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CITIES LEADING THE WAY IN TACKLING GHGs

COP23 Bonn Germany 6-17 November 2017

7,494 cities (121 countries, GOOMW)
committed to the Global Covenant of
Mayors for Climate & Energy to
accelerate ambitious, measurable
climate and energy actions

@ glll:l CARBON LIVING

Leading the Way -
Low Carbon Policies and Measures in Australia's

25 cities = carbon-neutral in 2050

Austin, Accra, Barcelona, Boston, Buenos Aires, Cape Town, Caracas, Copenhagen, Durban,

London, Los Angeles, , Mexico City, Milan, New York City, Oslo, Paris,
Philadelphia, Portland, Quito, Rio de Janeiro, Salvador, Santiago, Stockholm & Vancouver
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[The Global Allance Tor Buildings and Construction (CRCLCL 1s a member)
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signed a statement to dramatically speed- and scale-up collaborative action] @
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WHAT WE DO

We are committed to three integrated research
programs for our research activity and projects.

Our projects and activities translate across these eight
impact pathways, a journey towards a low carbon
economically viable built environment.

Integrated Building Systems
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How: Integrating end user response

Government Manufacturing Development Professionals
& e N\ N —man
[ ertage CSR S A-COM
N Govermimentor UrbanGrowth
Y - T NSW
o/ South Australia ﬁ
VICTORIAN CONSULT AUSTRALIA
z= WVEBA 5ieie, T
Australian nvernment Blf{{ EES—————
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Evidence base Incubating next Enabling world ~ Tools for
for ~$1billion/yr  generation class low Australia’s
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government building property services
programs products development industry ;
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A POWERFUL INDUSTRY NETWOR\P/(

Australian
Institute of

AUSTRALIAN SUSTAINABLE @
BUILT ENVIRONMENT COUNCIL

Architects
- : _ CONSULT AUSTRALIA
green building council australia v—
Business | Engineering | Design
Ash Development
Association of Australia
-J‘\r
tasa
australasian
ron & stee) siag
BN
MASTER BUILDERS @B ouildingSMART
‘‘‘‘‘‘‘ Alli Interop: ili )
’*»\AUSTRAL|A y/

CRC engages with
many thousands of
SMEs through industry
bodies

v Two way
communication: end
user advice, vehicle for
Implementation

v' Led by Professor Ken
Maher — Gold Medal
winning architect and
Chair of ASBEC

v" Networks at each Node

6

LOW CARBON LIVING

CRC



Projects and Milestones
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CRCLCL projected estimates of 10 Mt cumulative reductions by 2020 —
however recent estimates show 100 Mt of Carbon Emission Reductions
potentially enabled by 2030 from our current research activities.
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26% below
2005 levels
y | 28% below
t=-" 2005 levels

Indicative Emissions Reductions
Sources 2020 to 2030

W Emissions Reduction Fund
(existing)

B Emissions Reduction Fund and
Safeguard Mechanism (post-2020)

® National Energy Productivity Plan
(energy efficiency)

National Energy Productivity Plan
(vehicle efficiency)

m Ozone and HFC measures

Technology improvements and other
sources of abatement

Source: Cwth 2030 Carbon Target presentation, 11 Aug 2015
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ONCE IN A GENERATION CAPACITY BUILDING

HDR enrolments 104

Thesis submissions 13 (13%)

Withdrawn

Balance 85 (82%)

20 1
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10 -
N _

Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
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Projected Economic impact of $684m by 2027

2016 PwC Review:

On track to exceed $684M (original estimate)

11/30/2017

41% o o 29%
Energy & carbon ..:::: :. Commercial
reductions 000000000 OO r'cvenues

0000000000000
000000000000000060
0000000000000000000
5684 0000000000000 00600000
0000000000000000000

expectedbenefit  goo0000000000000
to Australian 0000000000000

economy by 2027 .::". ::‘

Other
benefits
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Tracking progress

2012/13 2013/14 2014/15 2015/16 2016/17

Participants 45 44 45 44 44

Contributions $9.12M $13.13M  $22.46M $14.34M $19.67M

Book/ Journal Conference
|:) U blications Chapters Articles Papers Reports
to-date 6 110 116 143
LOW CARBON LIVING

CRC



RP1001 Air handling solutions, integration approaches and building
design considerations for Photovoltaic Thermal (PV-T) roofing

« Determination of appropriate cost-
effective solutions for thermal
integration.

« Trial the thermal integration of a PV-T
system based on the optimised design,
as part of a Living Laboratory.

« Development of a methodology to pr

group the building typologies, m/lAP:ﬁESPQLHGWTA_\; é
operational (thermal supply and ea e

Make active solar roofing products the default solution for buildings. There is enough sun
tanding on our roofs to power our cities. Instead of being exploited, it is currently just
overheating buildings and causing large aif-conditioning loads.

IMPACT PATHWAYS 2014

demand) situations, and macro- and
micro- climates. o

- S
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RP1015 - Combining a building integrated PVT system with a low
temperature desiccant cooler to drive affordable solar cooling

s

» As the price of PV continues to fall, rooftop
PV becomes a very cost effective option.

» This project aims to integrate PVT roofing
system with desiccant cooling systems.

« BIPV/T cannot produce temperatures high
enough to drive an absorption cooling
cycle.

 However BIPV/T in many Australian
climates can potentially produce thermal
energy at a temperature that can drive a
low temperature desiccant cycle

& LUNSW $ z= L0 CARBON LIVING.

A USTRALIA BLLSI_EI—SEEEPE CRC




UNSW/Solar analytics

PV & Building load prediction algorithms

01.3%

Ausgrid 2 data from 8000
solar PV systems shows that
approximately 51.8% are
not performing to capacity

Solar Smart
Monitor

House Inverter

This project builds on a
previous successful
project.

Aim is to improve
algorithms for
predictions with a view
for developing accurate
storage models.

Meter board Gnd
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R1014:

IMPACT OF ENERGY EFFICIENCY POOL PUMPS ON PEAK

DEMAND, ENERGY COSTS AND CARBON REDUCTION

Variable speed pumping can drastically lower the
energy, carbon emissions and peak demand of
swimming pool filtering and solar pool heating.

Experimental results have demonstrated that a solar pool
heating system can be operated at lower flow rates and
deliver 70% reduction in electricity usage whilst
maintaining acceptable pool temperatures.

Approximately 90% of the heated swimming pools in Australia
are installed with solar pool heating.

Project has made submission to Department of Energy and
Environment — re MEPs for pools

Running a pool filter at low speed saves ~70% of the pump
energy. A PV system of 2 kWp can supply the energy
required over 92% of the time, however a high speed pump,
the PV would only would only supply the pump energy for
about 45% of the time.

Pressure (kPa)

THROTTLE VALVE
FULLY OPEN

THROTTLE VALVE
PARTIALLY CLOSE

Yop Vol
80 \\74 » .
— - o
60- ----------------------------
B eI T e Y
40 -
pwgH
20 l

0.61 0.62 0.63 0.64 0.65 0.66 0.67 0.68
Mass flow rate per unit collector area (kg s*' m-2)
—— Low speed (measured)
—=— Medium speed (measured)
—e— High speed (measured)

——————— Pump pressure required to close the vacuum relief valve (calculated)
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R1033: Mainstreaming High Performance Commercial Building HVAC

The overall aim of this project is to investigate how
to mainstream high performance Heating Ventilation
and Air Conditioning (HVAC) in commercial
buildings.

Currently investigating the current best practice of
HVAC designs in Australian commercial buildings
and communicate that to industry to raise
standards.

5 star buildings still have significant energy in
moving air and water around

Graphic shows that for a 5 star commercial building
in Sydney, Air Handling Units and Return air fans
consume as much energy as the chiller.

400,000

350,000

Project has also utilised outputs to make a
submission to the ABCB with regards to revising the
NCC for 20109. 250,000

200,000

300,000

150,000

Submission provided evidence of ~15 - 50%

reductions in energy metrics for fans and pump 100,000

systems in commercial buildings based on best 50,000 I I I
practice data from exemplar commercial buildings i

16
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RP1032 Faclilitating large energy user deployment of off-site
renewable generation

L}

Aim to produce practical resources
for market participants (End === e \_, |
 — pm— = / /\ ‘/\ /

]

Users/Electricity Retailers/Project . b
Developers) so as to reduce | l (\
transaction costs ;

Direct purchasing from
off-site renewable

= Define and investigate the g generators
emerging market for renewable |
energy direct purchase in the
Australian NEM context

= Decision support resource
(decision tree)

2nergy users

= Descriptions of business and Impact
contractual structure options » Market has accelerated — especially since
= |mplications and pros/cons wholesale electricity prices have recently
analysis mcrgased substa_ntlally._ -
- f t market sector Offsite PV and wind — significant
Summary ofcurren opportunities - cost effective for many
preferences BUSINESSEs ;
@ UNSW AZCOM MULTIPLEX LOW CARBON LIVING
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The GHG Case for Geopolymer Concrete

* CO, emissions generated by typical concrete mixes using Portland cement as the binder
are between 0.29 and 0.32 tonnes of CO,—e per m3.

According to the Australian Bureau of Statistics 2012-13, the current production of pre-
mixed concrete is about 27 million m3 per annum.

Results in 8 million tonnes of CO,-e p.a. from the manufacture of pre-mixed concrete.

Geopolymer alternatives can provide significant carbon reduction compared to OPC
concrete.

* For an uptake of 10% geopolymer/concrete replacement, 640 thousand tonnes per
annum less carbon will be emitted to the atmosphere per year from Australia alone.

Annual carbon emission savings for various uptake of geopolymer concrete.

% adoption of | Carbon emissions (tonnes) due to pre- | Carbon emission savings (tonnes) that can
geopolymer mixed concrete manufacture be achieved by geopolymer alternative

7,360,000 640,000
6,720,000 1,280,000 .

