kW | $4,500
boost.

Based on work by Whaley et al, annual standing losses from storage systems have been estimated at around
1.8kWh/day. The same reference identifies average hot water use as 39 litre per person per day; for the purposes of the
current calculation, a 40°C temperature rise has been assumed. In practice this varies with inlet temperature and thus
with climate zone; however this is a second order factor and has been disregarded for the purpose of the current
calculation.

Based on these assumptions the calculated energy use figures are as shown in Table 24 and Table 25.

Table 24. DHW energy use calculations for the townhouse

Annual
Annual water | Water use Standing Standing energy use
Technology use (litres) energy (kWhe) | losses (kWhi) | losses (kWhe) | (kWhe)
Direct Elec 42705 1993 664 664 2657
Standard HP | 42705 664 664 221 886
Hi Perf HP 42705 443 664 148 590
Solar DHW 42705 498 664 166 664
Table 25. DHW calculations for the detached house.
Annual
Annual water | Water use Standing Standing energy use
Technology use (litres) energy (KWhe) | losses (kWhth) | losses (kWhe) | (KWhe)
Direct Elec 71175 3322 664 664 3986
Standard HP | 71175 1107 664 221 1329
Hi Perf HP 71175 738 664 148 886
Solar DHW 71175 830 664 166 996
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It is noted that there is a significant difference in the peak demand from each of these systems. However, as all are
typically connected to ripple or off-peak control, no allowance has been included in the economic analysis for the impacts
on network infrastructure.

A 15 year lifespan has been assumed for all systems.

4.6.11.2 Results — Baseline Analysis
All three upgraded technologies are cost effective relative to direct electric heating, as shown in Figure 6.

4.5
4

3.5

3

N
"

Benefit Cost Ratio
o =
(9] [ (9] N

o

Std Heat Pump Hi Perf HP Solar DHW

B Townhouse M Detached

Figure 6. Benefit cost results for DHW technologies relative to direct electric.

However, the cost benefit for high performance heat pumps and solar DHW relative to standard heat pump is not
attractive, at 0.43/0.39 (HP/solar respectively) for townhouses and 0.64/0.58 for the detached house. As NCC 2016 DTS
largely (but not totally) proscribes the use of direct electric heating for hot water?4, the standard heat pump is a more
suitable baseline for economic assessment.

Based on these results, the appropriate level of stringency for DHW based on current economics is taken to be that of
standard heat pump technology. Under today’s economic conditions, the unit cost for the high efficiency heat pump
would have to drop from $4,800 to $3,750 to become economic relative to a standard heat pump.

4.6.11.3 Future Economic Scenarios

The high performance heat pump currently carries a significant (60%) price premium relative to the standard heat pump,
and yet comprises essentially the same technological components while using a different refrigerant (albeit at higher
pressure).

24 Section BP2.8(b) of the Plumbing Code rules out the use of direct electricity for domestic hot water heating unless there are no
alternatives, but only for Class 1 and 10 buildings. Class 2 buildings (apartments) do not have this limitation and thus can use direct
electric heating

{jii LOW CARBON LIVING b

<> CRC



However, it is reasonable to expect that the real cost of the high performance heat pump will reduce significantly as
production volumes and market competition increase. Given the 85% phase down of R134a over the next 20 years, it is
reasonable to project that the current R134a technology will be phased out of the market and gradually replaced with the
higher performance CO2 units. As there are few technical differences between the R134a and CO: systems, it is
expected that the vast majority of the current rice difference is due to supply and scale issues rather than inherent
technical cost. As a result, it is projected that the cost of the high performance units will reduce to approximately 110%
of the standard heat pump over the next 10 years. Based on this assertion, a price path has been derived and the
forward economic scenarios developed, as shown in Figure 7.
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-
- $4,800 3
—~ 5 ~S o (@]
S ~< $4,600 o
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BCR - Townhouse BCR - Detached = = = High Efficiency HP Cost

Figure 7. Projected future economics of high efficiency heat pumps (relative to standard heat pumps) based on an assumed learning curve for capital
cost. It can be seen that the technology is expected to become cost effective relative to standard heat pumps win 4-6 years at a capital cost of $3900-
$4200.

4.6.12 Photovoltaics (PV) Analysis

4.6.12.1 Analysis

The benefit of using PV systems for the attached and detached residential archetypes was analysed using online
PVWatts calculator?® developed by US National Renewable Energy Laboratory (NREL). This calculator estimates the
electricity production and energy value of a grid-connected roof or ground-mounted photovoltaic system based on default
inputs or user-defined inputs about the system's location, basic design parameters, and system economics.

In this analysis, the PV system was assumed to be installed on the north, east and west roofs of the detached and
attached archetypes. The analysis was carried out for three Climate Zones 2, 5 and 6, and four different orientations. The
hip type roof was considered for both archetypes. The specifications of the PV systems used are summarised in Table
26. Table 27 summarises the roof areas and roof pitch of both the detached and attached archetypes and the DC system
size installed when the orientation of the house was 0°. In order to simplify the PV analysis, the North and South facing
roof sections were assumed to be the average of the two areas (80 m? for the detached archetype, 14.5 m? for the
attached archetype), as were the East and West facing sections (37 m? for the detached archetype and 29 m? for the
attached archetype). A usable roof space factor of 0.5 (for detached) and 0.4 (for attached) was used to determine the
DC system size (in increments of panel size).

2 http://pvwatts.nrel.gov/pvwatts.php
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Table 26. Specifications of the PV systems used.

Module type Standard (Efficiency: ~15%)
Array type Fixed (roof mount)

System losses (%) 14

Invert efficiency (%) 96

DC to AC size ratio 1.1

Table 27. Roof areas of the Attached and Detached houses (0 degree orientation).

Detached house Attached house

Orientation Roof area Roof pitch (°) DC system size* Roof area Roof pitch DC system size
(m?) (kw) (m?) ©) (kw)

North 77 23 6.0 145 23 0.75

East 40 23 2.75 29.1 23 1.75

South 84 23 - 145 23 -

West 34 23 2.75 29.1 23 1.75

* Size (KW) = Array Area (m2) x 1 kW/m2 x Module Efficiency (%), based on average roof sizes of 80m? and 37m? for
North/South and East/West facing roof sections for detached archetype.

For PV analysis Climate Zones 2, 5 and 6 were represented by weather data from Brisbane, Sydney, and Melbourne
coordinates to establish nominal solar irradiance levels. It was assumed that there was no shading from nearby
buildings/objects, roof sections, or other roof mounted equipment.

Table 28 to Table 30 summarises the AC output of the PV system when the detached archetype was oriented at 0°, 90°,
180°, and 270°, respectively. As expected, for the same climate zone, the monthly AC output of the PV system was quite
different. A higher PV output can be achieved when the baseline house was oriented at 90° or 270°, in comparison to
that was oriented at 0° or 180°, due to the capacity of roof area to install a larger system. The AC output of the PV
system also varied greatly with the variation in climate zones. The annual AC output of the PV system in this detached
archetype for Climate Zones 2, 5 and 6 were 20,010 kWh, 18,036 kwWh and 17,745 kWh respectively, when the house
was oriented at 90° or 270° and with a DC system size of 14.75 kW.

Table 28. The electricity generation of the Detached Archetype — Climate Zone 2.

Detached Climate Zone 2
Month 0° and 180° 90° and 270°

North East + West Total North East + West Total
January 875 807 1682 401 1761 2162
February 721 634 1355 331 1384 1715
March 788 636 1424 361 1388 1749
April 675 504 1179 309 1101 1410
May 568 398 966 260 869 1129
June 570 371 941 261 809 1070
July 664 436 1100 304 950 1254
August 771 542 1313 353 1182 1535
September 849 656 1505 389 1431 1820
October 827 702 1529 379 1532 1911
November 838 762 1600 384 1662 2046
December 890 826 1716 408 1801 2209
Annual (kWh) 9036 7274 16310 4140 15870 20010
DC System Size (kW) 6 5.5 11.5 2.75 12 14.75

U LOW CARBON LIVING v



Table 29. The electricity generation of the Detached Archetype — Climate Zone 5.

Detached Climate Zone 5

Month 0° and 180° 90° and 270°

North East + West Total North East + West Total
January 846 762 1608 388 1662 2050
February 739 627 1366 339 1369 1708
March 669 530 1199 306 1157 1463
April 617 436 1053 283 951 1234
May 482 316 798 221 691 912
June 496 299 795 227 653 880
July 530 326 856 243 712 955
August 636 426 1062 291 931 1222
September 762 570 1332 349 1242 1591
October 856 704 1560 392 1537 1929
November 827 732 1559 379 1596 1975
December 866 788 1654 397 1720 2117
Annual (kWh) 8326 6516 14842 3815 14221 18036
DC System Size (kW) 6 5.5 115 2.75 12 14.75

Table 30. The electricity generation of the Detached Archetype — Climate Zone 6.
Detached Climate Zone 6
Month 0° and 180° 90° and 270°

North East + West Total North East + West Total
January 959 847 1806 439 1848 2287
February 829 690 1519 380 1504 1884
March 810 620 1430 371 1354 1725
April 623 429 1052 286 935 1221
May 418 268 686 192 586 778
June 400 234 634 183 510 693
July 427 266 693 196 581 777
August 550 371 921 252 811 1063
September 632 476 1108 289 1038 1327
October 849 693 1542 389 1513 1902
November 831 724 1555 381 1580 1961
December 882 790 1672 404 1723 2127
Annual (kWh) 8210 6408 14618 3762 13983 17745
DC System Size (kW) 6 5.5 115 2.75 12 14.75
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Table 31 to Table 33 summarise the AC output of the PV system when the attached house was oriented at 0°, 90°, 180°,
and 270°, respectively. Similar variation as that observed in the detached house was also observed. A higher PV output
can be achieved when the baseline house was oriented at 0° or 180°, in comparison to that was oriented at 90° or 270°.
The annual AC output of the PV system in this attached house under Climate Zones 2, 5 and 6 were 5,756 kWh,

5,187 kWh and 5,106 kWh respectively, when the house was oriented at 0° or 180° with a DC system size of 4.25 kW.

Table 31. The electricity generation for the Attached archetype — Climate Zone 2.

Attached Climate Zone 2
Month 0° and 180° 90° and 270°
North East + West Total North East + West Total
January 109 514 623 255 220 475
February 90 404 494 210 173 383
March 98 405 503 230 174 404
April 84 321 405 197 138 335
May 71 253 324 166 108 274
June 71 237 308 166 101 267
July 83 276 359 194 118 312
August 96 345 441 225 148 373
September 106 417 523 248 178 426
October 103 447 550 241 192 433
November 105 485 590 244 208 452
December 111 525 636 260 225 485
Annual (kWh) 1127 4629 5756 2636 1983 4619
DC System Size (kW) 0.75 3.50 4.25 1.75 1.50 3.25

Table 32. The electricity generation for the Attached Archetype — Climate Zone 5.

Attached Climate Zone 5
Month 0° and 180° 90° and 270°
North East + West Total North East + West Total
January 106 485 591 247 208 455
February 92 400 492 216 171 387
March 84 337 421 195 145 340
April 77 278 355 180 119 299
May 60 201 261 141 86 227
June 62 190 252 145 82 227
July 66 208 274 155 89 244
August 79 271 350 185 116 301
September 95 363 458 222 155 377
October 107 448 555 250 192 442
November 103 465 568 241 199 440
December 108 502 610 253 215 468
Annual (kWh) 1039 4148 5187 2430 1777 4207
DC System Size (kW) 0.75 3.50 4.25 1.75 1.50 3.25
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Table 33. The electricity generation for the Attached archetype — Climate Zone 6.

Attached Climate Zone 6
Month 0° and 180° 90° and 270°
North East + West Total North East + West Total
January 120 539 659 280 231 511
February 104 439 543 242 188 430
March 101 395 496 236 169 405
April 78 273 351 182 117 299
May 52 171 223 122 73 195
June 50 149 199 117 64 181
July 53 170 223 125 73 198
August 69 237 306 161 101 262
September 79 303 382 184 130 314
October 106 442 548 248 189 437
November 104 460 564 242 198 440
December 110 502 612 257 216 473
Annual (kWh) 1026 4080 5106 2396 1749 4145
DC System Size (kW) 0.75 3.50 4.25 1.75 1.50 3.25

4.6.12.2 Capital Costs

Capital costs were modelled as being $2.30/W for current pricing. A wide range of figures are touted as to future cost of
PV, with costs generally predicted to drop significantly over the next 10 years. We have interpreted this as a cost
reduction from $2.30/W today, $1.85/W in 5 years and $1.40/kW from 10 years onwards.

U LOW CARBON LIVING v



4.6.12.3 Benefit Cost Analysis

Attached Archetype, Climate Zone 2 - Cost Benefit Ratio

Capital Cost
Performance (notinc Ne_twork Energy Peak BC Ratio - | BC Ratio - | BC Ratio - | BC Ratio -
value (e.g. R network adjustments Use Demand Toda 5 vrs 10 vears 15 vears
value) . to capital cost | (kWh) | (kw) y y y y
adjustments)
Base | \opv $ - 0 0.00
case
Level 1 | PV - full export $8,625 $ - -1,651 0.00 0.60 0.85 1.22 1.29
Level 2 E;/e' fullinternal | gg 625 $ - 5188 | 0.00 1.88 2.67 3.85 4.04
e Attached Archetype, Climate Zone 5 - Cost Benefit Ratio
Capital Cost
Performance (notinc Ngtwork Energy Peak BC Ratio - | BC Ratio - | BC Ratio - | BC Ratio -
value (e.g. R network adjustments Use Demand Toda 5 vrs 10 vears 15 vears
value) . to capital cost | (kWh) (kW) y y y y
adjustments)
Base | o pv $ - 0 0.00
case
Level 1 | PV - full export $8,625 $ - -1,495 0.00 0.54 0.77 1.11 1.16
Level 2 E;/e' fullinternal | ¢4 625 $ - 4,697 | 0.00 1.70 2.42 3.48 3.66
e Attached Archetype, Climate Zone 6 - Cost Benefit Ratio
Capital Cost
Performance (notinc Ne_twork Energy Peak BC Ratio - | BC Ratio - | BC Ratio - | BC Ratio -
value (e.g. R adjustments Use Demand
network . Today 5yrs 10 years 15 years
value) . to capital cost | (kWh) (kW)
adjustments)
Base | \opv $ - 0 0.00
case
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Level 1 | PV - full export $8,625 $ - -1,472 0.00 0.53 0.76 1.09 1.15
Level 2 E;/e' fullinternal | ¢4 625 $ - 4,626 | 0.00 1.68 2.38 3.43 3.60
e Detached Archetype, Climate Zone 2 - Cost Benefit Ratio
Capital Cost
Performance (notinc Ne_twork Energy Peak BC Ratio - | BC Ratio - | BC Ratio - | BC Ratio -
value (e.g. R network adjustments Use Demand Toda 5 vrs 10 vears 15 vears
value) . to capital cost | (kWh) | (kw) y y y y
adjustments)
Base | \opv $ - 0 0.00
case
Level 1 | PV - full export $30,188 $ - -5,778 0.00 0.60 0.85 1.22 1.29
Level2 | PV -TIlINemal | g3 148 $ - 18,160 | 0.00 1.88 2.67 3.85 4.04
e Detached Archetype, Climate Zone 5 - Cost Benefit Ratio
Capital Cost
Performance (not inc Ngtwork Energy Peak BC Ratio - | BC Ratio - | BC Ratio - | BC Ratio -
value (e.g. R adjustments Use Demand
network . Today 5yrs 10 years 15 years
value) . to capital cost | (kWh) (kW)
adjustments)
Base | Nopv $- 0 0.00
case
Level 1 | PV - full export $30,188 $ - -5,231 0.00 0.54 0.77 1.11 1.16
Level 2 | PV -fullinternal  qq) 168 $ - 16,439 | 0.00 1.70 2.42 3.48 3.66
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e Detached Archetype, Climate Zone 6 - Cost Benefit Ratio

Capital Cost
Performance (not inc Ngtwork Energy Peak BC Ratio - | BC Ratio - | BC Ratio - | BC Ratio -
value (e.g. R adjustments Use Demand
network . Today 5yrs 10 years 15 years
value) . to capital cost | (kWh) (kW)
adjustments)
Base | o pv $ - 0 0.00
case
Level 1 | PV - full export $30,188 $ - -5,149 0.00 0.53 0.76 1.09 1.15
Level 2 E;/e' fullinternal | 435,188 $ - 16,182 | 0.00 1.68 2.38 3.43 3.60

The results indicate that under current economics, the installation of PV panels is economic to the point where approximately 60% (CZ2) — 70% (CZ5, CZ6) of the
power is being exported. For an actual house, the extent of export is determined by the relative size of the household electricity use and its timing relative to the
scale of the PV generated load and its timing, in a manner that is likely to vary significantly based on occupancy patterns. Future work will use empirical data to
develop an export percentage model.

4.6.13 Ceiling fans

4.6.13.1 Capital Costs
Fans used were electrical ceiling fans of 900mm, 1200mm and 1400mm diameter. Prices obtained for the various sizes include:

e HPM 900mm 55W celling fan: $66 each
e HPM 1200mm 65W celling fan: $85 each
e HPM 1400mm 65W celling fan: $95 each

L LOW CARBON LIVING ”
"(IL\ CRC



4.6.13.2 Cost Benefit Analysis
e Attached Archetype, Climate Zone 2 - Cost Benefit Ratio

Capital Cost
Performance (notinc Ne_twork Energy Peak BC Ratio - | BC Ratio - | BC Ratio - | BC Ratio -
value (e.g. R network adjustments Use Demand Toda 5 vrs 10 vears 15 vears
value) . to capital cost | (kWh) | (kw) y y y y
adjustments)
Base |, $ - 555 2.77
case
Level 1 | 2% 1200mm $ 656 $76 358 2.69 0.88 1.01 111 117
3 x900mm
L]
e Attached Archetype, Climate Zone 5 - Cost Benefit Ratio
Capital Cost
Performance (notinc Ne_twork Energy Peak BC Ratio - | BC Ratio - | BC Ratio - | BC Ratio -
value (e.g. R network adjustments Use Demand Toda 5 vrs 10 vears 15 vears
value) . to capital cost | (kWh) | (kw) y y y y
adjustments)
Base |, $ - 401 2.75
case
Level 1 | 2% 1200mm $640 $14 302 2.76 0.40 0.45 0.50 0.53
3 x900mm
L]
e Attached Archetype, Climate Zone 6 - Cost Benefit Ratio
Capital Cost
Performance (not inc Ne_twork Energy Peak BC Ratio - | BC Ratio - | BC Ratio - | BC Ratio -
value (e.g. R network adjustments Use Demand Toda 5 vrs 10 vears 15 vears
value) . to capital cost | (kWh) | (kw) y y y y
adjustments)
Base |, $- 1352 | 267
case
Level 1 | 2% 1200mm $580 -$303 1321|236 0.29 0.34 0.36 0.38
3 x900mm
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Detached Archetype, Climate Zone 2 - Cost Benefit Ratio

Capital Cost
Performance (not inc Ngtwork Energy Peak BC Ratio - | BC Ratio - | BC Ratio - | BC Ratio -
value (e.g. R adjustments Use Demand
network . Today 5yrs 10 years 15 years
value) . to capital cost | (kWh) (kW)
adjustments)
Base 1y $ - 1164 | 3.96
case
2 x 1400 mm
Level 1 | 2 x1200mm $1,122 -$12 850 3.94 0.74 0.85 0.93 0.98
5 x 900mm
e Detached Archetype, Climate Zone 5 - Cost Benefit Ratio
Capital Cost
Performance (notinc Ne_twork Energy Peak BC Ratio - | BC Ratio - | BC Ratio - | BC Ratio -
value (e.g. R network adjustments Use Demand Toda 5 vrs 10 vears 15 vears
value) . to capital cost | (kwh) | (kw) y y y y
adjustments)
Base |, $ - 920 3.55
case
2 x 1400 mm negative negative negative negative
Level 1 | 2 x 1200mm $408 -$1,001 738 251 g g g g
cost cost cost cost
5 x 900mm

CRC
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Detached Archetype, Climate Zone 6 - Cost Benefit Ratio

Capital Cost
Performance (notinc Ne_twork Energy Peak BC Ratio - | BC Ratio - | BC Ratio - | BC Ratio -
value (e.g. R network adjustments Use Demand Toda 5 vrs 10 vears 15 vears
value) . to capital cost | (kwh) | (kw) y y y y
adjustments)
Base |, $ - 2,588 2.31
case
2 x 1400 mm
Level 1 | 2 x 1200mm $1,008 -$256 2,541 2.05 0.16 0.19 0.20 0.21
5 x 900mm

4.6.13.3 Recommendation
Based on the results, it is recommended that ceiling fans are mandatory in CZ 2 for the attached archetype and in CZ2 & 5 for the detached archetype.
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4.7  Preliminary Multi-Dimensional Analysis Results

4.7.1  Archetype Modification and Modelling Approach

From the one-dimensional analysis described in Section 4.3 the cost and energy benefit of each element or design
improvement factor was established, with results presented in Sections 4.4 and 4.5. These results was used to identify
an ‘economic stringencies’ package, i.e. those stringencies which provided a benefit cost ratio (BCR) greater than 1, and
an ‘ambitious stringencies’ package, i.e. those stringencies which provided an energy savings impact greater than 2% of
baseline. These two sets of multi-dimensional stringencies packages were identified for each archetype, in each climate
zone.

As glazing was not included in the initial one-dimensional analysis, the impact of glazing on the multi-dimensional results
was attempted to be minimised by using the minimum window area required for each archetype (as detailed in Section
4.3.4). This required a determination of a new baseline for the multi-dimensional analysis.

4.7.2 Economic Stringency Scenarios

The results from Sections 4.4 and 4.5 indicate that there are many technologies capable of making significant impact on
energy use, but far fewer that are cost effective on current economic assumptions. However, it is also apparent that PV
is cost effective in essentially all cases, which undermines the general case for pushing for effective but uneconomic
technologies.

Based on the benefit cost analysis results, it is possible to project forward stringencies for each technology. The
resulting scenarios representing the measures that fit the strict economic criteria from Section 4.5 are summarised in
Table 34 to Table 36 below for the apartment, attached and detached archetypes.

Table 34. Economic stringencies for apartment archetype (other factors remain as per NCC 2016)

Technology NCC 2016 Currently Cost effective

Infiltration Not required Blower door test and seal, CZ6
only

PV No requirement N,E & W facing up to 60%
export

Table 35. Economic stringencies for attached archetype (other factors remain as NCC2016)

Technology | NCC 2016 Currently Cost effective
Infiltration Not required Blower door test and seal, CZ6
Ceiling Fan | Optional Required Cz2

PV No requirement | N,E & W facing up to 60% export

Table 36. Economic stringencies for detached archetype (other factors remain as per NCC2016)

Technology NCC 2016 Currently Cost effective
Infiltration Not required Blower door test and seal, CZ2, 5,
6
Ceiling Fan Optional Required CZ2, CZ5
PV No requirement N,E & W facing up to 60% export
Roof Insulation R2.9 R5.2 Cz2
R5.82 CZ5,6
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4.7.3  Ambitious Stringency Scenarios

The following scenarios represent the measures that achieve the highest impact on performance while working with

relaxed economic criteria.

Table 37. Ambitious stringencies for apartment archetype (other factors remain as per NCC 2016)

Technology

NCC 2016

Currently Desirable

Infiltration

Not required

Blower door test and seal,
CZ2,5,6 only

PV

No requirement

N,E & W facing up to 60% export

Lighting

5W/m?

4AW/m?

Roller shutters

Not required

North fagade CZ 2
East Facade CZ 6

DHW

COP3

COP4.5

Table 38. Ambitious stringencies for attached archetype (other factors remain as NCC2016)

Technology

NCC 2016

Currently Desirable

Infiltration

Not required

Blower door test and seal, CZ2,5,
6

Lighting

5W/m?2

AW/[m?

PV

No requirement

N,E & W facing up to 60% export

Ventilation Fan

Optional

Add ventilations fans CZ2, 5

DHW

COP3.0

COP 4.5

Table 39. Ambitious stringencies for detached archetype (other factors remain as per NCC2016)

Technology

NCC 2016

Currently Desirable

Infiltration

Not required

Blower door test and seal, CZ2, 5,
6

Roller shutters

Not required

Cz2: W, N, E
CzZ5: W, E
CZ6: N, E

Ventilation Fan

Optional

Required CZ2, CZ5

PV

No requirement

N,E & W facing up to 60% export

Roof Insulation

R2.9

R5.2 CZ2
R5.7 CZ5,6

DHW

COP 3.0

COP 4.5
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4.7.4  Preliminary Multi-Dimensional Modelling Results

Table 40 presents the baseline cases heating and cooling energy and equivalent star rating baseline used for the multi-
dimensional analysis. Note that the results presented in this section are to be treated as preliminary and will be updated
in the Final Technical Report.

The most important heating and cooling energy performance results developed to date in this study are summarised in
Table 41 and Table 42. These tables present the economic and ambitious stringencies package heating and cooling
energy and equivalent star rating for each archetype, in each orientation, and for each of the three climate zones. The
following notes apply:

e Glazing and window-to-wall ratio (WWR) chosen for both 6-Star and 10% of floor area minimum daylighting
compliance (described as Baseline Il in Section 4.3.2).

e Besides glazing, all other building elements are as for the Baseline I.

e The Baseline Il case is not necessarily DtS compliant for glazing.

e The glazing type is the same for all windows of the house for a given climate zone/archetype.

e PV notincluded in energy results.

e Equivalent Star ratings were determined using an infiltration rate of approximately 15 ACH at 50Pa. These
equivalent star ratings are potentially approximately 0.5-1.5 stars less than a NatHERS Star rating obtained with the
building model assumed to be very well sealed (anecdotally evidence suggests that this is generally the assumption
applied during determination of a NatHERS Star rating).The peak power results for the multi-dimensional stringencies
packages, and the Economic and Ambitious stringencies packages applied to Baseline Il (Increased WWR) are
included in Appendix .

We deduce that the overall conclusion from the key results of the Economic Stringency Energy Analysis (i.e. the two

most far right columns of Table 41) is as follows:

o Combined, cost-effective measures could reduce energy consumption for heating and cooling by an estimated 28 to
51 per cent across a range of housing types and climates.
e This is equivalent to between 1 and 2.5 stars on the NatHERS scheme.
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Table 40. Energy Results and Equivalent Star Rating of Baseline 1l for the Multi-Dimensional Analysis

Baseline Il (Minimum WWR)
° Energy Results (15ACH at 50Pa)**
=
2 N _5 Thermal Electrical .
> o = Equivalent
o © = Energy | Energy Star ratin
= E & | Mamty) | (kwhim?ly) 2
< (@) @)
0 45.9 4.3 6.1
90 35.8 3.3 6.8
cz2 180 38.7 3.6 6.8
270 47.8 4.4 5.9
0 45.9 4.3 5.6
90 354 3.3 6.7
€z5 180 37.9 35 6.4
270 50.8 4.7 5.2
- 0 127.5 11.8 5.9
c
) 90 109.9 10.2 6.4
1S CZ6
% 180 116.1 10.8 6.2
2— 270 135.5 12.5 5.7
0 43.7 4.0 6.4
90 57.2 5.3 5.3
cz2 180 32.9 3.0 7.6
270 57 5.3 5.3
0 37.2 3.4 6.7
90 39.9 3.7 6.4
€z5 180 22.8 2.1 8.2
270 39.8 3.7 6.4
0 122.5 11.3 6.2
> 90 122.7 11.4 6.2
2 Cz6
S 180 [ 1031 95 6.8
g 270 123.9 11.5 6.2
0 38.6 3.6 6.5
90 43.7 4, .
cz2 3 0 6.0
180 44.4 4.1 5.9
270 44.6 4.1 5.9
0 39.7 3.7 6.1
90 41 . .
cz5 3.8 5.9
180 42.6 3.9 5.8
270 42.8 4.0 5.8
0 112.5 10.4 6.2
o)
90 109. . .
2 cz6 09.6 10.1 6.3
& 180 110.9 10.3 6.2
2 270 | 114 10.6 6.1

Notes:

** Baseline Il glazing/WWR chosen for both 6-Star and 10% of floor area minimum daylighting compliance. All other
building elements as for the Baseline |. Not necessarily DtS compliant for glazing. The glazing type is the same for all
windows of the house for a given climate zone/archetype.
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Table 41. Economic Stringency Energy and Equivalent Star Rating

Economic Stringency Case* Economic - change relative to baseline
Q
o) é S : .
< @ 5 Thermal Electrical R iccirical Equivalent | Average | Average
2 © c Energy Energy . Star energy Star
S E k) 2 2 Star rating | Energy . , . , . ,
z 5 5 (MJ/m?ly) (kWh/m?ly) improv't improv't | improv't
0
90
Cz2 180
270
0
90
Cz5 180
270
- 0 90.9 8.4 6.9 -29% 1.0
=
o 90 64.9 6.0 7.8 -41% 14
E | CZ6 -35% 1.3
£ 180 | 73 6.8 7.5 -37% 1.3 °
g 270 | 89.3 8.3 7 -34% 1.3
0 27.2 25 8.1 -38% 1.7
90 34.2 3.2 7.4 -40% 21
Cz2 -40% 1.9
180 | 18.7 17 9.1 -43% 15 °
270 | 34.6 3.2 7.4 -39% 2.1
0 28 2.6 7.7 -25% 1.0
90 29.5 2.7 7.4 -26% 1.0
Cz5 -28% 1.0
180 | 15 1.4 8.9 -34% 07 0
270 | 28.6 2.6 7.6 -28% 1.2
0 79 7.3 7.4 -36% 1.2
k5 90 79.8 7.4 7.4 -35% 12
Q -3709
S €26 180 596 5.5 8.1 -42% 13 37% 12
Z 270 | 80.8 7.5 7.4 -35% 1.2
0 19.3 1.8 8.8 -50% 23
90 22.1 2.0 8.4 -49% 24
Cz2 -51% 25
180 | 21.4 2.0 8.5 -52% 2.6
270 | 212 2.0 8.5 -52% 2.6
0 19.3 1.8 8.3 -51% 2.2
90 20.3 1.9 8.2 -50% 23
cz5 > -51% 23
180 | 21.1 2.0 8.2 -50% 24
270 | 215 2.0 8.1 -50% 23
0 66.2 6.1 7.6 -41% 14
e)
90 62.8 5.8 7.8 -43% 15
2 lczs > -42% 15
3 180 | 63.8 5.9 7.7 -42% 15
S 270 | 68.3 6.3 7.6 -40% 1.5

* Economic Stringencies applied to Baseline Il. Economic stringencies for apartment archetype included infiltration for
Climate Zone 6 only (no other stringencies were economic). PV not included in energy results.
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Table 42. Ambitious Stringency Energy and Equivalent Star Rating

High Impact Stringency Case**** Ambitious - change relative to baseline
) . . Average
=
2 S .5 Thermal Electrical Equivalent | Electrical Equivalent | Average Equivalent
> Q g | Eneroy Energy Star rating | Energy star enerey | star
[} S o 2 2 ; , ; )
2 £ -é (MJI/Im?ly) (KWh/m?ly) improv't improv't T
< O @)
0 36.1 3.3 7.1 -21% 1.0
90 35.7 3.3 7.1 0% 0.3
= 0,
cz2 180 | 36.3 34 7.1 -6% 0.3 11% 0.6
270 | 40.2 3.7 6.6 -16% 0.7
0 33.3 3.1 6.9 -27% 1.3
90 324 3.0 6.9 -8% 0.2
CZ5 -20% 0.9
180 | 30.2 2.8 7.2 -20% 0.8 °
270 | 38.1 35 6.4 -25% 1.2
- 0 80.4 7.4 7.3 -37% 1.4
=
o 90 64.3 6.0 7.8 -41% 1.4
E | CZ6 -38% 14
£ 180 | 72.0 6.7 75 -38% 13 °
2— 270 | 88.7 8.2 7.0 -35% 1.3
0 17.9 1.7 9.2 -59% 2.8
90 24.9 2.3 8.4 -56% 3.1
- 0,
cz2 180 | 13.8 1.3 9.6 -58% 2.0 S7% 2.7
270 | 26.1 2.4 8.3 -54% 3.0
0 16.2 15 8.8 -56% 2.1
90 17.6 1.6 8.7 -56% 2.3
CzZ5 -56% 2.0
180 | 9.1 0.8 9.7 -60% 1.5 °
270 | 18.6 1.7 8.6 -53% 2.2
0
IS 90
Q
Cz6
S 180
g 270
0 16.0 1.5 9.2 -59% 2.7
90 17.7 1.6 8.9 -59% 2.9
Cz2 -60% 2.9
180 | 17.9 17 8.9 -60% 3.0 ’
270 | 17.2 1.6 9.0 -61% 3.1
0 16.4 1.5 8.6 -59% 2.5
90 17.3 1.6 8.5 -58% 2.6
Cz5 -58% 2.6
180 | 17.7 16 8.4 -58% 26 ’
270 | 19.2 1.8 8.3 -55% 2.5
0 65.6 6.1 7.7 -42% 1.5
©
@ 90 62.2 5.8 7.8 -43% 15
£ | CZ6 -42% 15
S 180 | 63 5.8 78 ~43% 16 °
8 270 | 67.4 6.2 7.6 -41% 1.5

**xAmbitious Stringencies applied to Baseline II.
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Figure 8 provides a column graph of equivalent star ratings across each archetype for the baseline, the Economic
Stringency Case, and the Ambitious Stringency Case (both applied to Baseline Il). It can be seen that both of the multi-
dimensional (‘*economic’ and ‘ambitious’) stringency packages significantly increase the equivalent star ratings (1.0-2.5
stars and 0.6-2.9 stars respectively).

M Baseline (15ACH at 50Pa)** M Economic Stringency Case*** m Ambitious Stringency Case****

10

8
7
6
5
4
3

o o O O

a 0

i

6

Equivalent Star Rating

0
90

EOOOEOOOOOOOOOOOOOOOOOOO
o~ [o\] — N — N — N

N 180
270

9
v 180
270

Cz Ccz Cz2 Cz5 Cz6 Cz2 Cz5 Cz6

Apartment Attached Detached

Figure 8. Equivalent star ratings across each archetype for Baseline I, Economic Stringency Case and Ambitious Stringency Case

In Figure 9 a column graph of the total heating and cooling energy requirement across each archetype for the baseline,
the Economic Stringency Case, and the Ambitious Stringency Case is provided. By combining the heating and cooling
energy demand with the estimated PV output, domestic hot water and an assumption of an additional 30% of plug
appliance load, the allocated PV system provides an energy offset for the detached archetype significant enough to
reach approximately net zero energy for the Ambitious scenarios package across all climate zones. The ‘economic
stringencies’ scenario package provides similar performance reaching approximately net zero energy for all orientations
and climate zones other than two orientations in Climate Zone 6.

Jk LOW CARBON LIVING ”
< CRC



M Baseline (15ACH at 50Pa)**

16.0

14.0

12.0

10

o

8

o

6

o

Heating and Cooling Energy (kWh/m2/year)
o

o

o

Ambitious Stringency Case****

B Economic Stringency Case***

4.0
0.

o o O O O O O o O O O o O O O o O O O o O O O o O O O o O O
Cz2 Cz5 Cz2 Ccz5 Cz2 Ccz5 CZ6
Apartment Attached Detached

Figure 9. Heating and cooling electrical energy (total) for each archetype for the Baseline I, the Economic Stringency and Ambitious Stringency

Cases

Figure 11 and Figure 12 illustrate the separated heating and cooling energy from the multi-dimensional analysis
scenarios for the apartment archetype and detached archetype respectively. The dominance of heating or cooling for
each climate zone is clearly illustrated. Figure 13 illustrates the peak heating and cooling load from the multidimensional
analysis for the attached archetype in each climate zone.

12

10

N

Electrical Energy (kWh/m?2/year)

Cz2

dlla Al |JI(I|J|]
0 90 180 270 0 90 180

Cz5

Apartment

270

90

CZ6

180

270

M Baseline (15ACH at
50Pa)** - Electrical
Heating Energy

O Economic Stringency
Case*** - Electrical
Heating Energy

O Ambitious Stringency
Case**** - Electrical
Heating Energy

[ Baseline (15ACH at
50Pa)** - Electrical
Cooling Energy

@ Economic Stringency
Case*** - Electrical
Cooling Energy

O Ambitious Stringency
Case**** - Electrical
Cooling Energy
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Figure 10. Heating and Cooling Electrical Energy (separate) for Apartment Archetype for Baseline I1, the Economic Stringency Case and the

Ambitious Stringency Case
10

9
8

O L, N W b~ U O N
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2.00
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Cz5
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I
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50Pa) ** - Electrical
Heating Energy

O Economic Stringency
Case*** - Electrical
Heating Energy

O Ambitious Stringency
Case**** - Electrical
Heating Energy
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50Pa) ** - Electrical
Cooling Energy

[ Economic Stringency
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Cooling Energy

O Ambitious Stringency
Case**** - Electrical
Cooling Energy

M Baseline*** - Peak
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O Economic Stringency
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O Ambitious Stringency
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Heating Power (kW)*

M Baseline*** - Peak
Cooling Power (kW)*

[ Economic Stringency
Case**** - Peak
Cooling Power (kW)*
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O Ambitious Stringency
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Figure 11. Heating and Cooling Peak Power (separate) for Attached Archetype for Baseline 11, the Economic Stringency Case and the Ambitious

Stringency Case

Further details of the results from the Multi-dimensional analysis of the package of building element upgrades are

provided in Appendix I.
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4.8 Remaining work

481 Additional One-Dimensional Analysis

Table 43 outlines a number of additional/emerging technologies and design changes identified through written and verbal
feedback from the Technical Advisory Group (where not already included above). The identified items will be considered
for potential inclusion in the next stage of the analysis.