LOW CARBON LIVING
CRC



rRP1022 - Investigation of innovative sustainable low carbon products
from waste materials for built environments
2 -

* Transferring waste materials (wood, plastic and marine waste such as
seaweed and seashell) into resources for the developing of a new generation
of high performance non-toxic engineered wood-plastic bio-composite for
building, furniture and architectural applications.

+ This invention will enable re-using of these 85% of the urban wood wastes.

* These products have been specifically designed for disassembly and recycling
and the end of their life.

+ Also the materials have been designed for a consistent state of non-toxicity for
end users regarding chemical and biological Volatile organic compounds
(VOCs) for the whole product’s lifespan.

NP4007 - Glass recycling for waste reduction in built environment

* This study has successfully manufactured a high quality artificial
construction slabs from waste glass powder filler with high flexural
and compression strength as well as low water absorption and
moderate density.

* Using these mixtures as raw materials and enhancing different
performance of product using bio-wastes instead of synthesis raw
materials is unprecedented until now.

* These products have been specifically designed for disassembly
and recycling and the end of their life.

11/30/2017
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RP1017 validating and Improving the BASIX Energy Assessment Tool for Low-
Carbon Dwellings

PROJECT SUMMARY SR auiking es Fesdback to BASIK Assessmnt Hodel
This project investigates post-occupancy energy LTl uam, BASK Assosgmany === S mmmmmmooosssooe
performance of dwellings in order to inform government
policy and reduce greenhouse gas emissions (GHG) in
the residential sector.

Inform
Design &

It compares BASIX estimations to actual energy Construction
consumption for each type of energy use in homes, is [ ____
and identifies performance issues in consumer
behavior, energy efficiency of appliances and building [ AccuRate (As-Built Form) |
conditions.

Building Envelope
Diagnostics

The outcomes will inform new GHG reduction targets
for residential buildings, potential improvement of
BASIX assessment models, government education
programs, and carbon positive building design.

1
Promote Improved Consumption Behaviour |

Households D L -

FINDINGS

» Actual average GHG emission reduction was greater
than BASIX estimation (which supports the change of
BASIX targets).

» Actual average cooling and heating energy use was
greater than BASIX estimation in Greater Sydney area.

» Actual average lighting and plug-in energy use was less

than BASIX estimation in Greater Sydney area. & R 0
m & l‘i“'!b Office of

NSw | Planning JSW | Environment  GITYOFSYDNEY® - :

commee | ENVironment ms & Heritage

i P RV E%l[lzj CARBON LIVING



Next generation whole of house tool /

/
RP1024: Ref NEPP Measure 5 K /)
 Review of user /j \
assumptions in NatHERS

 Include appliances,
generation and storage

AccuRate Lite Star Rating
%3]
o

« Simplify data entry

+ Validate against measured

= T T T T T T T T 1
d a’ta 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

Full AccuRate Star Rating

* Investigate compliance

AusZEH Design
v

/0 Energy Inspection

LOW CARBON LIVING N e

CRC Thermal  c4pon  Hot Water Lighting  HVAC  Appliances Occupancy Generation



SP16 Building Code Energy Performance Trajectory
Project

Developing an industry-led evidence base
for ambitious long-term trajectories and
targets for improved energy performance for
new buildings

OUTCOMES
* Market transformation
« Higher performing buildings

5 policy solutions for a zero carbon built environment

\

@ National plan with strong governance to
coordinate action

@ Mandatory minimum standards with forward
trajectory to provide a regulatory signal

@ Targeted programs and incentives
to stimulate the market

Develop @ illlae;ignygr;:;':et reform to provide alevel
energy Assess costs Understand Recommend Data, research, information, education and
@ training to enable effective action

trg?ggg:ilgg (ieg and benefits barriers policies

building types

Source: ASBEC 2016, Low Carbon, High Performance

-~
AARPRAA | - =

asbe® oo SDRC ]
Project partners: “S g, (& CiMItWorks — % EnergyActloﬁﬂ ' %xm



RP2007: Integrated Carbon Metrics Project

Project Objectives:
Research Challenge:

One third of global GHG gas
emissions are emitted from the
building sector. While more work has carbon fabric of the built environment
been done on decreasing direct
emissions from the operation of
buildings, embodied emissions of
construction materials and
processes receive little
consideration, even through they

constitute a significant additional by delivering tailored PIM tools
proportion of emissions. Estimating

embodied emissions is complicated, o Quantitatively evaluate low-carbon scenarios at

e Enable the analysis of the

o Build detailed, economy-wide database of
embodied carbon flows

e Help assess the carbon performance of precincts

and there are uncertainties as there PIM and economy-wide level

is yet to be developed a universally

accepted methodology. o Contribute to the process of defining universal
carbon accounting principles, guidelines and
standards

(such as 'low-carbon’, ‘carbon-neutral’, 'zero-carbon’, etc.)

23
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Carbon Neutral Adelaide
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RP2028 Development and Trial of a Low-Carbon Living Co-Benefits

Calculator
Objective;

« Develop a co-benefits calculator suitable
for various stakeholders involved in the
planning process.(Regulators,
Developers, Precinct planners, etc.)

« Linked to key aspects of the built
environment
« Residential density / diversity, Street
networks, Green space, Traffic,
mode share, etc.

Risk Exposure

ilability, I

Exposure to crash risk

(risk per km of travel) Injury / Disease Outcomes
e\
Exposure to pollution R':adt:aumda
eaths an,
Transport Mode Choice from transport i
emissions  IN. 1| o

_ se
Land Trai Lol ort Mode / PM10, PM2.5) injuries)
Shar Health and

nce, mode ava

ndividual prefere:

L
(Motor h cle, T n, Bus, Exposure from the Chronic Wellbeing
Pedestrian, Bicycle, Oth ) - il i

uil
\ s

Stage 2 — Transport / Built Environment and Health

cost, demographics

_"EW o

NV

[ Public policy initiatives, i

Stage 1 - Land Use and Transport Mode Choice .
.

What are the Co — Benefits ?

Reductions in injuries & deaths
associated with transport accidents

Reductions in chronic disease (CVD,
asthma, respiratory disease) associated
with built environment

Reductions in chronic disease (CVD,
overweight, diabetes) & increases in
health associated with active transport
modes (walking, cycling, etc.)

Improvements in productivity (e.g.,
reduced travel time, more productive
time use) associated with efficient urban
land form design

Overall health, wellbeing, productivity
and economic benefit 25

ZUNSW &
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RP2023 Microclimate and Urban Heat Island Mitigation Decision-Support Tool

+ Cities are vulnerable to temperature, and the task of cooling
them has proved challenging.

» There is a strong need to link urban overheating issues with
broad urban development and resilience issues to deliver an
integrated and effective solution.

* What scenario analysis and decision-support tool are needed
by governments and developers to mitigate urban heat?

Green Square

Past
- Urban heat in the historical context

(industrial precinct)
=T

Present

plans on urban heat
i 1) ]

- Impact of current redevelopment

This project aims to provide government and built
environment industries with a decision-support tool to
inform urban policy and development assessment related
to cooling cities and reducing energy consumption.

Urban heat mitigation alternatives are explored under
varying urban form, building materials scenarios, etc.

CBD redevelopment: Green Square, Parramatta City;
Greenfield development: Leppington, Macarthur Heights

Potential
- Impact of alternative mitigation options on urban heat

- 11 — 4
= e -
[Densiy choices Rty pE
ataie— ¢ Migges
B o= S r -
- & — .:. —
— ~— P,
| Pubiic open space
a0y T - , .
W§  Greater Sydney Stocklandr. Wil orriceor il Spatial G AZCOM Is/ildﬁci'rﬂﬂ
LANDCOM Commission ;_-.L%,,.-_?Ig_gﬁ. g&.ﬂ gl’;_\llél;%r;geent gﬁgﬁ Services BLUESCOPE [ 26
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Guide note series

GREEN ROOFS
Cooling effect of a tree in a sunny day
* LOW CARBON LIVING i )
& CRC in summer and winter.

GUIDE TO - 5 -
URBAN COOLING g 7
_STRATEGIES S

Conl sursoms

Low carbon: ~ =

Precincts E g lt> S0 o

Commercial buildings — new i BB
Commercial buildings — retrofit -
Residential buildings — new build

- P

Residential buildings — retrofit




RP2021: Greening Suburban Travel

Project Rationale and Objectives

Reduce GHG emissions from passenger car usage (8.5% N .
net emissions or 39.7 Mt CO2 in 2010) -%- 'ﬂ,g
Investigations of suburban mobility options that offer ) I
efficient, affordable and flexible trips while reducing 'y
reliance on private vehicke use
Framework and modelling tools for supporting effective P Y
irvestment decisions that increase the uptake of high -
priority low carbon transport interventions -

-
Examples: ondemand public transport, shared mobility u’:“'______ ‘
services, electric vehicles, smart buses, active transport e .
initiatives and autoromous shared mobility -

Removing all car trips less than 2 km long would save 0.35 Mt p.a.

LOW CARBON LIVING
CRC



SP0001: Brownfield Precinct Regeneration

Government Strategic Planning Objectives

« 260ha site

« 40 year development

« 120,000+ population

« 60,000+ commercial jobs

« Multiple aspirational performance criteria. ..

A Research
Synthesis project
involving experts
from 2 CRCs
over 3 months

T,

\ gt iﬁ: ~ CRC LCL Building energy modelling identified opportunities for 70%
,g_? m : reduction in operating energy demand compared to BAU practices
p— : and regulations (10 star NatHERS, EE built-in appliances,

rooftop solar PV)

Potable water: 62% reduction in demand for imported potable water due to
greywater harvesting and local treatment using 3 pipe as a collection system;

Sewerage: 70% reduction in discharge to centralised treatment plant;
Microclimate: ~ 2° centigrade mitigation of urban heat island stress through irrigated LOW CARBON LIVING
green space and shaded urban environment CRC



RP3033: Mainstreaming Low Carbon Housing Precincts
—the WGV Living Laboratory & WGV2

Project Objectives

« Demonstrate that significant reductions in BAU
carbon emissions in mainstream precinct-
scale residential developments are
achievable.