Table 43. Summary of technologies and design changes to be considered for the Final Report.

Technology/Design | Comment

Change

HVAC equipment Opportunities to improve the efficiency of HYAC equipment are currently being explored,

efficiency and will be reported in the Final Report.
The AccuRate Sustainability software determines the thermal heating and cooling loads
that need to be offset by the use of heating and cooling systems to meet the required
indoor temperature conditions and occupancy schedules. The annual HVAC energy
consumption was therefore determined through application of a suitable coefficient of
performance (COP) for the HVAC system. The impact of HVAC efficiency on the energy
performance of the residential archetypes will be investigated in our trajectory analysis.

PassivHaus PasssivHaus is not being investigated as the assessments of insulation and ultra-low

Standards infiltration do not indicate the likelihood of a cost-effective outcome?®.

Heat Recovery Our investigation of infiltration (Section 4.6.1) indicates that HRV is highly unlikely to be

Ventilation economic. As aresult, it is not going to analysed further in this study

Slab Edge Insulation An issue with the residential modelling software was identified in regards to establishing the
impact of slab edge insulation in cooler climates. Subsequent to the modelling undertaken
in this report an update of the software was provided to correct this issue. Modelling of
slab-edge insulation will thus be re-run.

Building Integrated PV | This will not be assessed be assessed in the next stage of the project due to the presence
of eaves on all the archetypes.

4.8.2  Glazing Analysis

Development of a rational way to assess the change in energy performance and the consequent Benefit Cost Ratio for
an upgrade to the glazing of a building is not a trivial task, particularly given that there is a multitude of factors that
influence this issue. Unlike the case of a simple building element such as insulation, which behaves thermally in a
relatively straightforward way, windows have many functions, many types, and many external influences on their
performance, such as: the degree of shading that the window is subject to, its orientation relative to north, the local
climate, etc.

The approach being taken for this work reflects that used in the recent NCC Trajectory project concerning commercial
buildings, in that it seeks to reduce the specification of glazing stringency to maximum figures for solar admittance (solar
heat gain coefficient, adjusted for shading, times window wall ratio) and facade U value (the total U value of window and
wall together). This approach results in a radical simplification from a largely opaque “glazing calculator” to a simple
table of maximum solar admittance and U value figures.

Work to create and test this approach is incomplete at the time of writing and will be integrated into the final results.

26 The lack of a cost beneficial outcome is not to be confused with a lack of benefit. Passivhaus design provides other benefits both
demonstrable and intangible that are valued by those involved which lie outside the scope of this study, with the result that houses are
built to this standard to the benefit of occupants.
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4.8.3 Finalisation of Multi-Dimensional Analysis

The results presented in this report have focused on the short-term opportunities to improve energy performance for
residential buildings. Some work has been completed to determine the costs and benefits when individual measures are
combined, however further work is required to optimise these ‘multi-dimensional scenarios’ to achieve a benefit-cost ratio
closer to the 1-1.5 range. This work is required to account for the complex interactions between individual measures
when applied at the same time.

The immediate next steps to finalise the residential analysis are:

e Complete the glazing analysis to determine an appropriate glazing performance level for the first step of the
residential forward trajectory; and

¢ Re-run the multi-dimensional analysis and add, or remove, measures where appropriate to achieve a total benefit-
cost ratio closer to 1-1.5.

The results of the above will then form the first step for the residential forward trajectories.
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5 Commercial Modelling

This section presents the investigation of commercial buildings with respect to the assessment of the forward trajectory
for energy performance measures in the National Construction Code (NCC) as part of the Building Code Energy
Performance Trajectory project. In this section, ‘commercial building' refers to non-residential building types. As the
analysis is currently in progress, this section presents only the input assumptions and methodology, and not the results.

This investigation builds on work already undertaken by Energy Action for the Australian Building Codes Board (ABCB)
on the stringency of Section J in the NCC. The ABCB work is used as a baseline, and this investigation focuses on
opportunities to go further, either through extension of measures incorporated in the ABCB analysis, or introduction of
new measures. Based on a gap analysis of the ABCB work, technical areas for potential increased stringency have been
selected as follows:

Table 44. The technical areas to be tested

Area Notes

Glazing and Shading Higher performance glass; improved shading; active shading;
Daylighting Daylight control and the use of light shelves

Insulation To be investigated in conjunction with overnight ventilation (see below)
Fabric colour Light coloured walls to be investigated

Lighting Extrapolation of trends in LED efficiency

Fan Systems

Higher minimum fan efficiencies; increases in duct/AHU size beyond NCC
2019 proposed

Pumps

Higher minimum pump efficiencies; increases in pipe size beyond NCC2019
proposed

Chillers and PAC units

Increased minimum efficiencies; some projection of future efficiency trends
for equipment

Outside air treatment

Increased requirement for heat recovery on ventilation air

Lifts

Increased minimum efficiencies

Infiltration

Identification of building characteristics giving higher infiltration impacts; also
has interactions with overnight ventilation and insulation

Overnight ventilation

Investigation of impacts of controlled overnight ventilation; cross-linked with
insulation and infiltration

Economy cycle

Investigation of increased stringency for application of economy cycle

Commissioning

Investigation of sensitivity to poor commissioning (and, by proxy, poor
maintenance and control)

Roof top PV

Evaluation of rooftop PV generation potential

Building integrated PV (BIPV)

Evaluation of BIPV (vertical face) generation potential

Thermal Mass

Investigation of thermal mass impacts, using building mass either as a
passive element or activated via overnight ventilation

Direct/indirect evaporative cooling

Evaluation of potential as supplement/replacement for base case HVAC

For each of these factors, a preliminary single dimensional analysis will be undertaken to establish the potential impact
on energy performance. Where feasible, costs and benefits will be evaluated including projections of changes in
technology performance and cost in the future. Where the work extends beyond current boundaries of benefit-cost
acceptability, an estimate of the change of capital cost required to achieve an acceptable economic outcomes will be
made. This is intended to provide guidance as to the scope and magnitude of market transformation initiatives (e.g.
policies to help reduce the cost of key technologies) required to achieve the full technological potential of buildings to

improve energy performance and reduce emissions. Based on the results of these analyses, a subset of more important
factors will be selected to produce multi-dimensional increased efficiency scenarios. These will be separately tested for
aggregate economic performance.

5.1 Archetypes
The building typologies that will be used as the basis of the investigations will be as follows:

Table 45. The archetypes to be used in the analysis. Area figures are gross floor areas
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Building Description

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

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

Hotel 2000m?, 3 level, 36.5m x 18.3m floor plate, 3.6m floor-floor, Fan coils with central plant

Shop 1000m?, 1 level, 31.6m x 31.6m floor plate, 6 m floor-ceiling, packaged AC with economy cycle

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

These building archetype models were selected and designed based on:

e Selecting common building uses with a wide range of occupant hours and occupant intensity (i.e. internal loads); and
e Selecting a set of physical building forms that ranges from designs where external fabric loads have a relatively low
impact on HVAC energy consumption through to designs where external loads have a relatively high impact.

5.2 Baseline Modelling

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

5.2.1 Office

5.21.1 Geometry
The following figure shows the geometry (building form A) created for office building simulation.

Figure 12. Building form A geometry as viewed in the IES <VE> software.
This model represents an office building that has 10,000m?, 10 storeys, 31.6m x 31.6m floor plate and 3.6m floor-floor
height.

5.2.1.2  Weather File
IWEC files for Brisbane, Sydney and Melbourne were used as the weather data for the simulation.
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5.2.1.3 Constructions
The constructions were modelled based on the NCC 2019 Section J deemed-to-satisfy provisions. The absorptance of
the external wall and roof to be set to 0.7 and 0.4 respectively.

5.21.4 Internal Loads and Profiles
The internal load densities and the associated operating schedules are listed below.

Table 46. Internal loads for class 5 (office) buildings with proposed NCC 2019 lighting illumination power densities.

Equipment 11W/m?

Occupants 75W sensible heat gain

55W latent heat gain per person
Number of occupants: 14 m?/person

Artificial lighting 4.5 W/m?

Table 47. Occupancy, lighting, equipment and HVAC schedules for class 5 buildings.

0:00 to 1:00 0% 10% 25% OFF
1:00 to 2:00 0% 10% 25% OFF
2:00 to 3:00 0% 10% 25% OFF
3:00 to 4:00 0% 10% 25% OFF
4:00 to 5:00 0% 10% 25% OFF
5:00 to 6:00 0% 10% 25% OFF
6:00 to 7:00 0% 10% 25% OFF
7:00 to 8:00 15% 40% 25% ON
8:00 to 9:00 60% 80% 70% ON
9:00 to 10:00 100% 100% 100% ON
10:00 to 11:00 100% 100% 100% ON
11:00 to 12:00 100% 100% 100% ON
12:00 to 13:00 100% 100% 100% ON
13:00 to 14:00 100% 100% 100% ON
14:00 to 15:00 100% 100% 100% ON
15:00 to 16:00 100% 100% 100% ON
16:00 to 17:00 100% 100% 100% ON
17:00 to 18:00 50% 80% 60% ON
18:00 to 19:00 15% 60% 25% OFF
19:00 to 20:00 5% 40% 25% OFF
20:00 to 21:00 5% 20% 25% OFF
21:00 to 22:00 0% 10% 25% OFF
22:00 to 23:00 0% 10% 25% OFF
23:00 to 24:00 0% 10% 25% OFF

Saturday and Sunday Profiles are 25% continuous artificial lighting and 25% continuous equipment. There is no
occupancy and HVAC is “off".
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5.2.15 HVAC

The HVAC model was created based on the NCC 2019 Section J deemed-to-satisfy (DTS) provisions. The zones are
served by VAV system with VSD centrifugal chiller and condensing boiler. The zone control has 22.5°C zone setpoint
with 1°C deadband and 1°C proportional band either side. 30% minimum VAV turndown was used for perimeter zones
and 50% for centre zones. Drybulb economy cycle with dewpoint lockout at 14°C and drybulb lockout at 24°C was
modelled when required by the NCC2019 Section J DTS provisions. The AHU heating supply air temperature decreases
from 30°C to 22.5°C as the zone temperature increases from 21°C to 22°C. The AHU cooling supply air temperature
decreases from 22.5°C to 12°C as the zone temperature increases from 23°C to 24°C. An X27 turndown was used for
supply air fan and the minimum turndown was set to 30%. An X2 turndown was used for relief air fan and the minimum
turndown was set to be 30% as well. Chilled water temperature was modelled to be reset from 6°C to 10°C when outside
air drybulb drops from 25°C to 16°C. The heating hot water temperature was modelled to be reset from 80°C to 60°C
when the outside air drybulb increases from the heating design temperature plus 4°C to the heating design temperature
plus 14°C.

5.2.1.6 Baseline Results

The results that will be used as the baseline for this archetype are presented in Table 48, Table 49, and Table 50 below
for Climate Zones 2, 5 and 6 respectively. The annual energy consumption for systems in particular are summed to give
the total annual energy consumption for each model.

Table 48. Baseline results for Climate Zone 2 - model 5A (office).

Jan 01-31 0.0003 20.9665 6.3588 0.4985 3.4602 14.2087
Feb 01-28 0.003 18.625 6.015 0.41 3.2855 13.1213
Mar 01-31 0.011 18.8354 6.7166 0.3955 3.6795 14.7659
Apr 01-30 0.0757 13.8977 5.9605 0.2025 2.8311 14.2177
May 01-31 0.5157 10.099 5.1494 0.1343 1.8314 14.2087
Jun 01-30 1.4571 7.5396 4.6217 0.1192 1.3411 14.2177
Jul 01-31 2.2823 7.4079 4.7965 0.1235 1.1369 14.4873
Aug 01-31 1.828 8.164 5.0602 0.1214 1.2229 14.4873
Sep 01-30 0.5235 10.7715 5.5753 0.1589 2.0111 14.2177
Oct 01-31 0.0286 13.611 5.8555 0.2101 2.5028 14.2087
Nov 01-30 0.0043 16.4831 6.3661 0.3159 2.9859 14.2177
Dec 01-31 0.0036 20.2548 6.8715 0.4354 3.7451 14.7659
Summed total | 6.7331 166.6556 69.3472 3.125 30.0334 171.125

Total (MWh) | 447.02
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Table 49. Baseline results for Climate Zone 5 - model 5A (office).

Jan 01-31 0.0188 15.0937 6.0902 0.366 2.6026 14.2087
Feb 01-28 0.0373 15.2636 5.9421 0.3879 2.4935 13.1213
Mar 01-31 0.0701 15.5163 6.3257 0.3566 2.7491 14.7659
Apr 01-30 0.3299 10.3456 5.5299 0.1562 1.6485 14.2177
May 01-31 1.6906 4.4265 3.7347 0.1921 0.6787 14.2087
Jun 01-30 4.8762 1.4912 3.1985 0.2225 0.2113 14.2177
Jul 01-31 7.5926 0.8314 3.1983 0.2655 0.1102 14.4873
Aug 01-31 3.9652 3.6208 4.0245 0.1803 0.4348 14.4873
Sep 01-30 1.3842 5.4804 4.7084 0.1929 0.7312 14.2177
Oct 01-31 0.6406 8.4938 5.5347 0.1875 1.1673 14.2087
Nov 01-30 0.1632 11.2922 6.2382 0.2016 1.7032 14.2177
Dec 01-31 0.0385 15.2362 6.4071 0.3766 2.4693 14.7659
Summed total | 20.8072 107.0916 60.9324 3.0857 16.9998 171.125
Total (MWh) 380.04

Table 50. Baseline results for Climate Zone 6 - model 5A (office).

Jan 01-31 0.3619 9.4699 5.0005 0.1726 1.1795 14.2087
Feb 01-28 0.3975 10.7923 4.7599 0.2126 1.3897 13.1213
Mar 01-31 0.9451 9.2296 4.9374 0.1678 1.0666 14.7659
Apr 01-30 3.5734 2.7741 3.4434 0.108 0.2672 14.2177
May 01-31 9.7762 0.6067 2.8111 0.2562 0.0643 14.2087
Jun 01-30 20.953 0 3.1667 0.4435 0 14.2177
Jul 01-31 22.6649 0 3.3285 0.4671 0 14.4873
Aug 01-31 14.5908 0 2.9379 0.3084 0 14.4873
Sep 01-30 7.9668 0.6345 2.9452 0.1982 0.0671 14.2177
Oct 01-31 3.7811 2.5751 3.2753 0.1122 0.2515 14.2087
Nov 01-30 1.7705 5.698 4.3285 0.1278 0.5552 14.2177
Dec 01-31 0.7624 7.1708 4.9116 0.1298 0.8009 14.7659
Summed total ~ 87.5436 48.951 45.8461 2.7043 5.642 171.125
Total (MWh) | 361.81

5.2.2 School

5.2.2.1 Geometry
The following figure shows the geometry (building form E) created for school building simulation.
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5222

5223

5224

0:00 to 1:00
1:00 to 2:00
2:00 to 3:00
3:00 to 4:00
4:00 to 5:00
5:00 to 6:00
6:00 to 7:00
7:00 to 8:00
8:00 to 9:00

9:00 to 10:00

Weather File
IWEC files for Brisbane, Sydney and Melbourne were used as the weather data for the simulation.

Constructions
The constructions were modelled based on the NCC 2019 Section J deemed-to-satisfy provisions. The absorptance of
the external wall and roof to be set to 0.7 and 0.4 respectively.

Internal Loads and Profiles
The internal load densities and the associated operating schedules are listed below.

Equipment
Occupants

Artificial lightingl

0%
0%
0%
0%
0%
0%
0%
5%

75%
90%

Figure 13. Building form E geometry as viewed in the IES <VE> software.
This model represents a school building that has 200m2, 1 storey, 20m x 10m floor plate and 3.3m floor-ceiling height.

5W/m?

75W sensible heat gain per person

55W latent heat gain per person

Number of occupants: 2 m?/person (School —
general classroom)

4.5 W/m? (School — general purpose learning

Table 51. Internal loads for Class 9b (school) buildings with proposed NCC 2019 lighting illumination power densities.

areas and tutorial rooms)

Table 52. Occupancy, lighting, equipment and HVAC schedules for class 9b buildings.

5%
5%
5%
5%
5%
5%
5%

30%
85%
95%

5%
5%
5%
5%
5%
5%
5%

30%
85%
95%

OFF
OFF
OFF
OFF
OFF
OFF
OFF

LOW CARBON LIVING

i~
é CRC



10:00 to 11:00 90% 95% 95% ON

11:00 to 12:00 90% 95% 95% ON
12:00 to 13:00 50% 80% 70% ON
13:00 to 14:00 50% 80% 70% ON
14:00 to 15:00 90% 95% 95% ON
15:00 to 16:00 70% 90% 80% ON
16:00 to 17:00 50% 70% 60% ON
17:00 to 18:00 20% 20% 20% OFF
18:00 to 19:00 20% 20% 20% OFF
19:00 to 20:00 20% 20% 20% OFF
20:00 to 21:00 10% 10% 10% OFF
21:00 to 22:00 5% 5% 5% OFF
22:00 to 23:00 5% 5% 5% OFF
23:00 to 24:00 5% 5% 5% OFF

Saturday and Sunday Profiles are 5% continuous artificial lighting and 5% continuous equipment. There is no occupancy
and HVAC is “off".

5.2.25 HVAC

The HVAC model was created based on the NCC 2019 Section J deemed-to-satisfy (DTS) provisions. The zones are
served by VAV system with air-cooled reverse cycle PACs. The zone control has 22.5°C zone setpoint with 1°C
deadband and 1°C proportional band either side. 30% minimum VAV turndown was used for perimeter zones and 50%
for centre zones. No economy cycle was modelled for this building. The PAC heating supply air temperature decreases
from 30°C to 22.5°C as the zone temperature increases from 21°C to 22°C. The PAC cooling supply air temperature
decreases from 22.5°C to 12°C as the zone temperature increases from 23°C to 24°C. An X27 turndown was used for
the PAC supply air fan and the minimum turndown was set to 30%. The natural ventilation was modelled by opening the
window when the zone is in cooling mode and outside air drybulb is between 16°C to 24°C.

5.2.2.6 Baseline Results
The baseline results for the school models in climate zones 2, 5 and 6 are presented in the following tables. The systems

of interest include the air-to-air heat pump heating energy, PAC unit cooling energy and lights.

Table 53. Baseline results for Climate Zone 2 - model 9bE (school).

Jan 01-31 0.0001 1.669 0.0938
Feb 01-28 0.0003 1.4956 0.0885
Mar 01-31 0.0028 1.293 0.1011
Apr 01-30 0.0608 0.8183 0.0969
May 01-31 0.1433 0.3672 0.0938
Jun 01-30 0.2796 0.151 0.0969
Jul 01-31 0.2909 0.1215 0.0974
Aug 01-31 0.3006 0.1966 0.0974
Sep 01-30 0.1567 0.3792 0.0969
Oct 01-31 0.0495 0.7804 0.0938
Nov 01-30 0.023 1.0662 0.0969
Dec 01-31 0.001 1.4961 0.1011
Summed total 1.3087 9.834 1.1546

Total (MWh) | 12.30
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Table 54. Baseline results for climate zone 5 - model 9bE (school).

Jan 01-31 0.0482 0.9144 0.0938
Feb 01-28 0.0282 0.9211 0.0885
Mar 01-31 0.1319 0.8636 0.1011
Apr 01-30 0.2011 0.5154 0.0969
May 01-31 0.3722 0.144 0.0938
Jun 01-30 0.5069 0.0464 0.0969
Jul 01-31 0.5251 0.039 0.0974
Aug 01-31 0.3747 0.1411 0.0974
Sep 01-30 0.3868 0.1764 0.0969
Oct 01-31 0.2808 0.4141 0.0938
Nov 01-30 0.2405 0.5109 0.0969
Dec 01-31 0.2031 0.8496 0.1011
Summed total 3.2995 5.536 1.1546

Total (MWh) 9.99

Table 55. Baseline results for climate zone 6 - model 9bE (school).

Jan 01-31 0.3115 0.4743 0.0938
Feb 01-28 0.2301 0.6953 0.0885
Mar 01-31 0.328 0.541 0.1011
Apr 01-30 0.4437 0.1724 0.0969
May 01-31 0.6099 0.0317 0.0938
Jun 01-30 0.7766 0.0001 0.0969
Jul 01-31 0.7922 0 0.0974
Aug 01-31 0.6668 0.0023 0.0974
Sep 01-30 0.5968 0.0378 0.0969
Oct 01-31 0.4263 0.1612 0.0938
Nov 01-30 0.3664 0.3656 0.0969
Dec 01-31 0.3272 0.3729 0.1011
Summed total = 5.8755 2.8545 1.1546

Total (MWh) | 9.88
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5.2.3 Hotel

5.2.3.1 Geometry
The following figure shows the geometry (building form B) created for hotel building simulation. This model represents a
hotel building that has 2000m?, 3 storeys, 36.5m x 18.3m floor plate and 3.6m floor-floor height.

Figure 14. Building form B geometry as viewed in the IES <VE> software.

5.2.3.2  Weather File
IWEC files for Brisbane, Sydney and Melbourne were used as the weather data for the simulation.

5.2.3.3 Constructions
The constructions were modelled based on the NCC 2019 Section J deemed-to-satisfy provisions. The absorptance of

the external wall and roof to be set to 0.7 and 0.4 respectively.

5.2.34 Internal Loads and Profiles
The internal load densities and the associated operating schedules are listed below.

Table 56. Internal loads for class 3 (hotel) buildings with proposed NCC 2019 lighting illumination power densities.

Equipment Using 270 W per room with a room size of 4m
X 7m = 9.64W/m?
Occupants 75W sensible heat gain per person

55W latent heat gain per person

Number of occupants: 17.5 m#/person
Artificial lighting 2.5 W/m? (Sole-occupancy unit of a Class 3

building)
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Table 57. Occupancy, lighting, equipment and HVAC schedules for class 3 buildings.

0:00 to 1:00 85% 85% 5% ON ON 20%
1:00 to 2:00 85% 85% 5% ON ON 20%
2:00 to 3:00 85% 85% 5% ON ON 20%
3:00 to 4:00 85% 85% 5% ON ON 20%
4:00 to 5:00 85% 85% 5% ON ON 20%
5:00 to 6:00 85% 85% 25% ON ON 20%
6:00 to 7:00 85% 85% 80% ON ON 30%
7:00 to 8:00 80% 85% 80% ON ON 30%
8:00 to 9:00 50% 50% 50% ON ON 30%
9:00 to 10:00 10% 50% 20% OFF ON 30%
10:00 to 11:00 10% 20% 20% OFF OFF 30%
11:00 to 12:00 10% 20% 20% OFF OFF 20%
12:00 to 13:00 10% 20% 20% OFF OFF 20%
13:00 to 14:00 10% 20% 20% OFF OFF 20%
14:00 to 15:00 10% 20% 20% OFF OFF 20%
15:00 to 16:00 10% 30% 20% OFF OFF 20%
16:00 to 17:00 50% 50% 20% ON ON 20%
17:00 to 18:00 50% 50% 50% ON ON 45%
18:00 to 19:00 70% 50% 50% ON ON 45%
19:00 to 20:00 70% 70% 50% ON ON 45%
20:00 to 21:00 80% 80% 50% ON ON 45%
21:00 to 22:00 85% 80% 50% ON ON 45%
22:00 to 23:00 85% 85% 50% ON ON 40%
23:00 to 24:00 85% 85% 5% ON ON 25%

5.2.3.5 HVAC

The HVAC model was created based on the NCC 2019 Section J deemed-to-satisfy (DtS) provisions. The zones are
served by FCU system with VSD centrifugal chiller and condensing boiler. No economy cycle was modelled for this
building. The FCU heating supply air temperature decreases from 30°C to 22.5°C as the zone temperature increases
from 21°C to 22°C. The FCU cooling supply air temperature decreases from 22.5°C to 12°C as the zone temperature
increases from 23°C to 24°C. No heating or cooling was supplied when the zone temperature is between 22°C and 23°C.
The FCU fans were modelled as constant speed configuration. Chilled water temperature was modelled to be reset from
6°C to 10°C when outside air drybulb drops from 25°C to 16°C. The heating hot water temperature was modelled to be
reset from 80°C to 60°C when the outside air drybulb increases from the heating design temperature plus 4°C to the
heating design temperature plus 14°C.

5.2.3.6  Baseline Results
The baseline results for the hotel models are given in the following tables. The format is the standard tabular output from
the IES <VE> software.

Table 58. Baseline results for Climate Zone 2 - model 3B (hotel).

Jan01-31 0 6.7471 4.9284 0.0622 1.4685 0.6203
Feb01-28 0 5.4874 4.4419 0.0477 1.2048 0.5603
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Mar 01-31 0 5.5329 4.91 0.0435 1.2625 0.6203

Apr 01-30 0.0865 4.3858 4,754 0.0367 0.7403 0.6003
May 01-31 0.7935 3.4577 4,9284 0.069 0.5259 0.6203
Jun 01-30 1.9476 1.8102 4,754 0.1019 0.2438 0.6003
Jul 01-31 2.4181 1.6461 4.9192 0.0899 0.2177 0.6203
Aug 01-31 2.0776 1.9853 4,9192 0.0955 0.2604 0.6203
Sep 01-30 0.7213 3.3173 4,754 0.0587 0.4742 0.6003
Oct 01-31 0.1692 4.5044 4,9284 0.0423 0.7861 0.6203
Nov 01-30 0.0064 5.0599 4.754 0.0376 0.9634 0.6003
Dec 01-31 0 5.8855 491 0.0488 1.3105 0.6203
Summed

total 8.2202 49.8195 57.9013 0.7338 9.5481 7.3037

Total (MWh) 133.53

Table 59. Baseline results for Climate Zone 5 - model 3B (hotel).

Jan 01-31 0.0077 5.7276 4,9335 0.0502 0.9013 0.6203
Feb 01-28 0.003 5.5123 4.4466 0.0492 1.031 0.5603
Mar 01-31 0.026 5.5916 49152 0.0499 0.9139 0.6203
Apr 01-30 0.516 3.7189 4,759 0.0688 0.4859 0.6003
May 01-31 1.7919 1.9618 4,9335 0.0849 0.2347 0.6203
Jun 01-30 3.1376 0.3917 4,759 0.076 0.0469 0.6003
Jul 01-31 3.3749 0.3656 4.9243 0.0702 0.0431 0.6203
Aug 01-31 2.9052 1.0857 4.9243 0.0792 0.125 0.6203
Sep 01-30 1.928 1.8725 4,759 0.0896 0.2219 0.6003
Oct 01-31 0.8296 3.6423 4,9335 0.0818 0.4536 0.6203
Nov 01-30 0.1645 4.5208 4,759 0.052 0.6104 0.6003
Dec 01-31 0.0518 5.3252 49152 0.0544 0.9317 0.6203
Summed

total 14.7361 39.7162 57.9621 0.8061 5.9994 7.3037

Total (MWh) 126.52

Table 60. Baseline results for Climate Zone 6 - model 3B (hotel).

Jan 01-31 0.0371 2.8826 4,935 0.0712 0.5846 0.6203
Feb 01-28 0.0412 2.9266 4.4479 0.0837 0.6468 0.5603
Mar 01-31 0.1467 2.5835 4.9166 0.0812 0.5101 0.6203
Apr 01-30 0.5221 1.295 4.7604 0.0728 0.2545 0.6003
May 01-31 1.1413 0.2432 4,935 0.0398 0.0494 0.6203
Jun 01-30 1.3405 0 4.7604 0.0196 0 0.6003
Jul 01-31 1.456 0.0005 4,9258 0.0205 0.0001 0.6203
Aug 01-31 1.3846 0.0201 4,9258 0.022 0.0041 0.6203
Sep 01-30 1.0615 0.3994 4.7604 0.0449 0.0806 0.6003
Oct 01-31 0.6115 1.3771 4,935 0.0619 0.2692 0.6203
Nov 01-30 0.328 1.8566 4.7604 0.0804 0.3608 0.6003
Dec 01-31 0.1185 2.4067 4,9166 0.0765 0.4831 0.6203
Summed

total 8.189 15.9912 57.9793 0.6744 3.2432 7.3037

Total (MWh) 93.38
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5.2.4  Shop

5.24.1 Geometry
The following figure shows the geometry (building form C) created for shop building simulation.

Figure 15. Building form C geometry as viewed in the IES <VE> software.
This model represents a small shop building that has 1000m?, 1 storey, 31.6m x 31.6m floor plate and 6 m floor-ceiling
height.

5.2.4.2  Weather File
IWEC files for Brisbane, Sydney and Melbourne were used as the weather data for the simulation.

5.2.43  Constructions
The constructions were modelled based on the NCC 2019 Section J deemed-to-satisfy provisions. The absorptance of
the external wall and roof to be set to 0.7 and 0.4 respectively.

5.2.4.4  Internal Loads and Profiles
The internal load densities and the associated operating schedules are listed below.

Table 61. Internal loads for class 6 (retail) buildings with proposed NCC 2019 lighting illumination power densities.

Equipment 5W/m?

Occupants 75W sensible heat gain per person
55W latent heat gain per person
Number of occupants: 3 m?/person (at a level
entered direct from the open air or any lower
level)

Artificial lighting 14 W/m? (Retail space including a museum
and gallery whose purpose is the sale of
objects)
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Table 62. Occupancy, lighting, equipment and HVAC schedules for class 6 buildings.

0:00 to 1:00 0% 10% 25% OFF
1:00 to 2:00 0% 10% 25% OFF
2:00 to 3:00 0% 10% 25% OFF
3:00 to 4:00 0% 10% 25% OFF
4:00 to 5:00 0% 10% 25% OFF
5:00 to 6:00 0% 10% 25% OFF
6:00 to 7:00 0% 10% 25% OFF
7:00 to 8:00 10% 100% 70% ON
8:00 to 9:00 20% 100% 70% ON
9:00 to 10:00 20% 100% 70% ON
10:00 to 11:00 15% 100% 70% ON
11:00 to 12:00 25% 100% 70% ON
12:00 to 13:00 25% 100% 70% ON
13:00 to 14:00 15% 100% 70% ON
14:00 to 15:00 15% 100% 70% ON
15:00 to 16:00 15% 100% 70% ON
16:00 to 17:00 15% 100% 70% ON
17:00 to 18:00 5% 100% 70% ON
18:00 to 19:00 5% 100% 70% OFF
19:00 to 20:00 0% 10% 25% OFF
20:00 to 21:00 0% 10% 25% OFF
21:00 to 22:00 0% 10% 25% OFF
22:00 to 23:00 0% 10% 25% OFF
23:00 to 24:00 0% 10% 25% OFF

5.2.4.5 HVAC

The HVAC model was created based on the NCC 2019 Section J deemed-to-satisfy (DTS) provisions. The zones are
served by VAV system with air-cooled reverse cycle PACs. The zone control has 22.5°C zone setpoint with 1°C
deadband and 1°C proportional band either side. 30% minimum VAV turndown was used for perimeter zones and 50%
for centre zones. Drybulb economy cycle with dewpoint lockout at 14°C and drybulb lockout at 24°C was modelled when
required by the NCC2019 Section J DTS provisions. The PAC heating supply air temperature decreases from 30°C to
22.5°C as the zone temperature increases from 21°C to 22°C. The PAC cooling supply air temperature decreases from
22.5°C to 12°C as the zone temperature increases from 23°C to 24°C. An X27 turndown was used for the PAC supply air
fan and the minimum turndown was set to 30%.

5.2.4.6 Baseline Results
The baseline results for the retail model are presented in the following tables below for climate zones 2, 5 and 6. PAC

units heat and cool the retail space for this archetype.

Table 63. Baseline results for Climate Zone 2 - model 6C (retail).

Jan 01-31 0 3.4135 2.9994

Feb 01-28 0 2.9441 2.7091
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Mar 01-31 0 2.7211 2.9994
Apr 01-30 0.0043 1.772 2.9026
May 01-31 0.0474 1.2032 2.9994
Jun 01-30 0.1275 0.5901 2.9026
Jul 01-31 0.1606 0.4978 2.9994
Aug 01-31 0.1438 0.6261 2.9994
Sep 01-30 0.0734 1.0529 2.9026
Oct 01-31 0.0164 1.7165 2.9994
Nov 01-30 0 2.2391 2.9026
Dec 01-31 0 2.9319 2.9994
Summed total 0.5735 21.7083 35.3151

Total (MWh) | 57.60

Table 64. Baseline results for Climate Zone 5 - model 6C (retail).

Jan 01-31 0.0009 2.0412 2.9994
Feb 01-28 0.0002 2.1077 2.7091
Mar 01-31 0.0013 1.8888 2.9994
Apr 01-30 0.0334 1.1824 2.9026
May 01-31 0.1145 0.5831 2.9994
Jun 01-30 0.2606 0.1585 2.9026
Jul 01-31 0.4132 0.1103 2.9994
Aug 01-31 0.3119 0.2318 2.9994
Sep 01-30 0.1861 0.3983 2.9026
Oct 01-31 0.0914 1.1045 2.9994
Nov 01-30 0.0276 1.2389 2.9026
Dec 01-31 0.0099 1.8096 2.9994
Summed total 1.451 12.8552 35.3151

Total (MWh) 49.62

Table 65. Baseline results for Climate Zone 6 - model 6C (retail).

Jan 01-31 0.0662 1.0992 2.9994
Feb 01-28 0.0479 1.2663 2.7091
Mar 01-31 0.1071 0.9826 2.9994
Apr 01-30 0.2368 0.3295 2.9026
May 01-31 0.6689 0.0276 2.9994
Jun 01-30 1.034 0 2.9026
Jul 01-31 1.247 0 2.9994
Aug 01-31 1.0574 0 2.9994
Sep 01-30 0.7142 0.0216 2.9026
Oct 01-31 0.3918 0.3002 2.9994
Nov 01-30 0.194 0.5669 2.9026
Dec 01-31 0.1272 0.838 2.9994
Summed total = 5.8924 5.4317 35.3151

Total (MWh) | 46.64
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5.25 Ward

5.25.1 Geometry
The following figure shows the geometry (building form D) created for a small part of a ward building.

Figure 16. Building form D geometry as viewed in the IES <VE> software.
This model represents a small part of a ward building that has 500m?, 1 storey, 50m x 10m floor plate and 3.3m floor-
ceiling height.

5.2.5.2  Weather File
IWEC files for Brisbane, Sydney and Melbourne were used as the weather data for the simulation.

5.2.5.3 Constructions
The constructions were modelled based on the NCC 2019 Section J deemed-to-satisfy provisions. The absorptance of

the external wall and roof to be set to 0.7 and 0.4 respectively.

5.25.4 Internal Loads and Profiles
The internal load densities and the associated operating schedules are listed below.

Table 66. Internal loads for class 9a (ward area) buildings with proposed NCC 2019 lighting illumination power densities.

Equipment 5W/m?

Occupants 75W sensible heat gain per person
55W latent heat gain per person
Number of occupants: 14 m?/person

Artificial lighting 2.5 W/m? (Health care — patient ward)

Table 67. Occupancy, lighting, equipment and HVAC schedules for class 9a (ward area) buildings.

0:00 to 1:00 85% 85% 5% ON ON
1:00 to 2:00 85% 85% 5% ON ON
2:00 to 3:00 85% 85% 5% ON ON
3:00 to 4:00 85% 85% 5% ON ON
4:00 to 5:00 85% 85% 5% ON ON
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5:00 to 6:00 85% 85% 25% ON ON
6:00 to 7:00 85% 85% 80% ON ON
7:00 to 8:00 85% 85% 80% ON ON
8:00 to 9:00 85% 85% 50% ON ON
9:00 to 10:00 85% 85% 20% ON ON
10:00 to 11:00 | 85% 85% 20% ON ON
11:00 to 12:00 @ 85% 85% 20% ON ON
12:00 to 13:00 @ 85% 85% 20% ON ON
13:00 to 14:00  85% 85% 20% ON ON
14:00 to 15:00 | 85% 85% 20% ON ON
15:00 to 16:00 @ 85% 85% 20% ON ON
16:00 to 17:00 | 85% 85% 20% ON ON
17:00 to 18:00 @ 85% 85% 50% ON ON
18:00 to 19:00 @ 85% 85% 50% ON ON
19:00 to 20:00 & 85% 85% 50% ON ON
20:00 to 21:00 @ 85% 85% 50% ON ON
21:00 to 22:00 | 85% 85% 50% ON ON
22:00 to 23:00 @ 85% 85% 50% ON ON
23:00 to 24:00 | 85% 85% 5% ON ON

Equipment is on 24/7 with an averaged consumption of 5 W/m?2.