- Identify where the carbon savings are made,
including level of cost and complexity of the
various strategies and mechanisms deployed.

« Evaluate market interest in the low carbon
aspects of the development and how this
relates to the level of resident participation
with low carbon lifestyle actions.

 Understand the inter-relationships between
stakeholders in regards to low carbon
aspirations and how these can better align.

30
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Vision 2040: What LCL world do we want to live in?

Do the sum of the parts make a good whole?

RP3008: Ryan et al, 2016

© Amy Bracks, VEIL, 2015

V&P2040@

11/301

‘©Amy Bracks, VEIL, 2015

WVEP2040 @ L9089



RP3034: Community co-design lAP(gOC@SS and tOOE to ge:]
of low carbon precincts for urban ~ ‘aNCOWNers to work together to

.. . redevelop suburbs for lower CO
regeneration in established and better liveability
suburbs

) Kitchen TabIe Communlty champlons

North Rlngwood Greyf' ield Redevelopment Precincts I

””””””” Grdsam () [ 300
Viability Tool
Developable area sqm
e Council — ﬁ.‘.‘s% Bl
+f Department of LOW CARBON LIVING

Environment, Land,

§}|ctona Water & Planning CRC CrCe S/Iy

/lyaroondah

City Council



RP3020: Climate Clever Schools

And how does this rub off
into the community?

COz—e per student

— 5
T L Wi
5 ) y
- 5, E o 53 -
= e Coe

HS1  HES4  FSi0

2015 . 2016

LOW CARBON LIVING
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Big datasets combined with agent based /™
modelling to cover non financial barriers )

Building database

— Age, location, type, floor
area, ownership,
NABERS rating

Energy model
— Technologies, savings
opportunities

Stakeholder

Interaction model
— Financial, behaviour/
preferences, barriers

Energy Reduction Potential (%) for current usage

70%

60% -
50% -
40% -

T
@@ O\Vb\v\ﬁ@@\v\v 0\‘>\‘> 0?}@@@@ OQO

mHR-T

m MR-T

LR-T mHR-B MR-B LR-B

$°4®e7\'b 9 N\ \\\\’b'\b‘é‘%$@\’b\*%
F ‘\&%V"&e & \®<‘\°3*°°®§° S EETFSTE S
« Uptake model & T S TSy 2
< q,’*o ('>°° A\ &
LOW CARBON LIVING
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Utilisation

Federal Government
— Commercial building disclosure

NSW OEH

— Energy savings scheme
— Environmental upgrade

Sustainability Vic
— Energy audit

« Ci

11/30/2017

Cy opportunities .

>~
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RP3028: Options for supporting low income
Households in the NSW Energy Savings Scheme

Baseline Credit sups

70%
60% $ 1 O Q J
50%
40%
30%

Subsid; Shift retailer priorities

70% 4
o g1 il “| $86/1CO,y
50% % o

40% .

30%

20%

10%

0%
2010

LOW CARBON LIVING
CRC




RP3029el The Build4Life Social Media Platform

oW - oot
buuld‘ ife ooty

promote sustainability

7(— C | O builddlife.club w & 0 I f t t I
HoAps B O I;'Oec[; ov@MAMETOM GO % [ 2 ¢ B 3 @ @ Tavel [) CloudStor me @ Immunology [Amar @0 TVtender (B Liveability Portal In Orma Ion O peop e

a < - building or renovating
their homes

« A combination of
Facebook, TripAdvisor
and Tupperware for
building and
renovation

Find perfect suppliers for your proje
renovation projects onlit

e

TIT

Office of
Environment
& Heritage

Project Partners: % ﬁm Ak



SP0008 Low Carbon Built Environment Knowledge HUB

Evidence-Based Decisions & Systematic Reviews (SRs)

« Cochrane Collaboration: SRs on medical practice & healthcare,
started 1993, large worldwide network of ‘groups’, provides training
& support

« Campbell Collaboration: SRs on social interventions, started 2000,

partly modelled on Cochrane, smaller network of groups, looking to
grow, provides support & training

« Evidence Synthesis International (ESI): worldwide umbrella body
(incl. Cochrane and Campbell)

38
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http://www.cochrane.org/
https://www.campbellcollaboration.org/
https://evidencesynthesis.org/

SP0008 Low Carbon Built Environment Knowledge HUB

» Access to the outputs of the CRC

CRC FOR LOW CARBON LIVING AUSTRALIAN POLICY ONLINE

« Provides a collaborative platform —
for CRC Nodes, and ]
“phasez
« Aligns the significant existing w VN
Australian and International \ _\ ... SR N
resources for industry, policy | ’r: t oo s 4 nd 53
makers, researchers and the a // ; g §
public. N y
\V
 Provides and maintains an D -
evidence base for policy makers g
and practitioners promoting low |
carbon living
39
LOW CARBON LIVING
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SP9 The role of regulation in driving low carbon outcomes in the built
environment
SP11 Mapping CRCLCL projects against the Low Carbon, High

Performance industry roadmap

BEST PRACTICE POLICY &

CARBON BUILT
ENVIRONMENT

POLICY GUIDE NOTE

QE LOW CARBON LIVING
¥ CRC

KEY POINTS

REGULATION FOR A LOW  [liaL 4]

A

OUR RESEARCH

@ LOW CARBON LIVING
CRC

Leading the Way -
Low Carbon Policies and Measures in Australia's
Capital Cities

o
{ &> ClimateWorks

W AUSTRALIA

[ Barriers Policies
Pol Project National Minim Targetedincentivesand | Data, informatio e
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International Forum on Sustainable Cities and Communities
& Press Conference on SUC Guidelines, Beljing, 2015-17

SUC
(THFEEmHSHERIFMITE) SN

Guiding Principles for Sustainable Cities and Communities
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Energy Efficiency Decision Making Node
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Catalogues

Project Catalogue

Version 3, September 2017
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Part 1
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Tools Catalogue

Version 2, August 2017

Intellectual

Version 3, October

Property Register

2017
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Living Labs Catalogue

fersion 1, October 2017
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Researcher development

CRCLCL Annual Researcher Outcomes Survey TN @ |
SUMMARY . DESIGNSURVEY ~ PREVIEWANDSCORE  COLLECTRESPONSES  ANALYZERESULTS
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Factsheets, guide notes, policy notes...
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KEY POINTS

THE OPPORTUNITY

Cooling Western Sydney:
Mitigating heat for
comfort, health §

THE OPPORTUNITY
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PROTECTION USI
HIGH DENSITY LO
CARBON CONCRE

POOL’S ENERG
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| cuoevore |

AL Low CARBON LVING|
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KEY POINTS

KEY POINTS

THE CHALLENGE & OPPORTUN|

THE CHALLENGE

THE OPPORTUNITY

MINIMISING YOUR

THERMAL MODELLING:
IMPROVING YOUR [l
HOME'S HEATING]
COOLING EFFICIEN  INTEGRATED CARBON
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QS CRC THE BUILTENVIRO  EvIDENCE-BASED PRACTICE
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L& L0l CARBON LIVING A SYSTEMATIC REVIEW
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AL Low CARBON LVING
: P S [ poucviore |
THENEED o  L0UW CARBON LVING
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SUMMARY

THE PROBLEM

SCHOOLS: TAKING THE

LEAD IN OUR LOW
CARBON TRANSIT]

@ Low CARBON LVIng
CRC

THE OPPORTUNITY

USING BEHAVIOUR
CHANGE INSIGH
TRANSLATE RES|
INTO POLICY &
PRACTICE

THE RESEARCH CHALLENGE

COOLING OUR CITIES: A
DECISION SUPPORT
TOOL FOR REDUCING
URBAN HEAT
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KEY POINTS

THE RESEARC!

WHY CHANGE CAN BE DIFFICULT

THE OPPORTUNITY

RESEARCH & STAGES.
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National forums
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Regenerative Cities

Regulation
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Nodes of Excellence — national capacity for research

CRCLCL’s five Nodes of Excellence established. The Nodes exemplify strong
collaboration between researchers, industry and governments at local level and
will form a legacy of the CRCLCL beyond 2020. The extension of the CRCLCL’s
work to the Nodes has the potential to engage a wide range of partners through
increased outreach, and continue the collaborations established during the life of
the CRCLCL'’s projects.
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The CRC for Low Carbon Living also works with an extensive range of government and industry third parties at a project level

CONTACT US

CRC for Low Carbon Living Ltd Twitter: @QCRC_LCL Australian Government BUSi ness
www.lowcarbonlivingcrc.com.au P: +61 2 9385 5402 “ Department of Industry, Cooperative Research
info@lowcarbonlivingcrc.com.au F: +61 2 9385 5530 Innovation and Science Centres Programme

LOW CARBON LIVING
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3rd-party partnerships

program 1 - Integrated Building - - -€Xtending the CRC'’s reach...

Systems
Energy efficient swimming pools:
Randwick Council

Geopolymer Concrete for coastal protection: Building Low Carbon Communities:
NSW Ports; Independent Cement & Lime Blue Mountains World Heritage Institute;
Pty Ltd; Australian Steel Mill Services Ltd Blue Mountains; Lithgow & Oberon
Tourism; Gridstone Pty Ltd; Blue
Program 2 - Low Carbon Precincts Mountains City Council
UHI Mitigation DS tool: Enhancing the market for low-carbon homes:
Greater Sydney Commission; EICU; SSROC,; AGL; Clean Energy Council; Knauf
SSROC; Stockland; Inner West Council; Insulation Australia; Fletcher Insulation
Parramatta Council; Campbelltown Council; Pty Ltd; Stockland Corporation Limited;
Waverley Council; NSW Government Special Australasian Liveability Real Estate
Services Institute; Energy Efficiency Council;
Urban Micro Climates: Low Energy Supplies & Services Pty Ltd
City of Adelaide; Nursery & Garden Industry Aust ~ Media and communication strategies for
Mainstreaming low-cost & carbon housing: carbon reduction:
WA Housing Authority; The Next Practice Ltd Sustainability Victoria
Reuse of solids from Wastewater: National Building Code trajectory:
Prospect Water Partnership; Degremont Pty Ltd ASBEC; Energy Action (Australia) Pty
Hunter Water Corporation; Suez Environment Ltd
Retrofitting precincts for LC communities:
UTS
LOW CARBON LIVING

CRC



Thank you

To find out more, contact: Deo Prasad

CRC for Low Carbon Living Ltd d.prasad@unsw.ed.au
www.lowcarbonlivingcrc.com.au

Room 202-207, Level 2
Tyree Energy Technologies Building
UNSW Sydney NSW 2052 Australia

Twitter: @CRC_LCL
info@lowcarbonlivingcrc.com.au
P:+61 2 9385 5402
F: +61 2 9385 5530
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Keynote

Peter Madden OBE
Ecovivid (UK)




SMART AND LOW-
CARBON CITIES?