5.25.5 HVAC

The HVAC model was created based on the NCC 2019 Section J deemed-to-satisfy (DTS) provisions. The zones are
served by VAV system with VSD centrifugal chiller and condensing boiler. The zone control has 22.5°C zone setpoint
with 1°C deadband and 1°C proportional band either side. 30% minimum VAV turndown was used for perimeter zones
and 50% for centre zones. Drybulb economy cycle with dewpoint lockout at 14°C and drybulb lockout at 24°C was
modelled when required by the NCC2019 Section J DTS provisions. The AHU heating supply air temperature decreases
from 30°C to 22.5°C as the zone temperature increases from 21°C to 22°C. The AHU cooling supply air temperature
decreases from 22.5°C to 12°C as the zone temperature increases from 23°C to 24°C. An X27 turndown was used for
supply air fan and the minimum turndown was set to 30%. An X2 turndown was used for relief air fan and the minimum
turndown was set to be 30% as well. Chilled water temperature was modelled to be reset from 6°C to 10°C when outside
air drybulb drops from 25°C to 16°C. The heating hot water temperature was modelled to be reset from 80°C to 60°C
when the outside air drybulb increases from the heating design temperature plus 4°C to the heating design temperature
plus 14°C.

5.2.5.6  Baseline Results
The baseline results for the 24/7 operating ward model are provided in the following tables.

Table 68. Baseline results for Climate Zone 2 - model 9aD (ward).

Jan01-31 0 2.5593 0.9947 0.0787 0.4067 0.1404
Feb01-28 0 2.0778 0.8122 0.0629 0.3623 0.1269
Mar01-31 0 1.969 0.8492 0.0591 0.3506 0.1404
Apro0i-30 01083 1.196 0.8475 0.0392 0.2004 0.1359
May 01-31  0.8313 0.7752 0.935 0.0365 0.1248 0.1404
T
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Jun 01-30 2.1065 0.3953 0.9445 0.0426 0.0596 0.1359

Jul 01-31 2.9784 0.4276 1.0153 0.0481 0.0617 0.1404
Aug 01-31 2.7127 0.4972 0.995 0.0493 0.0686 0.1404
Sep 01-30 1.0803 0.7089 0.8815 0.0392 0.1074 0.1359
Oct 01-31 0.312 1.139 0.8345 0.0387 0.1901 0.1404
Nov 01-30 0.0167 1.5102 0.8007 0.0438 0.2571 0.1359
Dec 01-31 0 2.1126 0.8767 0.0632 0.3709 0.1404
Summed

total 10.146 15.3681 10.7867 0.6013 2.5603 1.6536

Total (MWh)  41.12

Table 69. Baseline results for Climate Zone 5 - model 9aD (ward).

Jan 01-31 0.0149 1.5086 0.7966 0.051 0.2291 0.1404
Feb 01-28 0.0034 1.6209 0.7352 0.0543 0.2543 0.1269
Mar 01-31 0.023 1.4118 0.7701 0.05 0.2216 0.1404
Apr 01-30 0.4593 0.7987 0.8295 0.0368 0.118 0.1359
May 01-31 1.6517 0.3614 0.8712 0.0378 0.0543 0.1404
Jun 01-30 3.5211 0.1467 0.904 0.0551 0.0226 0.1359
Jul 01-31 4.6763 0.1737 0.9548 0.0657 0.0263 0.1404
Aug 01-31 3.6607 0.2955 0.9279 0.0558 0.041 0.1404
Sep 01-30 2.3675 0.3686 0.7988 0.0446 0.0531 0.1359
Oct 01-31 1.1569 0.7474 0.8077 0.0434 0.1004 0.1404
Nov 01-30 0.2751 0.8753 0.715 0.0325 0.1289 0.1359
Dec 01-31 0.0964 1.292 0.7518 0.0432 0.2059 0.1404
Summed

total 17.9063 9.6006 9.8625 0.5702 1.4554 1.6536

Total (MWh)  41.05

Table 70. Baseline results for Climate Zone 6 - model 9aD (ward).

Jan 01-31 0.2173 0.6252 0.8178 0.0355 0.1261 0.1404
Feb 01-28 0.151 0.7869 0.8127 0.0421 0.1445 0.1269
Mar 01-31 0.414 0.5923 0.8105 0.0375 0.1133 0.1404
Apr 01-30 1.1935 0.2507 0.7157 0.0336 0.0569 0.1359
May 01-31 2.7331 0.0568 0.6958 0.0585 0.015 0.1404
Jun 01-30 4.2273 0 0.6864 0.085 0 0.1359
Jul 01-31 5.095 0.0006 0.7518 0.0932 0.0002 0.1404
Aug 01-31 42121 0.0212 0.7032 0.0792 0.0062 0.1404
Sep 01-30 3.0623 0.0811 0.63 0.0608 0.0214 0.1359
Oct 01-31 1.8663 0.2394 0.6668 0.0445 0.0524 0.1404
Nov 01-30 1.1471 0.3854 0.7275 0.0359 0.0814 0.1359
Dec 01-31 0.4992 0.4789 0.7624 0.0304 0.0992 0.1404
Summed

total 24.818 3.5186 8.7805 0.636 0.7166 1.6536

Total (MWh) 40.12
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6 National Estimation

6.1 Methodology

6.1.1  Introduction
The extent to which GHG emissions can be avoided in new building work is a function of the following major factors:

7. The energy intensity of the new buildings that would have been built under ‘business as usual’
conditions (in which we assume no new policy)

8. The energy intensity of the new building work that is expected to take place in the ‘with measures’
or higher stringency case(s)

9. The number of new square meters of buildings (by type) built (or refurbished) each year

10. The fuel mix of those buildings, including the (delivered) emissions intensity of the fuels used.

Broadly, emissions savings will be higher to the extent that:

e The degree to which the ‘with measures’ stringency is higher than the BAU case

e When more floor area is constructed (although, the proportionate savings may remain unchanged with the level of
building activity — if the mix of new building types remains the same — whereas the total energy/emissions savings will
rise/fall with construction volumes)

e The lower the (delivered) emissions intensity of the energy consumed by the new stock.

Lesser but not insignificant factors will include:

e the rate of demolition/replacement of existing buildings (as the replacement floor area will need to comply with the
Code)

o the rate of refurbishment of existing buildings (at least to the extent that the refurbished area in fact complies with
current Code requirements)

e the rate of repurposing of buildings from one Code class to another (which, in principle, triggers the application of the
Code’s performance requirements).

Occupant behaviours, contextual changes (such as operating hours or functional changes in buildings), and also the

emissions embodied in building materials and in the construction process, will also impact on the emissions performance

of the new buildings. However, these factors are a) generally not regulated by the National Construction Code (with

limited exceptions), and b) are not likely to systematically vary with the stringency of energy performance requirements in

the Code: that is they are, for the most part, independent variables.

6.1.1.1 A Note on Compliance

Much is made of the extent of compliance with the Code’s energy performance requirements. As detailed in the National
Energy Efficient Buildings Project, inter alia, there is an almost universal view in the building industry that many, perhaps
most, buildings do not fully comply with the Code’s energy performance requirements.?” However, given the ongoing
absence of any (visible) audit activity by building regulators, it remains difficult to quantify the extent and validity of this
issue.

27 pitt&sherry and Swinburne University of Technology,
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That said, it is important to place the compliance issue into context. While under-compliance with the Code will generate
worse social outcomes than would full compliance — virtually by definition, since current Code provisions have passed
rigorous benefit cost and regulatory impact assessment processes — there is no reason to believe that the degree of
compliance with the Code varies when Code stringency varies. Indeed, the NEEBP report cited above found that non-
compliance issues appear to be systemic in nature, Australia-wide, and long-standing, while energy performance
standards in practice vary significantly across Australia due to state variations. In other words, if there is X% non-
compliance now, and x% non-compliance in future, then the proportionate (eg, per average building) energy and
emissions savings from a stringency increase will be the same as if there were 100% compliance before and after. As
above, compliance is an independent variable from Code stringency. Further, it would be ludicrous to argue in effect
that the remedy for under-compliance with the Code is to refuse to upgrade stringency, even when it is cost-effective to
do so, thereby ensuring that we have sub-optimally weak standards which are then also not complied with. Clearly, the
remedy is to enforce the Code at any-and-all levels of stringency, to ensure that the expected net social benefits are in
fact delivered.

Second, if there is systematic under-compliance with the Code, then those under-complying are also avoiding at least the
majority of the costs associated with compliance, as well as foregoing the benefits. The non-compliers leave the national
benefit cost ratio associated with the Code unchanged, no matter the non-compliance rate, since there are proportionate
reductions in both benefits and costs. Since we know that, on average, benefits comfortably exceed costs under at least
current Code settings, it is true that under-compliance does mean a net loss of social welfare for the nation, and a lower
net present value of social benefits than would otherwise be the case. This leaves the economic case for energy
performance standards unchanged, while demonstrating that maximising the social benefits associated with building
energy performance requirements demands that the Code is enforced.

6.1.2  Overview
The general approach to estimating the national consequences of achieving the modelling improvements in building-level
energy performance involves:

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

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

3. Estimating equivalent savings for those building forms not modelled as part of this project

4. Estimating expected savings from building forms in climate zones not modelled as part of this
project

5. Aggregating costs and benefits to generate an estimates of the overall cost effectiveness of the

scenarios modelled.
These steps are discussed in further detail below.

6.2 Building Stock Estimates

The building and construction industry is Australia’s third largest industry, behind only mining and finance, comprising at
least 330,000 businesses that produce 8% of Australia’'s GDP and directly employ over 1 million people. Despite this,
the physical stock of buildings in Australia — that is, their number, size, location, age and other characteristics — along
with the annual turnover of that stock, and the energy use and greenhouse gas emissions attributable to it, are all highly
uncertain.

This means that the answers to key national policy questions — such as the expected contribution of this very large
economic sector to the national emissions abatement task, or the contribution that different policies (including changes to
the National Construction Code’s energy performance requirements) could have on emissions, or the extent of Code
compliance, or the social and economic impact on building energy performance, or many others — are equally uncertain.
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These uncertainties represent the long-term outcome of decades of inadequate attention to and investment in statistics in
Australia, particularly statistics that relate to matters other than the national accounts. Increasingly, there appears to be
greater concern about the potential reporting burden on companies than there is for ensuring that robust evidence is
available to underpin national policy development.

Excellent statistics are maintained on the financial value of construction work done in Australia, on investment and
employment in the sector, and on its contribution to GDP. However, the physical legacy of this all this work and
expenditure — for example in terms of the number or floor area or character of new buildings, energy performance and
resulting greenhouse gas emissions, or the extent of change that this represents in our built environment — is largely
unknown.

That said, the picture for residential buildings is reasonably clear. This is primarily because the Australian Bureau of
Statistics maintains important statistical collections that reveal at least elements of the turnover of the residential building
stock, and this has been available for many decades. Also, information about the total housing stock can be inferred
from the Census and from GeoScience Australia’s NEXIS database. Uncertainties exist, such as volume of demolition,
major refurbishment, and addition/extension activity, as compared to new builds, and the average size of new builds is
only available for detached housing. Overall, however, confidence is reasonably high.

For non-residential buildings, the picture is much less clear. ABS Building Activity statistics only track the value of work
done in the non-residential building sector, and provide no information at all on the volume of work done or the type of
work done. Further, the NEXIS database provides a static observation of the total floor area of commercial and industrial
buildings, undifferentiated by type or class, but no data on institutional buildings, which include at least hospitals and
healthcare; schools, universities and the like; museums and galleries; aged care; and all government buildings. Further,
it appears that the floor area estimates for commercial and industrial buildings from this source are over-stated, and
cannot be reconciled with other data sources. A Commercial Building Baseline Study was undertaken in 2013 (using
data up to 2011), but this represented a largely bottom-up analysis of specified building types rather than the entire
stock. Many building types including motels, hostels/other accommodation, industrial buildings, churches, some
government buildings, car parks, healthcare other than hospitals, and certain retail buildings (eg, big box retail), are
missing from this study. 28

6.2.1 Residential Stock Model

Drawing on the above sources, Strategy. Policy. Research. produced a stock turnover model by dwelling type, state and
territory and climate zone. In the absence of better data, we assume that 1% of the stock is either demolished and
rebuilt, or undergoes major refurbishment, each year. The key results are shown in Figure 17 below. The distribution of
the stock by state and territory in 2017 is shown in below.

28 pitt&sherry, Baseline Energy Consumption and Greenhouse Gas Emissions in Commercial Buildings in Australia Part 1 — Report,
November 2012.
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Figure 17. Residential Building Stock Totals by Type, 2001 — 2050, Australia
[Source: Strategy. Policy. Research.]
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Figure 18. Annual Floor Area Built to Code, Residential Buildings by Type, 2002 — 2050, Australia
[Source: Strategy. Policy. Research.]
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Figure 19. Distribution of Total Residential Stock by State and Territory, 2017 (‘000 sgm, %)
[Source: Strategy. Policy. Research.]

6.2.2 Non-Residential Stock Model

Figure 20 below summarises the historical and expected future growth of the sub-set of total non-residential buildings for
which is reasonable confidence. This observation draws primarily on the Commercial Building Baseline Study and
Beyond Zero Emissions’ Buildings Plan.?® It is certain that this underestimates the total non-residential building stock in
Australia, but as noted, without significant additional research, it is not possible to say by how much. The stock turnover
model, as with residential, makes an allowance of 1% per year for major refurbishments and demolition/rebuild, in line
with the Commercial Building Baseline Study. The apparent slower growth in new building work in the 2018 — 2020
period (see Figure 21) reflects assumptions in the Baseline Study for that period, most likely related to projections
reflecting the post-GFC slow-down in construction activity that was apparent at the time that study was undertaken. The
post-2020 growth rates are simply based on an extrapolation of expected growth over the 2015 — 2020 period.

2% Beyond Zero Emissions et al, Zero Carbon Australia Buildings Plan, August 2013.
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Figure 20. Non-Residential (Identified) Stock Projection (‘000 sqm)
[Source: Strategy. Policy. Research.]
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Figure 21: Annual Build to Code, Identified Non-Residential Buildings (‘000 sqm)
[Source: Strategy. Policy. Research.]

The distribution of the identified non-residential stock by state/territory in 2017 is shown in Figure 22 below, while the
distribution of the stock by building type is shown in Figure 23.
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Figure 22. Non-Residential (Identified) Building Stock by State/Territory, 2017
[Source: Strategy. Policy. Research]
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Figure 23. Distribution of Identified Non-Residential Stock by Building Type, 2017
[Source: Strategy. Policy. Research]
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6.2.3 Mapping Modelled Building Forms to NCC Classes

The set of archetypes being modelled correspond with certain NCC classes, but not all of them, as set out in Table 71
below. In the majority of cases, the building form being modelled is likely to be a reasonable basis to represent the
average energy intensity of new builds of that type. Exceptions include Class 2, where we need to make an allowance
for the additional common area energy, which we assume is equivalent to 30% of the dwelling energy use on average,
based on work undertaken by pitt&sherry for the NSW Office of Environment & Heritage. Class 4 is too small to be
significant. In Class 5, the building form modelled is likely to be above the average size of new builds in this class, and
therefore could (slightly) under-estimate their average energy intensity. Based on Energy Action’s Baseline Modelling
Methodology and Results: Section J revision, March 2017, however, the variation in energy intensity by size is modest,
and most pronounced in Climate Zone 2 (of the climate zones modelled here). Therefore we propose small loadings on
the modelled energy intensity, differentiated by climate zone.

For Class 7 (carparks, warehouses), Class 8 (laboratories), and Class 9C (aged care), these are not covered in this
modelling work, but were included in the Energy Action report cited above. While these are not major building classes,
nor are they insignificant. We propose that they be included by proxy/estimation, as a preferable choice to leaving them
out altogether. We suggest that the BAU energy intensity for the classes be taken from the relevant form or forms as
modelled by Energy Action for Section J 2019, with the proportionate ‘with measures’ savings (and costs) represented as
the simple average of the savings modelled for all non-residential forms (for Class 7 and 8), or by all Class 9 forms
modelled (for aged care).

Table 71. Coverage of NCC Classes by Modelled Archetypes

NCC Class Represented  Representation in Implicit Loading on
Directly by National Model Assumptions/Comments Modelled
Archetype? Energy
Intensity?
Class 1a)i) Detached v 1:1 Mapping (form to That the energy intensity of 100%
Class) archetype is representative
of average new build energy
intensity
Class 1a)ii) Semi- v 1:1 Mapping “
detached
Class 1b Boarding 5 Not represented Minor class, not separately 100%
house, etc, <300sqm resolved in most stock

models. Likely to be
reasonably represented by

Class 2
Class 2 Apartment v 1:1 Mapping of Change in common area 130%30
dwelling, with allowance energy use is proportionate
for common area to change in dwelling energy
energy use use
Class 3 Hotels, etc v 1:1 Mapping That the energy intensity of 100%

archetype is representative
of average new build energy

intensity
Class 4 Residential x Not represented Very minor type -
within a non-
residential building
Class 5 Offices 4 Make allowance for Derive size-weighted CZ2: 105%
higher intensity of average energy intensity for CZ5: 102%
smaller offices each climate, based on EA CZz6: 102%

Section J Revision (variation
between 5A and 5C)

30 Based on pitt&sherry, Apartment Building Common Area Energy and Water Use in Australia, July 2016, prepared for the NSW Office
of Environment & Heritage.
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NCC Class Represented Representation in Implicit Loading on

Directly by National Model Assumptions/Comments Modelled
Archetype? Energy
Intensity?
Class 6 Retail 4 1:1 Mapping 1000sgm form modelled 100%

appears to adequately
represent energy intensity
variability (being intermediate
between larger and smaller

forms)
Class 7 Carparks, x Include by proxy BAU values from EA Section = 100% of Class
warehouses J analysis, and average % 7C in Section J
savings of non-residential analysis for
stock for ‘with measures’ base case
case
Class 8 Laboratory x Include by proxy BAU values from EA Section = 100% of
J analysis, and average % average of 8B
savings of non-residential and 8C in
stock for ‘with measures’ Section J
case analysis for
base case
Class 9a) Healthcare v 1:1 Mapping Ward archetype appears to 100%
have lower energy intensity
than small clinics, but higher
than larger hospitals — may
represent reasonable
average for the sector
Class 9b) Assembly, v 1:1 Mapping (school Diverse class which ideally 100%
education archetype) would be represented by
more forms...but Section J
work shows climate is
dominate over form...and
distribution of new builds
over sub-types not well
understood
Class 9c) Aged care x Include by proxy Section J work indicates 100% of
energy intensities could be average of

represented as an average Class 9 forms
of Class 9 forms — lower than
9a but higher than 9b

The modelled energy intensities are applied to net new building work annually, from FY2020, using a stock turnover
model, as described below, which makes allowances for net growth in floor area, demolition and major refurbishment.
However, as the energy performance of the building forms noted is only being modelled for three climate zones (2, 5 &
6), we also need to estimate the additional energy/emissions savings available in the other NCC climate zones.

6.2.4  Estimation of Energy Performance in Non-Modelled Climate Zones

6.2.4.1  Non-Residential Forms

Energy intensities in non-modelled climate zones are estimated using past observations of the extent of observed
variability of the different modelled forms in NCC climates zones; specifically Energy Action’s Baseline Modelling
Methodology and Results from March 2017, along with EA’s NCC2019 DTS Final Report, May 2017.
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Table 72 below selects from Baseline Methodology and Results the simulated energy intensities of those building forms
that most closely correspond to those to be modelled for current the ASBEC/ClimateWorks project, along with those
additional forms noted in Table 71 above to be ‘included by proxy’. We note that the match between the ‘ward’ in this
project and the form 9bB in the Baseline Methodology and Results report is relatively poor, in that the former has a floor
area of 500sgm while the latter is 2,000sgm. Generally, however, the degree of variability in energy performance
modelled by climate zone and form in this project — at least for those climate zones modelled — can be used as a further
check on the estimates below, and adjustments made if necessary.

The methodology calculates the variation in energy intensity between climate zones in the base case in Baseline
Methodology and Results, and proposes that these same variations are applied to the new modelled values for Climate
Zones 2,5 and 6. The results for each non-modelled climate zone are calculated relative to each modelled climate zone
and then averaged, to minimise anomalies.

For the non-modelled forms — warehouses, laboratories and aged care — we have taken the NCC2016 baseline from
Baseline Methodology and Results and applied a simple average energy intensity improvement for each climate zone,
based on the results in Energy Action’s NCC2019 DTS Final Report, May 2017 (Table 1, p. 1).

6.2.4.2 Residential Forms

For residential forms, we have sourced the maximum thermal loads allowed for 6 star dwellings from the 69 NatHERS
star bands. These were first aggregated to weighted state/territory average results, using population weightings, as per
the Residential Baseline Study. 3! As a second step, the resulting values were converted to NCC climate zone averages,
again using population-based weightings as per the methodology from the Residential Baseline Study. Unfortunately,
this source did not resolve climate zone 8, which is confined to a few alpine areas of Australia, and thus no results are
available for this climate zone.

Table 72 shows, in the first row, the resulting weighted average maximum energy intensities allowed under 6 star for
NCC climate zones 1 — 7. The choice of 6 star is arhitrary, as it is the variation in energy intensity by climate zone that
we are interested in, rather than the absolute values. Of these climate zones, this current project will model new values
for climate zones 2, 5 and 6. To estimate the values for the other climate zones, and as with the non-residential forms,
we propose that relative energy intensity of each non-modelled climate zone is estimated from all three observations
available and then averaged, as shown in the Table.

31 DEWHA, Energy Use in the Australian Residential Sector 1986 — 2020, 2008, prepared by Energy Efficient Solutions, p. 130-131.
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Table 72. Estimation Factors for Energy Intensity of Non-Modelled Building Forms by Climate Zone — Non-Residential

Building Forms Energy Cz1 Cz2 Cz3 Cz4 Cz5
Intensity
(NCC2016)
3B (Hotel) MJ/m2.a 290 209 245 197 177
Factors: (Cz2* As modelled (Cz2* (Cz2* As modelled
290/209+ 245/209+ 290/209+
CZz5*290/177+ Cz5*245/177+  CZ5*290/177+
CZ6*290/183)/3 CZ6*245/183)/3 CZ6*290/183)/3
5A (Office) MJ/m2.a 468 386 424 355 356
Factors: (Cz2~ As modelled (Cz2~ (Cz2~ As modelled
468/386+ 424/386+ 355/386+
CZ5*468/356+ CZ5*424/356+ @ CZ5*355/356+
CZ6*468/325)/3 CZ6*424/325)/3 CZ6*355/325)/3
6C (Retail) MJ/m2.a 856 659 779 606 578
Factors: (Cz2* As modelled (Cz2* (Cz2* As modelled
856/659+ 779/659+ 606/659+
CZ5*856/578+ CZ5*779/578+  CZ5*606/578+
CZ6*856/554)/3 CZz6*779/554)/3 CZ6*606/554)/3
7C (Warehouses) MJ/m2.a 292 217 265 192 184
Factors: 292*(1-30%) 217%(1- 265*(1-39.3%) 192%(1-35.8%) 184*(1-
41.5%) 41.3%)
8B/C MJ/m2.a 574 519 525 479 475
(Laboratories) 32
Factors: 574*(1-30%) 519%(1- 525%(1-39.3%) 479*(1-35.8%) 475*%(1-
41.5%) 41.3%)
9aD (School) MJ/m2.a 549 442 503 398 387
Factors: (Cz2* As modelled (Cz2* (Cz2* As modelled
549/442+ 503/442+ 398/442+
CZ5*549/387+ Cz5*503/387+  CZ5*398/387+
CZ6*549/363)/3 CZ6*503/363)/3 CZ6*398/363)/3
9bB (Ward) MJ/m2.a 416 268 366 239 209
Factors: (Cz2~ As modelled (Cz2~ (Cz2~ As modelled
416/268+ 366/268+ 239/268+
CZ5*416/209+ CZ5*366/209+ @ CZ5*239/209+
CZ6*416/198)/3 CZ6*366/198)/3 CZ6*239/198)/3
32 Simple average of the two data points.
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Cz6

183
As modelled

325
As modelled

554
As modelled

174
174*(1-
37.3%)
436

436*(1-
37.3%)

363

As modelled

198
As modelled

Cz7

199

(Cz2*
199/209+
CZ5%199/177+
CZ6*199/183)/3
343

(Cz2+
343/386+
CZ5*343/356+
CZ6*343/325)/3
572

(Cz2*
572/659+
CZ5*572/578+
CZ6*572/554)/3
176
176%(1-33.8%)

432
432*(1-33.8%)

358

(Cz2 *
358/442+
CZ5*358/387+
CZ6*358/363)/3
213

(Cz2 *
213/268+
CZ5*213/209+
CZ6+213/198)/3

Cz8

212

(cz2*
212/209+
CZ5%212/177+
CZ6%212/183)/3
324

(Cz2*
324/386+
CZ5*324/356+
CZ6*324/325)/3
665

(cz2*
665/659+
CZ5*665/578+
CZ6*665/554)/3
188
188%(1-8.3%)

418
418*(1-8.3%)

369

(Cz2*
369/442+
CZ5*369/387+
CZ6*369/363)/3
305

(Cz2*
305/268+
CZ5*305/209+
CZ6*305/198)/3



Building Forms Energy cz1 Ccz2 Ccz3 cza Cz5 Cz6 cz7 Ccz8

Intensity
(NCC2016)
9cD/H (Aged MJ/m2.a 464 326 398 316 299 316 315 372
Care)
Factors: 464*(1-30%) 326*(1- 398*(1-39.3%) 316*(1-35.8%) 299*%(1- 316*(1- 315*(1-33.8%) 372*%(1-8.3%)

41.5%) 41.3%) 37.3%)

Table 73. Estimation Factors for Energy Intensity of Non-Modelled Building Forms by Climate Zone — Residential

Ccz1 Cz2 CZ3 Ccz4 CZ5 CZ6 Cz7 Cz8
MJ/m2.a@ 277 66 133 81 88 116 165 -
6 star
Factor (CZz2*277/66+ Modelled (CZz2*133/66+ (Cz2*81/66+ Modelled Modelled (CZ2*165/66+ -
CZz5*277/88+ value CZz5*133/88+ Cz5*81/88+ value value CZ5*165/88+
CZ6*277/116)/3 CZ6*133/116)/3 CZ6*81/116)/3 CZ6*165/116)/3
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As these maximum thermal loads apply to all dwelling types, the estimates are applicable (via the formulae shown) to
detached, semi-detached and apartment dwellings. We note that Class 2 buildings involve common area energy use, in
addition to dwelling energy use. This energy use is regulated under Section J of the NCC, but was not modelled in
Energy Action’s Baseline Modelling Methodology and Results. Therefore, we propose that an allowance of 30% of the
modelled dwelling energy consumption of Class 2 forms is added to the base case for these forms, based on research
conducted by pitt&sherry for the Office of Environment & Heritage in NSW.32 For the ‘with measures’ scenarios, we
propose that the BAU common area energy use allowances are reduced by the average savings modelled for NCC2019
in Energy Action’s NCC2019 DTS Final Report, May 2017 (Table 1, p. 1).

6.3 Energy savings — Residential Sector

The energy savings are categorised according to the classes of residential buildings outlined in Section 7.2. The energy
savings of residential buildings are calculated based on the differential between the 2016 NCC energy intensity and the

estimated 2019 NCC energy intensity multiplied by the cumulative annual additions to the building stock of each class. It
is assumed that the 2019 NCC is applied to all new builds from 2019/20 onwards.

6.3.1 National Results

Figure 24 shows the energy savings of the three classes of residential building: Detached, Attached, and
Units/Apartments. It should be noted here energy savings specifically refer to electricity savings, given the assumption
that all new builds are not using natural gas in this study. As it can be observed from this figure, Detached occupies the
largest energy savings, followed by Units/Apartments and Attached. The energy savings for residential buildings
increases from around 110 GWh in 2020 to 3215 GWh in 2050. Although the energy savings from Detached dominate
the total, the relative share of Units/Apartments increases over the projection period due to the higher growth rate in new
builds, from 4.9% in 2020 to 5.7% in 2050. By 2050, the NCC 2019 code change results in around 2875 GWh, 155 GWh
and 185 GWh of energy savings in Detached, Attached and Units/Apartments respectively.

33 pitt&sherry, Apartment Building Common Area Energy and Water Use in Australia, July 2016.
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Figure 24. Residential Building Energy Savings by Type, Australia (GWh), 2020-2050
[Source: CSIRO]

6.3.2  State Results
In this section, the state levels are analysed to demonstrate the energy savings variation in different states/territories
over the projection period. Decadal snapshot years starting from 2020 and ending in 2050 are chosen to reflect the

change. Energy savings by residential building type by state and territory for these selected years are shown in Figure
25.
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Figure 25. Residential Building Energy Savings by Type, State/Territory (GWh), 2020, 2030, 2040 and 2050

[Source: CSIRQO]]

The greatest energy savings are in VIC, QLD and NSW reflecting percentage growth in new builds off a large base. By
the end of 2050, VIC has around 1175 GWh energy savings, QLD has 720 GWh energy savings, and NSW has 615
GWh energy savings, respectively.

Over the projection period, QLD, VIC and WA increase their relative share of national energy savings due to higher
assumed growth rates compared to the other states and territories. Similar to the national results, Detached dominate the
energy savings in all the states/territories. The Attached energy savings share is less than the Units/Apartments energy
savings share in NSW and VIC, which complies with the national results. While in QLD and SA, the Attached energy
savings share is larger than Units/Apartments energy savings share.

6.4 Emission Reductions — Residential Sector

Greenhouse gas (GHG) emission savings are categorised according to the classes of residential buildings outlined in
Section 7.2. The GHG emissions savings of residential buildings are calculated based on the energy savings discussed
in Section 6.3 multiplied by the emission intensity of grid electricity.

6.4.1 National Level
National GHG emissions savings by residential building type for the projection period 2020-2050 are shown in Figure 26.

Over the first half of the projection period, GHG emissions reduction increased steadily in line with the energy savings
discussed in Section 6.3. From the mid-2030s, the rate of decline in the GHG emissions intensity of grid electricity
accelerates, initially stabilising the annual emission savings before declining towards the end of the projection period.

Similar to the energy saving results, Detached ranks first in emission reductions, followed by Units/Apartments and
Attached. The peak emission reduction over the projection period occurs in 2033, with the total value being 565
thousand tonnes. Detached contributes around 505 thousand tonnes, Units/Apartments contribute around 35 thousand
tonnes, and Attached contributes around 25 thousand tonnes.
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Figure 26. Residential Building GHG Emission Reductions by Type, Australia (‘000 tonnes), 2020-2050

[Source: CSIRO]

The annual GHG emission savings from new buildings based on NCC 2019 code change at national level is denoted in
Figure 27. It can be seen that the highest GHG emission savings from new builds occur in 2033 at around 0.9 million
tonnes. In 2050, the emission savings become zero due to the decarbonisation of grid electricity by 2050.
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Figure 27. Annual GHG Emissions from New Builds (Million tonnes) at National Level, 2020-2050

[Source: CSIRO]

The cumulative emissions reduction by 2050 for residential buildings are denoted in Table 74. Note that the cumulative
value is derived from the summation of each year over the projection period. As observed, the national residential
building cumulative GHG emissions reduction is almost 11 million tonnes by 2050, with Detached constituting over 9
million tonnes, the Attached and Units/Apartments over half a million tonnes each.

Table 74. Cumulative GHG emission reductions: 2020-2050 by State/Territory and National (Million tonnes), Residential

State/Territory Detached Attached Units/Apartments Total
ACT 0.343 0.029 0.011 0.383
NSW 1.796 0.106 0.244 2.146
NT 0.334 0.022 0.013 0.369
QLD 2.428 0.113 0.035 2.576
SA 0.148 0.003 0.001 0.152
TAS 0.018 0.0005 0.001 0.020
VIC 3.525 0.232 0.281 3.979
WA 1.159 0.033 0.013 1.206
AUS 9.752 0.537 0.600 10.830

Source: CSIRO

Among all the states/territories, VIC contributes the most GHG emission reductions, i.e. nearly 4 million tonnes, followed
by NSW contributing over 2 million tonnes and QLD contributing almost 3 million tonnes. In NT, QLD, SA, WA and SA,

Attached has larger emission reductions than Units/Apartments. However, owing to the large building base in NSW and
VIC, the national Units/Apartments emission reductions are larger than Attached.
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In the event of slower, ‘business-as-usual’ grid decarbonisation, the cumulative tonnes of GHG emission savings to 2050
would be lower as shown in Table 75. The 'business-as-usual' grid decarbonisation trajectory assumes a 26 percent
emissions reduction from the grid by 2030 on 2005 levels, then emissions continue to decline after 2030 at a comparable
rate. According to the table, the national value is close to 20 million tonnes based on this lower emissions reduction

trajectory.

Table 75. Cumulative Tonnes of GHG Emission Savings using the Alternative, Lower Ambition Emissions Trajectory (Million tonnes), 2020-2050

State/Territory GHG emission savings
ACT 0.704
NSW 3.913
NT 0.803
QLD 4.540
SA 0.302
TAS 0.042
VIC 6.944
WA 2.090
AUS 19.337
6.4.2  State Level

This part denotes the residential building GHG emissions reduction amount by state/territory at 2020, 2030, 2040 and

2050.

As shown in Figure 28, all the states have zero emission reductions in 2050 owing to the emission intensity of grid
electricity in 2050 being zero. Except NT, TAS, WA and SA, all the other states get to fairly low intensity by 2040 with
different decline rates. VIC and NSW have larger decline rates, while QLD and ACT have relatively smaller decline rates.
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Figure 28. Residential Building GHG Emission Reductions by Type, State/Territory (‘000 tonnes), 2020, 2030, 2040 and 2050

[Source: CSIRO]
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6.5 Energy cost savings — Residential Sector

This section discusses the energy cost savings from new residential builds over the projection period. The savings are
categorised according to the types of residential buildings as well. The energy cost savings are calculated based on the
energy savings discussed in Section 7.3 multiplied by estimates of future retail electricity prices.

6.5.1 National Level

Figure 29 shows the national residential building electricity cost savings by different types over the projection periods. As
we can see, the cost savings have increased steadily from 2020 to 2050. It can be observed from Figure 29 that
Detached ranks the first in cost savings, followed by Units/Apartments and Attached. By 2050, the total residential
buildings cost savings are heading towards $1.2 billion, with Detached being around $1045 million, Attached being
around $55 million, and Units/Apartments being over $65 million respectively.
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Figure 29. Residential Building Electricity Cost Savings by Type, Australia (Million dollars), 2020-2050
[Source: CSIRQO]

The cumulative energy cost savings are derived based on the sum of energy cost savings in each year over the
projection period. To 2050, the national cumulative energy cost savings are around $17.3 billion. Assuming a discount
rate of 7% per annum, the discounted cumulative energy cost savings to 2050 are around $ 4.1 billion.

6.5.2 State Level
In this part, the state/territory level electricity cost savings are given in Figure 30 in terms of different types of residential
buildings, at 2020, 2030, 2040, and 2050 respectively.
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For all the states/territories, the electricity cost savings are growing from 2020 to 2050 and Detached dominates the cost
savings among three categories. VIC continues to lead the trend, contributing almost 430 million dollars by 2050. QLD is
ranked second, totalling more than 260 million dollars by 2050. Units/Apartments have larger share of electricity cost
savings than Attached in NSW, VIC and TAS. In contrast, the electricity cost savings in Attached are larger than
Units/Apartments in ACT, NT, QLD, SA and WA.
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Figure 30. Residential Building Electricity Cost Savings by Type, State/Territory (Million dollars), 2020, 2030, 2040, 2050

The cumulative energy cost savings in terms of undiscounted and discounted values (i.e. discount rate is 7% per year) at
state/territory level are denoted in Table 76. As observed, VIC leads the trend with undiscounted cumulative energy cost
savings being more than $6.3 billion and discounted value being $1.5 billion. This is followed by QLD, whose
undiscounted value is close to $3.8 billion dollars and discounted value at $0.9 billion. The least cumulative energy cost
savings can be found in TAS, whose undiscounted savings are around $0.2 billion and discounted savings are close to

$0.05 billion.

Table 76 Cumulative residential electricity cost savings (Billion dollars) at state/territory level to 2050

Undiscounted Discounted
ACT 0.61 0.14
NSW 3.33 0.79
NT 0.39 0.09
QLD 3.85 0.90
SA 0.40 0.10
TAS 0.18 0.05
VIC 6.34 1.49
WA 2.18 0.50
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6.6 Cost of Delay Until 2022 — Residential Sector

In this section, we will focus on the energy savings lost, electricity cost savings lost, and GHG emission reduction
savings lost owing to NCC change delay until 2022 over the projection period. The lost electricity savings from delaying
the code change to 2022 are the energy savings that do not occur in the years 2020, 2021, and 2022. Once the code
changes in 2023, the electricity savings are zero from that year onwards as the electricity savings are now identical. For
cost of delay in electricity cost savings and GHG emission reductions, the values are calculated based on the cumulative

energy savings in each year multiplying the electricity price/emission intensity in each year.

Table 77 shows the residential building energy savings lost due to NCC change delay until 2022 by state/territory level
and national level. From Table 77, it can be clearly seen VIC has the largest energy savings, closely followed by QLD
and NSW. TAS and NT have the least energy savings among all the states. The overall energy savings for Australia
from NCC change delay until 2020 are over 320 GWh, comprised of almost 290 GWh in Detached, over 15 GWh in
Attached, and almost 20 GWh in Units/Apartments.

Table 77. Energy Savings Lost from Delay until 2022 by State/Territory and National (GWh), Residential

State/Territory Detached Attached Units/apartments Total
ACT 10.028 0.849 0.319 11.196
NSW 54.707 3.229 6.849 64.786
NT 6.366 0.412 0.256 7.035
QLD 65.789 3.051 0.887 69.727
SA 8.097 0.148 0.066 8.312
TAS 5.243 0.136 0.178 5.556
VIC 103.470 6.800 7.603 117.872
WA 36.239 1.042 0.379 37.660
AUS 289.940 15.667 16.537 322.144

Source: CSIRO

Table 78 shows the residential buildings electricity cost savings lost from NCC change delay until 2022 by state/territory
level and national level. The total electricity cost savings lost in Australia is approximately 3.5 billion dollars due to the
delayed NCC change until 2022. Detached contributes over 3 billion dollars.

Table 78. Electricity Cost Savings Lost from Delay until 2022 by State/Territory and National (Billion dollars), Residential

State/Territory Detached Attached Units/Apartments Total

ACT 0.110 0.009 0.003 0.123
NSW 0.599 0.035 0.075 0.710
NT 0.070 0.005 0.003 0.077
QLD 0.721 0.033 0.010 0.764
SA 0.089 0.002 0.001 0.091
TAS 0.058 0.001 0.002 0.061
VIC 1.133 0.074 0.083 1.291
WA 0.397 0.011 0.004 0.412
AUS 3.176 0.172 0.181 3.529

Source: CSIRO

Assuming an annual real discount rate of 7%, the cost of delay for lost energy bill savings at national and state/territory
level from 2020-2050 is summarized in Table 79, which includes undiscounted values and discounted values. As
observed, the discounted electricity cost savings lost is around 1 billion dollars over the projection period.

Table 79. Cost of Delay in Lost Energy Bill Savings (Billion dollars) at National and State/Territory Level, 2020-2050

State/Territory Undiscounted Discounted
ACT 0.123 0.039
NSW 0.710 0.225
NT 0.077 0.024
QLD 0.764 0.242
SA 0.091 0.029

A 0.061 0.019
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State/Territory Undiscounted Discounted
VIC 1.291 0.409
WA 0.412 0.131
AUS 3.529 1.117

Source: CSIRO

Table 80. Net Cost of Delay, Cost of Delay (Network Costs), and Cumulative Network Investment Savings (Billion dollars) at National Level, 2020-

2050
Undiscounted Discounted
Net cost of delay 2.204 0.104
Cost of delay in network costs 0.707 0.528
Cumulative network investment 3.417 1.218

savings

Source: CSIRO

As observed from Table 80, the net cost of delay is derived based on the cost of delay on lost energy bill savings minus
the benefit of delay in avoided capital costs from building to a more stringent building code. Considering the discount rate
is 7%, the undiscounted national net cost of delay value from 2020 to 2050 is around 2.2 billion dollars, with discounted
value being 104 million dollars.

The undiscounted cost of delay in network costs for Australia over the projection period is around 700 million dollars, and
the discounted value is more than 500 million dollars.

Network costs and benefits were estimated based on the conservation load factor (CLF) method. The CLF is defined as
the average reduction in load divided by its peak reduction in load (annual energy savings in MWh) divided by number of
hours per year divided by system co-incident peak reduction (in MW)”. For this analysis a CLF of 0.1 was utilised for
residential buildings, estimated based on typical energy use profiles. The undiscounted cumulative network investment
savings for Australia are close to 3.5 hillion dollars, with discounted value being over 1.2 billion dollars.

Table 81 indicates the cumulative residential building GHG emissions reduction savings lost from NCC change delay
until 2022 by state/territory level and national level. The national cumulative residential building emissions reduction
savings lost is over 3 million tonnes, with Detached being more than 2.5 million tonnes, Attached and Units/Apartments

being over 0.15 million tonnes.

Table 81. Cumulative GHG Emission Reduction Savings Lost from Delay until 2022 by State/Territory and National (Million tonnes), Residential

State/Territory Detached Attached Units/Apartments Total
ACT 0.096 0.008 0.003 0.107
NSW 0.524 0.031 0.065 0.621
NT 0.073 0.005 0.003 0.081
QLD 0.653 0.030 0.009 0.692
SA 0.040 0.001 0.000 0.042
TAS 0.006 0.000 0.000 0.006
VIC 1.025 0.067 0.075 1.168
WA 0.300 0.009 0.003 0.312
AUS 2.717 0.151 0.159 3.027

Source: CSIRO

L LOW CARBON LIVING
4

< CRC

139




7 Next Steps: The Forward Trajectory
Phase two of this project will investigate pathways to improve energy requirements over future Code upgrades towards a
long-term target of net zero buildings.

A forward trajectory with clear targets provides guidance as to when, how and to what degree energy requirements
should be changed over time. Key components of a forward trajectory should include:

e Clear policy objectives for the Code energy requirements;

e A setlong-term target;

e Indicative interim targets; and

e Aclear process with established principles for Code upgrades over time.
As shown in Figure 31 below, a trajectory can take the form of energy performance targets that incrementally reduce
along a pathway towards an end goal. A trajectory that sets out the allowable levels of energy consumption for new
construction over subsequent upgrades to the Code — well in advance of each Code cycle — provides a regulatory signal
to consumers and industry that encourages innovation and investment in new technology, design and construction
practices. This is particularly important for innovations that require a long lead-time, such as the development of new
products by manufacturers, as it allows the industry to plan ahead for future regulatory requirements

Code upgrades

Current energy over Lime

strengthening of

the energy ;
requirements ¢

Targel energy

equiremenl

Figure 31. Building Code Energy Requirement Pathway

This project will determine a forward trajectory for different building types that includes recommendations for a potential
long-term target, a clear and efficient process for Code updates, the associated research and analysis required for each
update, and necessary complementary measures. The basis of the trajectory analysis is a set of scenarios for long-term
trends in construction costs, energy prices, technological changes and other economic factors. The analysis answers
the question of, “What energy requirement could be cost-effective?” for different building types and for each consecutive
iteration of the Code energy requirements.

This project will determine forward trajectories and long-term targets for eight building model ‘archetypes’ across four
climate zones. In addition to the three residential archetypes discussed in this Interim Report, the broader project is
analysing five non-residential building archetypes. The eight building archetypes have been developed to cover typical,
average attributes of buildings in Australia’s building stock. Overall, the set of models cover a range of geometric
properties ranging from low to high surface area to volume ratio, and covers models where heating and cooling energy is
dominated by internal loads (such as heat from people and equipment) and those dominated by facade loads (the
transfer of heat between the inside and outside of the building). The modelled building archetypes are:
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e  For residential buildings:

o Detached, single-storey house;
o Attached, two-storey townhouse or terrace house; and
o Apartment.
e For commercial and other non-residential buildings:
o Office tower;
o Hotel tower;
o Medium retail shop;
o Hospital ward; and
o School.

The four climate zones have been selected based on the locations of major population centres:

e Climate Zone 2 - Warm humid summer, mild winter (e.g. Brisbane);

e Climate Zone 5 - Warm temperate (e.g. Sydney, Adelaide, Perth);

e Climate Zone 6 - Mild temperate (e.g. Greater Western Sydney, Melbourne); and
e Climate Zone 7 - Cool temperate (e.g. Canberra, Hobart).

Modelling results will be included in the Final Report.

The project team recognises that design principles and associated energy efficiency opportunities for buildings in the
tropics are unique when compared with the rest of the country. The team is actively exploring avenues to extend the
modelling to Climate Zones 1 and 3 (which include Darwin, northern Western Australia, Alice Springs and far north
Queensland), but in the meantime will estimate energy opportunities and costs based on results from the modelled
climate zones.

The development of the forward trajectories beyond what is currently cost-effective will be covered in the Final Technical
Report, to be published in mid-2018.
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Appendix A: Residential Archetype Details and Models

A.1 Apartment Archetype

7.11.1 Al.1l Form Details

The apartment building modelled was based on the details provided by Isaacs3* (2007, pp. 17-18). The apartment on the
corner of the first floor was selected as the representative archetype, refer to Figure 32. The first floor was selected as it
is representative of most midrise apartments, having a shared floor, roof and walls. Common areas have not been
included. The floor plan of this apartment is illustrated in Figure 33, with 73 m? of total net conditioned floor areas®. A 3D
model of the apartment building showing approximate room layout is presented in Figure 34.

Figure 32. Schematic of the Apartment building (Isaacs 2007, p. 17)
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Figure 33. Floor plan of the Apartment building (Isaacs 2007, p.17)

% |saacs, T (2007), Development of housing stock model to predict heating and cooling energy use in Victoria.
3 Total net conditioned floor area reduced compared to Isaacs' (2007, p. 17) model based on TAG feedback.
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Figure 34. 3D model of the apartment building showing approximate room layout.

7.1.1.2 A.1l.2 Construction Details
The main construction details used for the apartment are summarised in Table 82.

Table 82. Construction specifications for the apartment, for reference orientation of 0°.

| Archetype Parameter Construction details References
Compressed fibre cement (6mm), brick (110mm), air
External wall All fagades gap + insulation thickness = 150mm, plasterboard
(10mm)
Internal

partitions Plasterboard, air gap and plasterboard

All other areas Concrete slab plus carpet with underlay TAG provided

drawings
Internal floor Wet areas and
. Concrete slab plus tiles
kitchen
Ceilin Concrete to next apartment, air gap, insulation and TAG provided
g plasterboard drawings

Refer to the internal floor. As the apartment is on the
Roof first floor, the roof was modelled as the internal floor and
boundary condition adjacent to the top apartment*

The window types varied across the different stringency

Windows scenarios

External The eaves length varied across the different stringency

shading Eaves scenarios (Wong 2013, p. 19)
As close as possible to 15ACH at 50P**, in some cases,

Airtightness stringency scenarios reduced airtightness to 7ACH at (2/-(\)T5b rosig; Syme
50Pa P

* Roof construction is not applicable for the first floor apartment. Roof and floor of neighbouring units to be

modelled as an adiabatic layer within the limitations of existing software.

* Air change rate is the average sourced from Ambrose & Syme (2015, p10) and deemed to be a suitable figure

for newly constructed homes. It was not possible to match this value exactly in AccuRate Sustainability due to infiltration
calculation methodology.

s
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7.1.1.3 A.1.3 Operational Details

Occupancy and operational details for internal load modelling followed the existing NatHERS protocol based on the
discussion during TAG meeting. Details on the NatHERS Protocol may be found at
(http://www.nathers.gov.au/files/publications/NatHERS Software Accreditation Protocol-June 2012.pdf). The occupancy
schedule assumption provided by AccuRate Sustainability, with 9:00 to 17:00 being unoccupied, was employed in the
modelling. It was derived from the Australian Bureau of Statistics®®. Internal loads (such as lighting) and HVAC were
included in the NatHERS protocol and AccuRate Sustainability schedules. Domestic hot water was considered
separately.

The HVAC system modelled was a reverse cycle air-conditioner, and its operation schedule was dictated by the
occupancy profile and weather conditions. This means that when the conditioned spaces were occupied, a minimum
thermal comfort level was required. This comfort level in summer is described as having an indoor temperature equal to
or lower than the neutral temperature. In other words, the cooling temperature setpoint equals the neutral temperature
(Note: AccuRate Sustainability software uses the January neutral temperature for the cooling months) plus +2.5°C, by
following the 90% acceptability of thermal comfort limits3”. The details are provided in Delsante 3. AccuRate
Sustainability default heating temperature setpoint values were employed for the heating conditions.

A.2 Attached House

7114 A21 Form Details

The attached house modelled was also selected from the Isaacs’s (p. 16) report3. The house selected is shown in
Figure 36. The gross floor area of the house was 125 m?, which falls within the size distribution of the most frequent floor
areas, i.e. 100-150 m? for a double-storey attached house. Refer to Figure 36 for more details. A 3D model of the
attached house showing room layout is presented in Figure 37.

Figure 35. Facade of the attached house (Isaacs 2007, p.16)

3%Ren, Z., Foliente, G., Chan, W., Chen, D., & Syme, M. (2011). AUSZEH DESIGN : Software for Low-Emission and
Zero-Emission House Design in Australia. In Proceedings of Building Simulation (pp. 14—16). Sydney, NSW.

37 de Dear, R.J. and Schiller Brager, G. (1998). “Developing an Adaptive Model of Thermal Comfort and Preference”.
ASHRAE Trans., Vol .104(1A), 145-167.

38 Delsante, A. (2005). Is the new Generation of Building Energy Rating Software up to the Task? - A Review of AccuRate, (September),
11-15.
% Jsaacs, T (2007), Development of housing stock model to predict heating and cooling energy use in Victoria.
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Figure 36. Floor plan of the ground and first floor of the attached house.
Figure 37. 3D model of the attached house showing room layout.
7.1.15 A.2.2 Construction Details
The construction details of the attached house are specified in
’lk LOW CARBON LIVING -

< CRC



Table 83. They were determined based on expert suggestions from the Residential TAG members and the existing data
from the Australian Bureau of Statistics reported by the Wong (2013) report.
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Table 83. Construction specifications for the attached house.

Archetype Parameter Construction References
Party wall with adjacent | Plasterboard 12mm, Brick=110 mm, airspace
External Wall house =40mm, Brick=110 mm plasterboard 12mm
Eastern facade Brick veneer: 110 mm external brick,
& airspace + insulation=150mm, 12 mm plasterboard
Internal )
.. Plasterboard, air gap and plasterboard
partitions
Ground floor Concrete slab plus carpet with underlay
Floor
Internal floor Concrete slab plus tiles for wet areas
Ceilin Ceiling insulation varied across the different
g stringency scenarios
Roof Typically clay tiles (Wong, 2013)
Windows The window types varied across the different (YourHome,
stringency scenarios 2017)
External The eaves length varied across the different (Wong, 2013)
Shading stringency scenarios 9
As close as possible to 15ACH at 50Pa**, in some (Ambrose &
Airtightness** cases, stringency scenarios had reduced Syme, 2015)
airtightness to 7ACH at 50Pa yme,
* Air change rate is the average sourced from Ambrose & Syme (2015, p10) and deemed to be a suitable figure

for newly constructed homes. It was not possible to match this value exactly in AccuRate Sustainability due to infiltration
calculation methodology.

7.1.1.6 A.2.3 Operational Details

As per the apartment, occupancy and operational details for internal load modelling followed the NatHERS protocol.
Further details on the NatHERS Protocol may be found at (http://www.nathers.gov.au/files/publications/NatHERS
Software Accreditation Protocol-June 2012.pdf). The occupancy schedule provided by AccuRate Sustainability from 9:00
to 17:00 unoccupied was employed. It was derived from the Australian Bureau of Statistics°. Internal loads (such as
lighting) and HVAC were included in the NatHERS protocol and AuccRate schedules. Domestic hot water was
considered separately. The HVAC system modelled and its operation were similar to those for apartment buildings.

A.3 Detached house

7.1.1.7 A3.1 Form Details

The detached house selected was based on the archetype developed by Isaacs (2007, p. 12) report as shown in Figure
38. The model has been slightly revised, as shown in Figure 39, with a total floor area of 188 m?, as per medium
detached dwelling analysed in the Pitt & Sherry! report, and the dimensions are specified in Figure 40.

40 Ren, Z., Foliente, G., Chan, W., Chen, D., & Syme, M. (2011). AUSZEH DESIGN : SOFTWARE FOR LOW-EMISSION AND ZERO-
EMISSION HOUSE DESIGN IN AUSTRALIA. In Proceedings of Building Simulation (pp. 14-16). Sydney, NSW.

41 Pitt&Sherry, Pathway to 2020 for Increased Stringency in New Building Efficiency Standards Benefit Cost Analysis.
2012. Department of Climate Change and Energy Efficiency: Published by the Department of Climate Change and
Energy Efficiency.

L LOW CARBON LIVING
Are


http://www.nathers.gov.au/files/publications/NatHERS%20Software%20Accreditation%20Protocol-June%202012.pdf
http://www.nathers.gov.au/files/publications/NatHERS%20Software%20Accreditation%20Protocol-June%202012.pdf

Figure 38. 3D sketch of the detached house (Isaacs 2007, p. 12).

Figure 39. 3D model of the detached house showing room layout.
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Figure 40. Dimensions of the detached house (Isaacs 2007, p. 12).

7.1.1.8 A.3.2 Construction Details

The construction details are specified in Table 84. They were determined based on specifications from the “YourHome”
website (2017), suggestions from experts within the Residential TAG membership, and the existing data from the
Australian Bureau of Statistics in Wong's (2013) report.

Table 84. Construction specifications for the detached house.
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Archetype Parameter Construction References
Brick-veneer — 110 mm external brick, airspace/insulation, (Wong,
External All fagades internal 12 mm plasterboard 2013)%
Wall
Internal Plasterboard, air gap and plasterboard
partitions
Other areas Concrete slab plus carpet with underlay
Ground
Floor Wet areas Concrete slab plus tiles
Ceiling insulation varied across different stringency (NCC
ili scenarios Deemed to
Ceiling Satisfy)
) YourHome
Steel deck with R1.5 Polyester blanket. ( '
Roof y 2017)
The window types varied across the different stringency
Windows scenarios
The eaves length varied across the different stringency
Exter‘nal Scenarios (Wong, 2013)
Shading
As close as possible to 15ACH at50Pa**, in some cases, (Ambrose &
L stringency scenarios had reduced airtightness to 7ACH at
Airtightness 50Pa Syme, 2015)
* Air change rate is the average sourced from Ambrose & Syme (2015, p10)*® and deemed to be a suitable figure

for newly constructed homes. It was not possible to match this value exactly in AccuRate Sustainability due to infiltration
calculation methodology

7.1.1.9 A.3.3 Operational Details

As per the apartment, occupancy and operational details for internal load modelling followed the NatHERS protocol.
Further details on the NatHERS Protocol may be found at (http://www.nathers.gov.au/files/publications/NatHERS
Software Accreditation Protocol-June 2012.pdf).

The occupancy schedule assumption provided by AccuRate Sustainability, with 9:00 to 17:00 being unoccupied, was
employed. It was derived from the Australian Bureau of Statistics. Internal loads (such as lighting) and HVAC were
included in the NatHERS protocol and AccuRate Sustainability schedules. Domestic hot water was considered
separately. The HVAC system modelled and its operation were similar to those for apartment buildings.

42 Wong, J. P. (2013). Development of Representative Dwelling Designs for Technical and Policy Purposes. RMIT
University, Melbourne, Victoria.

43 Ambrose, M., & Syme, M. (2015). House Energy Efficiency Inspections Project Final Report.
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Appendix B: Discount Rates

Discounting is a device intended to enable streams of value that occur over time (often over many years) to be compared
with each other. This can be a controversial area, since the effect of discounting is to place a lower weighting on values
or consequences that occur in the distant future as compared to those that occur today or in the near future. Arguably,
this can contribute to problems of inter-generational equity.

For example, it is very likely that decisions made today, that have consequences for the degree and severity of the
damage caused by future climate change, are failing to adequately take that damage into account. Using a high discount
real discount rate will tend to favour projects (or policies) that generate net benefits in the short term, regardless of
potentially large costs that may occur in future.

It is worth distinguishing between the issues affecting the choice of discount rate and the uncertainty associated with
potential future impacts or consequences of decisions. It is often the case that some values can be readily monetised
(like project revenues, or regulatory compliance costs) while others are much harder to so do (like the benefits
associated with a stable climate, or avoided species loss, or low probability/high impact consequences such as radiation
leakage from nuclear power stations). The difficulty in monetising these latter impacts can exacerbate the effect of
discounting in ‘weighing up’ potentially disastrous future events — there is a risk that we both undervalue these impacts
(the expected future costs at the time they occur), and then discount their present value. However, the valuation problem
is distinct from discounting.

The fundamental decision is whether to attempt to monetise certain impacts, when uncertainty about expected values or
outcomes is high, or whether to treat these factors as non-monetary considerations to be weighed in the balance
alongside the benefit cost analysis of those factors that can readily be monetised. The absurdity of the view that all
values should be monetised is readily apparent when human life is at risk. If a project (perhaps a new asbestos mine)
was likely to generate significant economic value, but knowingly lead to hundreds or thousands of deaths over time, very
few governments would require monetisation of the value of human life in order to make a decision about whether or not
that project should proceed. Arguably a similar case can be made for climate change impacts, yet at this point there is a
lack of agreement about the size or immanence of the threat.

Turning to the choice (or use) of discount rates, there are numerous different rationales offered for discounting — and,
problematically, they do not always agree with each other conceptually. One paper refers to a ‘small cottage industry’
that is constantly generating new functional forms and explanations for discounting behaviours. Importantly, discounting
behaviours and rates can be established through evidence-based, experimental and observational processes — although
there is much debate about experimental design and the impact this may have on the results. Nevertheless, while
individuals may vary in their discount rates, and there is some evidence that a given individual's discount rates may
depend upon the context and also upon their attitudes towards risk, discounting is a real and observable behaviour.

The general observation is that most people display ‘time preference’. That is, we tend to place a higher value on
something which is available to, or is expected to affect us, or things we care about, in the short term when compared
with something which is available to or affects us only in the longer term.

Amongst the many theories as to why such behaviour occurs, one key explanation is the availability of (real, or inflation
adjusted) interest rates as a mechanism that change the value of at least money over time. Using a (practically) risk free
Treasury bond, $100 not consumed today can with confidence be assumed to be worth, say, $104 next year. The choice
whether to consume the $100 today or else to save it is informed by the awareness that it will be worth more in future.
Real interest rates define a ‘time value of money’ that is independent of individual's values and judgements: a kind of
yard-stick. Arguably this explanator for time preference only relates to monetary or instrumental values.

Other important considerations are individual (and potentially social or cultural) values that shape our view of the future,
such as the degree to which we are altruistically-motivated or materially-motivated, and also our risk preferences. Some
have argued that an ‘innate’ driver of discounting behaviours is an awareness (even subconscious awareness) of our
own mortality (also known as ‘dread risk’). Commonly-heard phrases such as ‘I may not be here tomorrow’, or ‘get while
the getting’s good’, or ‘never do today what you can put off to tomorrow’ (for unpleasant tasks, and an inversion of the
original saying), all indicate time and risk preferences based on the inevitable uncertainty as to what the future will bring,
including whether you personally will live long enough to find out.

Some argue that personal or social time preferences include ‘kinship’ or legacy considerations — concern for the welfare
of our children and grandchildren, for example. If we place a high value on the interests of our children, or indeed on all
human life, then we may not see a difference in kind between our interests and those of our grandchildren, or indeed
others’ grandchildren. Discounting the future well-being of your own offspring can seem counter-intuitive or repulsive, at
least to some. This perspective leads to behaviours such as legacies, bequests and inheritance.
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This long-term perspective may also be relevant to decisions about projects or policies that are expected to impact on
climate change — since this raises the spectre of worsened living conditions for future generations, including our own
offspring and all others. Some extend this to a concern for the welfare of all life, including non-human life, and a sense
that we are responsible for the impacts of our decisions on all life, at all times, now and in the future. The latter
represents an important challenge to the validity of benefit cost analysis, which deals with values that can be monetised,
and these by definition are human and instrumental values only.

Yet such considerations must be weighed against the observational evidence. Rightly or wrongly, people do make
decisions that may damage future generations or non-human life. Almost any consumption decision today may risk
depriving a consumption possibility in the future; almost any decision — including to walk down the street and tread on an
ant — involves risk to non-human life.

In short, discounting presents us with a conundrum. There is evidence that most people do discount the future, and yet
we have evidence that our tendency to discount the future is causing or contributing to significant harm, which is likely to
grow over time. This highlights the limitations inherent in relying on a single analytical technique as a basis for making
good and responsible decisions. Using benefit cost analysis, there is a grave risk that we make decisions based on
values that are easy to monetise, and ignore those that are not. This risk exists with or without benefit cost analysis, but
the tendency to use benefit cost analysis as a key basis for government decision-making is deeply entrenched, including
specifically for stringency-setting under the National Construction Code.

Another key concern, given our reliance on benefit cost analysis, is that results can easily be manipulated, through the
choice not only of discount rates, but also which impacts to monetise, how those impacts are valued, probability
weightings, the choice of input values (energy prices, carbon prices, etc.) and many other factors. The question arises,
is there any basis for treating discount rates as a variable — as we commonly do — or should they be fixed, using
experimental processes? Our instinct to use benefit cost analysis as a basis for making complex decisions is that,
apparently, it simplifies those decisions into a single vector, cost effectiveness, with a clear tipping point (BCR = 1). Yet
the risk is this technique only masks — or deliberately hides — complexity, denying the decision-maker’s responsibility to
make balanced and considered decisions.

So how to proceed? There are two practical perspectives. First, the choice of discount rate will only have a significant
effect (i.e. change the ‘preferred’ option) if the underlying economics are marginal. A very low benefit cost ratio may be
lifted a little by selecting a low discount rate, but if the BCR still does not exceed 1, then decision-makers may still reject
the option. Conversely, a highly cost-effective pathway will remain so even with high discount rates. The choice
becomes critical only where we strive to optimise...to push towards an outcome where we generate the maximum
amount of change that can be economically justified, and that occurs where the BCR equals 1.

In the current context, where we are seeking to map the limits of cost effectiveness for a building energy performance
pathway, and where the standard employed by the Australian Building Codes Board/COAG is that a stringency outcome
should fall within the BCR range of 1 — 1.5, then discount rates will matter.

Second, despite all the argumentation above, the COAG Best Practice Regulation Guidelines, which apply to NCC
energy performance stringency requirements inter alia, require that analyses use a reference real discount rate of 7%,
and allows sensitivity analysis at 3% and 10%. This, therefore, is the common practice. The risk is that if the ‘headline’
results from this project were presented using a real discount rate lower than 7%, then they may be dismissed,
particularly by those in government. Choosing a default discount rate of 7% will maximise the perceived credibility and
impact of this project, and therefore we proceed on that basis.
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Appendix C: Residential Energy Analysis — Tabular Form

The following tables summarise the detailed energy analysis results for the three residential archetypes under Climate Zones 2, 5 and 6. The results presented are the thermal energy
consumption (MJ/m?3/year). The cooling or heating saving presented in the tables refers to the difference between the thermal energy consumption of the baseline case and that of using
individual technical options while the rating change refers to the difference of equivalent Star rating of the archetype using individual technical options with that of the baseline case.

C.1 Apartment Archetype

Table 85. Energy analysis results for the Apartment Archetype for Climate Zone 2

Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
. . . . Saving Saving Saving Saving
2
Orientation | Design parameters Load (MJ/m?/year) th;vme (MIm2lyear) Rating | (MJ/m2iyear) Rating | (MJ/m2/year) Rating | (MJ/m2/year) Rating
?atin:r change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling Heating Cooling | Heating
Insulation 0.7 0.6 0 1.4 1.1 0.1 1.5 1.3 0.1 1.8 1.6 0.2
External
wall
Surface colour 0.4 -0.3 0 1.4 . 15
Infiltratio | improve . 4 8.3 08
n workmanship
0° 44.4 17.7 4.9
Fave 1.2 0.2 0
External extension
shading
roller shutters 10.2 0 0.6
Thermal mass 8.8 0.8 0.5
90° Insulation 35.3 11.4 6 0.1 0.5 0
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Maximum Change

Saving
(MJ/m2/year)

Baseline case Level 1 Change Level 2 Change Level 3 Change
Orientation | Design parameters Load (MJ/m2/year) ival SV Saving Saving
gnp y thgltvae (MJ/m2/year) Rating | (MJ/m2/year) Rating | (MJ/m2/year) Rating
?atingr change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling Heating
External Surface colour 0.4 -0.3 0 0.8 -0.8 0.7 -1
wall
Infiltratio | improve . 03 6.2 0.6
n workmanship
Eave 0.1 0.1 0
External extension
shading
roller shutters 51 0 0.6
Thermal mass 53 2.5 0.8
Insulation 0.8 0.5 0
External
wall
Surface colour 0.7 -0.4 0
180° iltrati i 36.3 7.3 6.3
Infiltratio | improve _ 0.7 53 05
n workmanship
Exter.nal Eave . 08 04 0
shading extension

Cooling | Heating

Rating
change

s

R
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
. . . . Saving Saving Saving Saving
2
Orientation | Design parameters Load (MJ/m?/year) thgltvale (MI/m2fyear) S (MI/m2/year) S (MIm2/year) S (MIm2/year) Bt
?atin:r change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling Heating Cooling | Heating
roller shutters 6.3 0 0.6
Thermal mass 4.8 1 0.6
Insulation 0.1 0.6 0
External
wall
Surface colour 0.6 -0.4 0
Infiltratio | improve _ 08 92 09
n workmanship
270° 33.7 17.4 5.6
Eave 1 0.1 0.1
External extension
shading
roller shutters 5.4 0 0.5
Thermal mass 6.9 0.3 0.7

Table 86. The energy analysis results for the Apartment Archetype for Climate Zone 5
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters et Saving Saving Saving
gnp (MJ/m2/year) (MJ/m2/year) Saving (MJ/m2/year) (MJ/m2/year) (MJ/m2/year)
Equivalent Rating Rating Rating Rating
Cooling | Heating | Star rating | Cooling | Heating | change | Cooling Heating | change | Cooling | Heating | change | Cooling | Heating | change
Insulation 0.3 0.9 0.1 0.9 1.8 0.2 1.1 24 0.2 11 2.8 0.3
External
wall
Surface colour 0.8 -0.6 0 0.8 -1.5 . 1.3 -1.8
Infiltration | P Ov€ 1.3 129 |13
workmanship
0° 24.6 284 5.1
Eave extension 0.9 -0.3 0
External
shading
roller shutters 4.9 0 0.3
Thermal mass 4.7 1.3 0.4
Insulation 0.2 0.4 0
External
wall
Surface colour 0.3 -0.7 -0.1
90° Infiltration | " Ove 219 |179 |63 13 |95 0.8
workmanship
Eave extension 0.3 -0.3 0
External
shading
roller shutters 2.8 0 0.3
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters et Saving Saving Saving
gnp (MJ/m2/year) (MJ/m2/year) Saving (MJ/m2/year) (MJ/m2/year) (MJ/m2/year)
Equivalent Rating Rating Rating Rating
Cooling | Heating | Star rating | Cooling | Heating | change | Cooling Heating | change | Cooling | Heating | change | Cooling | Heating | change
Thermal mass 33 3.2 0.6 2.1 3.7 0.6 4.7 5 1 _
Insulation 0.1 0.6 0.1 0.6 1.3 0.2 0.7 1.7 0.3 0.7 2.1 0.3
External
wall
Surface colour 0.6 -0.6 0 0.6 -1.6 . 0.8
Infiltration | " Ov€ 1 95 0.9
workmanship
180° 25.6 14 6.3
Eave extension 0.6 -0.5 0
External
shading
roller shutters 4.4 0 0.4
Thermal mass 4.2 1.4 0.6
Insulation -0.1 1.1 0.1
External
wall
Surface colour 0.2 -0.7 0
270° - 24.7 27.6 5.1
Infiltration | " Ove 0.6 14 14
workmanship
Eave extension 0.8 -0.4 0.1
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Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Orientation | Design parameters Load saving saving saving
gnp (MJ/m2/year) (MJ/m2/year) Saving (MJ/m2/year) (MJ/m2/year) (MJ/m2/year)
Equivalent Rating Rating Rating Rating
Cooling | Heating | Star rating | Cooling | Heating | change | Cooling Heating | change | Cooling | Heating | change | Cooling | Heating | change
Exter_nal roller shutters 3.9 0 0.3
shading
Thermal mass 5.2 0.3 0.5
Table 87. The energy analysis results for the Apartment Archetype for Climate Zone 6.
Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
. . . Load Saving Saving Saving Saving Ratin
D
Orientation esign parameters (MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) g
Star rating change change change chan
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating | 9€
Insulation -0.2 3.7 0 0.2 7.1 0.1 0.4 9.3 0.2 0.5 11 0.3
External
wall
Surface colour 0.1 -1.5 -0.1 0.7
0° i 22 129.6 553
Infiltration | P Ove 0.1 504 | 1.4
workmanship
External | Eave 0.2 13 -0.1
shading extension
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Maximum Change

Saving
(MJ/m2/year)

Baseline case Level 1 Change Level 2 Change Level 3 Change
Orientation | Design parameters Leen Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
roller shutters 4 -0.1 0.1
Thermal mass 6.6 -0.1 0.1
Insulation -0.1 3.2 0.1
External
wall
Surface colour 0.3 -1.8 0
Infiltration | "> Ove 0.1 484 |14
workmanship
90° 19.7 110.8 5.8
Eave 0.3 1.2 0
External extension
shading
roller shutters 3.8 -0.2 0.1
Thermal mass 6.9 2.3 0.3
= | Insulation 0 3.6 0.1
180° Wal'fma 24.3 1126 |5.6
Surface colour 0.2 -1.7 0

s

R
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Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Saving
(MJ/m2/year)

Orientation Design parameters Load Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Infilration | "D Ove 0.1 497 |15
workmanship
Eave 0.3 13 0
External extension
shading
roller shutters 3.6 -0.1 0.1
Thermal mass 7.4 -0.5 0.2
Insulation -0.1 3.9 0.1
External
wall
Surface colour 0.2 -1.3 0
Infiltration | "D ove 0.8 497 |14
workmanship
270° 24 132.1 51
Eave 0.8 1 0
External extension
shading
roller shutters 2.7 0 0.1
Thermal mass 8 -1.2 0.2

R
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C.2 Attached Archetype

Table 88. The energy analysis results for the Attached Archetype for Climate Zone 2.

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Orienta Desian parameters Load Saving Saving Saving Saving
tion gnp (MJ/m2/year) Equivalent | (MJ/m2/year) Rating | (MJ/m2/year) Rating | (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Insulation 0 0.2 0 0.3 0.3 0 0.1 0.4 0 0.1 0.5 0
External
wall
Surface 0 0.1 0 0.2 -0.2 0 05 0.3 0 1 -0.4 0
colour
Roof
surface
type
0° Roof 34 104 6.3
Surface
colour
Openness
Ceiling Insulation
Edge
Floor Insulation*

R

CRC
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Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Orienta Desian parameters Load Saving Saving Saving Saving
tion anp (MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Under Slab Tl 1.6 -0.4 3.7 1.8
Insulation
Ventilation | Ceiling fan 16.7 -0.3 1.6
Improve
Infiltration workmans 6.5 4.1 1.2
hip
Eave 0.6 0.5 0
extension
External
shading T
roller
shutters 1.9 0 0.2
Thermal mass 0.4 0.6 0
Insulation 0.4 0.2 0.1
90° VEV’:Ifma' < 60.6 7 4.6
uriace 0.5 0.1 0.1 1 0.2 0.1 1.4 0.3 0.1 17 03 0.1
colour
LOW CARBON LIVI o
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Orienta
tion

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Load
(MJ/m2/year)

Cooling | Heating

Roof

Roof
surface

type

Surface
colour

Openness

Ceiling

Insulation

Floor

Edge
Insulation*

Under Slab
Insulation

Ventilation

Ceiling fan

Infiltration

Improve
workmans
hip

Equivalent
Star rating

Saving
(MJ/m2/year)
Cooling | Heating

Rating
change

Saving
(MJ/m2/year)
Cooling | Heating

Rating
change

Saving
(MJ/m2/year)
Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

k LOW CARBON LIV
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Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Orienta Desian parameters Load Saving Saving Saving Saving
tion anp (MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Eave 25 05 0.2 3.9 1 0.2 6.7 1.4 03 7.6 1.9 03
extension
External
shading T
roller
18.2 1.
shutters 8 0 8
Thermal mass 1.2 0.7 0.2
Insulation 0.1 0.1 0
External
wall
Surface 02 0 0
colour
Roof
surface -0.3 -0.1 -0.1
180° type 33.4 2.4 7.3
Roof
Surface 0.1 0.1 0.1
colour
Openness -0.1 0 0
Ceiling Insulation 0.1 0.2 0

Ql\\ LOW CARBON LIVING
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Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Saving
(MJ/m2/year)

Orienta Desian parameters Load Saving Saving Saving
tion anp (MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Edge
Insulation*
Floor
Under Slab
Insulation
Ventilation | Ceiling fan
Improve
Infiltration workmans
hip
Eave
extension*
External
shading
roller
shutters
Thermal mass
270° Insulation 64.7 5.1 4.5

Cooling | Heating

Rating
change

LOW CARBON LIV

L CRC

164




Orienta
tion

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Design parameters Mozt
anp (MJ/m2/year)
Cooling | Heating
External Surface
wall colour
Roof
surface
type
Roof Surface
colour
Openness
Ceiling Insulation
Edge
Insulation*
Floor
Under Slab
Insulation
Ventilation | Ceiling fan

Equivalent
Star rating

Saving Saving Saving Saving

(MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
change change change change

Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating

0.3 -0.1 0 0.8 -0.1 0 0.9 -0.2 0 1 -0.2 0.1

l\“ LOW CARBON LIV
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Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

St Design parameters Lot
tion gnp (MJ/m2/year)
Cooling | Heating
Improve
Infiltration workmans
hip
Eave
extension
External
shading
roller
shutters

Thermal mass

Saving
(MJ/m2/year)

Saving
Equivalent | (MJ/m2/year) Rating
Star rating change
Cooling | Heating
9.4 3.9 0.8
3.8 -0.7 0.2
15.2 0 0.9
0.9 0.5 0.1

Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

* Slab edge insulation to be re-modelled in updated version of AccuRate Sustainability when available

Table 89. The energy analysis results for the Attached Archetype for Climate Zone 5.