Peter Madden, OBE
@thepmadden

ecoavivid
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AN URBAN WORLD

2.52bn 7bn 9.55bn

746m 3.8bn 6.3bn

1950 TODAY 2050




More data will be created
in 2017 than the previous
5,000 years of humanity
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On Singles Day in China
this November, Alibaba
recorded $25 billion of
sales within 24 hours, 80%

on mobile phones

eCoAViVid
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Smart cities need smart
skills: where is the
intelligent client?

ecoAvivid



COLLABORATION

Cities

Citizens

ecoAVivid






o ® 00,
Th bal smart®cities
magket will pass the $1 .

> trilliog mark in 2019 and
gPow to $3.48 trilli®h by 2026




Cities occupy 0.5% of the
world’s land, consume 75%
of its natural resources, and
account for 80% of global
greenhouse gas emissions

ecoaAvivid
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THANK YOU!

For further information:
www.ecovivid.com
@thepmadden

ecoaAvivid
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Leading the debate: Highlights from the
CRCLCL National Forums

Dr Lan Ding, University of NSW
Professor Wasim Saman, University of South Australia
Philip Harrington, Strategy.Policy.Research
Professor Peter Newman, Curtin University
Professor Chris Ryan, University of Melbourne
Professor Peter Graham, Swinburne University

Facilitator: Tanya Ha




CRCLCL UNSW NODE [L:%lg CARBON LIVING

Highlights from Cooling Cities National Forum

Dr Lan Ding, UNSW Australia
CRCLCL UNSW Node Leader

22 November 2017




Cooling Cities National Forum

Date: 4 August 2017
Host: UNSW Node of Excellence: High Performance Architecture and CRCLCL

Objectives Overall, | was happy with the event

« Address the urgent issues related to urban heat
islands and extreme heat events in Australia.

* Foster discussion on evidence-based decision-
making in urban microclimate mitigation.

* Provide recommendations on mitigation
strategies and technologies.

« Establish networks that facilitate collaborative
efforts across academia, governments and the
built environment industry.

Neutral m Agree m Strongly agree

» 1,889 visitors to the CRCLCL website between 4
August and 11 August 2017, vs usual weekly average of

Participants: senior government 300-500 visitors

managements, industry executives, academics * Live-tweeting the Forum resulted in broad
engagement on Twitter (13,225 organic

Outcomes: it was very well received. impressions on Friday 4 August 2017 vs usual daily
range of 995 — 1,500 organic impressions)

75
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What did you like most about the event?

The quality and diversity of contributors, including bringing together
research and practice (across government and industry) stood out
as what participants liked best about the event.

“Bringing the full spectrum of stakeholders
(researchers, governments, business and
practitioners) all together - very powerful”

Do you have any comments you would like to share?

‘it was a great refresher and great to see
all the like-minded people sharing
information and collaborating”

30/11/2017 7
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City of Melbourne

- S
National Forum: Qoolir*g Citles 4.8

CITY OF MELBOURNE
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Professor Mat Santamouris Ol
(Project Leader) R
summer period compared to the
eastern suburbs

= L 10 il 2

~ Peak Electricity Demand Energy Consumption for Cooling

increases by almost 100 % when Purposes in Western Sydney is

temperature increase from 20 C up to 100 % higher than in the
to40C eastern zones of the city

0K!

Heat related mortality can be up

to 300 % higher in Penrinth than
in the Observatory Hill during the
heat waves period

THE PROBLEM




Professor Mat Santamouris O 1
(PI’OjeCt Leadel‘) Mitigation techniques based on

the use of water, greenery, and

cool materials can reduce the
average peak ambient
temperature upto 2,5 C

oa Ll ) 02

Application of Mitigation

) Mitigation techniques can reduce
Techniques can reduce the peak the cooling needs of a residential
electricity demand up to 5 % The and office building up to 39 %
total electricity demand over the

and 32 % respectively. The
summer period may be reduc energy conservation potential is
p 1726 GWh for the Western

Sydney area

corresponds to 0.8-0.9
tons of avoided CO2 e

0K!

Application of mitigation
technologies can reduce the heat
related mortality up to 90 % in

Western Sydney. Mortality may
reduce from 14 deaths per
100000 inhabitants to 7,5.

E IMPACT OF MITIGATION
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Misting fans powered
by solar energy
(pointing to pedestians)

Integrated PV panels

Street lights powered
by solar energy

Alternative 1:

(in infrared and near-infrar
wavelenghts)
Alternative 2:
Cool material with =t

high reflectance & emissivity - i T |
{albedo >0.65, emissiity >85%) AL A AL A . A

Typical > _A b _:A. _. d‘_-
concrete slab S0 ot o

A 2 2 At A

Dr Paul Osmond
(Project Leader)

“This document provides
practical guidance for built
environment professionals

and regulatory agencies

seeking to optimise
development projects to
moderate urban
microclimates and mitigate
urban heat island effects in
major urban centres across a

range of climates in Australia”

SUMMER

Lighter pigments
or coatings with
high albedo

(consider glare)

Roof insulation

Metal roof

- Acoustic infill

Sheet metal
Intensive green roofs
Plants:
- small treas
-shrubs
= - grasses

Soiltype 1 (250400 mm)

Soil type 2 (300-600 mm)
Filter fleece - root repellent
Drainage layer

AAAAAAA Vapour seal

AAAAAAA

AAAAAAAA

AAAAAAA




UHI-DS: Microclimate & Urban DI‘ Lan Dlng

Heat Island Mitigation

Decision Support Tool (Project Leader)

Microclimate and Urban Heat Island Decision-Support Tool

What-if scenario analysis of urban development, web-based 3D interactive platform

30/11/2017 85
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UHI-DS: Microclimate & Urban
\ Heat Island Mitigation

Decision Support Tool

Parramatta CBD Redevelopment

Exemplar Precincts

Green Square Town Centre
Redevelopment

Leppington Greenfield Development

Dr Lan Ding
(Project Leader)

Macarthur Heights Greenfield
Development

- Cooling Degree Days
- Annual Peak Temperature
- Outdoor Thermal Comfort

- Peak Electricity Demand

Key Urban Heat Performance Indicators




Acknowledgement I[.:%l[l:J CARBON LIVING

Organising Committee of Cooling Cities National Forum
CRCLCL UNSW Node: Lan Ding, Mat Santamouris, Paul Osmond, Komali Yenneti, Henry Petersen
CRCLCL: Deo Prasad, Stephen Summerhayes, Sara Fagir

Involvement of Other Nodes: Peter Newton, John Boland

74 11
Contact: Dr Lan Ding ( /l’l
CRCLCL UNSW Node Leader —
UNSW Sydney v d N //

Lan.Ding@unsw.edu.au
To find out more, contact:

CRC for Low Carbon Living Ltd
www lowcarbonlivingcrc.com.au

Room 202-207, Level 2
Tyree Energy Technologies Building
UNSW Sydney NSW 2052 Australia




National Forums by CRC Node in
Regenerative Cities
Curtin University

By
Professor Peter Newman AO



~orum 1: People Cities and Low Carbon
_iving, 13 February




Highlights....

* Professor Jan Gehl gave keynote.

* Book on Gehl’s life launched by Danish Consul

* Researcher’s all presented on Josh’s House and WGV

* Professor Holger Walbaum from Climate KIC Europe spoke.
* 500 people came!



The attractions of dense urbanism in walkable
areas
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Annie Matan & Peter Newman BOGV/ARKET




Economic and social attractions of walkable urban
design...




affordable and zero carbon.

‘s House

Josh




\\ZV(;\/lsoIar—st?rgg.e, social housing, electric
ehicles and ‘Citizen ,Utivlities’...scaling up
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-orum 2: Regenerative Cities and Low Carbon
_Iving, 23 May




Highlights...

e Coincided with Board meeting in Perth so many Board members
featured...Robert, Meg, Sandy...

* Professor Herbert Girardet wrote paper and spoke on Regenerative
Cities

* PN launched his book...

* PhDs did Peka Kucha, brilliantly...

* Industry partners responded.

* New Government member and Giles closed with great energy!

e 150 came — more select.



A
LJQK LOW CARBON LIVING

i -ilm... ‘Regenerative Cities:
Regenerative Cities . « . e
Making Cities work for people and planet maklng C|t|eS WO rk for

Background Paper

neople and planet...
CUSP website

Also Peka Kucha...

Herbert Girardet




Exploitive Sustainable Regenerative

Cities Cities Cities

Wealth associated with Wealth associated with reducing Wealth associated with

ever increasing regeneration of ecological

ecological footprint FoctBrint

ecological footprint




Peter Newman, Timothy Beatley, and Heather M. Boyer

RESILIENT
CITIES

Overcoming Fossil-Fuel
Dependence

Moved to:

Energy — making more renewable energy than it
consumes.

Water — making more water than is extracted from the
bioregion.

Biodiversity — making more habitat than has been
consumed.

Food — making more food locally (hard to more than
consumed)

Waste — not just recycling but extracting waste from the
past. Eg accumulated greenhouse gases.

Social and economic — whilst making better community
and economic opportunities.
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~ Regenerative
— design
started with
regenerating
nature in the
city...




Replacing concrete with...




Green infrastructure
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Figure 5. Extended metabolism model of human settlements.

RESOURCES
INPUTS

Land
Water
Food
Enargy

Building matarial
Other resources

DYNAMICS OF
SETTLEMENTS

Transportation prionties
Economic prionties

Cultural pricrties

LIVABILITY

Health
Employmant
Income
Education

Housing

Solid waste
Liquid wasta
Toxics

Sewage

1

Lesuire actvities
Accassibilty
Urban design
qualty
Community.

!

Air pollutants
Graenhouse gas
Waste heat
Noise

Regen
Cities

can do
better than

reducing
impact...
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RE-GEN Village Almere, Amsterdam

http://www.fastcoexist.com/3060167/this-new-neighborhood-will-grow-its-own-food-power-itself-
and-handle-its-own-waste/1
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New Lord Mayor, wins Smart Cities Grant for $8.5 m
to pursue disruptive innovations in energy and water
at Beyond WGV....using ‘blockchain’ to create
commumty based markets




Why PV is
disruptive
and defies
projection
modelling...

Annual PV additions: historic data vs [IEA WEO predictions

In GW of added capacity per vear - source International Energy Agency - World Energy Outlook

e=fp- D History please send comments to:
WEO 2016 New Policies (NPS) a.e.hoekstra@tue.nl
(@aukehoekstra

WEO 2015 NPS
—WEO 2014 NPS

WEO 2013 NPS
= WEOQO 2012 NPS
= WEO 2011 NPS

WEO 2010 NPS
= WEO 2009 REF

WEO 20(

WEO 2006 RE

WEO 2004 RE



Predictions — After the Peak

GDP

Cco,

OIL

COAL

GAS

RENEWABLES

NUCLEAR

—
-
—
/

RENEWABLES

Cco,

NUCLEAR

2050



But the goal posts are moving...
we have to do much more...eg 1.5 degrees now.
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Geo-engineering the planet through cities...

* Ecological impacts from pouring iron filings in the ocean or firing
sulphur into the upper atmosphere, are unacceptably risky.

* Cities can start small scale and build up to substantial regeneration of
all the planetary boundaries. For example:

* Making more renewable energy than it consumes as well as sucking
CO, from the atmosphere. 3™ way technologies...Flannery.

* Recharging aquifers and rivers.

* Restoring soils and N/P balance in bioregion.

* Regenerating biodiversity through biophilic habitats on buildings.
* All the while regenerating community and the economy...



3rd Way Technologies...regenerating the atmosphere

Carbon negative construction using :
* Carbon-absorbing cement,
* Carbon negative plastics, which capture CO, from the air,

* EnergyPlus buildings, which generate more electricity than they
consume,

* Prefabricated low-carbon housing made from biogenic materials
(e.g., cross-laminated timber, straw composite).

Carbon negative landscaping using serpentine rock, which when
crushed absorbs CO, from the air.

Carbon negative industrial products such as carbon nanofibers and
carbon fiber replacing steel.



'ts always going to be more than
technology....design, consumer behaviour and
governance....



Conclusions: Growing Regeneratively

* Growing cities are needed to create opportunities - global and local.
* Can we go beyond ‘reducing impact’ to ‘regenerating impact’?

* Shifting the agenda towards regenerative outcomes makes growth
attractive. Eg WGV — from NIMBY to PIMBY

* We have started the journey...




Facilitating the LOW CARBON LIVING
Transition to Low asbe’
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Carbon Housing .

CRCLCL National Forum
Adelaide 4 July 2016

University of
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What Do People Want?

dareas
bathroom bedrooms clean
cooling
family .. furnishings

furniture garden heat|nlg
kitchen.. large.. I ht

living lots

modern, NAtural.. Nice

I’OOm safe s Secure
Space SpaCiOUS summer
warm

temperature winter

yard

A comfortable
home to live In

A property with
low running costs

Has an efficient
and effective air
conditioning

Has solar panels
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"~ AUSTRALIAN SUSTAINABLE
BUILT ENVIRONMENT COUNCIL

University of
South Australia
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What Does the Research Evidence Say?
Lochiel Park Green Village

Average Delivered Annual Energy
per household [MJ/m?]

350

300

250

200

150

100

50 -

0 -

~__Can be done with
current technologies and
— building expertise

Benefits of energy &
——emissions reduction

Superior thermal comfort

Clear economic benefits

3 3 0 ST to households and the
o & a & 20 < g .
= o < & v g community
o o " < d
University of =S LOW CARBON LIVING
South Australia "~ AUSTRALIAN SUSTAINABLE CRC

BUILT ENVIRONMENT COUNCIL



Recommendations:

« Strong industry desire to facilitate change

* Housing

* Plenty of energy cost reduction opportunities through
high performance housing

« Housing sector is significant in achieving our Paris
targets

« Nationally consistent regulatory framework is necessary

 We need to move beyond the new home market, focus
on rental properties

» Disclosure is a first significant step

* Higher level of community engagement and industry
sectors education are necessary

« \We need to sell the many co-benefits of high
performance housing

University of LOW CARBON LIVING
SouthAustralias @~ = AUSTRALIAN SUSTAINABLE CRC

NNNNNNNNNNNNNNNNNNNNNNN




Current National Activities:

Department of Environment and Energy:
« National energy productivity plan
« National energy efficiency project: course development for
professionals
ASBEC: Building Code Energy Performance Trajectory
ABCB: Energy Efficiency Project in preparation for the
NCC revision in 2019
Victorian Government: Victorian Residential Efficiency

Scorecard

LOW CARBON LIVING

University of
South Australia AUSTRAUAN SUSTAINABLE CRC




Current Messages

« Using available evidence base will improve rating tools and
add further credibility

 Improving standards can reduce household energy bills,
Improve comfort and health

 Domestic energy demand management is important in
ensuring grid reliability

« Updating codes will contribute to the Paris emissions
targets

 Good regulations can drive industry innovation

 Whole of house energy regulation is the preferred option
for users and emissions reduction

* Poorly enforced regulation rewards non-compliance and consumers
lose out

 We need to provide more information for stakeholders to make
better use of assessment tools

University of LOW CARBON LIVING
South Australia AUSTRALIAN SUSTAINABLE CRC

BUILT ENVIRONMENT COUNCIL
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raising the standard Architects

The CRC for Low Carbon Living also works with an extensive range of government and industry third parties at a project level

CONTACT US

CRC for Low Carbon Living Ltd Twitter: @CRC_LCL :  Australian Government Busi ness
www.lowcarbonlivingcrc.com.au P: +61 2 9385 5402 “ Department of Industry, Cooperative Research
info@lowcarbonlivingcre.com.au F: +61 2 9385 5530 Innovation and Science Centres Programme

LOW CARBON LIVING
CRC



Thank you

wasim.saman@unisa.edu.au

To find out more, contact
CRC for Low Carbon Living Ltd
Room 202-207, Level 2,

Tyree Energy Technologies Building
UNSW Sydney NSW 2052 Australia
E: info@lowcarbonlivingcrc.com.au
P: +61 2 9385 5402

F: +61 2 9385 5530

Twitter: @CRC_LCL

South Australia o AIJSTRALIAN SUSTAINABLE CRC

BUILT ENVIRONMENT COUNCIL

University of WES LOW CARBON LIVING




LOW CARBON LIVING
CRC

Best Practice Policy and
Regulation for Low Carbon
Outcomes in the Built

Environment — National Forum
Canberra, 21 April 2017




Aims:

1. |dentify the different ways in which @g"%’ SHRBOILIVIIG
policy and regulation affect carbon
outcomes in the bU||t environment Best Practice Policy and Regulation

for Low Carbon Outcomes in the Built Environment

2. Describe the policy and regulatory
landscape in Australia

3. Describe the policy and regulatory
landscape in a range of comparable
countries

4. Draw out the similarities and differences
in how policies and regulations are
being used to pursue the objective of
low carbon in the built environment in
Australia and in comparable countries

5. As a basis for debate and possible
further research, draw conclusions and
identify an idealised suite of policy and
regulations, considering all three levels
of government in Australia.

97
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Best practice elements:

Targets are ambitious and tuned to
emissions abatement commitments
— Increasing trend towards net zero
buildings targets (eg, UK, Netherlands,
Belgium)
Over-achievement/higher
standards are encouraged and
incentivised

— Long term trajectories for Codes set, eq,
Denmark — 75% lift in requirements but
over 15 years and signalled in advance

Rules-based and evidence-based
processes are used for standard-

setting and review by independent
and expert bodies

Post-construction verification of
energy performance

Comprehensive policy packages
provide support, advice, incentives,
tools and standards

Mandatory, continuous disclosure of
all building performance (EU,
Singapore)

Access to incentives/innovative
financing is provided, but strictly
performance- and outcome-based
using ratings tools

Strong focus on retrofit of existing
buildings

Incentives underpinned by white
carbon pricing

98
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Australian best practices:

NABERS — ‘as built’ metrics, strong
training and accreditation framework,
transparency, supports CBD,
Commitment Agreement process

— But...take-up mainly limited to offices,

disclosure limited to larger offices via
CBD, base building/tenant split

CBD — market-enabling regulation,
performing very well for larger offices

— Very limited building coverage, base
building focus
Was intended to be universal in coverage
(2004)
City/council leadership

— SDS/SDAPP - using planning
schemes to encourage above-
minimum performance

Largely a response to low minimum
standards

IGA between Australian Govt and
states/territories aims to discourage this

— Carbon, energy efficiency, renewable
energy targets in 70% of LGAs
Govt procurement — has helped
transform upper end of office market
— But standards infrequently updated,
enforcement is questionable, impact
on ‘mid tier’ limited
Industry-led initiatives — GreenStar,
Better Buildings Partnership
— Top-end of the market, and mainly
offices
Embedded retailer/distributor model
working well in commercial sector to
encourage renewable energy take-up

99
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Australian worst practices:

* Low energy performance standards
— NCC: if updated in 2019, it will be

almost a decade since the last update

+ Despite ~doubling of energy prices over
this time, and stronger evidence of
accelerating climate change

* Opportunity cost? ClimateWorks valued
10 year delay @ $43 billion in
unnecessary energy costs + 397 Mt
CO2-e

— MEPS, labelling stalled for many
years
« Lack of clear and rules-based
processes; excessive discretion

— No forward trajectory to send signals for
investment and innovation

— No independent, expert institutions
involved in policy review/setting
« Code/policy not linked to ghg
outcomes

— Based on ‘minimum necessary’
construct

Code enforcement is essentially
non-existent

— NEEBP project (2014) revealed a
widespread culture of non-compliance

— Significant quality assurance gaps in
NatHERS assessors, professional
accreditation, training

Lack of national consistency

— BASIX, state variations under-
rather than over-achieving agreed
standards

* And not subject to RIS processes

Piecemeal policy coverage
— Eg, CBD, NABERS, MEPS/labelling

Lack of carbon price signal
“The lack of a national project
management approach to policy and

regulatory development and
implementation”.