Cooling | Heating

Rating
change

Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Load saving Saving saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating | (MJ/m2/year) Rating | (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
0° Insulation 17.8 18 6.8 0.3 0.3 0.1 0 0.6 0.1 0.2 0.7 0.1 0.3 1 0.1

[’"\ LOW CARBON LIVING
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Orientation

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Baseline case
Design parameters Lozt
anp (MJ/m2/year)
Cooling | Heating
External Surface
wall colour
Roof
surface
type
Roof
Surface
colour
Openness
Ceiling Insulation
Edge
Insulation*
Floor
Under Slab
Insulation
Ventilation | Ceiling fan

Equivalent
Star rating

Saving Saving Saving Saving

(MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
change change change change

Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating

-0.1 -0.1 0 0.2 -0.3 0 0.3 -04 0 0.3 -0.5 0

) LOW CARBON LIVIN
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Les) Saving Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Improve
Infiltration workmans 2.2 9.8 1.3
hip
Fave 0.8 0.6 0
extension
External
shading T
roller
shutters 11 0 0.1
Thermal mass -1.2 -15 -0.2
Insulation 0.4 0.3 0
External
wall
surface 0.4 0.2 0
colour
90° Roof 34.8 13.9 5.6
surface 0.8 -0.4 0
e
Roof P
Surface 1 0.4 0
colour

s
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Orientation

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Thermal mass

Design parameters Mozt
gnp (MJ/m2/year)
Cooling | Heating
Openness
Ceiling Insulation
Edge
Insulation*
Floor
Under Slab
Insulation
Ventilation | Ceiling fan
Improve
Infiltration workmans
hip
Eave
extension
External
shading
roller
shutters

Equivalent
Star rating

Saving Saving Saving

(MJ/m2/year) Rating (MJ/m2/year) Rating | (MJ/m2/year)
change change

Cooling | Heating Cooling | Heating Cooling | Heating

0.6 -0.2 0 0.9 -0.3 0

0.5 0.6 0.1 0.3 1 0.1 0.9 1.3

Rating
change

\ LOW CARBON LIVIN
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Saving
(MJ/m2/year)
Cooling | Heating
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Rating
change




Orientation

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Load
(MJ/m2/year)

Cooling

Heating

Equivalent
Star rating

Saving
(MJ/m2/year)

Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

Cooling

Heating

Rating
change

Saving
(MJ/m2/year)

Cooling

Heating

Rating
change

Saving
(MJ/m2/year)

Cooling

Heating

Rating
change

Insulation
External

wall Surface
colour

180°

Roof
surface

type
Roof

Surface
colour

Openness

Ceiling Insulation

Edge
Insulation*
Floor

Under Slab
Insulation

Ventilation | Ceiling fan

18.6 5.4

8.1

0.1 0.1

0.5 0.3

0.5 0.3

0.6 0.4

0.1

0.1 -0.1

0.5 -0.2

R

LOW CARBON LIVING

CRC

170

0.6 -0.3




Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Les) Saving Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Improve
Infiltration workmans 2.6 4.1 0.6
hip
Fave 0.6 0.2 0
extension
External
shading T
roller
1.1 A
shutters 0 0
Thermal mass -04 1.2 0
Insulation 0.1 0.3 0.1
External
wall
surface 0.4 0.2 0.1
colour
270° Roof 38.1 10.8 5.5
surface 0.3 -0.4 0
e
Roof P
Surface 0.6 04 o
colour
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Loz Saving Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
openness 0.4 -0.2 0 0.5 -0.3 | _
Ceiling Insulation 0.3 0.5 0.1 0.4 0.8 . 0.4 1 . 1 1.2 .
Edge
Insulation*
Floor
Under Slab
Insulation

Ventilation | Ceiling fan

Improve
Infiltration workmans
hip

Eave

extension
External

shading

roller
shutters

Thermal mass

) LOW CARBON LIVIN | | 172
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* Slab edge insulation to be re-modelled in updated version of AccuRate Sustainability when available

Table 90. The energy analysis results for the Attached Archetype for Climate Zone 6.

Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Load saving saving saving saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating | (MJ/m2/year) Rating | (MJ/m2/year) Rating | (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Insulation 0.1 1.6 0.1 0.3 2.7 0.1 0.3 3.4 0.1 0.4 4.1 0.1
External
wall
surface 0.2 -0.6 0 0.2 1.4 0 0.4 24 0 0.4 25 0
colour
Roof
surface
type
o° Roof 10.4 125.8 5.8
Surface
colour
Openness
Ceiling Insulation
Edge
Floor Insulation*

) LOW CARBON LIVING "
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Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Orientation | Design parameters Lozt Saving Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating

Under Slab 17 45 0.1 27 7.2
Insulation

Ventilation | Ceiling fan 3.4 -1.2 0.1
Improve

Infiltration workmans 0.4 43.5 1.2
hip
Eave 0.5 2.9 0.1
extension

External

shading T
roller

1.1 -0.

shutters 0.3 0

Thermal mass 1.1 -3.3 0
Insulation 0.3 1.7 0.1

90° fvztlfmal < 212 | 1226 |56

urtace 0.3 -0.6 0 05 1.2 0 0.9 -1.9 0 11 23 0
colour
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Orientation

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Design parameters

Load

(MJ/m2/year)

Cooling

Heating

Roof
surface

type

Roof

Surface
colour

Openness

Ceiling Insulation

Edge
Insulation*
Floor

Under Slab
Insulation

Ventilation | Ceiling fan

Improve
workmans
hip

Infiltration

Equivalent
Star rating

Saving
(MJ/m2/year)
Cooling | Heating

Rating
change

Saving
(MJ/m2/year)
Cooling | Heating

Rating
change

Saving
(MJ/m2/year)
Cooling | Heating

Rating
change

Saving
(MJ/m2/year)
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Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Orientation | Design parameters Lzl Saving Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Eave 1 97 0 1.9 42 0.1 2.7 6.3 0.1 3.2 8.2 0.2
extension
External
shading T
roller
T -0.1 2
shutters 6 0 0
Thermal mass 2.2 -0.9 0
Insulation 0.1 1.6 0.1
External
wall
surface 0.1 -0.6 0
colour
Roof
surface 0.3 -1 0
180° type 10.1 99.2 6.5
Roof
Surface 05 0.9 0
colour
Openness 0.2 -0.6 0
Ceiling Insulation 0.7 2.5 0.1
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Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Saving
(MJ/m2/year)

Orientation | Design parameters Lozt Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating

Edge
Insulation*

Floor
Under Slab
Insulation

Ventilation | Ceiling fan
Improve

Infiltration workmans
hip
Eave
extension

External

shading
roller
shutters

Thermal mass

270° Insulation 21 120.1 5.7

Cooling | Heating

Rating
change
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Orientation

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Design parameters e
anp (MJ/m2/year)
Cooling | Heating
External Surface
wall colour
Roof
surface
type
Roof Surface
colour
Openness
Ceiling Insulation
Edge
Insulation*
Floor
Under Slab
Insulation
Ventilation | Ceiling fan

Equivalent
Star rating

Saving Saving Saving Saving

(MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
change change change change

Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating

-0.1 -0.5 0 0.1 -1.1 0 0.5 -1.7 0 0.4 2.1 -0.1
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Orientation

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Design parameters Load Saving Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Improve
Infiltration workmans 1.1 42 1.2
hip
Eave 0.6 2.1 0.1
extension
External
shading T
roller
shutters 5.6 -0.2 0.1
Thermal mass 1.5 -15 0

* Slab edge insulation to be re-modelled in updated version of AccuRate Sustainability when available
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C.3 Detached Archetype

Table 91. The energy analysis results for the Detached Archetype for Climate Zone 2.

Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Load saving saving saving saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating | (MJ/m2/year) Rating | (MJ/m2/year) Rating | (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Insulation 3.6 -0.2 0.2 4 -0.1 0.3 3.9 0.1 0.3 4.2 0.3 0.3
External
wall
Surface colour 0 -0.2 0 0.5 -0.4 0 1.3 -0.6 0 1.7 -0.7 0
Roof surface
type
Roof Surface
colour
o° 55.5 9.7 4.4
Openness
Ceiling Insulation
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)

[j\ LOW CARBON LIVING
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Load Saving Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Ventilation | Ceiling fan 16.5 -0.5 1.1
Infiltration | 'MPTOVe 8.1 46 0.9
workmanship
Eave 2.5 0.2 0.1
External extension
shading
roller shutters 15.7 -0.6 1
Thermal mass -0.6 0.4 0
Insulation 4.2 -0.2 0.1
External
wall
Surface colour 0.9 -0.2 0
Roof surface
90° type 58 10.1 4.3 0.6 0.1 0
Roof Surface 03 0 0
colour
Openness 0.6 -0.9 -0.1




> CRC
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Loz Saving Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating | (MJ/m2/year) Rating | (MJ/m2/year) Rating | (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Ceiling Insulation 0.7 0.7 0 0.7 1.2 0.1 1.2 1.5 0.1 1.3 1.8 0.1
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation | Ceiling fan
Infiltration Improve .
workmanship
Eave
External extension
shading
roller shutters
Thermal mass
= | Insulation
180° o 66.8 | 9.9 3.8
Surface colour 0.5 -0.2 0.1 0.9 -0.5 0.1 15 -0.8 0.1 2 -1 0.1
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Orientation

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Load
(MJ/m2/year)
Cooling | Heating

Roof surface
type

Roof Surface
colour
Openness
Ceiling Insulation
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation | Ceiling fan
Infiltration Improve .
workmanship
External Eave
shading extension

.

N
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Equivalent
Star rating

Saving
(MJ/m2/year)
Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

0.1

Cooling | Heating

Rating
change

Saving
(MJ/m2/year)
Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

Cooling | Heating

Rating
change
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Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Orientation | Design parameters Load Saving Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating

roller shutters 16.1 -0.7 0.9

Thermal mass -0.3 0.3 0
Insulation 4.6 -0.4 0.1 5 -0.2 0.1 5 0 0.2

External

wall
Surface colour 0.5 -0.2 0
Roof surface 03
type

Roof Surface
colour

270° 65.8 11.9 3.8

Openness

Ceiling Insulation
Slab Insulation
(Edge)*

Floor
Slab Insulation
(Under)

R
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Orientation

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Design parameters Load
ane (MJ/m2/year)
Cooling | Heating
Ventilation | Ceiling fan
Infiltration LT EE .
workmanship
Eave
External extension
shading
roller shutters

Thermal mass

Equivalent
Star rating

Saving
(MJ/m2/year)

Saving

(MJ/m2/year) Rating
change

Cooling | Heating

21.5 -0.6 11

10.2 5.2 0.8

2.7 -0.4 0.1

19.5 -0.7 1

-0.4 0.3 0

Cooling | Heating

7.2

Rating
change

Saving
(MJ/m2/year)

Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

* Slab edge insulation to be re-modelled in updated version of AccuRate Sustainability when available
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Table 92. The energy analysis results for the Detached Archetype for Climate Zone 5.

Orientation

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Load
(MJ/m2/year)

Cooling

Heating

Equivalent
Star rating

Saving
(MJ/m2/year)

Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

Cooling

Heating

Rating
change

00

Insulation
External

wall Surface

colour

Roof
surface

type

Roof

Surface
colour

Openness

Ceiling Insulation

Slab
Insulation
(Edge)*

Floor

36.5

17.5

4.9

0.5 0.5

0.8 0.8

0.9 1

1.2 11

0.4 -0.4

0.7 -0.8

'<"§ CRC
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Loz Saving Saving Saving Saving
gnp (MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating

Slab
Insulation -20.1 -9.3 -1.4 -23.9 -10.8 -1.5 -25.4 -11.3 -1.6 -25.8 -11.4 -1.6
(Under)

Ventilation | Ceiling fan 10.1 0 0.8
Improve

Infiltration workmans 3.8 7.4 0.9
hip
Eave 2.2 05 0
extension

External

shading T
roller
shutters o 01 0.6

Thermal mass -0.5 0.6 0
Insulation 0.6 0.4 0

90° \'IEV’:Ifma' . 37.8 | 176 |48

urtace 0.4 0.4 0 15 -0.9 0 2.3 14 0 25 17 0
colour
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Orientation

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Load
(MJ/m2/year)
Cooling | Heating

Roof

Roof
surface

type

Surface
colour

Openness

Ceiling

Insulation

Floor

Slab
Insulation
(Edge)*

Slab
Insulation
(Under)

Ventilation

Ceiling fan

Equivalent
Star rating

Saving
(MJ/m2/year)
Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

Rating
change

Cooling | Heating

Saving
(MJ/m2/year)
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Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

Cooling | Heating

Rating
change




Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

R
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Orientation | Design parameters Loz Saving Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating

Improve

Infiltration workmans 3.8 7.3 0.8
hip
Eave 2 05 0.1
extension

External

shading T
roller
shutters 8.6 -0.1 0.6

Thermal mass -0.6 0.4 0
Insulation 0.4 0.4 0.1

External

wall
Surface 0.5 04 |0
colour

180° Roof 41.4 17.9 4.5

surface 3.4 -0.9 0.2
type

Roof &
Surface 01 0 0
colour




Orientation

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Load

(MJ/m2/year)

Cooling

Heating

Openness

Ceiling

Insulation

Floor

Slab
Insulation
(Edge)*

Slab
Insulation
(Under)

Ventilation

Ceiling fan

Infiltration

Improve
workmans
hip

External
shading

Eave
extension

roller
shutters

Equivalent
Star rating

Saving Saving Saving

(MJ/m2/year) Rating | (MJ/m2/year) Rating | (MJ/m2/year)
change change

Cooling | Heating Cooling | Heating Cooling | Heating

0.7 -1 0 0.9 -1.2

0.2 1.2 0.1 0.4 2 0.7 2.6
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Rating
change

Saving
(MJ/m2/year)
Cooling | Heating

0.7

3.1

Rating
change




Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Loz Saving Saving Saving Saving
anp (MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Thermal mass -0.5 0.6 0 4.2 2.8 0.4 36 3.4 0.4 _
Insulation 0.6 0.4 0 0.9 0.8 0.1 1 1 0.1 15 1.1 0.1
External
wall
Surface 0.6 -0.5 0 0.9 11 0 27 1.7 0 23 24 0
colour
Roof
surface
type
270° Roof Surface | 37.7 | 209 |46
colour
Openness
Ceiling Insulation
Slab
Floor Insulation
(Edge)*
TS 191
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Orientation

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Load
(MJ/m2/year)
Cooling | Heating

Slab
Insulation
(Under)

Ventilation | Ceiling fan

Improve
workmans
hip

Infiltration

Eave

extension
External

shading

roller
shutters

Thermal mass

Equivalent
Star rating

Saving Saving Saving Saving

(MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
change change change change

Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating

-18.4 -8 -1.2 -22.4 -9.3 -1.3 -24.3 -9.8 -14 -25.3 -9.9 -1.4

111 0 0.7

4.2 8.1 0.8

2.1 -0.6 0.1

10.1 -0.1 0.6

-0.3 0.6 0

* Slab edge insulation to be re-modelled in updated version of AccuRate Sustainability when available.
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Table 93. The energy analysis results for the detached archetype for Climate Zone 6.
Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change

Load Saving Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating

Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating

Orientation | Design parameters

Insulation 0.4 2.6 0 0.5 4.3 0.1 0.7 55 0.1 0.8 6.5 0.2
External

wall Surface
colour

0.4 -1.2 0 0.6 -2.5 0 0.9 -4.1 -0.1 1.2 -4.8 -0.1

Roof
surface

type

0° RIE] Surface | 26.4 1324 | 4.9

colour

Openness

Ceiling Insulation

Slab
Floor Insulation
(Edge)*
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Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

> CRC

Orientation | Design parameters Loz Saving Saving Saving Saving
anp (MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating

Slab
Insulation -17.9 1 -0.4 -21 2.6 -0.5 -22.4 3.5 -0.5 -23 4.3 -0.5
(Under)

Ventilation | Ceiling fan 2.8 0 0
Improve

Infiltration workmans 1 33.6 0.9
hip
Eave 1 21 0
extension '

External

shading T
roller
shutters 7.1 -0.3 0.2

Thermal mass -0.7 3.5 0
Insulation 0.6 25 0.1

90° \'IEV’:Ifma' . 24 1324 | 4.9

uriace 07 1.2 0 1 2.4 0 15 -3.9 0 2 47 0
colour
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Orientation

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Load
(MJ/m2/year)
Cooling | Heating

Roof

Roof
surface

type

Surface
colour

Openness

Ceiling

Insulation

Floor

Slab
Insulation
(Edge)*

Slab
Insulation
(Under)

Ventilation

Ceiling fan

Equivalent
Star rating

Saving
(MJ/m2/year)
Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

L“ LOW CARBON LIV

> CRC

195

Cooling | Heating

Rating
change

Saving
(MJ/m2/year)

Cooling | Heating

Rating
change




Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

R

CRC
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Orientation | Design parameters Load Saving Saving Saving Saving
(MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating

Improve

Infiltration workmans 1.8 33.6 1
hip
Fave 1.2 2 0
extension

External

shading T
roller
shutters 6.1 -0.4 0.2

Thermal mass -0.4 3.6 0.1
Insulation 0.3 2.5 0

External

wall
Surface 0.3 14 |0
colour

180° Roof 23.9 136 4.9

surface -0.1 0.1 0
type

Roof s
Surface 0 01 0
colour




Orientation

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Load

(MJ/m2/year)

Cooling

Heating

Openness

Ceiling

Insulation

Floor

Slab
Insulation
(Edge)*

Slab
Insulation
(Under)

Ventilation

Ceiling fan

Infiltration

Improve
workmans
hip

External
shading

Eave
extension

roller
shutters

L“ LOW CARBON LIV
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Equivalent
Star rating

Saving Saving Saving

(MJ/m2/year) Rating | (MJ/m2/year) Rating | (MJ/m2/year)
change change

Cooling | Heating Cooling | Heating Cooling | Heating

-0.2 -2.5 -0.1 -0.1 -3.1

0.3 4.2 0 0.6 7.1 0.9 9.3

197

Rating
change

Saving
(MJ/m2/year)
Cooling | Heating

1

Rating
change




Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Loz Saving Saving Saving Saving
anp (MJ/m2/year) Equivalent | (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
Star rating change change change change
Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating
Thermal mass -0.6 4 0 5 0.9 0.1 4.4 5.1 0.2 _
Insulation 0.5 2.6 0 0.7 4.2 0.1 0.8 5.4 0.1 1 6.3 0.1
External
wall
Surface 05 1.3 0 0.8 -2.6 0.1 1.3 4.2 0.1 1.8 5.1 0.1
colour
Roof
surface
type
2700 Roof Surface | 256 | 138.8 | 4.8
colour
Openness
Ceiling Insulation
Slab
Floor Insulation
(Edge)*
2T 198
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Orientation

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Load
(MJ/m2/year)
Cooling | Heating

Slab
Insulation
(Under)

Ventilation | Ceiling fan

Improve
Infiltration workmans
hip

Eave

extension
External

shading

roller
shutters

Thermal mass

Equivalent
Star rating

Saving Saving Saving Saving

(MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating (MJ/m2/year) Rating
change change change change

Cooling | Heating Cooling | Heating Cooling | Heating Cooling | Heating

-17.6 2.8 -0.4 -20.3 4.5 -0.4 -21.5 5.6 -0.4 -22.2 6.4 -0.4

3.1 0 0

1.1 34.4 0.9

1.1 -1.9 0

7 -0.3 0.1

-0.5 3.7 0

* Slab edge insulation to be re-modelled in updated version of AccuRate Sustainability when available
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Appendix D: Residential Peak Load Data — Tabular Form

The following tables summarise the peak loads of the three residential archetypes with different changes under Climate Zones 2, 5 and 6. The results presented are the maximum electrical
consumption (kW) over the course of a year, which was determined using an average heating and cooling coefficient of performance (COP) of 3.0. The cooling or heating peak load saving
presented in the tables refers to the difference between the maximum electrical power consumption for the baseline case and that of using individual changes.

D.1 Apartment Archetype

Table 94. The peak load analysis results of the Apartment Archetype for Climate Zone 2 (assuming a heating and cooling system COP of 3.0).

Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Peak Load (kw) Equivalent Peak Load Saving (kW) | Peak Load Saving (kW) | Peak Load Saving (kW) | Peak Load Saving (kW)
. . Star rating . : : : . : . .
Cooling | Heating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Insulation -0.09 0.03 -0.10 0.06 -0.09 0.08 -0.08 0.10
External wall
Surface colour -0.09 0.00 -0.07 -0.01 -0.07 -0.01
Infiltration Improve . -0.01 0.35
workmanship
o° 1.55 0.97 4.9
Eave extension -0.06 -0.01
External
shading
roller shutters -0.19 0.00
Thermal mass -0.08 0.14
Insulation 0.02 0.03
90° External wall 1.49 0.77 6
Surface colour 0.02 0.00
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Maximum Change

Peak Load Saving (kW)

Baseline case Level 1 Change Level 2 Change Level 3 Change
Orientation | Design parameters Peak Load (kw) Equivalent Peak Load Saving (kW) | Peak Load Saving (kW) | Peak Load Saving (kW)
- - Star rating - - - - - -
Cooling | Heating Cooling Heating Cooling Heating Cooling Heating
Infilration | MPrOve -0.09 0.32
workmanship
Eave extension 0.05 -0.01
External
shading
roller shutters 0.00 0.00
Thermal mass -0.06 0.18
Insulation 0.02 0.04
External wall
Surface colour 0.02 -0.01
Infiltration | 'MPrOve 0.15 0.37
workmanship
180° 1.68 0.74 6.3
Eave extension 0.02 -0.02
External
shading
roller shutters 0.10 0.00
Thermal mass 0.41 0.10
270° External wall | Insulation 1.82 0.93 5.60 0.02 0.03

Cooling

Heating

R

‘S
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Orientation

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load (kW)

Cooling | Heating

Surface colour

. . Improvi
Infiltration prove .
workmanship
Eave extension
External
shading

roller shutters

Thermal mass

Equivalent
Star rating

Peak Load Saving (kW)

Peak Load Saving (kW)

Peak Load Saving (kW)

Peak Load Saving (kW)

Cooling Heating Cooling Heating Cooling Heating
0.01 0.00 0.05 -0.01 0.05 -0.01
0.19 0.30

0.02 -0.01

0.27 0.00

0.20 0.13

Table 95. The peak load analysis results of the Apartment Archetype for Climate Zone 5 (assuming a heating and cooling system COP of 3.0).

Cooling

Heating

Orientation

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load (kW)

Peak Load Saving (kW)

Peak Load Saving (kW)

Peak Load Saving (kW)

Peak Load Saving (kW)

s

R

CRC

LOW CARBON LIVING

202

Equivalent
- - Star rating - - : - : - : :
Cooling | Heating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Insulation 0.02 0.02 0.06 0.04 0.07 0.05 0.09 0.07
0° External wall 1.61 0.99 5.1
Surface colour 0.05 0.00 0.05 -0.01 -0.09 -0.01 _




Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load Saving (kW)

Orientation | Design parameters Peak Load (kw) Equivalent Peak Load Saving (kW) | Peak Load Saving (kW) | Peak Load Saving (kW)
- - Star rating - - - - - -
Cooling | Heating Cooling Heating Cooling Heating Cooling Heating
Infiltration Ll . 0.02 0.34
workmanship
Eave extension -0.39 0.00
External
shading
roller shutters -0.07 0.00
Thermal mass 0.23 0.18
Insulation 0.02 0.02
External wall
Surface colour 0.02 0.00
Infiliration | 'MPrOve 0.90 0.35
workmanship
90° 1.93 0.99 6.3
Eave extension 0.01 0.00
External
shading
roller shutters 0.25 0.00
Thermal mass 0.45 0.17
180° External wall | Insulation 1.60 1.01 6.3 0.18 0.02

Cooling

Heating

R
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Peak Load (kw) Equivalent Peak Load Saving (kW) | Peak Load Saving (kW) | Peak Load Saving (kW) | Peak Load Saving (kW)
: : Star rating : : - : - : - -
Cooling | Heating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Surface colour 0.04 0.00 0.31 0.00 0.07 -0.01
Infilration | 'MPrOve 0.33 0.31
workmanship
Eave extension 0.02 0.00
External
shading
roller shutters -0.11 0.00
Thermal mass 0.40 0.13
Insulation 0.02 0.69
External wall
Surface colour 0.44 0.67
Infiltration | 'MPrOve 0.48 0.97
workmanship
270° 1.68 1.01 5.10
Eave extension 0.02 0.67
External
shading
roller shutters 0.07 0.67
Thermal mass 0.27 0.80
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Table 96. The peak load analysis results of the Apartment Archetype for Climate Zone 6 (assuming a heating and cooling system COP of 3.0).

Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Peak Load (kW) Equivalent Peak Load Saving (kW) | Peak Load Saving (kW) | Peak Load Saving (kW) | Peak Load Saving (kW)
- - Star rating - : : : : : : -
Cooling | Heating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Insulation -0.20 0.03 -0.39 0.04 -0.38 0.06 -0.37 0.07
External wall
Surface colour -0.09 0.00 -0.07 -0.01 -0.06 -0.01
Infiltration | ""PTOVe -0.34 0.44
workmanship
0° 1.13 1.45 5.3
Eave extension -0.09 0.00
External
shading
roller shutters -0.23 0.00
Thermal mass -0.49 0.14
Insulation 0.00 0.02
90° External wall 1.44 1.45 5.8
Surface colour 0.08 0.00
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Maximum Change

Peak Load Saving (kW)

Baseline case Level 1 Change Level 2 Change Level 3 Change
Orientation | Design parameters Peak Load (kw) Equivalent Peak Load Saving (kW) | Peak Load Saving (kW) | Peak Load Saving (kW)
- - Star rating - - - - - -
Cooling | Heating Cooling Heating Cooling Heating Cooling Heating
Infilration | MPrOve -0.11 0.45
workmanship
Eave extension 0.09 0.00
External
shading
roller shutters 0.25 0.00
Thermal mass -0.39 0.15
Insulation 0.33 0.02
External wall
Surface colour -0.14 0.00
Infiltration | 'MPrOve 0.18 0.43
workmanship
180° 1.50 1.47 5.6
Eave extension 0.01 0.00
External
shading
roller shutters -0.24 0.00
Thermal mass 0.31 0.13
270° External wall | Insulation 1.60 1.47 5.70 -0.01 0.15

Cooling

Heating

R
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientation | Design parameters Peak Load (kw) Equivalent Peak Load Saving (kW) | Peak Load Saving (kW) | Peak Load Saving (kW) | Peak Load Saving (kW)
- - Star rating - - - - - - - -
Cooling | Heating Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Surface colour 0.31 0.13 -0.39 0.13 -0.38 0.13
Infiltration | "PTOVe 0.06 0.55
workmanship
Eave extension -0.18 0.13
External
shading
roller shutters 0.16 0.13
Thermal mass 0.31 0.26

D.2 Attached House Archetype

Table 97. The peak load analysis results of the Attached Archetype for Climate Zone 2 (assuming a heating and cooling system COP of 3.0).
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientatio Peak Load (kW) Peak Load Decrease Peak Load Decrease Peak Load Decrease Peak Load Decrease
n Design parameters (kw) (kw) (kW) (kw)
Coolin | Heatin . . . . . . . .
. @ Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Insulation 0.01 0.03 0.02 0.03 0.02 0.04 0.02 0.04
External
wall
Surface colour 0.01 0.00 0.02 0.00 0.02 -0.01 0.02 -0.01
Roof surface type 0.03 0.00 0.07 0.01 0.05 0.00
Roof Surface colour 0.03 0.00 0.03 0.01 0.04 0.00
Openness 0.02 0.00 0.04 0.01
0° Ceiling Insulation 2.33 1.01 0.01 0.02 -0.01 0.03
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
208
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External

Eave extension

shading

roller shutters

0.06

Thermal mass

0.08

LOW CARBON LIVING
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-0.04

0.09
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientatio Peak Load (kW) Peak Load Decrease Peak Load Decrease Peak Load Decrease Peak Load Decrease
n Design parameters (kw) (kw) (kW) (kw)
Coolin Heatin . . . . . . . .
. @ Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Slab Insulation
(Unden) -0.06 -0.04
Ventilation Ceiling fan -0.10 0.00
Infiltration Improve workmanship -0.03 0.29
Eave extension 0.05 -0.01
External
shading
roller shutters 1.15 0.00
Thermal mass 0.08 0.04
Insulation 0.01 0.01
External
wall
Surface colour 0.01 -0.01
180° Roof surface type 2.27 0.74 0.02 -0.01
Roof Surface colour 0.02 -0.01
Openness 0.02 -0.01



Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load Decrease

Peak Load Decrease

Peak Load Decrease

Peak Load Decrease

Srlentatlo Design parameters Peak Load (kW) (kw) (kw) (kW) (kw)
Coolin | Heatin . . . . . . . .
. @ Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Ceiling Insulation 0.10 0.03 -0.08 0.05 -0.08 0.05 -0.06 0.06
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
Eave extension
External
shading
roller shutters
Thermal mass
- I Insulation 0.02 0.02 0.02 0.03 0.03 0.04 0.04 0.05
2700 Walfma 281 | 0.80
Surface colour 0.01 0.01 0.03 0.00 0.05 0.00 0.05 -0.01
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Orientatio
n

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load (kW)

Peak Load Decrease
(kw)

Peak Load Decrease
(kw)

Peak Load Decrease
(kw)

Peak Load Decrease
(kw)

Cooling Heating

;:oolln :eatm Cooling Heating Cooling Heating Cooling Heating
Roof surface type 0.05 0.00 0.10 0.00 0.11 -0.01
Roof Surface colour 0.05 0.00 0.10 0.00 0.11 0.00
Openness 0.04 0.01 0.07 0.00
Ceiling Insulation 0.02 0.04 0.05 0.05
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
Eave extension
External
shading
roller shutters
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* Slab edge insulation to be re-modelled in updated version of AccuRate Sustainability when available

Insulation

External
wall
Surface colour
o° Roof surface type
Roof Surface colour

Openness

2.07

1.19

Table 98. The peak load analysis results of the Attached Archetype under Climate Zone 5 (assuming a heating and cooling system COP of 3.0).

0.01 0.00 0.01 0.00
-0.15 0.00 -0.08 0.00
-0.18 0.00 -0.08 0.00
-0.12 -0.01 -0.11 0.00
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Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load Decrease

Peak Load Decrease

Peak Load Decrease

Peak Load Decrease

Srlentatlo Design parameters Peak Load (kW) (kw) (kw) (kW) (kw)
Coolin | Heatin . . . . . . . .
. @ Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Ceiling Insulation 0.02 0.02 -0.22 0.04 -0.19 0.05 -0.18 0.05
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
Eave extension
External
shading
roller shutters
Thermal mass
= I Insulation
90° e 377 | 125
Surface colour 0.03 0.00 0.13 -0.01 0.16 -0.01 0.17 -0.01
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Orientatio
n

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load (kW)

Peak Load Decrease
(kw)

Peak Load Decrease
(kw)

Peak Load Decrease
(kw)

Peak Load Decrease
(kw)

Cooling Heating

goolln :eatm Cooling Heating Cooling Heating Cooling Heating
Roof surface type 0.06 0.00 0.09 0.00 0.12 -0.01
Roof Surface colour 0.05 0.00 0.09 -0.01 0.11 -0.01
Openness 0.05 0.00 0.07 0.00
Ceiling Insulation 0.01 0.01 0.04 0.03
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
Eave extension
External
shading
roller shutters
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientatio Peak Load (kW) Peak Load Decrease Peak Load Decrease Peak Load Decrease Peak Load Decrease
n Design parameters (kw) (kw) (kW) (kw)
Coolin Heatin . . . . . . . .
. @ Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Thermal mass -0.21 0.06 -0.36 -0.13 -0.34 -0.04 _
Insulation 0.01 0.02 -0.12 0.04 -0.12 0.04 -0.11 0.05
External
wall
Surface colour 0.01 0.00 -0.12 -0.01 -0.11 -0.01 -0.11 -0.01
Roof surface type 0.01 0.00 0.06 0.00 0.10 -0.01
Roof Surface colour 0.01 0.00 0.07 -0.01 0.02 0.00
Openness 0.00 0.00 0.06 0.00
180° 1.95 1.14
Ceiling Insulation 0.02 0.02 -0.05 0.04
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
TR 216
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientatio Peak Load (kW) Peak Load Decrease Peak Load Decrease Peak Load Decrease Peak Load Decrease
n Design parameters (kw) (kw) (kW) (kw)
Coolin Heatin . . . . . . . .
. @ Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Eave extension 0.04 -0.01 -0.01 -0.02 0.00 -0.02 0.00 -0.03
External
shading
roller shutters 0.01 -0.01
Thermal mass -0.02 0.05
Insulation 0.00 0.02
External
wall
Surface colour 0.00 0.00
Roof surface type 0.00 -0.01 0.02 -0.01 0.03 -0.01
2700 Roof Surface colour 3.20 1.95 0.01 0.00 0.03 -0.01 0.04 -0.01
Openness 0.00 0.00 -0.01 0.00
Ceiling Insulation 0.01 0.01
Floor Slab Insulation
(Edge)*
TR 217
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Orientatio
n

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load (kW)

Peak Load Decrease
(kw)

Peak Load Decrease
(kw)

Peak Load Decrease
(kw)

Peak Load Decrease
(kw)

el | el Cooling Heating
g g
Slab Insulation
(Under) -0.08 -0.01
Ventilation Ceiling fan 0.04 0.00
Infiltration Improve workmanship -0.01 0.44
Eave extension 0.01 -0.01
External
shading
roller shutters 0.40 0.00
Thermal mass 0.03 0.06

Cooling

Heating

Cooling Heating

Cooling Heating

* Slab edge insulation to be re-modelled in updated version of AccuRate Sustainability when available
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Table 99. The peak load analysis results of the Attached Archetype for Climate Zone 6 (assuming a heating and cooling system COP of 3.0).

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load Decrease

Peak Load Decrease

Peak Load Decrease

Peak Load Decrease

[j\ LOW CARBON LIVING
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Srlentatlo Design parameters Peak Load (kW) (kw) (kw) (kW) (kw)
goolln :eatln Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Insulation 0.02 0.02 0.03 0.02 0.00 0.03 0.01 0.04
External
wall
Surface colour 0.01 0.00 0.01 0.00 0.00 -0.01 0.00 -0.01
Roof surface type 0.02 0.00 0.04 0.00 0.05 0.00
Roof Surface colour 0.02 0.00 0.45 0.01 0.01 0.00
Openness 0.03 0.00 0.02 0.00
0° Ceiling Insulation 2.43 2.01 0.42 0.01 0.14 0.03
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship




External

Eave extension

shading

roller shutters

0.01

-0.01

Thermal mass

0.01

LOW CARBON LIVING

220

0.00

0.03




-

Y LOW CARBON LIVING
e

221

Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
Orientatio Peak Load (kW) Peak Load Decrease Peak Load Decrease Peak Load Decrease Peak Load Decrease
n Design parameters (kw) (kw) (kW) (kw)
Coolin Heatin . . . . . . . .
. @ Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Slab Insulation
(Unden) -0.13 0.05
Ventilation Ceiling fan -0.01 0.00
Infiltration Improve workmanship -0.12 0.50
Eave extension 0.06 0.00
External
shading
roller shutters 0.95 0.01
Thermal mass 0.27 0.04
Insulation -0.01 0.02
External
wall
Surface colour -0.02 0.00
180° Roof surface type 2.37 1.99 -0.01 0.00
Roof Surface colour 0.05 0.00
Openness -0.02 0.00



Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load Decrease

Peak Load Decrease

Peak Load Decrease

Peak Load Decrease

Snentatlo Design parameters Peak Load (kW) (kw) (kW) L59) (kW)
Coolin | Heatin . . . . . . . .
. @ Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Ceiling Insulation 0.40 0.01 -0.06 0.03 0.45 0.04 -0.03 0.05
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
Eave extension
External
shading
roller shutters
Thermal mass
- I Insulation 0.02 0.02 0.12 0.03 0.13 0.03 0.08 0.04
2700 Walfma 265 | 209
Surface colour 0.01 0.00 0.03 0.00 0.12 0.00 0.01 0.00
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Orientatio
n

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load (kW)

Peak Load Decrease
(kw)

Peak Load Decrease
(kw)

Peak Load Decrease
(kw)

Peak Load Decrease
(kw)

Cooling Heating

;:oolln :eatm Cooling Heating Cooling Heating Cooling Heating
Roof surface type 0.04 0.00 0.15 0.00 0.13 0.00
Roof Surface colour 0.03 0.00 0.14 0.01 0.09 0.00
Openness 0.02 0.00 0.21 0.00
Ceiling Insulation 0.02 0.02 0.22 0.03
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
Eave extension
External
shading
roller shutters

CARBON LIVING
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* Slab edge insulation to be re-modelled in updated version of AccuRate Sustainability when available
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D.3

Detached House Archetype

Table 100. The peak load analysis results of the Detached Archetype for Climate Zone 2 (assuming a heating and cooling system COP of 3.0).