LOW CARBON LIVING
CRC



Where are we In the policy reform process?

« Some positives:

— New Code standards for non-residential buildings likely from 2019 (but
no political commitment at this stage)

» ~40% lift proposed; ~5 star; should have been higher on economic grounds
— SA is considering lifting standards for apartments from 2019
— Commercial Building Disclosure threshold has dropped to 1,000 sqgm
tenancies
 But:

— No national movement on residential standards, or in states other than
SA (unclear whether others will come on board)

— Primary focus is still on policy research (eg, NEPP work plan), with no
political commitment to action

— Ongoing concerns regarding Code compliance not being addressed
systematically (Vic understood to be taking some action)

— No national plan for achieving abatement; no sense of urgency

— Opportunity costs of inaction continue to mount — unnecessary energy
costs for households and businesses; unnecessary emissions

11/30/2017 101
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Thank you

To find out more, contact:
CRC for Low Carbon Living Ltd
Room 202-207, Level 2,

Tyree Energy Technologies Building
UNSW Sydney NSW 2052 Australia
E: info@lowcarbonlivingcrc.com.au
P: +61 2 9385 5402

F: +61 2 9385 5530

Twitter: @CRC_LCL

Strategy. Policy. Research.

Philip Harrington
philip_harrington@strategypolicyresearch.com.au
0419 106 449
www.strategypolicyresearch.com.au

Strategy.

Policy. Making the
Research. business case
for sustainability

LOW CARBON LIVING
CRC


mailto:philip_harrington@strategypolicyresearch.com.au
http://www.strategypolicyresearch.com.au/

LOW CARBON LIVING
Panel discussion CRC

Providing certainty for industry investment in innovation:
Making the case for a long term targets for the energy
performance requirements in the National Construction Code

Eli Court, ClimateWorks Australia

Neil Savery, Australian Building Codes Board
Nicole Sullivan, Green Building Council of Australia
Suzanne Toumbourou, ASBEC
Chris Nunn, AMP Capital

Facilitator: Tony Arnel
Energy Efficiency Council
Norman Disney & Young
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Buildings: contribution to emissions and
electricity consumption in Australia

Emissions Electricity New as % of total in 2050

23% 55% >50%

LOW CARBON LIVING

CRC



Buildings can reach zero carbon through
three key measures

Zero
carbon

buildings

{  emissions | Offsite

‘‘‘‘‘

\ o N ~z
‘.. electricit 7 S
TSl —--= Grid
~ ’

______

A
( o ClimateWorks 10
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Net zero by 2050 via distributed energy
MtCO,e By 2030... By 2050...

If all energy 1
efficiency actions

- taken .
S If all energy efficiency

o @7% and fuel switching
) actions taken

. @8% If high uptake of-
N distributed energy - .

120 Y SO d) _______________________________ . m,, If no further action
™. -23%

- : Onsite
106% ) If high uptake of Zero  -TTTUS

distributed energy™ l: emissions L Offsite
*._ electricity

-10
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

* Distributed energy potential presented in this chart is based on the modelled potential uptake of distributed solar PV
from the Future Grid Forum Rise of the Prosumer scenario (Graham et al, 2015).

AUSTRALIAN SUSTAINABLE v AUSTRALIA 7
BUILT ENVIRONMENT COUNCIL
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But it isn’t happening...

= Commercial building§
energy intensity
(MJ/m2)

Residential energy
Index intensity
1.02 - (GJ/household)

1.01 +

1.00 ~
0.99 -

0.98 -

0.97 A
0.96 -

0.95
0.94 -
0.93
0.92 -

0.91 ~

090 T T T T T T T T T 1
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

A
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Five key policy solutions

National plan with strong
governance to coordinate action

Mandatory minimum
standards with forward
trajectory to provide a
regulatory signal

Targeted programs and
incentives to stimulate the
market

Energy market reform to
provide a level playing field

Data, research, information,
education and training to
enable effective action

%beé (:-) ClimateWorks 10
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Mapping a forward trajectory

Current energy Code
requirement upgraples

—

Incremental steps in
energy requirements *

Target energy
requirement

A
( o ClimateWorks 11
v
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Insights from phase 1 residential analysis

« Smart design v the regulated minimum

« Even with a conservative approach, opportunities are
there

« Energy efficiency
« Solar PV
» More opportunity could exist with:
» Less conservative assumptions
« Smart design approaches
» Quantification of broader benefits
« Short-term changes would require State/Territory action

« Compliance/enforcement must be improved at the same
time

A
( o ClimateWorks 11
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Contact us

Eli Court | Implementation Manager
(03) 9903 8032
Eli.Court@climateworksaustralia.org

A
( ) ClimateWorks

v AUSTRALIA

Founding partners Monash University and The Myer Foundation

AUSTRALIAN SUSTAINABLE
BUILT ENVIRONMENT COUNCIL




Panel discussion E%%J CARBON LIVING

Finding, using and providing credible evidence: CRCLCL
Knowledge Hub

Professor Peter Graham, Swinburne University
Peter Madden OBE, Ecovivid

Helen Bell, Green Building Council of Australia
Kriston Symons, AECOM

lan Shears, City of Melbourne

Warren Overton, Director, Sustainability Victoria

Facilitator: Scientia Professor Deo Prasad AO




Low Carbon Built Environment LOW CARBON LIVING

Knowledge Hub project CRC
SP0008

Participants Forum Nov 2017

Knowledge Hub demonstration &

Panel discussion:

Finding, using and providing evidence —
overcoming the barriers

Project manager: Michelle Zwagerman

Project leads: Amanda Lawrence &
Professor Peter Graham

Centre of Urban Transitions

Swinburne University of Technology




Agenda

Background

« Demo

« Panel discussion
* Questions
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What are the challenges?

Range of issues In evidence-based decision-making for
both policy makers and practitioners in the built
environment.

= Cha
= Cha
= Cha

11/30/2017

enges In finding evidence
enges In using evidence
enges In providing evidence
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Today, where do people get new information?

Asking colleagues or experts

Colleagues sharing information, in person,

by email, etc

How impnrtam

__

Govern ment

_

Ind ustw University

Websites of key organisations 42%
Impc:-rta nt 45%
Somewhat 71%
News reports and articles including print, Very 38% 50%
online, radio, etc Somewhat 67%
Social media eg.Twitter, Linkedin, Important 39% 42%
Facebook, etc Somewhat 1%
Journal subscriptions Very 57%
Important 50% —
Somewhat 38%
Blogs Important 45%
Somewhat 48% 67%
Libraries Important 57%
Not 65% 50%
Institutional repositories Important 33%
Not 55% A44%
Alerts/RSS from databases and Somewhat 78% 43%
information services Not 40% 117
— Subject databases and clearing houses Mot 61% A40% 29% —
LOW CARBON LIVING

CRC



Range of 'used'

Today, what do they use, and what would they use, if possible?

Google results

5
= @ I
.. Existing polity, etc
Use your informal
network /' Prpfessional / tradedependent |nternal
/ magazine reports
Technical .
documents ° News medip
: \ 5 @ . Dats
Case studies (Cgnference Brieﬁngs,ethiSCUSSiD” _ @
papers papers  Unireports
=
S
11/30/2017

sefts

Jolirnal
arflicles

Commercial and
market research L
Books

Blogs %
Social media
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Where to add value?

Collect Review
Translate Connect

O

A%

v' Collect & curate for improved discoverability
v' Translate for improved accessibility
v' Review for improved confidence in the quality of evidence
v' Connect people to people & people to content for improved
1113012017 collaboration in new research 19
LOW CARBON LIVING
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The BuiltBetter Knowledge Hub solution

BuiltBetter

11/30/2017 120
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Demonstration

Resource

Monitoring and verification of the
performance of residential buildings

200ct 2037

11/30/2017 121
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http://builtbetter.org/
http://builtbetter.org/

Thank you

Please check out the new
BuiltBetter.org website

n Built
Better

http://builtbetter.org

11/30/2017 122
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Panel presentation: Research Into ) LHRBOITLIVIRG

Action

Dr Jemma Green, Curtin University (video)

Professor Alistair Sproul, University of NSW
Beating the heat: PVT desiccant cooling
Monitoring home energy performance: Solar Analytics

Dr Vanessa Rauland, Curtin University
Community buy-in: engaging schools in lowering carbon

Dr Farshid Pahlavani, University of NSW
Transforming waste: recycling glass into
benchtops




2017 Participants
Annual Forum

Beating the heat —
PVT desiccant cooling

Associate Professor Alistair Sproul
School of PV & RE Engineering

Wednesday 22" November 2017

LOW CARBON LIVING
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fire & humans electricity and
~ 1 million humans ~ 150 years
years

the future Is electric
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PV/thermal collectors?
PV/T ?

Combined PV and thermal collector

Our systems are based on air
IMPACT PATHWAY 1

HARNESSING THE

. .o AUSTRALIAN SUN
Can provide warm, low temperature air in s e

winter — providing some heating and plenty of Se———
fresh air to homes.

Australian climates that require heating — can
make a significant contribution to a well
insulated, well sealed home, that does not
have significant winter direct solar gain
through windows!

Also can provide night cooling in hotter
climates.

COP — capable of > 20 ( compression ~3 — 6) PV/T system Glebe, Sydney -

UNSW e LOW CARBON LIVING

AUSTRALIA BLLS'_E]_SEEEPE CRC




What about cooling?

* As the price of PV continues to fall, rooftop
PV becomes a very cost effective option.

» This project integrates PVT roofing system
with a desiccant cooling systems.

« BIPV/T cannot produce temperatures high
enough to drive an absorption cooling
cycle.

 However BIPV/T in many Australian
climates can potentially produce thermal
energy at a temperature that can drive a
low temperature desiccant cycle

]
S
o.-P AUSTRAI.IA

& == LOW CARBON LIVING

BLUESCOPE CRC




PV/T channels
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Roof top PV/T - UNSW

The roof
BlueScope thermal roof sheet

MiaSole Flex Series PV modules

S— ]l \ e TEBT Room 401

//
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PV/T — desiccant system located at UNSW

a) The PV/T Plenum box
The Desiccant Wheel box

The Hot Air Fan box
The Supply Air Plenum box

The IEC box

The Datalogger box
The Electrical Control box

Colour Legend

- Uninsulated duct - Insulated duct - PV/T plenum box
- Supply air plenum box I:I Components supplied by UNSW/CSIRO include: the Desiccant Wheel box, the
Hot Air Fan box, the IEC box, the Electrical Control box & the Data Logger box
b) The Hot Air Fan box
The IEC box

The Desiccant Wheel box

The Supply Air Plenum box

131

Diagram of the Desiccant Air Conditioning system a) view from the front with the PV/T air plenum

box and b) view from the back without the PV/T air plenum box

LOW CARBON LIVING
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PV/T — desiccant — ground coupled

Heat sources from the PV/T water heating

|

Exhaust air I
Water to air heat exchanger Return air

E K sl B
9 s LJ - 6

| Return air fan

@

Space

Supply air fan

o—1 1 e S o B

e e e e e e e e e e
v

s
Ground source Desiccant wheel Heatexchanger  Ground source
heat exchanger 1 heat exchanger 2 ;
Outdoor air Supply air
Ground Water
11/30/2017 132

Figure 22 - The schematic diagram (top) and the psychrometric process (bottom) of a pre-cooled desiccant air dehumidification and cooling process
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CSIRO — water cooled desiccant wheel

Liquid shell upper half face plates
(drained of liquid)

Desiccant \

filled tuhe

desiccant filled tubes

face plate \

<

drive plates

Upper half

% Process Air : oz
| & Flow e ol
continually ; : , —
rotates

Lower half
airstream

i
Bund t
Liquid shell lower half

(immersed in water) Cooling water
flow

Cooling water
inlet to shaft

Drain
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Conclusions

« PV prices are falling fast
 Potential for PV/T to do that as well IF scale can be achieved.

« Desiccant cooling — particularly with some form of water based
or ground coupled pre-cooling or “inter’-cooling — offers lowest
temperature regeneration. Cost reductions again needs scale.

« Can we compete with low cost PV and high efficiency
compression?

« Acknowledgements: Jamie Adams, Lloyd Niccol, Mark
Eckermann (BlueScope), Dr Stephen White, Dr Mark
Goldsworthy, Marl Peristy, Roger Reece (CSIRO), Dr Jose
Bilbao, Jinyi Guo, Xingchao Zhao and Simao Lin (UNSW)
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, »
Solar Analytics
Behind the Meter Energy Data
And other fun stuff

Renate Egan,
Solar Analytics
renate@solaranalytics.com.au

solar @y analytics



Australian Market
Unlike anywhere else in the world ...
Leading in residential, lagging in utility scale solar

* High penetration distributed generation
— Average 25% available households
— 70-80% in some areas

* |solated microgrids

» Diverse climate zones

 Engaged and informed market

» Lots of learning by doing

« Technology moving ahead of policy and
regulation

* New markets, new services, new business
opportunities WWW.apvi.org.au
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So Much Generation... Behind the Meter

Data from 8,000 Ausgrid solar
energy systems shows that
approximately 51.8% are not
performing at capacity
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Solar Analytics

We can tell if your
solar energy system
is working as expected
and if it's not... -
we ca'cell you what's wrongles«
and what to do about it. -
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Site Specific Battery Estimator

THINKING ABOUT A BATTERY FOR YOUR HOME?
CALCULATE

BW® \We can now tell you what size battery would be suitable for your home based on MY BATTERY
" your power usage.

BETA
JARNASON ALEXANDRIA

Based on your production levels and consumption history, a battery size appropriate for you would be:

BATTERY SIZE: GRID USAGE REDUCED BY: COST OF BATTERY: SAVINGS PER YEAR:

7 kWh 36.06 % $9600* $437.82**

solar @ analytics

solar @ analytics
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Energy Storage

33 OO/
V002 Batery s
@77 kWh)

"rentlyin a state of:

Dischargp, g

Thursday 16 Februsiny 2000«

12am fam 12pm Gpm 12am

produced @ consumed B battery

solar @ analytics
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Success

PERFORMANCE

 Solar Focus
— Engaged Custome

— Retailer Benefit
January 2017

— Industry Benefit 99 70/0

Monthly average solar performance rate
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Solar Analytics

Empowering people to navigate the energy transition

in less than 3 years

300-17/,000 customers
2-350 solar resellers

0 to 5 energy retailers
5 countries

4 states in the US

AIR CONDITIONER ELECTRIC CAR

LOW CARBON LIVING




Power In the Data Data

Services
Demand Fault

Detection
Response
Energy Tariff
Trading | | Il' Optimisation
Net and
Gross
metering
Retail

Platforms



Detailed Energy Insights

Real Time Data

6 270
MeaSUI‘em ents : Power (kW) —Voltage (V) ret
o Energy — 4 rl‘l_ 1 N‘meflr_lﬂl ll‘ | ! 262
gg Iﬂ1 _ I'/ Mﬂ AMU j\ /M'l 258 S
generated Y ™ ) Ly | &
g | itV WL S
* Energy — exported b
®* Power - real 0 246
. : :f : ¥ : 3 3
®* Power - reactive S S 3 3 3 3 S
* Power factor = = = = 2 e =
®* Power, min, max
®* Frequency, min,
max LOW CARBON LIVING
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Detailed Energy Insights
-~ - . e
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Individual solar generation (kW)

Adelaide Voltage Event on 3 March 2017
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« AEMO report into the event is here.
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https://www.aemo.com.au/-/media/Files/Electricity/NEM/Market_Notices_and_Events/Power_System_Incident_Reports/2017/Report-SA-on-3-March-2017.pdf

Live Power Feed

South Australia

3750 | MU AUSTRALIAN 8 Feb 2017

WEN PV INSTITUTE

2,250 MW

6:45 am
Total MW (PV)

SA 1,308 MW (0 MW)

1,125 MW

OMW
400 6:00 8:00 10:00 12:00 1400 16:00 18:00 20:00 2200
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solar @y analytics

The world's most intelligent solar monitoring

renate@solaranalytics.com
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_ _ LOW CARBON LIVING
Research into action CRC

Community buy-in: engaging schools
In lowering carbon

Dr Vanessa Rauland 29 Nov 2017
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TIMELINE

Local

SFSHS certified as Council Low Carbon
1st Carbon Neutral recruited to Schools Pilot

ludes
School! (2012) partner conc
(July 2015) (Dec 2017)

Scoping 15 schools, 3 All 15 schools
Study/Market councils
Research recruited 4 Pilot, carbon
(Dec 2014) + research neutral

rose
(DLJQ?S%) (July 2017)

become

O e o corsn




PARTICIPATING SCHOOLS — METRO PERTH

1800

1600

1400

1200

1000

80

o

60

o

40

o

20

o

, mll NN
P1 P2

P3 P4 P5 P6 P7 P9 H1

Student Numbers 2015 & 2017

P8

Local Councils # Schools

P10 H2

H3 H4 H5

% Curtin University

City of Fremantle 6 Level # Schools Type # Schools
City of Cockburn 2 Primary 10 Public 14
City of Melville 1 Secondary 5 Private 1
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PROGRAM STRUCTURE

&

5 Workshops Calculate & Plan
First 6 . Emission Baseline
months - . .
. Carbon Reduction Action Plan
. Low Carbon Policy
Meet-ups &
Implementation . Share experiences

Next 18 -
months # . Accountability
. Monitoring progress

O oucarson




EARLY RESULTS...

1

%

126 water initiatives

163 waste initiatives 3 3 8

232 energy initiatives ; 2
(electricity &gas)

O e oo



KEY INITIATIVES

e Security lights

restrictor
Flow restrictors Chilled water fountains

Fridges

Data loggers
Water leaks Fixture charges

Faulty urinals

Gas pilot lights Uncommissioned BMS...

studentms

Auto-shut down of computers switchoff

Holiday switch off
T oo o oo




CARBON REDUCTION
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climate

clever
The

Wy ClimateClever
Initiative

Creating low carbon, high performing
schools & communities

O e o corson



Problems facing schools:

Inefficient school buildings

Wasted $$ on utility bills

Lack of comparison data

Ad hoc sustainability initiatives - no systematic approach
No process to integrate sustainability into curriculum
Challenges on how to teach STEM?

Tight budgets

,1---_;.,T'%',_;;‘.-i climate
clever

T g caroon




SOLUTION

climate

Clever

Measure Audit

Our online Carbon Tracker Our online Building Audit Tool
helps schools to calculate their allows students to understand
operational carbon footprint in how their buildings & facilities

a standardised way, providing consume resources & therefore
benchmarks & baselines for perform. This can be tracked
comparisons & the ability to annually to identify & better

track year on year. All data will understand changes in the
be aggregated & de-identified carbon footprint & how assets
to maintain privacy. compare with other schools.