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

. . Peak Load Saving Peak Load Saving Peak Load Saving Peak Load Saving
;)nentatlo Design parameters Peak Load (kw) Equivalen | (kW) (kW) (kW) (kW)
t Star
i i ratin
goolln :eatln ne Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Insulation 0.02 0.05 0.04 0.08 0.04 0.10 0.05 0.12
External
wall
Surface colour 0.02 -0.01 0.45 -0.01 0.42 -0.02 0.44 -0.03
Roof surface type 0.21 -0.03
Roof Surface colour 0.01 0.00
0° Openness 4.26 1.91 4.40 0.06 -0.06 0.08 -0.06
Ceiling Insulation 0.03 0.08
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)

R
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Ventilation

Ceiling fan

Infiltration Improve workmanship
Eave extension

External

shading

roller shutters

Thermal mass

0.64 0.58
0.27 -0.01
1.22 -0.01
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Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load Saving

Peak Load Saving

Peak Load Saving

Peak Load Saving
(kw)

Cooling

Heating

Srlentatlo Design parameters Peak Load (kW) Equivalen | (KW) (kW) (kw)
t Star
i i ratin
goolln :eatln 8 Cooling Heating Cooling Heating Cooling Heating
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
Eave extension
External
shading
roller shutters
Thermal mass
Insulation
External
wall
180° Surface colour 3.91 1.90 3.80
Roof Roof surface type
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Orientatio
n

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load (kW)

Coolin
g

Heatin
g

Surface colour

Openness
Ceiling Insulation
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
Eave extension
External
shading

roller shutters

Thermal mass

CARBON LIVING

Equivalen
t Star
rating

Peak Load Saving

Peak Load Saving

Peak Load Saving

Peak Load Saving

(kw) (kw) (kw) (kw)

Cooling Heating Cooling Heating Cooling Heating Cooling Heating
0.01 0.00 0.08 -0.01 0.11 -0.01

0.08 -0.06 0.09 -0.06

0.04 0.08

0.07 0.14




Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
. . Peak Load Saving Peak Load Saving Peak Load Saving Peak Load Saving
O tat| .
n rientatio Design parameters Peak Load (kw) Equivalen | (kW) (kW) (kW) (kW)
t Star
i i ratin
;:oolm :eatm 8 Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Insulation 0.05 0.05 0.08 0.07 0.11 0.10 0.13 0.12
External
wall
Surface colour 0.05 -0.01 0.09 -0.02 0.15 -0.03 0.19 -0.03
Roof surface type 0.14 -0.04
Roof Surface colour 0.00 0.00
Openness 0.09 -0.06 0.11 -0.06
270° Ceiling Insulation 3.80 2.08 3.80 0.05 0.08
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
TS 229
{Jl\“ LOW CARBON LIVING
< CRC



Table 101. The peak load analysis results of the Detached Archetype for Climate Zone 5 (assuming a heating and cooling system COP of 3.0).

0° Insulation 4.23 2.31 4.90 0.05 0.04 0.07

0.06

0.09

0.08

0.11

0.10
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Orientatio
n

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load (kW)

Coolin
g

Heatin
g

External
ermna Surface colour
wall
Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship

Eave extension

CARBON LIVING

Equivalen
t Star
rating

Peak Load Saving
(kw)

Peak Load Saving
(kw)

Peak Load Saving
(kw)

Peak Load Saving
(kw)

Cooling Heating

Cooling Heating

Cooling Heating

Cooling Heating

0.02 -0.01

0.05 -0.01

0.09 -0.02

0.10

231




S roller shutters 0.45
shading

[J\é] If:?qlll:J CARBON LIVING




Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
. . Peak Load Saving Peak Load Saving Peak Load Saving Peak Load Saving
Srlentatlo Design parameters Peak Load (kW) Equivalen | (kW) (kw) (kw) (kW)
t Star
i i ratin
goolln :eatln 8 Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Ventilation Ceiling fan -0.01 0.00
Infiltration Improve workmanship 0.97 0.52
Eave extension 0.07 -0.01
External
shading
roller shutters 1.06 0.00
Thermal mass -0.01 0.02
Insulation 0.05 0.04
External
wall
Surface colour 0.02 -0.01
Roof surface type 0.10 -0.02
180° 4.14 2.32 4.50
Roof Surface colour 0.00 0.00
Openness 0.00 -0.03
Ceiling Insulation 0.05 0.05
T 233
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
. . Peak Load Saving Peak Load Saving Peak Load Saving Peak Load Saving
Srlentatlo Design parameters Peak Load (kW) Equivalen | (kW) (kw) (kw) (kW)
t Star
i i ratin
;:oolln :eatln 8 Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
Eave extension
External
shading
roller shutters
Thermal mass
Insulation
External
wall
270° Surface colour 4.16 2.34 4.60
Roof Roof surface type
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Orientatio
n

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load (kW)

Coolin
g

Heatin
g

Surface colour
Openness
Ceiling Insulation
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
Eave extension
External
shading
roller shutters

Thermal mass

Equivalen
t Star
rating

Peak Load Saving

Peak Load Saving

Peak Load Saving

Peak Load Saving

0.05

0.06

-0.19

-0.02 0.00
0.39 0.52
0.05 -0.01
0.37 0.00
-0.01 0.02

0.09

0.10

(kw) (kw) (kw) (kw)

Cooling Heating Cooling Heating Cooling Heating Cooling Heating
0.00 0.00 0.06 -0.01 0.09 -0.01

0.02 -0.03 0.04 -0.04

* Slab edge insulation to be re-modelled in updated version of AccuRate Sustainability when available
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Table 102. The peak load analysis results of the Detached Archetype for Climate Zone 6 (assuming a heating and cooling system COP of 3.0).

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load Saving

Peak Load Saving

Peak Load Saving

Peak Load Saving

{’Al‘; LOW CARBON LIVING

< CRC

Srlentatlo Design parameters Peak Load (kw) Equivalen | (kW) (kW) (kW) (kW)
t Star
i i ratin
goolln :eatln 8 Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Insulation 0.02 0.03 0.17 0.05 0.18 0.07 0.19 0.08
External
wall
Surface colour 0.01 0.00 0.01 0.00 0.04 -0.01 0.05 -0.01
Roof surface type 0.00 0.00
Roof Surface colour 0.00 0.00
Openness -0.01 -0.02 0.00 -0.03
0° Ceiling Insulation 3.59 3.73 4.90 0.17 0.05
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship




Eave extension 0.19 0.00 0.24 -0.01 0.01 -0.01 0.07 -0.02

External
shading

roller shutters

Thermal mass
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Baseline case Level 1 Change Level 2 Change Level 3 Change Maximum Change
. . Peak Load Saving Peak Load Saving Peak Load Saving Peak Load Saving
Srlentatlo Design parameters Peak Load (kw) Equivalen | (kW) (kW) (kW) (kW)
t Star
i i ratin
goolln :eatm 8 Cooling Heating Cooling Heating Cooling Heating Cooling Heating
slab Insulation -0.83 -0.57 -1.29 -0.74 -1.30 -0.80 -1.43 -0.83
(Under)
Ventilation Ceiling fan 0.04 0.00
Infiltration Improve workmanship -0.20 0.52
Eave extension -0.01 0.00
External
shading
roller shutters 0.21 0.00
Thermal mass -0.04 0.05
Insulation 0.03 0.03
External
wall
Surface colour 0.02 0.00
180° Roof surface type 3.36 3.73 4.90 0.00 0.00
Roof Surface colour -0.02 0.00
Openness 0.00 -0.02




Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load Saving

Peak Load Saving

Peak Load Saving

Peak Load Saving

Srlentatlo Design parameters Peak Load (kw) Equivalen | (kW) (kW) (kW) (kW)
t Star
i i ratin
;:oolm :eatm 8 Cooling Heating Cooling Heating Cooling Heating Cooling Heating
Ceiling Insulation 0.02 0.05 -0.12 0.08 -0.09 0.10 -0.21 0.12
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
Eave extension
External
shading
roller shutters
Thermal mass
- I Insulation 0.04 0.03 0.06 0.05 0.08 0.06 0.06 0.07
2700 w)a(\lfma 348 | 374 |4.80
Surface colour 0.02 0.00 0.05 -0.01 0.09 -0.01 0.25 -0.01
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Orientatio
n

Design parameters

Baseline case

Level 1 Change

Level 2 Change

Level 3 Change

Maximum Change

Peak Load (kW)

Coolin | Heatin
g g

Roof surface type
Roof Surface colour
Openness
Ceiling Insulation
Slab Insulation
(Edge)*
Floor
Slab Insulation
(Under)
Ventilation Ceiling fan
Infiltration Improve workmanship
Eave extension
External
shading
roller shutters

Equivalen
t Star
rating

Peak Load Saving
(kw)

Peak Load Saving
(kw)

Peak Load Saving
(kw)

Peak Load Saving
(kw)

CARBON LIVING

Cooling Heating Cooling Heating
0.01 0.00

0.00 0.00

0.02 -0.02 0.02 -0.03
0.05 0.04

Cooling Heating

Cooling Heating




* Slab edge insulation to be re-modelled in updated version of AccuRate Sustainability when available
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Appendix E: Supplementary Benefit-Cost Calculations

Residential Domestic Hot Water
Domestic hot water is a significant energy use within Australian homes, and indeed is dominant in mild climates where
heating and cooling needs are limited. Australian homes currently use a mix of technologies for domestic hot water,
including:

e Electric storage

e Instantaneous electric

e Gas storage

¢ Instantaneous gas

e Electric heat pump

e Solar — electric boosted

e Solar — gas boosted

For the purposes of this study, only electric options are being considered as this enables many building types to become
net zero emission buildings through the use of PV. This however is only a reflection of the scenario development
process and is not a recommendation against gas DHW per se. A full Code development process would need to
properly address the complex issues of the electricity/gas question.

Scenario Formulation
The available electric DHW technologies have been characterised as listed in Table 103, noting the Efficiency COP is
the number of units of hot water produced per unit of energy put in, not including standing losses. It is noted that the
actual efficiency of solar varies widely based on the installation and climate zone, and the efficiency of heat pump units is
temperature dependent

Table 103. Electric DHW technologies considered.

Technology Description Effective Efficiency
(COP)

Electric storage Direct electric heating elements in a storage tank. 1.0

Standard Heat Pump HCFC refrigerant heat pump with storage tank. Examples: 3.0

Rheem MPi series

High Performance Heat CO2 refrigerant heat pump with storage tank. Examples: 4.5
Pump Sanden EcoPlus
Solar with electric boost Roof mounted solar panel/storage tank unit. Examples: 4.0

Rheem Hiline series

For the townhouse and detached house archetypes, all of the nominated technologies are viable. For apartments,
however, only direct electric heating is viable as a technology for DHW on an individual apartment basis; other
technologies require a centralised system (which is common practice, albeit typically gas fired, in larger apartment
buildings). As it is beyond the scope of this study to assess centralised DHW versus individual unit DHW, and as it is
possible for heat pump and solar technologies to be used with centralised systems, we have elected not to analyse DHW
for apartments, and instead extrapolate the results for the other archetypes to the apartment case.

) LOW CARBON LIVING
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Assuming a townhouse occupancy of 3 persons and a detached house occupancy of 5 persons, both can be served
adequately using a system of any technology with approximately 300-325 litre storage. Costs vary but based on a
survey of prices available on the web it is possible to characterise costs as follows:

Technology Sample System Capital Cost

Electric storage 3.6kW direct electric heating elements in a 315 litre storage $1,200
tank.

Standard Heat Pump R134a heat pump plus 3.6kW booster elements in a 325 litre $3,000
storage

High Performance Heat CO2 pump with 315 litre storage tank $4,800

Pump

Solar with electric boost 300 litre roof mounted solar panel/storage tank unit with 3.6kW | $4,500

boost.

Based on work by Whaley et al, annual standing losses from storage systems have been estimated at around

1.8 kWh/day. The same reference identifies average hot water use as 39 litre per person per day; for the purposes of
the current calculation, a 40°C temperature rise has been assumed. In practice this varies with inlet temperature and
thus with climate zone; however this is a second order factor and has been disregarded for the purpose of the current
calculation.

Based on these assumptions the calculated energy use figures are as shown in Table 104 and Table 105.

Table 104. DHW energy use calculations for the townhouse

Table 105.

Annual
Annual water | Water use Standing Standing energy use
Technology use (litres) energy (kWhe) | losses (kWhi) | losses (kWhe) | (kWhe)
Direct Elec 42705 1993 664 664 2657
Standard HP 42705 664 664 221 886
Hi Perf HP 42705 443 664 148 590
Solar DHW 42705 498 664 166 664
DHW calculations for the detached house.
Annual
Annual water | Water use Standing Standing energy use
Technology use (litres) energy (kWhe) | losses (kWhi) | losses (kWhe) | (KWhe)
Direct Elec 71175 3322 664 664 3986
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Annual
Annual water | Water use Standing Standing energy use
Technology use (litres) energy (kWhe) | losses (kWhi) | losses (kWhe) | (KWhe)
Standard HP 71175 1107 664 221 1329
Hi Perf HP 71175 738 664 148 886
Solar DHW 71175 830 664 166 996

It is noted that there is a significant difference in the peak demand from each of these systems. However, as all are
typically connected to ripple or off-peak control, no allowance has been included in the economic analysis for the impacts
on network infrastructure.

A 15 year lifespan has been assumed for all systems.

Results — Baseline Analysis
All three upgraded technologies are cost effective relative to direct electric heating, as shown in Figure 41.

4.5

N
"

N

Benefit Cost Ratio
=
wn

°
n e

o

Solar DHW

Std Heat Pump Hi Perf HP

B Townhouse M Detached

Figure 41. Benefit cost results for DHW technologies relative to direct electric.
However, the cost benefit for high performance heat pumps and solar DHW relative to standard heat pump is not
attractive, at 0.43/0.39 (HP/solar respectively) for townhouses and 0.64/0.58 for the detached house.

Based on these results, the appropriate level of stringency for DHW based on current economics is taken to be that of
standard heat pump technology.
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7.1.1.10 E.3.1 Future Economic Scenario

The high performance heat pump currently carries a significant price premium relative to the standard heat pump, and
yet comprises essentially the same technological components while using a different refrigerant (albeit at higher
pressure). Itis reasonable to expect, therefore that the real cost of the high performance heat pump will reduce
significantly and production volumes and market competition increase. Given the 85% phase down of R134a over the
next 20 years, it is reasonable to project that the cost of the high performance units will reduce to 110% of the standard
heat pump over the next 10 years.
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Appendix F: Residential Lighting Simulation Screenshots

Figure 42. Apartment model — north east isometric view of rendered simulation

Figure 43. Apartment model — plan view of rendered simulation.
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Apartment archetype
Model 1.5

Bathroom

Area = 80m2
13W CFL oysters (&)
11W CFL oysters »

339W total . Kitchen
Bathroom . Illuminance (Lux)
4.2W/m2 Illuminance (Lux) Entry Average = 71.4
::ex_-age - :;;1 1 hall Maximum = 135.6
ximm = . e Minimum = 0.8
Minimum = 42.0
Bathroom Laundry “
6.l 6.3 b
hall =
Bed 1 Ensuite Bed 2 3 -‘@ b s N
Tlluminance (Lux) Illuminance (Lux) Illuminance (Lux) i .
Rverage = E3i.@ Average = 69.2 Average = 38.6 - iz -
Maximum = 104.1 Maximum = 97.5 Maximum = 106.7 : : ' -
Minimum = 32.1 Minimum = 28.6 Minimum = 31.9 | . ol
Bed 1 Bedroom Hall Living room

Tlluminance (Lux)
hverage = 64.%
Maximum = 75.1
Minimum = 50.3

a.Cg) ETR R 'sz.@'.l.? ET ':-7.6}“.1

Living

M

Figure 44. Apartment model 1.5 (CFL base case).

Apartment archetype
Model 1.7

Bathroom
Area = 80m2
10W LED oysters (=)
TW LED oysters b
252W total Kitchen
o ) Bathroam - Tlluminance (Lux)
3.2W/m2 Illuminance (Lux) Entry Average = 7.6
Average = 82.0 hall Maximum = 151.7
Maximum = 122.3 Minimum = 0.8
Minizum = 44.4
Bathroom Laundry
hall
Bed 1 Ensuite Bed 2 B £ e e
Illuminance (Lux} Illuminance (Lux) Illuminance (Lux)
hverage = 82.8 Average = €3.5 Rverage = 88.0 5.7 k0.7
H‘_ax:_:num = 100.4 Maximum = %5.7 Maximum = 104.5 §
Minimum = 33.8 Minimum = 29.8 Minimum = 33.4 .
Bed 1 Bedroom Hall Living roem
- Illuminance (Lux)
Wy e e T HT -61.{1}62.5 Average = 70.8
Ba.e e %e7 s Q O - Maximum = 81.7
| Minimem = 54.7 Q [O) n

Living

Figure 45. Apartment model 1.7 (LED case).

Jk LOW CARBON LIVING 2‘”
<> CRC



Figure 46. Detached house model — south west isometric view of rendered simulation.

Figure 47. Detached house model — plan view of rendered simulation.
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Figure 50. Attached house model — east elevation of rendered simulation.

Figure 51. Attached house model — plan view of rendered simulation — 1% floor plan with ground floor laundry and stairs visible on left.
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Figure 52. Attached house model 3.3 (CFL base case).

smawmrei | Attached house archetype

Total area = 140.5m2

16W LED oysters (o] Mo de l 3 - 4

W LED oysters 4

Ground floor IPD = 3.7W/m2
1st floor IFD = 3.1W/m2
Total IFD = 3.3W/m2

Ground floor_Laundry
Illuminance (Lux)

- Ground floor Kitchen

= Laundry Illuminance (Lux)
::;:E: - gg-g Average = 96.8
Minimum = $9.7 wles Maximum - 174.3

Minimum = 19.3

1st floor_Bed 1
Illuminance (Lux)
| average = 96.8
Haximum = 174.3
Minimum = 19.3
l=t floor_Ensuite
Illuminance (Lux)
Average = 72.6
Maximum = 188.7
Minimum = 17.4

Stairs
Illuminance {Lux}
RAverage = 104.5
Maximum = 261.9%
Minimum = 33.8

1st floor Mall
Illuminance (Lux)
Average = 32.4
Maximum = 44.0
Minimum = 26.0
Ground floor_Entry
Illuminance (Lux)
hverage = 88.%
Maximum = 107.0
Minimum = B5.9

1st floor_Bathrooom
Illuminance (Lux)
Average = 90.5
Maximum = 191.8
Minimum = 39.5

1st floor_Bed 2
Illuminance (Lux)
Average = 70.
Maximum = 131.0
Minimum = 17.5

1st floor_Study
I1luminance (Lux)
Average = 84.3 Y o o
Maximum = 135.2 .
Minimum = 32.3

1st floor_Living room
Illuminance (Lux}
hverage = 75.8
Maximum = 191.8
Minimum = 17.4

B W WL M W Ans

Figure 53. Attached house model 3.4 (LED case)

LOW CARBON LIVING
< CRC



Appendix G: Air Tightness and Infiltration Rates in Residential Archetypes

G.1 Introduction
To ascertain the impact of air tightness improvements the baseline archetype models were developed with air tightness
values that approximately matched the average from blower door survey data made available by the CSIRO in their
report “House Energy Efficiency Inspections Project” (Ambrose & Syme 2015, p10).

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

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

G.2 Method

In order to achieve the targeted infiltration rate in the base case models, the following procedure was carried out.

1. The infiltration rate ACHarchetype Of the AccuRate archetype base case model was calculated using the information
provided in Chen’s documentation Infiltration Calculations in AccuRate V2.0.2.13 (Chen, 2013):

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

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

b
a (%) , where a and b depend on the terrain category, and are specified as 0.67 and 0.25 for a suburban

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

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

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

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

2. The equivalent building envelope permeability (i.e. under a blower door test conditions), ACHso, was calculated by
utilizing an correlation that is commonly used in the air tightness industry whereby ACHso ~ 20 x ACH (Sherman,
1987). It should be noted that despite the fact that this correlation is widely accepted (CIBSE, 2000; Egan, 2011), it
is an approximation to reality and does not take account of many factors such as wind shielding or the type of air
leaks.
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3. Wall vents were added in all zones in AccuRate so as to achieve an infiltration rate as close as possible to 15ACH at
50Pa, i.e. ACHarchetype 50 = 15ACHSs0 + 5%. If the value obtained was larger than 15ACHso + 5%, the wall vents in the
zones were progressively removed. This wall vent removal process was typically undertaken first in the zones with
an exhaust fan, which led to the three archetype with at least one exhaust fan, wall vent or both in all zones (with the
exception of the ‘Walk in Robe’ of the Detached house archetype).

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

G.3 Summary of Estimated Air Change Rates in Archetypes
The purpose of undertaking the process above was to provide reasonably consistent ACHsp values across the three
archetypes so that the impact on heating and cooling energy consumption of improving air tightness could be determined
with greater confidence than an alternative ad hoc approach.

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

The following table summarises the calculated air change rates using the method outlined above for the three archetypes
and wind speed data from each of the three AccuRate weather files, and for each of the three infiltration options tested
using the approach in Section G.2.

Note that the Apartment and the Attached Townhouse each had 2 exhaust fans, while the Detached House had 6
exhaust fans. Note also that option ‘a) ACH with vents and unsealed exhaust fans’ corresponds to the Baseline | case in
the 1-D stringency analysis, and option ‘c) ACH with no vents sealed and sealed exhaust fans’ corresponds to the Level
1 stringency case.

Table 106. Summary of the equivalent infiltration air change rates (ACHsp) determined for each archetype and climate zone using the method
summarised above.
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Estimated Air Change per Hour

% change compared to a)

(ACHx) i.e. (b-a)/a or (c-a)/a
CZ2 Apartment | Attached |Detached |Apartment|Attached |Detached
ACH with
a) ACH with vents and 17.6 16.7 16.1
unsealed exhaust fans
b) ACH with vents and
14.4 14.6 11.8 18.2% 12.6% 26.7%
sealed exhaust fans
¢) ACH with no vents sealed
) 6.7 6.1 6.1 53.5% 58.2% 48.3%
and sealed exhaust fans
CZ5 Apartment | Attached |Detached |Apartment|Attached |Detached
a) ACH with vents and
15.2 14.3 14.4
unsealed exhaust fans
b) ACH with vents and
) ACH with vents an 12 12.2 10.1 21.1% | 147% | 29.9%
sealed exhaust fans
¢) ACH with no vents sealed
5.9 5.4 5.5 50.8% 55.7% 45.5%
and sealed exhaust fans
Cz6 Apartment | Attached |Detached |Apartment|Attached |Detached
ACH with
a) ACH with vents and 18.5 17.6 16.7
unsealed exhaust fans
b) ACH with vents and
15.3 15.5 12.4 17.3% 11.9% 25.7%
sealed exhaust fans
c) ACH with no vents sealed
7 6.4 6.3 54.2% 58.7% 49.2%

and sealed exhaust fans
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Appendix H: Residential Photovoltaics (PV) Analysis
The benefit of using PV systems for the attached and detached residential archetypes was analysed using online
PVWatts calculator** developed by US National Renewable Energy Laboratory (NREL). This calculator estimates
the electricity production and energy value of a grid-connected roof or ground-mounted photovoltaic system
based on default inputs or user-defined inputs about the system's location, basic design parameters, and system
economics.

In this analysis, the PV system was assumed to be installed on the north, east and west roofs of the detached
and attached archetypes. The analysis was carried out for three Climate Zones 2, 5 and 6, and four different
orientations. The hip type roof was considered for both archetypes. The specifications of the PV systems used
are summarised in Table 107. Table 108 summarises the available roof areas and roof pitch of both the detached
and attached archetypes and the DC system size installed when the orientation of the house was 0°. In order to
simplify the PV analysis, the North and South facing roof sections were assumed to be the average of the two
areas (80 m? for the detached archetype, 14.5 m? for the attached archetype), as were the East and West facing
sections (37 m? for the detached archetype and 29 m? for the attached archetype). A usable roof space factor of
0.5 (for detached) and 0.4 (for attached) was used to determine the maximum DC system size (in increments of
panel size).

Table 107. Specifications of the PV systems used.

Module type Standard (Efficiency: ~15%)
Array type Fixed (roof mount)

System losses (%) 14

Invert efficiency (%) 96

DC to AC size ratio 1.1

Table 108. Roof areas of the Attached and Detached houses (0 degree orientation).

Detached house Attached house

Section of

Roof ize* i i
Rozof area Roof pitch (°) DC system size Rozof area I?)oof pitch DC system size
(m?) (kw) (m?) ©) (kw)

North Facing 77 23 6.0 14.5 23 0.75

East Facing 40 23 2.75 29.1 23 1.75

South Facing | 84 23 - 14.5 23 -

West Facing 34 23 2.75 29.1 23 1.75

* Size (KW) = Array Area (m2) x 1 KW/m2 x Module Efficiency (%), based on average roof sizes of 80m? and 37m?
for North/South and East/West facing roof sections for detached archetype.

For PV analysis Climate Zones 2, 5 and 6 were represented by weather data from Brisbane, Sydney, and
Melbourne coordinates to establish nominal solar irradiance levels. It was assumed that there was no shading
from nearby buildings/objects, roof sections, or other roof mounted equipment.

4 http://pvwatts.nrel.gov/pvwatts.php
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Table 109 to Table 111 summarises the AC output of the PV system when the detached archetype was oriented
at 0°, 90°, 180°, and 270°, respectively. As expected, for the same climate zone, the monthly AC output of the
PV system was quite different. A higher PV output can be achieved when the baseline house was oriented at
90° or 270°, in comparison to that was oriented at 0° or 180°, due to the capacity of roof area to install a larger
system. The AC output of the PV system also varied greatly with the variation in climate zones. The annual AC
output of the PV system in this detached archetype for Climate Zones 2, 5 and 6 were 20,010 kWh, 18,036 kWh
and 17,745 kWh respectively, when the house was oriented at 90° or 270° and with a DC system size of

14.75 kKW.

Table 109. The electricity generation of the Detached Archetype — Climate Zone 2.

Detached Climate Zone 2
Month 0° and 180° 90° and 270°
North | East + West | Total | North | East + West | Total
January 875 807 1682 401 1761 2162
February 721 634 1355 331 1384 1715
March 788 636 1424 361 1388 1749
April 675 504 1179 309 1101 1410
May 568 398 966 260 869 1129
June 570 371 941 261 809 1070
July 664 436 1100 304 950 1254
August 771 542 1313 353 1182 1535
September 849 656 1505 389 1431 1820
October 827 702 1529 379 1532 1911
November 838 762 1600 384 1662 2046
December 890 826 1716 408 1801 2209
Annual (kWh) 9036 7274 | 16310 | 4140 15870 | 20010
DC System Size (kW) 6 55 115 | 275 12 | 14.75
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Table 110. The electricity generation of the Detached Archetype — Climate Zone 5.

Detached Climate Zone 5

Month 0° and 180° 90° and 270°
North | East + West | Total | North | East + West | Total

January 846 762 1608 388 1662 2050
February 739 627 1366 339 1369 1708
March 669 530 1199 306 1157 1463
April 617 436 1053 283 951 1234
May 482 316 798 221 691 912
June 496 299 795 227 653 880
July 530 326 856 243 712 955
August 636 426 1062 291 931 1222
September 762 570 1332 349 1242 1591
October 856 704 1560 392 1537 1929
November 827 732 1559 379 1596 1975
December 866 788 1654 397 1720 2117
Annual (kWh) 8326 6516 | 14842 | 3815 14221 | 18036
DC System Size (kW) 6 5.5 115| 275 12 | 14.75

Table 111. The electricity generation of the Detached Archetype — Climate Zone 6.

Detached Climate Zone 6

Month 0° and 180° 90° and 270°
North | East + West | Total | North | East + West | Total
January 959 847 1806 439 1848 2287
February 829 690 1519 380 1504 1884
March 810 620 1430 371 1354 1725
April 623 429 1052 286 935 1221
May 418 268 686 192 586 778
June 400 234 634 183 510 693
July 427 266 693 196 581 777
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August 550 371 921 252 811 1063
September 632 476 1108 289 1038 1327
October 849 693 1542 389 1513 1902
November 831 724 1555 381 1580 1961
December 882 790 1672 404 1723 2127
Annual (kwh) 8210 6408 | 14618 | 3762 13983 | 17745
DC System Size (kW) 6 5.5 115| 275 12 | 14.75

Table 112 to Table 114 summarises the AC output of the PV system when the attached house was oriented at

0°, 90°, 180°, and 270°, respectively. Similar monthly and climate zone variation as that observed in the
detached house was also observed. A higher PV output can be achieved when the baseline attached house was
oriented at 0° or 180°, in comparison to that was oriented at 90° or 270°. The annual AC output of the PV system
in this attached house under Climate Zones 2, 5 and 6 were 5,756 kWh, 5,187 kwWh and 5,106 kWh respectively,

when the house was oriented at 0° or 180° with a DC system size of 4.25 kW.

Table 112. The electricity generation for the Attached archetype — Climate Zone 2.

Attached Climate Zone 2
Month 0° and 180° 90° and 270°
North | East + West | Total | North | East + West | Total
January 109 514 623 255 220 475
February 90 404 494 210 173 383
March 98 405 503 230 174 404
April 84 321 405 197 138 335
May 71 253 324 166 108 274
June 71 237 308 166 101 267
July 83 276 359 194 118 312
August 96 345 441 225 148 373
September 106 417 523 248 178 426
October 103 447 550 241 192 433
November 105 485 590 244 208 452
December 111 525 636 260 225 485
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Annual (kWh) 1127 4629 | 5756 | 2636 1983 | 4619

DC System Size (kW) | 0.75 350| 425| 1.75 1.50 | 3.25

Table 113. The electricity generation for the Attached Archetype — Climate Zone 5.

Attached Climate Zone 5

Month 0° and 180° 90° and 270°

North | East + West | Total | North | East + West | Total
January 106 485 591 247 208 455
February 92 400 492 216 171 387
March 84 337 421 195 145 340
April 77 278 355 180 119 299
May 60 201 261 141 86 227
June 62 190 252 145 82 227
July 66 208 274 155 89 244
August 79 271 350 185 116 301
September 95 363 458 222 155 377
October 107 448 555 250 192 442
November 103 465 568 241 199 440
December 108 502 610 253 215 468
Annual (kWh) 1039 4148 | 5187 | 2430 1777 | 4207
DC System Size (kW) | 0.75 350 425| 1.75 1.50| 3.25

Table 114. The electricity generation for the Attached archetype — Climate Zone 6.

Attached Climate Zone 6

Month 0° and 180° 90° and 270°
North | East + West | Total | North | East + West | Total
January 120 539 659 280 231 511
February 104 439 543 242 188 430
March 101 395 496 236 169 405
April 78 273 351 182 117 299
May 52 171 223 122 73 195
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June 50 149 199 117 64 181
July 53 170 223 125 73 198
August 69 237 306 161 101 262
September 79 303 382 184 130 314
October 106 442 548 248 189 437
November 104 460 564 242 198 440
December 110 502 612 257 216 473
Annual (kWh) 1026 4080 | 5106 | 2396 1749 | 4145
DC System Size (kW) | 0.75 350| 425| 1.75 1.50 | 3.25

In order to determine the approximate export ratio (kWh export / kWh generated) of the installed PV systems the
average daily generation profile for each PV configuration and orientation, across all three climate zones, was
compared to the average daily demand profile of the detach and attached archetypes (apartment archetype
excluded from PV analysis at this stage of project). To create the average daily demand profile, the lighting,
domestic hot water and total heating/cooling demand were summated. The lighting profile was assumed to follow
NatHERS protocol, direct electric domestic hot water was assumed to be spread evenly over each 24hr period,
and heating and cooling demand were extracted from the energy analysis results. No allowance was given to
appliance loads beyond that associated with additional heating and cooling requirements, and all demand and
generation was assumed to be consumed or delivered at unity power factor. The lack of appliance loads is a
conservative assumption that will be addressed in the final report. This further work will also identify the optimum
PV capacity for each archetype based on the maximum available capacity and empirical data on the average
rates of export as the ratio of PV array to household energy use is varied.

Table 115. Export ratio for PV generation system on Detached archetype.

PV panel configuration and rating Export Ratio
2.75kW of North facing PV panels only 37%
6.0kW of North facing PV panels only 64%
2.75kW of North facing PV panels, and 12.0kW of East and West facing panels 82%
6.0kW of North facing PV panels, and 5.5kW of East and West facing panels 79%

Table 116. Export ratio for PV generation system on Attached archetype.

PV panel configuration and rating Export Ratio

0.75kW of North facing PV panels only 1%
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1.75kW of North facing PV panels only 39%

0.75kW of North facing PV panels, and 3.5kW of East and West facing panels 61%

1.75kW of North facing PV panels, and 1.5kW of East and West facing panels 56%

Export ratios of 0% and 100% will be utilised for the initial cost benefit analysis in order to provide the boundary
cost benefit results. Export ratios of Table 115 and Table 116 will then be utilised to establish the scenario level
changes between the boundary results. It is noted that export ratios could be reduced, increasing the cost benefit
of PV further, if loads such as domestic hot water and other appliances could be shifted to operate within the
periods of high solar irradiance.
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Appendix I: Multi-Dimensional Stringencies Scenario Results

1.1 Specification for Baselines, Glazing and Multi-dimensional Analyses
Following discussions between CWA, UOW and Energy Action, and recent input from other experts and
stakeholders, the UOW NCC trajectories team adjusted the glazing of the specific building archetypes to
generate baselines archetypes and energy simulation results against the following baselines.

e Changes to glazing in the 1-D archetype glazing types are to be made to ensure that all archetypes are
DTS-compliant for at least one building orientation, for all three archetypes, in all three climate zones.
e Two baseline archetypes with appropriate glazing types for the multi-dimensional analyses are to be
developed such that the archetypes are 6-Star compliant for at least one building orientation, for all
three archetypes, in all three climate zones, i.e.:
0 Using the minimum WWR for daylighting purposes (Awindow>10% of floor area);
o With a larger WWR reflecting some current architectural practice (noting that this task
represents significant extra work as compared to original project scope).
Based on the discussions UOW proposes the following approach and scope of work from here.

1.2 Overview of Multi-dimensional Analysis and Outputs
UOW have produced extensive tables of energy performance for the baseline 1-D archetypes, and with
associated individual higher stringency building elements included.

The major outputs from the future multi-dimensional analyses is essentially be two sets of summary tables shown
schematically below.

Each set of tables includes variations for each archetype and climate zone (CZz), i.e. 3 x 3 tables, each with 4
(orientations) x 3 (new Accurate models) sets of results = 108 models.
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Table 117. Summary of Energy Performance/Equivalent Star Rating using a ‘minimum WWR + 6-Star compliance’ Baseline 1 archetype
design for multi-dimensional analysis.

Orien- Baseline | Baseline Il (Multi-dimensional) results: | Economic stringencies Ambitious
tation results package results stringencies
° ackage
© ¢ Glazing/WWR chosen for both 6- o ) Eesults?
bTS Star and 10% of floor area minimum | ® The initial stringency
compliant daylighting compliance. packages defined to date
do not include glazing o ditto
¢ All other building elements as for the upgrades.
Baseline | (DtS compliant). o
o If it is agreed that further
e Glazing not necessarily DTS simulations including
compliant. glazing upgrades in the
. . packages are required,
e The glazing type_chosen for a given they will be informed by
archetype and climate zone will be :
) ) ) the separate Glazing
applied to all windows (i.e. same on Analvsis work
all facades of the house). Y )
0 (MJIm?ly)
(kWh/m?/y)
(Star Rating)
90, etc.

Table 118. Summary of Energy Performance/Equivalent Star Rating using a ‘increased WWR + 6-Star compliance’ Baseline 111 archetype
design for multi-dimensional analysis.