LOW CARBON LIVING
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WHAT IT DOES...

climate
clever

Affordable, online, data-driven student-led program

— Calculates & tracks carbon footprint

— Compare schools across Australia (& the world!)
— ldentifies opportunities to reduce

— Systematic & interactive process

— Manages & tracks initiatives, shares success/learnings/
progress using innovative technology

— Engages students, their families, school communities
Saves schools $$ on operating costs

O e o corsn



climate
Clever

Home
Version

Carbon Calculator of App

Curriculum Measure Audit Manage
Resources

Quarterly Access to
Online + CC staff
Meet-ups for advice

LOW CARBON LIVING



MARKET VALIDATION
15

! Funding to date
Traction/sucoess

e Carbon Neutral school 2012

 Market research in 2014
* Pilot 2016-2017
* National pilot 2018

!

100

O e Efmas oo




MARKET SIZE

9,414

Schools in Australia

« 1,738 Catholic schools
* 1,042 Independent schools
* 6,634 Public schools

» 1,200 schools in WA

922’86

O e Efmas oo



BUSINESS MODEL

SAAS + support
chools

Communities

$8/student/year

International > Home > SME'’s > Orgs...

e levar: (g careon e



TEAM

Dr Vanessa Portia Odell Kathy Anketell Chantal Caruso  Fredy Bernal
Rauland CRC Researcher Program Research Carbon
MD Social Impact Coordinator Assistant Accountant

- lever: (e coReon e



VISION & ROADMAP

Local_ Low Carbpn —— Carbpn ?eo C?jtcgg?é? ClimateClever launches
COL_JnC|I Schools Pilot Schools Pilot ! SME & Orgs Program
recruited to Launch concludes pilot
(Dec 2019)
EE (Jan 2016) (Dec 2017) (Feb 2019)
(July’2015)

SFSHS certified as
1st Carbon Neutral
School! (2012)

2014 2015

Scoping 15 schools, 3 All 15 schools

: ClimateClever ClimateClever 1000 schools
Study/Market councils

T become Initiative launches recruited in
Research ec+U| - r'lo ; carbon launches globally - 100 Oz
(Dec 2014) e neutral nationally schools (Jan 2022)

(o0 2055) (July 2017) (Feb 2018) (June 2019)
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PARTICIPANTS
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BLUESCOPE University of
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The CRC for Low Carbon Living also works with an extensive range of government and industry third parties at a project level

CRC for Low Carbon Living Ltd  Twitter @CRC_LOL - Business
wiwwlowearbonlivingere com.au P +612 9385 8402 = Dwarmetetimduiry, | Cocperative Research
info@lowcarbonlivingcrc comau F: +61 2 9385 5530 lanevation asd Sciemor Centres Programme
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Thank you

To find out more, contact
CRC for Low Carbon Living Ltd
Room 202-207, Level 2,

Tyree Energy Technologies Building
UNSW Sydney NSW 2052 Australia
E: info@lowcarbonlivingcrc.com.au
P: +61 2 9385 5402

F: +61 2 9385 5530

Twitter: @CRC_LCL
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Transforming waste:
Recycling glass into
benchtops

Heriyanto, Farshid Pahlevani, Veena Sahajwalla
22 November 2017

s SMaRT@UNSW

Sustainable Materials Research & Technology
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Glass Recycling

Seurce: FOST Plus

Glass is very durable and 100%
recyclable.

Recycle glass is substituted for up to 70%
of raw materials

Glass can be recycled endlessly without
losing any purity, and is one of very few
materials that can do so.

Glass can take 4000+ years to
decompose

Lower energy consumption in producing
new glass

@"Q -

Collection Purification

GI'ASS Optoelectronic

{ systomdg. o T

prsggcts ‘
Forming Cullet melting
LOW CARBON LIVING
S | SMaRT@UNSW CRC
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Different Types of Glasses

point

Soda lime glass (most widely Inexpensive, easy to melt and Windows, bottles, 724°C
used glass)— contains Na,Os, shape light bulbs, jars

Al,0,)

Lead glass (contains 20-30% High density, very easy to melt, Fine cyrstal radiation 600°C
lead oxide (PbO)) shape, cut and engrave. windows, TV tube

parts, perfume
bottles, crystal

beads

Types of glasses Properties Application Softening
point

Borosilicate glass (contains 5-  Very good thermal shock Lab ware, kitchen 821°C
13% B,0,) resistance and chemical durability  ware, special light

bulb, glass pipe
Aluminosilicate glass (contains  Excellent thermal resistance, Combustion tube, 910°C
5-10% Al,O4 durablility high quality

fibreglass
High silica glass (using 100% Outstanding thermal resistance Spacecraft windows, 1683°C
fused quartz) labware, fiber optics

s SMaRT@UNSW Low CARBON LIVING
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Grenew® Products

Analysis

Products

s SMaRT@UNSW Low CARBON LIVING
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Grenew® Glass Panels

Flexural Strength and Modulus of Elasticity

Flexural and compressive strength (Comparing to the standard)

600
538

1] 47 .8 SO =
- £
£ =3
= 40 — 37.5 200 =
; :
E 30 300 5
-t &l
= =
m LA
=0 200 5
=] ]
= 169 E‘

10 100 8

1]

=]

Density 2113 2087

MOE 13.91 14.15 10.12 13.62 16.89 15.04

Types of stones

| SMaRT@UNSW LOW CARBON LIVING

Sustainable Materials Research & Technology C R C



Grenew® Glass Panels

Constant Load (10N) Progressive Load (1- 100N)
.,
|
Tested
specimen
Ruby ball Diamond tip
/ Pl
50 mm mark ¢ 50 mm mark
%mark »‘ 0 mm mark
Wear resulted from i Scratch depth increase with
oscillation of ruby ball increasing load of 1-100 N
A between 0 and 50 mm mark between 0 and 50 mm mark

-/ SMaRT@UNSW

Sustainable Materials Research & Technology
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Grenew® Glass Panels

Scratch resistant test

100 50
90
0
80
70 -0
E ——Load
60 2 _
-100 £ Resin
= o
£ 2 ——pGC
o 50 c
s S marble
| = )
-150 = ——Granitel
40 Q
S Granite2
o
Eng.stonel(brown)
30 -200 .
Eng.Stone2(white)
20
-250
10
0 -300
0 0.5 1 15 2 25 3 35 4 45 5

Scratch length (mm)

Penetration depth of tested samples
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Grenew® Glass Panels

Wear profile of tested samples and correlation of wear resistance with hardness

Wear (Resin)
15
10
€ 5
3
p= 0
25
210
g
15
= Av. Wear vol.:
-20 20.575E-3 mm3
25
Wear length ( mm)
Wear ( engineering stone 1)
€
=
=
o
[
-o -
@
v -15 Av. Wear vol.:
= -20 4.1383E-3 mm?3
-25

Wear length (mm)

Wear depth (um)

Wear depth (um)

Granite
15
10
15 Av. Wear vol.:
-20 7.6531E-3 mm3
-25

Wear length (mm)

Wear (Engineering stone 2)

-15 Av. Wear vol.:
-20 4.3031E-3 mm3
-25

Wear length (mm)

Wear resistance

Wear depth (um)

Wear (PGC)
15
10
5
0
5 0.5 1.5 2
-10
15 Av. Wear vol.:
-20 2.6976E-3 mm3
-25
Wear length (mm)
~
Increasigg load, particle size and
angularity
~
~ ~
~ -~ - -
Hardness ~~« _
Ceramics Metals

Toughness

) SMaRT@UNSW

Sustainable Materials Research & Technology

LOW CARBON LIVING
CRC



Grenew® Glass Panels

Scorch test of PGC at 8 different temperature

Hot steel

White
mark

Burn mark

'500 '600 200 800 %o
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Grenew® Glass Panels

Schematic and characteristic of horizontal and vertical
burn for UL94 flame retardant test

Horizontal burn (H-B)

Vertical burn

Specimen
setup

Description

Characteristic
S

Pass
requirement

——

b

First test (Least flame-
retardant UL94 rating)

Slow burn

Pass the test if the
specimen takes more
than 3 min to burn 4
inches.

Second test after the specimen pass the H-B test

Self-extinguishing

V-0: self-extinguish within 10 secs after five
applications of 5 secs each flame (Best) (No flaming
drips are allowed)

V-1: self-extinguish within 60 secs (good) (no
flaming drips are allowed)

V-2: self-extinguish within 60 secs (flaming drips are
allowed)

SMaRT@UNSW

Sustainable Materials Research & Technology
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Grenew® Glass Panels

Flame retardant testing of different samples

Samples Horizontal burn Vertical burn (Average total flaming

combustion)

PGC Pass (self-extinguish) V1 (< 225 secs)
Commercial samples
Marble Natural stones do not contain polymer binder, therefore they
Granite passed all the required flame retardant test.
Quartz
Engineering Pass (self-extinguish) V1 (< 210 secs)
stone
LOW CARBON LIVING
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Grenew® Glass Panels
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Grenew® Glass Panels

N SMaRT@UNSW Low CARBON LIVING
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Grenew® Glass Panels
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Grenew® Glass Panels
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The CRC for Low Carbon Living also works with an extensive range of government and industry third parties at a project level

CONTACT US

CRC for Low Carbon Living Ltd Twitter: @CRC_LCL Australian Government Busi ness
www.lowcarbonlivingcrc.com.au P: +61 2 9385 5402 Department of Industry, Cooperative Research
info@lowcarbonlivingcrc.com.au F: +61 2 9385 5530 Innovation and Science Centres Programme
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Thank you

To find out more, contact
CRC for Low Carbon Living Ltd
Room 202-207, Level 2,

Tyree Energy Technologies Building
UNSW Sydney NSW 2052 Australia
E: info@lowcarbonlivingcrc.com.au
P: +61 2 9385 5402

F: +61 2 9385 5530

Twitter: @CRC_LCL
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