Orien- Baseline | Baseline 11l (Multi-dimensional) Economic stringencies Ambitious
tation results Results package results stringencies
°) package
¢ Glazing chosen to be more e These initial stringency results
representative of current practice packages do not include
(e.9. WWRnmin+20%) glazing upgrades. o ditto
e 6-Star compliant. * If it is agreed that further
) . simulations including
o Glazm.g not necessarily DTS glazing upgrades in the
compliant. packages are required,
« All other building elements as for the | they will be informed by
1-D baseline (DtS compliant). the separate Glazing
Analysis work.
e The glazing type chosen for a given
archetype and climate zone will be
applied to all windows (i.e. same on
all facades of the house).
0 (MJ/m3/y)
(KWh/m?2/y)
Equivalent
Star rating
90, etc.
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Table 119. Multi-Dimensional Scenario Heating & Cooling Energy using Baseline I1.

Basline | (1-D) Baseline Il (WWRmin) Economic Stringency Ambitious Stringency Economic — change Ambitious — change
(15ACH at 50Pa) * (15ACH at 50Pa)** Case*** Case**** relative to Baseline Il relative to Baseline Il
Heatin [Coolin |Electric |Equi|Heatin |Coolin |Electric [Equi|Heatin |[Coolin |Electric |Equi|Heatin |Coolin |Electric (Equi . |Equi |Avg . |Equi |Avg Avg.
Electri Avg |Electri Equi
g g al V. |g g al V. |g g al v. |g g al V. cal ener Star |cal \Y ener v
2 <, |Energy|Energy|Energy (Star |Energy|Energy Energy |Star |Energy|Energy|Energy |Star |EnergyEnergy|Energy |Star Ener Star |gy imor |Ener Star |gy Star
o [ |8 £ |(MIm?Z|(MJI/m?|(kWh/m |ratin |(MJ/m2|(MJ/m?|(KWh/m [ratin |(MJ/m?|(MJ/m?|(KWh/m |ratin |(MJ/m?|(MJ/m?|(kWh/m |ratin 9 impr |impr P 9 impr |impr |.
S o |B |S 2 2 2 2 ov |y Impr
218 € g ¥ 1y) 1y) g v ly) 1y) g v ly) 1y) g |y 1y) 1y) g ov |ov ov. lov |
S |E |2 |o
< |6 |6 |a
0 n 17 43 5.6 49 (16.1 |29.8 |4.3 6.1 6.3 29.8 3.3 7.1 -21% (1.0
0 |y 10.8 |32.2 |4.0 6.3 |7.3 286 |3.3 6.8 3 32.7 |3.3 7.1 -1% |0.3
11% 0.6
180 |y 6.9 344 |3.8 6.4 |8.1 30.6 |3.6 6.8 1.6 347 |3.4 7.1 -6% 0.3
~ 270 |n 156 |33.5 |45 5.8 |16.3 |31.5 |44 5.9 6.2 341 |3.7 6.6 -16% |0.7
N
(@)
0 n 27.3 |25 4.8 5.1 |25.5 |20.4 |4.3 5.6 10.6 (22.8 |3.1 6.9 -27% (1.3
0 |y 159 (223 |35 6.4 |14.2 |21.3 |3.3 6.7 5.3 27.1 |3.0 6.9 -9% 0.2
20% 0.9
180 |y 12.4 |25.7 |35 6.4 |13.3 |24.6 |35 6.4 3.7 265 |2.8 7.2 -20% |0.8
w 270 |n 251 |246 |4.6 5.3 |245 |26.3 |4.7 5.2 10.6 (275 |35 6.4 -25% (1.2
O
0 n 116.5 |22.1 |12.8 5.6 |105 |22.6 |11.8 5.9 |63.7 |27.2 (8.4 6.9 |53.2 |27.2 |74 7.3 |-29% (1.0 -37% (1.4
S e, |13 oo, |14
= 35% 38%
£ o 0 |y 942 |21.4 |10.7 6.2 |87.6 |22.3 |10.2 6.4 |38.6 |26.3 6.0 7.8 |1386 |25.6 |[5.9 7.8 |-41% (1.4 -42% (1.4
2 |N
< (@)
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180 93.8 24.4 10.9 6.1 |90.3 25.9 10.8 6.2 |41.4 31.5 6.8 75 |41.4 30.5 6.7 75 |-37% (1.3 -38% (1.3
270 118.9 |23.9 13.2 5.4 |110.1 (255 12.6 5.7 |59.2 30.2 8.3 7 59.2 29.4 8.2 7 -34% (1.3 -35% (1.3
0 13.7 38.1 4.8 5.7 |10.4 33.3 4.0 6.4 |10.4 16.8 2.5 8.1 |3.8 14.1 1.7 9.2 |-38% (1.7 -59% (2.8
90 8.4 60.5 6.4 46 [6.6 50.6 5.3 5.3 |6.6 27.6 3.2 7.4 |1.6 23.3 2.3 8.4 |-40% (2.1 -56% (3.1
40% e 57% el
180 3.2 34.7 3.5 7.1 |2.6 30.3 3.0 7.6 |2.6 16.1 1.7 9.1 |0.3 13.5 1.3 96 |-43% (1.5 -58% (2.0
& 270 6.2 63.7 6.5 45 |5.7 51.3 5.3 53 |5.7 28.9 3.2 74 |1.1 25 2.4 8.3 |-39% (2.1 -54% (3.0
o
0 23.4 20 4.0 6.1 |18.7 18.5 3.4 6.7 |18.7 9.4 2.6 7.7 |7.6 8.6 1.5 8.8 |-24% (1.0 -56% (2.1
90 15.7 34.8 4.7 54 |13.4 26.5 3.7 6.4 |13.4 16.1 2.7 7.4 |42 13.4 1.6 8.7 |-26% (1.0 -56% (2.3
28% 1.0 56% 2.0
180 6.8 20.3 2.5 7.8 |6 16.8 2.1 8.2 |6 9 1.4 8.9 |1.1 8.0 0.8 9.7 |-34% |0.7 -60% (1.5
B 270 12.8 35.4 45 56 |12.2 27.6 3.7 6.4 |12.2 16.5 2.7 7.6 |3.4 15.3 1.7 8.6 |-28% (1.2 -53% (2.2
N
O
0 99.4 8 9.9 6.6 |114.4 (8.1 11.3 6.2 |70.7 8.3 7.3 7.4 -36% (1.2
90 94.6 15.9 10.2 6.5 (109.7 (13 11.4 6.2 |67.4 12.4 7.4 7.4 -35% (1.2
37% 2
180 T74.7 7.6 7.6 7.4 |95.5 7.6 95 6.8 |51.9 7.7 55 8.1 -42% (1.3
5
'cEé © 270 93.9 15.8 10.2 6.6 (111 12.9 11.5 6.2 |68.1 12.7 7.5 7.4 -35% (1.2
= N
< O
g & 0 8.4 32.8 3.8 6.3 |9.3 29.4 3.6 6.5 |2.8 16.6 1.8 8.8 |2.8 13.2 1.5 9.2 |-50% (2.3 25 |-59% (2.7 2.9
+— T
)
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90 |y 8.4 371 (4.2 59 (8.2 354 (4.0 6.0 (2.5 19.6 |2.0 8.4 |2.6 15.1 |1.6 8.9 |-49% (2.4 -59% |2.9
_520 B _6009 :
180 |y 8.8 404 [4.6 55 (8.1 36.2 (4.1 59 (2.2 19.2 |2.0 85 |2.2 15.6 |1.6 8.9 |-52% (2.6 51% 60% |3.0 60%
270 |y 9.8 39.2 (45 55 (9.9 348 (4.1 5.9 |3.0 18.2 |2.0 8.5 (3.0 142 |1.6 9.0 |-53% |2.6 -62% |3.1
0 y 15.2 |41.3 |[5.2 4.7 (154 |24.3 |3.7 6.1 |5.3 14 1.8 8.3 |5.3 11 1.5 8.6 [-51% |2.2 -59% |2.5
90 |y 15.7 |43.1 (5.4 46 (146 |26.4 |3.8 5.9 |4.9 155 |1.9 8.2 (4.9 124 |1.6 8.5 [-50% |2.3 -58% |2.6
51% 2.3 58% 2.6
180 [n 16 47.1 |5.8 4.3 (14.7 |28 4.0 5.8 |4.6 16.5 |2.0 8.2 (4.6 13.1 |16 8.4 [-51% |2.4 -59% |2.6
w270 |y 18.7 |42.7 |5.7 4.4 (171 |25.7 |4.0 5.8 |6.4 15 2.0 8.1 |6.5 12.7 |1.8 8.3 [-50% |2.3 -65% |2.5
3
0 \ 96.2 (17 10.5 6.1 |103.4 |9.1 10.4 6.2 |[58.3 |7.9 6.1 7.6 |85 |7.1 6.1 7.7 |-41% (1.4 -42% |1.5
90 |y 96.2 (14.6 |[10.3 6.2 |101.3 |8.3 10.1 6.3 |56.4 |6.4 5.8 7.8 |56.5 |5.6 5.8 7.8 |-43% (1.5 -43% |1.5
22% 1.5 22% 1.5
180 |n 99.2 [(15.2 |[10.6 6.1 |102.1 |8.9 10.3 6.2 |56.4 |7.5 5.9 7.7 |56.6 |6.5 5.8 7.8 |-42% (1.5 -43% |1.6
© |270 |n 101.3 |16.3 [10.9 6 104.9 |9.2 10.6 6.1 [60.3 |8.1 6.3 7.6 |60.4 |7 6.2 7.6 |-40% (1.5 -41% |1.5
3
Notes:

1 At least one orientation of each archetype in a given climate zone had to be DtS compliant (either Glazing Calculator for Detached or Attached, or equivalent 6 Star for Apartment). This column
shows which orientations did/did not comply.

* Baseline | glazing: same glazing used for all orientations for a given archetype/climate zone; Detached and Attached glazing was chosen to meet DtS glazing calculator requirements for at
least one orientation; Apartment glazing required to achieve equivalent 6 Star for at least one orientation.

** Glazing/WWR chosen for both 6-Star and 10% of floor area minimum daylighting compliance. All other building elements as for the Baseline I. Not necessarily DtS compliant for glazing. The
glazing type is the same for all windows of the house for a given climate zone/archetype.
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*** Economic Stringencies applied to Basline Il. Economic stringencies for apartment archetype included infiltration for Climate Zone 6 only (no other stringencies were economic). PV not
included in energy results.

**xAmbitious Stringencies applied to Baseline II.
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Table 120. Multi-Dimensional Scenario Peak Heating & Cooling Power using Baseline 11

ed

Baseline I** Baseline 1l (WWRmin)*** Economic Stringency Case**** Ambitious Stringency Case*****
Climate | Orienta
(] .
2 Zone tion Peak Heating Peak Cooling Peak Heating Peak Cooling Peak Heating Peak Cooling Peak Heating Peak Cooling
% Power (kW)* Power (kW)* Power (kW)* Power (kwW)* Power (kW)* Power (kwW)* Power (kW)* Power (kwW)*
<
0 0.98 1.93 0.80 1.12 0.42 1.45
90 0.77 1.72 0.62 1.38 0.30 1.18
Cz2
180 0.62 1.77 0.69 1.26 0.29 1.30
270 0.92 1.91 0.80 1.40 0.46 1.70
0 1.02 1.86 0.86 1.84 0.46 1.07
90 1.02 1.34 0.86 1.73 0.46 1.58
Cz5
180 1.03 1.52 0.87 1.63 0.50 1.32
270 1.05 1.70 0.90 1.53 0.55 1.18
0 1.41 1.66 1.23 1.77 0.80 1.07 0.75 1.67
90 1.38 1.69 1.23 1.60 0.74 1.64 0.74 1.66
CzZ6
180 1.42 1.43 1.26 1.77 0.79 1.68 0.79 1.00
5
E 270 1.43 1.82 1.27 1.63 0.82 1.59 0.82 1.52
£
§ Cz2 0 1.12 2.27 0.98 2.19 0.98 2.35 0.62 2.13
g
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Detached

Baseline I** Baseline 1l (WWRmin)*** Economic Stringency Case**** Ambitious Stringency Case*****
Climate | Orienta
(] .
2 Zone tion Peak Heating Peak Cooling Peak Heating Peak Cooling Peak Heating Peak Cooling Peak Heating Peak Cooling
% Power (kW)* Power (kW)* Power (kW)* Power (kwW)* Power (kW)* Power (kwW)* Power (kW)* Power (kwW)*
<
90 1.07 3.64 0.90 2.82 0.91 2.75 0.59 2.33
180 0.78 2.48 0.78 1.96 0.78 1.87 0.32 1.75
270 0.84 2.60 0.69 2.29 0.69 2.75 0.39 2.58
0 1.25 2.45 1.00 2.33 1.00 1.92 0.58 1.74
90 1.30 3.58 1.05 2.59 1.04 2.36 0.61 2.48
Cz5
180 1.23 2.05 0.97 1.81 0.97 2.00 0.52 1.45
270 1.31 3.08 1.06 2.53 1.06 2.22 0.62 2.13
0 1.61 2.22 1.76 1.90 1.24 1.33
90 1.67 2.66 1.81 2.02 1.31 1.64
CzZ6
180 1.57 1.79 1.75 1.69 1.22 1.38
270 1.66 2.37 1.82 1.81 1.31 1.62
0 1.54 2.89 1.69 2.82 0.94 2.22 0.94 1.91
Cz2
90 1.50 2.30 1.53 2.59 0.81 2.37 0.81 1.69
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Baseline I** Baseline 1l (WWRmin)*** Economic Stringency Case**** Ambitious Stringency Case*****
Climate | Orienta
(] .
2 Zone tion Peak Heating Peak Cooling Peak Heating Peak Cooling Peak Heating Peak Cooling Peak Heating Peak Cooling
% Power (kwW)* Power (kW)* Power (kW)* Power (kwW)* Power (kW)* Power (kwW)* Power (kW)* Power (kwW)*
<
180 1.51 2.79 1.44 2.35 0.74 2.21 0.74 1.64
270 1.65 2.84 1.59 2.49 0.89 2.32 0.89 1.80
0 2.27 4.40 1.96 3.51 1.18 2.56 1.18 2.17
90 2.28 3.98 1.95 3.16 1.16 2.63 1.16 2.12
Cz5
180 2.28 4.31 1.93 3.55 1.13 2.39 1.14 2.82
270 2.29 4.32 1.96 3.20 1.18 2.17 1.18 2.68
0 2.96 2.94 2.89 2.46 2.07 1.73 2.07 1.65
90 2.96 2.77 2.87 2.24 2.04 1.71 2.04 1.55
Cz6
180 2.96 2.51 2.85 2.09 2.01 1.78 2.01 1.77
270 2.97 2.71 2.88 2.31 2.06 1.62 2.06 1.63
Notes:

* All values are in kW where the conversion assumes a heating/cooling system COP of 3 (nominal).

** Baseline | glazing met DtS requirements for the attached and detached houses and equivalent 6 Star performance requirement for the apartment.
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*** Glazing/WWR chosen for both equivalent 6-Star and 10% of floor area minimum daylighting compliance. All other building elements as for the Baseline I. Not necessarily DtS compliant for
glazing. The glazing type is the same for all windows of the house for a given climate zone/archetype.

**x Economic Stringencies applied to Baseline Il. Economic stringencies for apartment archetype included infiltration for Climate Zone 6 only (no other stringencies were economic). PV not
included in energy results.

ek Ambitious Stringencies applied to Baseline II.
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Table 121. Multi-Dimensional Scenario Heating & Cooling Energy using Baseline I11.

Baseline | (1-D)

Baseline Il (Increased

WWR)

Economic Stringency

Ambitious Stringency

Economic - change

Ambitious - change

Case*** Case**** relative to Baseline Il |relative to Baseline llI
(15ACH at 50Pa)* (15ACH at 50Pa) **
Heatin [Coolin |Electric |Equi|Heatin |Coolin |Electric [Equi|Heatin [Coolin |Electric |Equi|Heatin |Coolin |Electric [Equi Electri Equi |Avg Ava |Electr Equi |Avg évﬂi
g g al V. |g g al V. |9 g al V. |9 g al V. cal v ener St:r cal Y ener vq
o <, |Energy|Energy|Energy Star |[Energy|Energy|Energy |Star |Energy|Energy|Energy |Star |Energy|Energy|Energy |Star Ener Star gy imor [Ener Star (gy Star
o |Q |&§ [£ |(MIm2|(MI/m2|(kwh/m |ratin |(MJ/m2|(MJ/m2|(KWh/m |ratin |(MJ/m2|(MJ/m?2|(KWh/m |ratin |(MJ/m?2|(MI/m2|(kKWh/m ratin 9 impr |impr P 9 impr |impr |.
o = N 5 2 N > ov |y impr
g lSEla W ¥ Mgy ) (I V107 AR ('R (VR (1)) ) |9 oV |ov ov fov | L
S |E |2 |o
< |0 |6 |&
0 n 17 43 5.6 49 (181 (352 |4.9 5.4 8.6 32.7 |3.8 6.4 -23% (1.0
Q0 |y 10.8 [32.2 |4.0 6.3 |10.7 |29.9 |3.8 6.6 4.5 30 3.2 7.3 -15% |0.7
17% 0.8
180 |y 6.9 344 |38 6.4 |7.2 30.1 |35 6.9 25 315 |31 7.3 -9% |0.4
~  |270 |n 156 |33.5 |45 5.8 |16.4 |32.6 |4.5 5.8 7.3 314 |3.6 6.8 -21% |1.0
O
0 n 273 |25 4.8 5.1 |27.4 |21.6 |45 5.4 13.4 |20 3.1 6.9 -32% [1.5
Q0 |y 159 |223 |35 6.4 |16.4 |20.9 |3.5 6.5 6.8 224 |27 7.3 -22% (0.8
26% 1.2
180 |y 12.4 |25.7 |35 6.4 |12.6 |22.6 |3.3 6.7 4.3 229 |25 7.6 -23% (0.9
w270 |n 251 |246 |4.6 5.3 |25.6 |23.3 |4.5 5.4 11.6 |23 3.2 6.8 -29% (1.4
O
0 n 116.5 |22.1 |12.8 5.6 |104.7 |29 12.4 57 |68.1 |31.1 (9.2 6.7 |57.9 |30.5 8.2 7 |-26% (1.0 -34% [1.3
o - -
g 3396 |12 369 |3
£ |o Q0 |y 942 |21.4 |10.7 6.2 |83.3 |30.6 |10.5 6.3 |42 31.7 |6.8 7.4 |42 30.1 |6.7 7.5 |-35% (1.1 -37% [1.2
o |N
< O
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180 93.8 24.4 10.9 6.1 |82.9 28.8 10.3 6.3 |41.5 29.9 6.6 7.6 |41.5 27.9 6.4 7.6 |-36% (1.3 -38% (1.3
270 118.9 |23.9 13.2 5.4 |104.8 [29.7 12.5 5.7 |59.3 29.7 8.2 7 59.3 27.3 8.0 7.1 |-34% (1.3 -36% (1.4
0 13.7 38.1 4.8 5.7 |12.4 42.7 51 54 |12.4 21.7 3.2 7.4 16.2 18.1 2.3 8.4 |-38% (2.0 -56% (3.0
90 8.4 60.5 6.4 4.6 (7.2 73.7 7.5 3.9 |7.2 49 5.2 54 |2.8 43.2 4.3 6.3 |-31% (1.5 -43% (2.4
37% 1.8 50% 2.6
180 3.2 34.7 3.5 7.1 |3.3 40.3 4.0 6.4 |3.3 20.6 2.2 8.4 |0.9 17.7 1.7 9.1 |-45% (2.0 -57% (2.7
& 270 6.2 63.7 6.5 45 |[5.6 80.1 7.9 3.8 |5.6 50.9 5.2 54 |1.9 45.8 4.4 6.1 |-34% (1.6 -44% (2.3
o
0 23.4 20 4.0 6.1 |21.2 23.6 4.1 59 |21.2 12.9 3.2 6.9 [11.3 11.1 2.1 8.2 |-24% (1.0 -50% (2.3
90 15.7 34.8 4.7 54 |13.6 45.3 55 49 (13.6 28.7 3.9 6.2 |5.9 25.9 2.9 7.2 |-28% (1.3 -46% (2.3
20% 1.2 48% 2.1
180 6.8 20.3 2.5 7.8 |6.6 23.3 2.8 7.4 |6.6 12.8 1.8 8.4 |2.2 11.3 1.3 9.1 |-35% (1.0 -55% (1.7
B 270 12.8 35.4 45 5.6 |10.9 47.7 54 49 (10.9 31.6 3.9 6.2 (4.1 29.7 3.1 7 -27% (1.3 -42% (2.1
N
O
0 99.4 8 9.9 6.6 (130.1 [15.9 13.5 5.6 |89.7 15 9.7 6.7 -28% (1.1
90 94.6 15.9 10.2 6.5 |124.6 [30.5 14.4 54 |85.3 28.7 10.6 6.4 -26% (1.0
20% 1.1
180 T74.7 7.6 7.6 7.4 |103.4 (15.3 11.0 6.3 |64.4 14.4 7.3 7.4 -34% (1.1
5
'cEé © 270 93.9 15.8 10.2 6.6 (124.3 |30 14.3 54 |84.7 28 10.4 6.4 -27% (1.0
= N
< O
g & 0 8.4 32.8 3.8 6.3 |9.7 34.2 4.1 6.0 |3.3 20.7 2.2 8.2 |3.3 15.6 1.8 8.8 |-45% (2.2 25 |-57% |2.8 3.1
+— T
)
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90 |y 8.4 371 (4.2 59 |95 40.0 (4.6 54 |3.7 23.0 (25 7.9 |2.1 18.8 |1.9 8.6 |-46% (2.5 -58% |3.2
_479 B _580 -
180 |y 8.8 404 [4.6 55 (8.8 43.7 (4.9 53 |3.1 246 (2.6 7.8 |2.9 189 |2.0 8.4 |-47% (2.5 47% 58% |3.1 58%
270 |y 9.8 39.2 (45 55 (11.1 (40.7 |4.8 5.3 |4.3 226 (25 7.9 (3.5 18.0 |2.0 8.5 [-48% |2.6 -58% |3.2
0 y 15.2 |41.3 |[5.2 4.7 (17.7 |23.4 |3.8 59 |7.6 13.9 |2.0 8.1 (7.6 10 1.6 8.4 [-48% |2.2 -57% |2.5
90 |y 15.7 |43.1 (5.4 4.6 (17 26 4.0 5.7 |75 155 |21 7.9 |6 13.2 |1.8 8.3 [-47% |2.2 -55% |2.6
47% 23 56% 2.7
180 [n 16 47.1 |5.8 43 (164 (269 |4.0 5.7 16.9 155 |21 8 6.9 11.9 |1.7 8.4 [-48% |2.3 -57% (2.7
w270 |y 18.7 |42.7 |5.7 4.4 (19.8 |25.8 (4.2 5.4 |8.9 159 |23 7.7 (7.1 13.3 |1.9 8.2 [-46% |2.3 -55% |2.8
3
0 \ 96.2 (17 10.5 6.1 |99.6 |17.2 (10.8 6 58 152 |6.8 7.4 |58.1 |134 |6.6 7.4 |-37% (1.4 -39% (1.4
90 |y 96.2 (14.6 |[10.3 6.2 |97.7 |16.1 (105 6.1 |56.1 |13.8 [6.5 7.5 |55.6 |12.2 6.3 7.6 |-39% (1.4 -40% |1.5
38% 1.4 39% 1.5
180 |n 99.2 [(15.2 |[10.6 6.1 |97.4 |16.7 |(10.6 6.1 |55.8 |14.7 |6.5 7.4 |56.2 |12.2 6.3 7.6 |-38% (1.3 -40% |1.5
© |270 |n 101.3 |16.3 [10.9 6 102.3 |16.8 |11.0 59 |60.4 (15 7.0 7.3 |61.3 |11.7 |6.8 7.4 |-37% (1.4 -39% |1.5
N
O
Notes:

1 At least one orientation of each archetype in a given climate zone had to be DtS compliant (either Glazing Calculator for Detached or Attached, or 6* for Apartment). This column shows which
orientations did/did not comply.

* Baseline | glazing: same glazing used for all orientations for a given archetype/climate zone; Detached and Attached glazing was chosen to meet DtS glazing calculator requirements for at
least one orientation; Apartment glazing required to achieve equivalent 6 Star for at least one orientation.
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** Glazing chosen to be more representative of current practice (e.g. Baseline 1l +20%). Glazing/WWR chosen for both 6-Star and 10% of floor area minimum daylighting compliance. All other
building elements as for the Baseline I. The glazing type is the same for all windows of the house for a given climate zone/archetype.

*** Economic Stringencies applied to Baseline Ill. Economic stringencies for apartment archetype included infiltration for Climate Zone 6 only (no other stringencies were economic). PV not
included in energy results.

**xAmbitious Stringencies applied to Baseline III.
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Table 122. Multi-Dimensional Scenario Peak Heating & Cooling Power using Baseline 111.

Baseline | (1-D)**

Baseline Il (Increased WWR)***

Economic Stringency Case****

Ambitious Stringency Case*****

ed

Archet | Climate | Orient
ype Zone ation Peak Heating Peak Cooling Peak Heating Peak Cooling Peak Heating Peak Cooling Peak Heating Peak Cooling
Power (kW)* Power (kW)* Power (kW)* Power (kW)* Power (kw)* Power (kW)* Power (kwW)* Power (kW)*
0 0.98 1.93 0.90 1.85 0.57 1.62
90 0.77 1.72 0.67 1.93 0.39 1.71
Cz2
180 0.62 1.77 0.66 1.75 0.41 1.59
270 0.92 1.91 0.90 1.84 0.58 1.77
0 1.02 1.86 0.97 1.83 0.64 1.58
90 1.02 1.34 0.97 1.78 0.63 1.48
Cz5
180 1.03 1.52 0.99 1.86 0.67 1.58
270 1.05 1.70 1.01 1.44 0.72 1.41
0 1.41 1.66 1.34 1.93 0.98 1.75 0.93 1.79
90 1.38 1.69 1.33 2.10 0.88 1.72 0.88 1.67
CzZ6
180 1.42 1.43 1.36 1.56 0.94 1.47 0.94 1.53
T
E 270 1.43 1.82 1.41 2.12 1.02 1.91 1.02 1.83
£
§ Cz2 0 1.12 2.27 1.14 2.41 1.14 2.28 0.84 2.62
g
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4.19

2.32

3.09

2.29

3.66

2.35

3.17

0.77

0.61

0.67

0.97

0.98

0.86

0.99

2.11

2.25

1.97

1.94

0.91

0.91

0.89

0.92

4.31

2.37

3.36

2.74

4.13

2.28

3.23

2.22

3.74

2.37

2.77

2.30

2.46

2.13

2.86

1.05

0.85

0.90

1.34

1.38

1.30

1.40

1.71

1.81

1.66

1.81

0.91

0.91

0.88

0.92

4.23

2.52

3.21

2.73

4.33

2.52

3.66

2.50

4.03

2.30

3.583

3.16

3.39

2.99

2.75

1.05

0.85

0.90

1.34

1.38

1.30

1.40

2.18

2.27

2.17

2.28

1.62

1.61

1.49

1.61

3.64

2.48

2.60

2.45

3.58

2.05

3.08

2.22

2.66

1.79

2.37

2.89

2.30

2.79

2.84

1.07

0.78

0.84

1.25

1.30

1.23

131

1.61

1.67

1.57

1.66

1.54

1.50

151

1.65

90

180

270

90

180

270

90

180

270

90

180

270

Cz5

CZ6

Cz2

payelad
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0 2.27 4.40 1.93 3.66 1.24 2.44 1.25 2.08

90 2.28 3.98 1.92 3.75 1.22 2.55 1.22 2.33
Cz5

180 2.28 4.31 1.90 3.54 1.20 2.40 1.20 2.22

270 2.29 4.32 1.94 3.36 1.24 2.50 1.24 2.50

0 2.96 2.94 3.03 2.81 2.27 2.50 2.27 2.59

90 2.96 2.77 3.01 3.00 2.24 2.82 2.24 2.80
CzZ6

180 2.96 2.51 2.99 2.83 2.20 2.76 2.20 1.96

270 2.97 271 3.02 2.68 2.26 2.14 2.26 2.25

Notes:
* All values are in kW where the conversion assumes a heating/cooling system COP of 3 (nominal).
** Baseline | glazing met DtS requirements for the attached and detached houses and equivalent 6 Star performance requirement for the apartment.

*** Glazing/WWR chosen for both equivalent 6-Star and 10% of floor area minimum daylighting compliance. All other building elements as for the Baseline I. Not necessarily DtS compliant for
glazing. The glazing type is the same for all windows of the house for a given climate zone/archetype.

**+x Economic Stringencies applied to Baseline Ill. Economic stringencies for apartment archetype included infiltration for Climate Zone 6 only (no other stringencies were economic). PV not
included in energy results.

*xxx Ambitious Stringencies applied to Baseline Il.
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Figure 54. Heating and Cooling Energy (Total) across each archetype for the Baseline Il (Increased WWR), Economic Stringency and Ambitious

Stringency Cases
12

10

N £y (o)} (o]

o

Electrical Energy (kWh/m?2/year)

Cz2

CzZ5

Attached

0 90 180 270 0 90 180 270 0 90 180 270

CZ6

W Baseline Il (15ACH at
50Pa)** - Electrical
Heating Energy

O Economic Stringency
Case*** - Electrical
Heating Energy

OAmbitious Stringency
Case**** - Electrical
Heating Energy

@ Baseline Il (15ACH at
50Pa)** - Electrical
Cooling Energy

@ Economic Stringency
Case*** - Electrical
Cooling Energy

O Ambitious Stringency
Case**** - Electrical
Cooling Energy

Figure 55. Heating and Cooling Energy (Separated) for Attached archetype for the Baseline Il (WWRyi,), Economic Stringency and Ambitious

Stringency Cases
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Figure 56. Heating and Cooling Energy (Separated) for Detached archetype for the Baseline Il (WWRmi,), Economic Stringency and Ambitious

Stringency Cases
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Figure 57. Heating and Cooling Energy (Separated) for Apartment archetype for the Baseline 111 (Increased WWR), Economic Stringency and

Ambitious Stringency Cases
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Figure 58. Heating and Cooling Energy (Separated) for Attached archetype for the Baseline 111 (Increased WWR), Economic Stringency and
Ambitious Stringency Cases.
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Figure 59. Heating and Cooling Peak Power (Separated) for Apartment archetype for the Baseline Il (WWRy,;,), Economic Stringency and Ambitious
Stringency Cases
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Figure 60. Heating and Cooling Peak Power (Separated) for Detached archetype for the Baseline Il (WWRpi,), Economic Stringency and Ambitious
Stringency Cases
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Figure 61. Heating and Cooling Peak Power (Separated) for Apartment archetype for the Baseline I11 (Increased WWR), Economic Stringency and
Ambitious Stringency Cases.
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Figure 62. Heating and Cooling Peak Power (Separated) for Attached archetype for the Baseline Il (Increased WWR), Economic Stringency and
Ambitious Stringency Cases.
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Figure 63. Heating and Cooling Peak Power (Separated) for Detached archetype for the Baseline Il (Increased WWR), Economic Stringency and
Ambitious Stringency Cases.
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1.3 Benefit Cost Analysis Results for Multi-Dimensional Scenarios

The results in this Interim Report are based on assessment of measures that are cost-effective when considered
individually. Further work will be done by the Trajectory Project team to analyse the interactions between measures when
they are applied together. The team is also undertaking ongoing analysis of glazing opportunities, which have been
excluded from the results presented here. These updated results will be presented in the Final Report to be published in
mid-2018, with scenarios optimised to get benefit cost ratios closer to 1-1.5. However, this follow-up analysis will not
impact on the cost-effectiveness of each individual measure.

7.1.1.11 1.3.1 Economic assumptions
The economic analysis is based on a benefit cost methodology that is informed by the Australian Government’s Best
Practice Regulation guidelines and Guidance Note on Cost-Benefit Analysis.

Costs for all measures are developed based on contractor and quantity surveyor pricing, retail and trade pricing, and the
2017 edition of the Rawlinson’s Australia Construction Handbook.

A discount rate of seven per cent is used.

The national electricity prices are derived from previous work by CSIRO completed for the Electricity Network
Transformation Roadmap (the Roadmap). A key feature of the Roadmap scenario was that the electricity sector does
more than its proportional share of current national abatement targets (i.e. achieving 40% below 2005 levels by 2030)
and accelerates that trajectory by 2050 to reach zero net emissions. For the electricity sector to achieve net zero
emissions by 2050, an implicit carbon price series was used. Assumed to commence in 2020, the carbon price increases
from around $30/tCO2-e to around $190/tCO2-e by 2050. The national average emission intensity of grid electricity falls
from its current level of around 0.78 tCO2-e/MWh to around 0.09 tCO2-e/MWh by 2050.

It is likely that energy performance improvements will not only reduce energy consumption but also demand on the
network during peak periods. To estimate potential savings from deferred network augmentation, an estimate of average
augmentation costs were sourced from Roadmap scenario modelling outputs, adjusted for the level of overcapacity in
current infrastructure. On this basis the indicative network augmentation cost is modelled as being $963/kW to around
$905/kW by 2050 reflecting recent Australian Energy Regulator (AER) determination decisions and assumed continued
productivity improvements.

An additional allowance was made for the reduction in air conditioning system costs from reduced peak heating or
cooling load. The incremental cost of air-conditioning has been modelled based on a brief study of the cost of split
system air-conditioners. Based on this, an incremental air-conditioning cost saving of $230/kWth was included.

A measure is deemed ‘cost-effective’ if it has a benefit cost ratio to society at least 1 over a 15-year period.

7.1.1.12 1.3.2 Key results

Table 123 summarises the costs and benefits for the combination of measures that were determined to be individually
cost-effective for each archetype in each climate zone. The cost premiums for combined measure is calculated as the
upfront capital costs of the individual measures, minus savings associated with downsizing heating and cooling
equipment and network benefits associated with reduced peak demand.

Table 123. Multi-Dimension Benefit Cost Analysis Summary - Without Glazing.
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Attached Archetype, Climate Zone 2

Capital Cost | Network Energy | Peak | BC BC BC
. (notinc adjustments BC Ratio . . .
Scenario network to capital Use Demand - Today Ratio - 5 | Ratio - Ratio -
adjustments) | cost (kwWh) (kW) yrs 10 years | 15 years
WWRmMmin $ 486 2.32
3,000 ’
Economic $ $
Stringency 3.656 111 292 2.43 1.27 1.47 1.62 1.77
Ambitious $ I 211 2.20 0.44 0.51 0.56 0.61
6,256 114
Attached Archetype, Climate Zone 5
Capital Cost | Network Energy | Peak | BC BC BC
. (not inc adjustments BC Ratio . . .
Scenario network to capital Use Demand -~ Today Ratio - 5 | Ratio - Ratio -
adjustments) | cost (kwWh) (kW) yrs 10 years | 15 years
WWRmMmin $ 356 2.32
3,000 ’
Economic i i i i i i i i
Stringency
Ambitious $ 3 157 1.95 0.38 0.44 0.48 0.52
6,010 355
Attached Archetype, Climate Zone 6
Capital Cost | Network Energy | Peak | BC BC BC
. (not inc adjustments BC Ratio . . .
Scenario network to capital Use Demand - Today Ratio - 5 | Ratio - Ratio -
adjustments) | cost (kWh) (kw) yrs 10 years | 15 years
WWRmMmin $ 1,203 1.86
3,000 '
Economic $ -$
Stringency 3.570 354 763 1.49 10.23 11.84 12.66 13.58
Ambitious - - - - - - - -
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Detached Archetype, Climate Zone 2

Capital Cost | Network Energy | Peak | BC BC BC
. (not inc adjustments BC Ratio . . .
Scenario network to capital Use Demand - Today Ratio - 5 | Ratio - Ratio -
adjustments) | cost (kwWh) (kw) yrs 10 years | 15 years
WWRmMmin $ 693 2.56
5,854 '
Economic $ -$
Stringency 8,551 271 340 2.28 0.73 0.84 0.93 1.01
Ambitious N e 278 1.76 0.64 0.74 0.81 0.88
9,891 773
Detached Archetype, Climate Zone 5
Capital Cost | Network Energy | Peak | BC BC BC
. (not inc adjustments BC Ratio . . .
Scenario network to capital Use Demand - Today Ratio - 5 | Ratio - Ratio -
adjustments) | cost (kwWh) (kw) yrs 10 years | 15 years
WWRmMmin $ 672 3.36
5,854
Economic $ -$
Stringency 8,300 887 333 2.44 1.09 1.26 1.37 1.48
Ambitious $ I 286 2.45 0.57 0.66 0.73 0.79
10,109 873
Detached Archetype, Climate Zone 6
Capital Cost | Network Energy | Peak | BC BC BC
. (not inc adjustments BC Ratio . . .
Scenario network to capital Use Demand - Today Ratio - 5 | Ratio - Ratio -
adjustments) | cost (kWh) (kw) yrs 10 years | 15 years
WWRmMmin $ 1,809 2.28
6,047 '
Economic $ -$
Stringency 7071 547 1,056 1.71 2.74 3.17 3.47 3.76
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- $ -$
Ambitious 9.771 605 1,045 1.65 1.23 1.42 1.56 1.70
Apartment Archetype, Climate Zone 2
onine | aquemens | 119y | Peak fpo oo B fBC o lsc
Scenario network 1o ]capital Use Demand Today Ratio - 5 | Ratio - Ratio -
adjustments) | cost (kwh) (kw) yrs 10 years | 15 years
WWRmMin $ 283 1.29
3,000 '
Economic i i i i i i i i
Stringency
Ambitious $ $ 250 1.41 0.06 0.07 0.08 0.09
5,600 112
Apartment Archetype, Climate Zone 5
oorine | acjusmens | Eneroy [ Peak | po o[BS |BC fBC
Scenario network 1o ]capital Use Demand Today Ratio - 5 | Ratio - Ratio -
adjustments) | cost (kwWh) (kW) yrs 10 years | 15 years
WWRmMin $ 286 1.68
3,000 '
Economic i i i i i i i i
Stringency
Ambitious $ 3 226 1.29 0.15 0.18 0.19 0.21
5,370 379
Apartment Archetype, Climate Zone 6
Capl_tal Cost Ne_twork Energy | Peak . BC BC BC
. (not inc adjustments BC Ratio . . .
Scenario network to capital Use Demand Today Ratio - 5 | Ratio - Ratio -
adjustments) | cost (kwWh) (kW) yrs 10 years | 15 years
WWRmMin $ 823 1.69
3,000 '
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Economic $ -$

Stringency 3.800 101 535 1.50 2.37 2.74 3.00 3.26

Ambitious $ $ 514 1.46 0.65 0.75 0.83 0.90
5,600 223

<
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Appendix J: Residential Model Development Issues and Responses

Issue/Comment from Technical Advisory Group (TAG)

Response

What is the rationale behind archetypes being used to create the baseline energy
consumption? Recommend using NCC 2016 as the energy baseline for relevance.

The baseline energy consumption has been adjusted and is now determined from the
archetypes with design modifications applied to ensure compliance with NCC 2016, via
deemed-to-satisfy measures.

Fine to use the 10 year old plan for apartment as long as it meets requirements for good
design, such as in the new apartment design guidelines in Victoria. If not, it should be
updated.

Apartment archetype has been adjusted slightly to accommodate changes suggested during
TAG. Major change was to reduce size.

I think [NatHERS Protocol] or [International Protocol] would be most suitable. [NatHERS
Protocol] is what sets current minimum requirements, whereas [International Protocol] has
the advantage of being an international protocol, so would help give validation. A [custom
protocol] is to open to criticism.

NatHERS protocol is the default protocol in the software being utilised. As it has been a
common benchmark for a number of years, as per discussion during the TAG meeting, it will
be adopted for the default occupancy schedule during modelling.

Given surface area to volume ratio is the primary metric used to select building archetypes to
‘bracket’ the housing stock, it is important for reporting of the modelling to specify the surface
area to volume ratio for each model

Effective surface area to volume ratio information was included in previously provided
Technical Advisory Group reports. This has been added to archetype details section of Interim
Report.

The size of eaves for all building types should be reviewed against current design practices

Current eaves considerations align with construction drawings provided by TAG as
representative of typical designs. It was noted that size of eave will vary between
developments and climates.

Concern that the apartment area is on the large side, i.e. higher surface area to volume ratio
than typical apartments

Apartment size has been reduced to align with statistics based on perceived apartment sizes
in NSW and Victoria (data from other states not readily available).

There are some concerns about the way NatHERS models heat transfer through large
windows which may be particularly relevant for the apartment archetype modelling

Feedback is that NatHERS software (e.g. AccuRate) has trouble with scaling up windows and
accounting for higher-performance glazing for large window sizes. This has been referred to
the CSRIO. Preliminary checks on this issue indicated that the order of magnitude of error is
not critical to this analysis, and thus the impact of this issue is second order and not
fundamental to the project outcomes..
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Issue/Comment from Technical Advisory Group (TAG)

Response

Infiltration — When you do the cost:benefit analysis, don't assume that extra materials
(internal air barrier wraps etc.) and labour are required to achieve 5.8 ACH@50Pa. We
achieve levels of air tightness between 3 and 8 ACH@50Pa using standard construction and
simply getting the builders to pay attention to detail on all gyprock junctions and
penetrations.

On infiltration, we are assuming an essentially nil cost for this, for the reasons outlined. We
have allowed for the incremental cost of the pressurisation testing only.

When undertaking the cost benefit analysis, can there be some indication that the WA
energy price projections have been taken into account? WA operates its own electricity grid,
and the cost of electricity is determined on state-based needs.

The analysis we are undertaking at the moment (for the Interim Report) is based on national
averages. Energy price projections will be factored in by CSIRO for the next phase of
modelling where we develop up the forward trajectories. This will be included in the Final
Report.

The building archetypes seem generally reflective of WA building practices. However, in the
detached house, the overwhelming construction is double brick in WA. This would have a big
impact on the outcomes in terms of thermal mass. [f there can be something done to see if
double brick makes any material difference, that would be great.

As our analysis is done using estimates at the national level, we have limited plans to model
specific variations by state/territory. We do recognise the double brick construction in WA and
are considering the impacts of increased thermal mass.

The high performance double glazing should not be composite framed with low SHGC. This
doesn’t make any sense in Climate zone 7 and wouldn't in 6 either. We need to be
maximising SHGC in these heating dominated climates over winter (and shading windows
externally over summer). We use high transmission lowE coatings to maintain an SHGC of
above 0.4.

The team has added an additional window option with U-value of 2.9W/m?K and SHGC of
0.51.

The reporting should make clear whether energy and load figures are thermal or electrical
results. Note that a COP of 3 is assumed for all heating and cooling equipment in the base
case

Noted in the Interim Technical Report

Eaves should only be investigated in a single direction, not across all for facades

Eaves analysis has been updated to look at extending eaves only in a single orientation
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Issue/Comment from Technical Advisory Group (TAG)

Response

It was suggested to reduce PV system sizing to a level that is likely to be seen in practice,
working with limitations of building orientation, government subsidies and grid connection
limits

PV system size has been adjusted as suggested

Potential glitches in the AccuRate software for slab edge insulation

There was a known issue with software for modelling slab edge insulation. This was previously
reported as being specific to colder climate zones and therefor was unlikely to impact the
presented energy results in a significant way for preliminary analysis (which only included CZ2,
CZ5 and CZ6). Energy analysis results related to slab insulation have been omitted from this
report. The software issue has subsequently been corrected in latest version of software,
which will be used for the Final Report.

Peak load for building may not happen at the same time as peak load for the grid

We are taking peak demand as occurring at the time of thermal peak demand for the HVAC
system under an assumption that this this will either be at the grid daytime peak or at the 8pm
residential peak because an evening occupant has only just turned the system on. Lighting is
assessed as being at residential peak, 8pm

Peak load may be higher if we use different occupancy profiles from NatHERS Protocol, e.g.
when people return home to a hot, unconditioned house after work

Short-term stringency analysis uses NatHERS Protocol. We will consider adjusting for forward
trajectory to test sensitivity

Should include labour costs for HVAC where there is a step change in system type, e.g.
when stepping down from ducted to split system

To be investigated for Stage 2 of the project.

Ceiling fans: the network savings that adjust the capital cost in Climate Zone 5 are
significantly higher than other dwelling types and other climate zones, making the outcome
cost negative. Please double-check the results.

The simulation results have been checked and appear correct — the improvement is much
higher for detached in CZ5 than for other scenarios.

Are we going to look at the combination of air-tightness and HRV? Heat recovery ventilation
is a completely immature market in Australia, so we’d have to apply some learning rates to
current pricing, to reflect economies of scale, if we did.

HRV is currently not able to be modelled in the existing software, however a module is
currently under development. HRV was identified as a technology to potentially be investigated
in next phase of project.
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Issue/Comment from Technical Advisory Group (TAG)

Response

How are we dealing with the large variation in starting point star ratings by state?

A common 6 Star baseline is being used at this stage, which does not factor in state variations.

We are showing a big cost jump to go to the next increment of R3.5 — is that real?

The majority of the first R3.5 is achieved using glass fibre batts in the stud wall, the additional
insulation is from extruded polystyrene boards, which have a much higher cost.

For DHW, the least cost option for people with access to gas is usually instantaneous gas, or
electric storage where gas is not available. I'm not aware that any form of heat pump is
needed to comply with NCC2016. If instantaneous gas or electric storage were the base
cases, moving to any heat pump or solar would then be cost effective and also save a lot of
energy.

The modelling assumes zero gas. The Code already severely limits the situations in which gas
can be used, to the point that it can’t really be considered to be a viable DTS solution. As a
result we have gone the next step up (HP, also broadly equivalent to gas plus solar) as the
baseline.

Floors are modelled with 200 mm concrete. Residential slab on ground is usually 100 mm.
Suspended slabs in apartments are typically 150 mm thick. Note that ratings do not take into
account the additional concrete thickness provided beams. This adds additional thermal
mass to the dwellings which will overstate their performance.

The impact of decreasing the concrete floor thickness increased the total energy consumption
moderately, by approximately 2.5%. This impact is attributed to the decrease of the thermal
mass, which increased the heating load and generally decreased the cooling load across all
climates.

Apartment slab remains as 200mm as this aligns with example drawings as previously
provided by TAG. Attached suspended slab is already 150mm. Ground floor slab to be
adjusted to be 100mm (previously 200mm). Detached ground slab to be adjusted to 100mm
(previously 200mm).

The floor covering applied to carpeted floors uses only an underlay. Underlay plus carpet
should be used. The additional thermal resistance of the carpet further decouples the
thermal mass in the slab from the air in the rooms and significantly reduces ratings (0.5 stars
+ in the Detached dwelling).

The impact of incorporating a carpet in the model had a substantial impact on the energy
performance in CZ 2 across all archetypes. This is ascribed to the increase of the thermal
resistance between the inside of the archetype and the thermal mass. This, in turn, resulted in
the thermal mass being less effective. The highest change was in the detached house with a
maximum 15% increase in the energy consumption for CZ2. On average, the increase of the
energy consumption across all archetypes in CZ2 was approximately 11%.
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Issue/Comment from Technical Advisory Group (TAG)

Response

Eave modelling is not applied as required by AccuRate data input requirements or Tech Note
1.

The testing of CZ2 found hardly any difference between the technique used and the correct
implementation of eaves via employing the horizontal offset. The attached townhouse had a
slightly larger impact as the baseline case, due to the eaves extended longer (the length was
larger) than what is currently implemented in this change. This change translated into a
moderate increase for the attached townhouse of 3.3% in the energy consumption compared
to the Baslien | (1-D) case. All models have been corrected to model eaves as suggested.

The hallways in the apartment have been included in the adjacent zones. This is not allowed
by Tech Note 1 which requires them to be modelled as separate zones

The apartment archetype has been rezoned. The re-zoning of the apartment resulted in the
inclusion of the hallway, the decrease of the living area and the slightly increase of the kitchen.
These modifications leaded to an average 1.5% energy increase compared to the Baseline |
(1-D) case (which was the incorrectly zoned apartment).

Detached dwelling was incorrectly zoned. The entry/hall zone extends through the Living
room. This may be typical of how commercial buildings are zoned, but is not allowed in Tech
Note 1 because this type of zoning cannot be properly represented by the of the cross-flow
ventilation algorithms in NatHERS tools

The detached archetype has been rezoned. The rezoning of the corridor and living room
showed a slightly increase in the energy consumption. An average of 3% increase in
comparison with the Baseline | (1-D) case was found.

Based on Technical Note 1, the usage of the [attached archetype] zones named Entry, Study
and Bathroom have been re-specified. These usages were day time for Entry and Bathroom
(as opposed to night time) and bedroom usage for the study.

The attached archetype has been rezoned. The results showed a small increase in the energy
consumption, which translated into an average of 4% energy consumption increase compared
to the Baseline | (1-D) case. This difference is mostly attributed to the thermostats schedules
being different between day and night time.

Ceiling fans are included in several ratings for the attached but are not required by the NCC.
If they are not included in CZ1 to CZ5, window openable area must be larger. It is not clear
which is the worst case in terms of energy loads. This may need further consideration.

This item did not involve any modelling but it was needed to ensure that the air movement and
ventilation provisions were met. It was found that the required openable area of the archetypes
to comply with the air movement and ventilation provisions is less than the existing window
openable area. Models were not modified but explanation provided in air movement table.

The project should undertake a relatively small, but representative, sample of simulations to
test the impact of the change in archetype/glazing baselines on the change in energy
savings for the increase in stringency of a single building element/parameter.

Modelling checks were completed. Results demonstrated (with some caveats) that the findings
from the original single-dimensional analysis (with some scenarios glazing not being DtS for
any orientation) provided a sufficiently robust set of results for the subsequent benefit cost
analysis and prioritisation of building element performance upgrades.
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Appendix K: Commercial Model Development Issues and Responses

Issue/Comment from Technical Advisory Group (TAG)

Response

Does IES provide a 3D model of floor slab heat transfer? This is very important for smaller
buildings, in particular.

IES can model floor slabs using the ISO13370 3D methodology. This will be used in the
modelling.

Should the modelling allow for significant changes in building form, such as an H-floorplate
office with high daylight access, in response to the increased demand for efficiency?

Design responses of this nature tend to be very site and application specific and are difficult
to extrapolate (and even more difficult to phrase as regulation). As a result, only the most
generic design changes are covered in this study (such as changing window size, adding
shading/light shelves and adding mass) as these have the potential to be codified. In an NCC
context, smarter and more holistic design solutions are encouraged via the use of
performance methods (e.g. JV3).

Internal heat loads for the office example are of the order of 150W/person, these seem high?

The internal load assumptions are 11W/m? and 1 person per 14m?, giving a total of 154
W/person as noted. Bear in mind that this isn’t just a computer — it is also a share of printer,
coffee machine, etc etc. From a holistic perspective, though, it's just a load — and we are
trying to represent a medium-to-high load space as part of a spectrum of commercial building
types. As the numbers match current recommendations for NCC2019 JV3 modelling, we
consider it best to make no changes.

How will changes in energy prices plus peak/off-peak considerations be dealt with?

We are currently proposing to use a single flat rate tariff based on AEMO projections.
However, for measures that are identified as being not immediately economic, we will be
assessing the degree of movement in price and analysis assumption needed to make the
measure economic. In terms of peak/off-peak rates, this is a level of detail that it's not
practical for us to consider in this study. The relativity of these rates is also likely to change —
in ways at this point open to wide debate - as the grid generation mix changes.

Can tighter lighting control be considered?

The lighting scenarios have been updated to incorporate increasing levels of occupancy
sensing. Daylight control is considered under the daylighting scenarios.
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Issue/Comment from Technical Advisory Group (TAG)

Response

The shop archetype seems small — typical big box retail is 3000-4000m? and has essentially
no windows.

The shop is really representing a place in a spectrum of building envelope exposure, and
making the building larger would do little other than marginally shifting the position of the
archetype within this spectrum. However the glazing point is a good one and we have
modified the archetype to reflect this

Apartments are a commercial building type and should be covered under this work rather than
the residential component

ABCB considers that the actual apartments are covered by Vol 2 of the Code, while the
common area of apartment buildings is covered by Vol 1; we are working within this
interpretation. As the common area energy use is dominated by lighting, lifts and HVAC, it is
considered to be adequately captured from a measures perspective within the range of
commercial archetypes being considered in this study.

The 5% daylight factor used to determine the underlying NCC2019 glazing provisions is
insufficient to guarantee amenity, particularly with respect to glare.

Detailed glare design is highly specific and outside the scope of this study. However as we
develop the trajectory models we will consider glare issues and endeavour to integrate
appropriate design responses into the model where we think this will have a material impact
on the results.

Behaviour of electrochromic glazing not reflective of function in reality

Electrochromic glazing can be controlled based on external inputs — in this case outdoor
temperature — and thus can be modelled with a good level of certainty. We believe that the
issue raised refers to thermochromic glazing (which passively responds to substrate
temperature, and thus suffers from significant uncertainty in actual operation).
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Appendix L: Residential Glazing Analysis Summary

The Glazing Energy Analysis was extremely extensive including the simulation of 548 scenarios. This data was plotted in
over 216 graphs, and subsequently incorporated in the ongoing benefit cost analysis. An example of a typical graph is
shown in Figure 64 where the change in energy consumption as a result of changing window sizes and glazing on the
Principal Facade of the Detached archetype.

=== Glass 1, U=6.7, SHGC=0.70 == Glass 2, U=4.6, SHGC=0.46 ==4=Glass 3, U=4.3, SHGC=0.53

Glass 4, U=2.3, SHGC=0.25 e=Om= Glass 5, U=2.9, SHGC=0.51
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Figure 64. Two example plots of changes in total heating and cooling annual energy consumption as a function of the characteristics of the glazing in
the Principal Fagade of the Detached Archetype in Climate Zone 2: a) south-facing facade; b) west-facing. The horizontal axis indicates the effective

solar transmission index for the wall as a whole, which is defined as the product of the window-to-wall ratio and the solar heat gain coefficient of the

glazing (WWRXSHGC).
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()
=
g = § < [Base Case Energy Savings (Heating/Cooling) MJ/m’
E e '% :—;l '% Glass 1 Glass 1 Glass 2 Glass 3 Glass 4 Glass 5 Glass 6
] E ] E WWRmin [ WWRmin WWRmin [ WWRmin WWRmin [ WWRmin WWRmin [WWRmin WWRmin [WWRmin WWRmin [WWRmin
S |3 S| & S|WWRmin [+10% +15% WWRmin [+10% +15% WWRmin [+10% +15% WWRmin [+10% +15% WWRmin |+10% +15% WWRmin |+10% +15%
2 0[South 44.9 -1.1 -2.7 0.7 -1.6 -3.1 0.8 0.0 =il 1.8 0.2 -1.0 1.5 Alodl -0.1 = — =
2|  90|West 47.5 -5.2 -8.5 -0.4 -5.8 -9.2 0.9 -4.3 -6.8 1.4 =gkl -5.7 1.6 -2.6 -4.9 = = =
2| 180|North 53.0 -0.3 -0.2 0.6 13 1.9 il 1.0 2.4 2.6 4.2 5.0 1.6 1.9 2.9 = = =
2| 270|East 53.4 -3.3 -4.8 0.9 -2.3 -5.0 0.8 -0.6 -2.3 3.5 3.4 2.8 1.9 1.1 -0.2 = = =
5 0|South 37.4 1.7 -2.7 0.0 -1.8 =340 0.8 -0.3 -0.7 1.1 -0.2 -0.7 = = = = = =
5[ 90|West 38.0 -2.7 -5.7 0.1 -4.2 -6.5 0.9 -1.5 -4.1 1.1 -1.4 -3.4 = = = = = =
5| 180|North 40.1 0.8 0.7 0.2 0.6 -0.2 0.7 1.4 1.6 0.6 1.5 1.7 = = = = = =
5| 270|East 40.8 =20 -4.6 0.4 -2.6 -5.9 1.2 -0.2 -2.2 1.7 0.6 -0.7 = = = = = =
6 0[South 132.7 -5.1 -8.2 -0.3 -6.4 =9\ 2.8 0.0 -1.9 = = = = = = 4.3 2.7 1.4
6| 90|West 128.0 -4.9 -8.3 -1.4 /S -11.6 1.7 -1.0 -3.4 = = = = = = 88 2.1 0.2
6| 180|North 1313 0.2 -0.7 =il -2.8 -5.1 1.5 85 3.0 = = = = = = 2.9 6.0 6.1
6| 270|East 136.7 -3.2 -5.7 -0.6 -5.2 -8.0 2.4 0.9 -0.3 = = = = = = 3.6 3.5 2.7

Figure 65. An example of consolidated energy savings data compared to the baseline case that result from making changes to the glazing in the
Principal Fagade of the Detached Archetype.
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Appendix M: Example Residential Glazing Calculator Results for Baseline
Archetype

Glazing types for baseline models were initially based on details of typical windows as provided by the Technical
Advisory Group (TAG). This was later adjusted to ensure better alignment with the Code DtS requirements. DtS
requirements for glazing were determined using the NCC Glazing Calculator Spreadsheet ensuring that glazing met DtS
requirements for at least one orientation for each archetype, in each climate zone.

As an example the Glazing Calculator results for the Attached Archetype in Climate Zone 2 across the four cardinal
orientations (0°, 90°, 180° and 270°) are provided below. The glazing for the Attached Archetype satisfies the Glazing
Calculator requirements for the 180° orientation.

Attached - Climate Zone 2 - Orientation 0° — Ground Floor

Report from Calcul lazing Vol Two2014_A {_Climate2_Baseline_0_Ground_Floor printed 7/12/2017
NCC VOLUME TWO GLAZING CALCULATOR (first issued with NCC 2014)
Building name/descriplion Chmate Zone Cy Caian
IA_tlachad | CONSTANTS 18 387 0075
Storay Floor Construction FAaoa
Dwect contact | 64m® Wall msulation oplion chosen for 3.12.1.4
Alr Movemant Suspendad | |N’o wall ii ion concession used | Cufenly)  Caae ¥ Ara
Araa of storey m’ ALLOWANCES  18.4 4.8
Amea of glazing  14.6m* (23% of area of storey)
Mumiber of rows for tabls bolow A1 (o cumently displayed)
GLAZING ELEMENTS, ORIENTATION SECTOR, SIZE and CHARAC CALCULATION DATA CALCULATED OUTCOMES
Glazing element n Size P&H of device | Exposu Size Conductance - FAILED Solar heat gain - PASSED
Total Total
System | Systam Aren
Description Facing | Height | Width = Area | U-Value | SHGC P H pH | B | used
] {optional) sector {m) (m) {m?) (AFRC) | (AFRC) | (m) | {m]) (m*)
1 Laundry 00 30 0 0 0.45 UM 0.32 ] 0.42 1.50
2 Kitchen =0 02 0 0 0.45 il 0.24|046)] 3.03
3 Livin: Ll L g 0 0.90 1l 0.38 | 0.41 8.08 55% of 10/
4 Ent 06 00 0 0 0 il 068 0.31] 2.00 JE 14% of 107%

IMPORTANT NOTICE AND DISCLAIMER IN RESPECT OF THE GLAZING CALCULATOR

The Glazing Calculator has been developed by the ABCE to assist in developing a better of glazing energy efficiency parameters
While the ABCE believes that the Glazing Calculator, if used comectly, will produce accurate results, it is proviced "as is” and without

any representation or warranly of any kind, including that it is fit for any purpese or of merchantable quabty, of functions as intenced of at all.
‘Your use of the Glazing Caleulator is entirely a1 your own sk and the ABCE accents no liabiity of any kind

Copynght © 2014 - Austrahan Government, State and Termitory Govermnmments of Australia. All Faghts Reserved
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Attached - Climate Zone 2 - Orientation 0° — First Floor

Report from CalculatorGlazing Vol Two2014_Attached_Climate2_Baseline_0_First_Floor printed 7/12/2017
NCC VOLUME TWO GLAZING CALCULATOR (first issued with NCC 2014)

| IZ CONSTANTS 18 387 0.075

| Cufenly)  Cuse X Aren

[Attached
Storay Floor Construction FAaoa
Dwect contact | 64m® | Wall insulation oplion chosen fer 3.12.1.4
Air Wovemant Suspended | No wall ii concession used
sy T

Area of glazing

MNumber of rows for table below

11.6m? (18% of area of storey)

A1 (o cumently displayed)

ALLOWANCES 184 4.8

GLAZING ELEMENTS, ORIENTATION SECTOR, SIZE and CHARAC CALCULATION DATA CALCULATED OUTCOMES - OK (if inputs are valid)
Blazing element n Size PEH of device Size
Total Total
System | Systam Aren
Description Facing | Height | Width = Area | U-Value | SHGC P H pH | B | used
] {optional) sector {m) (m) {m?) (AFRC} | (AFRC) [ (m} | {m)
1 Bed1 n 150 3.03 6.70 0.57 | 0.45] 1.90 | 0.24 [ 045
2 Study s 150 3.03 6. B 0.45[ 1.90 [0.24[0.48
3 Bed2 5 142 2.28 .70 0.57 | 0.45] 1.53 [ 0.20] 0.45

IMPORTANT NOTICE AND DISCLAIMER IN RESPECT OF THE GLAZING CALCULATOR
Thee Glazing Calculator has been developed by the ABCS to assist in
‘While the ABCE believes that the Glazng Calculator, If used comectly, will produce accurale results, it is proviced "as 1s” and without

any reprasantation or warranly of any kind, including that it ts fit for any purpese or of merehaniable quakty, of lunctions as intenced of at all.
Your use of the Glazing Caleulator is entirely &t your own fisk and the ABCB accepts no liabdity of any kind.

loping a betier

glazing energy efficiency paramelars.

If inputs (including air movement levels) are valid

Copynght © 2014 - Austrahan Government, State and Termitory Govermnmments of Australia. All Faghts Reserved
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Attached - Climate Zone 2 - Orientation 90° — Ground Floor

Report from Calcul lazingVolTwo2014_A i_Climate2_Baseline_90 Ground_Floor printed 7/12/2017
NCC VOLUME TWO GLAZING CALCULATOR (first issued with NCC 2014)
Bulding name/descriplion Chmate zone Cu Caac
Wlnchad | IZ CONSTANTS 18 387 0075
Storey Floor Construction  Asea
Direct contact | 64m* Wall insulation oplion chosen for 3.12.1.4
Air Movement Suspendad | |No wall i ion concession used | Cufonly)  Caoe X Atea
Araa of storey m ALLOWANCES  18.4 48
Amea of glazing  14.6m* (23% of area of storey)
Mumiber of rows for tabls bolow A1 (o cumently displayed)
GLAZING ELEMENTS, ORIENTATION SECTOR, SIZE and CHARAC CALCULATION DATA CALCULATED OUTCOMES
Glazing element Size P&H of device Size =] s at gain - FAILED
Total Total
System | Systam Aren U L SHGC x
Description i Esx
(optional)

IMPORTANT NOTICE AND DISCLAIMER IN RESPECT OF THE GLAZING CALCULATOR

The Glazing Calculator has been developed by the ABCS to assist a better glazing energy efficiency parametars
‘While the ABCE believes that the Glazng Calculator, If used comectly, will produce accurale results, it is proviced "as 1s” and without

any representation of waranty of any kind, inchuding That it is 1it for any purpose or of merehantable quakty, of lunctions as intended of at all
Your use of the Glazing Caleulator is entirely &t your own fisk and the ABCB accepts no liabdity of any kind.

Copynght © 2014 - Austrakan Government, State and Temtory Govemments of Australia. ANl Fights Reserved
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Attached - Climate Zone 2 - Orientation 90° — First Floor

Report from Calcul lazingVolTwo2014_A i_Climate2_Baseling_90_First_Floor printed 7/12/2017
NCC VOLUME TWO GLAZING CALCULATOR (first issued with NCC 2014)
Bulding name/descriplion Chmate zone Cu Caac
Wlachad | |I| CONSTANTS 18 387 0075
Storay Floor Construction FAaoa
Dwect contact | 64m® Wall insulation oplion chosen for 3.12.1.4
Air Movement Suspendad | |No wall i ion concession used | Cufonly)  Caoe X Atea
Araa of storey m ALLOWANCES  18.4 48
Amaofglazing  11.6m? (18% of area of storey)
Mumiber of rows for tabls bolow A1 (o cumently displayed)
GLAZING ELEMENTS, ORIENTATION SECTOR, SIZE and CHARAC CALCULATION DATA CALCULATED OUTCOMES
Blazing element Size PEH of device
Total | Total
System | System
Description Facing | Height | Width Area UsValue | SHGC P H pH | ES
o {optional) sector m) (m) {m?) (AFRC) | (AFRC) im} {m)
1 Bed1 o 50 3.0 LSl
2 Stu 0 03 0.97
3 Bed2 g 0.92

IMPORTANT NOTICE AND DISCLAIMER IN RESPECT OF THE GLAZING CALCULATOR
The Glazing Calculator has been developed by the ABCS to assist a better glazing energy efficiency parameters
While the ABCE believes that the Glazing Calculator, if used comectly, will produce accurate results, it is proviced "as is” and without

any representation of waranty of any kind, inchuding That it is 1it for any purpose or of merehantable quakty, of lunctions as intended of at all
Your use of the Glazing Caleulator is entirely &1 your own fisk and the ABCE accents no liabdity of any kind.

Copynght © 2014 - Austrakan Government, State and Temtory Govemments of Australia. ANl Fights Reserved
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Attached - Climate Zone 2 - Orientation 180° — Ground Floor

Report from Cale: lazingVolTwo2014_A i_Climate2_Baseline_180 Ground_Floor printed 77122017

NCC VOLUME TWO GLAZING CALCULATOR (first issued with NCC 2014)

Bulding name/descriplion Chmate zone Cu Caac
IA_uac,had | IIl CONSTANTS 18 387 0075

Storay Floor Construction FAaoa

Dwect contact | 64m® Wall insulation oplion chosen for 3.12.1.4
Alr Movemant Suspendad | |N’o wall ii ion concession used | Cufenly)  Caae ¥ Ara
Araa of storey m ALLOWANCES  18.4 48

Area of glazing  14.6m? (23% of area of storey)

Mumiber of rows for tabls bolow A1 (o cumently displayed)
GLAZING ELEMENTS, ORIENTATION SECTOR, SIZE and CHARAC CALCULATION DATA CALCULATED OUTCOMES - OK (if inputs are valid)
Blazing element n Size PEH of device Size
Total Total

System | Systam Aren

Description Facing | Height | Width = Area | U-Value | SHGC P H pH | B | used

] {optional) sector {m) (m) {m?) (AFRC) | (AFRC) | (m) | {m] (m*)
1 Laundry s 1.00 1.50 6.70 | 0.57 | 0.45] 1.40[0.32|044] 1.50
2 Kitchen 5 150 2.02 6.70 0.57 | 0.45] 1.90 | 0.24| 048] 3.03
3 Living n 200 4.04 6.70 0.57 | 0.90| 2.40 | 0.38]|040]| 8.08
4 Entry n 2.00 1.00 6.70 0.57 | 1.50] 2.20 [0.68]|0.31] 2.00

IMPORTANT NOTICE AND DISCLAIMER IN RESPECT OF THE GLAZING CALCULATOR If inputs (including air movement levels) are valid
The Glazing Calculator has been developed by the ABCS to assist in developing a better glazing energy efficiency parameters
‘While the ABCE believes that the Glazng Calculator, if used comectly, will produce accurate results, it is proviced "as is™ and without

any regresantation or warranty of any Kind, incheding that it is fit for any purpose or of merchantable quakty, or functons as intenced of at all.
Your use of the Glazing Caleulator is entirely &t your own fisk and the ABCB accepts no liabdity of any kind.

Copynght © 2014 - Austrahan Government, State and Termitory Govermnmments of Australia. All Faghts Reserved
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Attached - Climate Zone 2 - Orientation 180° - First Floor

Report from CalculatorGlazing Vol Two2014_Attached_Climate2_Baseline_180_First_Floor printed 7/12/2017
NCC VOLUME TWO GLAZING CALCULATOR (first issued with NCC 2014)

| IZ CONSTANTS 18 387 0.075

| Cufenly)  Cuse X Aren

[Attached
Storay Floor Construction FAaoa
Dwect contact | 64m® | Wall insulation oplion chosen fer 3.12.1.4
Air Wovemant Suspended | No wall ii concession used
sy T

Area of glazing

MNumber of rows for table below

11.6m? (18% of area of storey)

A1 (o cumently displayed)

ALLOWANCES 184 4.8

GLAZING ELEMENTS, ORIENTATION SECTOR, SIZE and CHARAC CALCULATION DATA CALCULATED OUTCOMES - OK (if inputs are valid)
Blazing element n Size PEH of device Size
Total Total
System | Systam Aren
Description Facing | Height | Width = Area | U-Value | SHGC P H pH | B | used
] {optional) sector {m) (m) {m?) (AFRC} | (AFRC) [ (m} | {m)
1 Bed1 s 150 3.03 6.70 0.57 | 0.45] 1.90 | 0.24 [ 048
2 Study N 150 3.03 6. B 0.45[1.90 [0.24[0.48
3 Bed2 N 142 2.28 .70 0.57 | 0.45] 1.53 [ 0.20] 0.43

IMPORTANT NOTICE AND DISCLAIMER IN RESPECT OF THE GLAZING CALCULATOR
Thee Glazing Calculator has been developed by the ABCS to assist in
‘While the ABCE believes that the Glazng Calculator, If used comectly, will produce accurale results, it is proviced "as 1s” and without

any reprasantation or warranly of any kind, including that it ts fit for any purpese or of merehaniable quakty, of lunctions as intenced of at all.
Your use of the Glazing Caleulator is entirely &t your own fisk and the ABCB accepts no liabdity of any kind.

loping a betier

glazing energy efficiency paramelars.

If inputs (including air movement levels) are valid

Copynght © 2014 - Austrahan Government, State and Termitory Govermnmments of Australia. All Faghts Reserved
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Attached - Climate Zone 2 - Orientation 270° — Ground Floor

Report from Cale: I

Vol Two2014_A i_Climate2_Baseline_270_Ground_Fiocr

printed 7/12/2017
NCC VOLUME TWO GLAZING CALCULATOR (first issued with NCC 2014)
Bullding name/description Chmate zone Cu Carac
Wlnchad | IZ CONSTANTS 18 387 0075
Storay Floor Construction FAaoa
Direct contact | 64m? | Wall insulation oplion chosen for 3.12.1.4
Air Movement Suspendad | |No wall i concession used | Cufonly)  Caoe X Atea
Araa of storey m ALLOWANCES  18.4 48

Area of glazing  14.6m? (23% of area of storey)

Mumiber of rows for tabls bolow A1 (o cumently displayed)

GLAZING ELEMENTS, ORIENTATION SECTOR, SIZE and

CHARAC CALCULATION DATA
Blazing element Size PEH of device
Total Total
System | Systam
Desoription Facing | Height | Width = Area | U-Valus | SHGC | P W | pm| B
] {optional) sector {m) (m) {m?) (AFRC) | (AFRC) [ (m) | {m)
0.90
0.97
0.75
0.56

CALCULATED QUTCOMES

SHGC x
Esx
area

IMPORTANT NOTICE AND DISCLAIMER IN RESPECT OF THE GLAZING CALCULATOR

The Glazing Calculator has been developed by the ABCS to assist a better glazing energy efficiency parametars
‘While the ABCE believes that the Glazng Calculator, If used comectly, will produce accurale results, it is proviced "as 1s” and without

any representation of waranty of any kind, inchuding That it is 1it for any purpose or of merehantable quakty, of lunctions as intended of at all
Your use of the Glazing Caleulator is entirely &t your own fisk and the ABCB accepts no liabdity of any kind.

Copynght © 2014 - Austrakan Government, State and Temtory Govemments of Australia. ANl Fights Reserved

page 1of 1

JL LOW CARBON LIVING
<> CRC

305



Attached - Climate Zone 2 - Orientation 270° - First Floor

Report from Caleul lazing Vol Two2014_A i_Climate2_Baseline_270_First_Floor printed 7/12/2017
NCC VOLUME TWO GLAZING CALCULATOR (first issued with NCC 2014)
Bulding name/descriplion Chmate zone Caac
[Attached | |I| 0.075
Storay Floor Construction FAaoa
Dwect contact | 64m® Wall insulation oplion chosen fer 3.12.1.4
Alr Movemant Suspendad | |No wall i ion concession used | Cange X Aren
Araa of storey m 48

Area of glazing  11.6m? (18% of area of storey)

MNumber of rows for table below

1

1 (as curmmntly displayed)

GLAZING ELEMENTS, ORIENTATION SECTOR, SIZE and CHARAC' CALCULATION DATA
Blazing element Size PEH of device
Total | Total
System | Systam
Description Facing | Height | Width = Area | U-Value | SHGC P H pH | ES
o {optional) sector m) (m) {m?) (AFRC) | (AFRC) (m} {m)
1 Bed1 50 03 0.24 | 0.97
2 Stu 0 03 0.24 | 0.88
3 Bed2 3

0.26]0.83

CALCULATED OUTCOMES

IMPORTANT NOTICE AND DISCLAIMER IN RESPECT OF THE GLAZING CALCULATOR

The Glazing Calculator has been developed by the ABCS to assist a better

glazing energy efficiency paramelars.

‘While the ABCE believes that the Glazng Calculator, If used comectly, will produce accurale results, it is proviced "as 1s” and without
any reprasentalion or wamranty of any kind, including that it is fit for any purpose or of meschaniable quakly, or lunctions as intenced of at all.
Your use of tha Glazing Caleulator is entirely at your awn risk and the ABCS accapts no liabdity of any kind.
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