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DELIVERING NET ZERO IN USE
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WHOLE LIFE CARBON

Upfront Embodied Carbon

Generated from the extraction, processing and manufacturing of materials used to
make, maintain, run and repair buildings (A1-5)

Operational Carbon
Product of energy consumed by the use of electrical power, heating and cooling
systems for the benefit of a buildings’ users (B6-7)

Lifetime Embodied Carbon

Maintenance and replacement of materials throughout the life of the building, and the
eventual demolition and disposal of a building at the end of its life (B1-5 & C1-4)

Carbon Offsetting

Required for a building project to meet net zero carbon commitments and can be
delivered through carbon sequestration and financing renewables offsite

Carbon Neutral & Net Zero Carbon

A Carbon Neutral organisation delivers zero direct and indirect carbon emissions.
Achieving Net Zero Carbon also accounts for indirect emissions outside of its control

Climate Positive

Actions that go beyond achieving net zero carbon emissions to create
environmental benefits and reverse the harm caused to natural systems
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WHOLE LIFE CARBON
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WHOLE LIFE CARBON
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FIGURE 1

A lifecycie chart shawing the
whole life carbon emissions over
tha e af a bullding and their
relaticnship to AIBA work stages
and RICS lifecycle modules
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UPFRONT EMBODIED CARBON
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A lifecycie chart shawing the
whole life carbon emissions over
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relaticnship to AIBA work stages
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UPFRONT EMBODIED CARBON

External walls

19% Windows and
axiarna dacty Internal walls and Roads, pathways
Stai d e partitions and pavings
airs and ramps ‘ 306 4% External drainage
1%
1%
~ Wall finishes

Upper
Floors &

Celllng ﬂnlshes "

Roof
27% Floor finishes
2%
Frame
4% Basement |
retaining wall External services
Ground floor 0% 0%

construction
4%



UPFRONT EMBODIED CARBON

Structure & Substructure

Most carbon intensive component accounting for up to 65-
70% of embodied carbon.

Facades

Need to balance embodied carbon (circa 15%) with key
role that fagade plays in improving operational energy
efficiency

Services
Hard to quantify (circa 15%) but requirement for
replacement over the life of building can be significant

Space and volume

Delivering efficiencies in volume and form can reduce the
overall material take and hence embodied energy

2 e on 18 £ A
3 Consicer the: carbon intenaity of
matenals

4 Optimise new structure and
reuss existing structure



SAVE | SUBSTITUTE | SEQUESTER

Save

This principle applies to the entirety of a development;
specify reused materials and give precedence to saving,
refurbishing and reusing existing buildings onsite over
demolition and rebuild, wherever possible.

Substitute

Encourage the substitution of less carbon intensive
materials, for example recycled aluminium in place of newly
mined and processed aluminium

Sequester

Specify materials that have carbon locked into their physical
make-up, such as timber framed curtain walling.

ONE BROADGATE




CONSIDER THE CARBON INTENSITY OF MATERIALS

BATTLE OF THE HEAVYWEIGHTS

Weighing up the pros and cons of three common structural materials

High strength-to-weight ratic means
a lighter structure and potentially less
cancrete in foundations

Long-lasting
Highly recyclable ...
.. though the embodied carbon of

recycled steel is still around 50% that
of new steel

P ial bly of simple steel
buildings or reuse of many components ...

... though thes seldom happens currently

Normally a high tonnage and embodied
carban value per building ...

... but thermal mass can deliver

$ oot o 1.
al

.- though only if concrete is exposed
Leng-fasting

Recyclable ...

. though mostly as low-grade aggregate
Reinforced concrete contains steel .,

« which can be recoverad at end-of-iife
Embodied carbon varies depending on
the mix and whether cement substitutes

are used

Can reabsorb some of the carbon released
during production over its lifetime

No afternative available for many
applications, particularly foundations

Usually the lowest embadied carbon of
any structure — the tree actually absorbs
CO, as itgrows

Needs to be from a sustainable source
— forestry must not threaten existing
habitats

With cross-laminated timber (CLT), larger
spans are possible .,

.., But CLT has higher ermnbodied carbon
than regular timber and its limited
strength-to-weight ratio still hinders use
in larger, taller buildings

Concarn over fire risks

End-of-life options range from rotting
in landfill and creating mathane (bad),
to being bumt as carbon-neutral fuel
(better}, or being reused (best). Little
end-of-life information available as
few CLT structures have ever been
demoalished



CONSIDER THE CARBON INTENSITY OF MATERIALS
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CONSIDER THE CARBON INTENSITY OF MATERIALS
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THE BLACK & WHITE BUILDING
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2 RUSKIN SQUARE

Headline Embodied Carbon Figure

558 kgCO2/sqm of GIA (42,610 sgm)

No basement

No transfer structures

Low carbon steel for structure

Low Carbon concrete for structure (70% GGBS)
Low carbon aluminium fagcade (recycled)

PR ..
- e

Headline Embodied Carbon Figure 558 kgCO2/sqm of GIA (42,610 sgm)



FACADE OPTIMISATION| COMMERCIAL

1,400 =

1,200 =

1,000

tons/CO.e

400 =4 ——

Brick Pre-cast
(+mortar) concrate

l paneal

Concrete  Insulation

Concrete Anodised [Doubls

columns

J

2.5 External walls

aluminem  glazing

2.6 Windows and
external doors

Paste

board

SFS

3.1 Wall finishes

FIGURE 22

Embodied carbon
companson analysis of
the carbon intensity of
various elements of the
commercial office facade
based on a typical bay.
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1 Expressed rebated jonts
betwesn precast concrate
column, oeation of joim

ustrative only

2 Profiled pracast concrete
column

3 Cutward opening, projecting
top hung windows, manually
operated by handie at centrs
of sill

4 Alumireurm window

& Clip-on aluminiurm fin

6 Angled brick sil

7 Pracast concrate spancirel
panel with brick siip or half brick
facing

8 Profilad corner 10 birick panel

9 Pracast concrete lintel



EXPLORE OFFSITE EFFICIENCIES +
MINIMISE ON AND OFFSITE WASTE

- As far as possible each component of the
buildings are pre-manufactured offsite to allow for a
compressed assembly phase on site.

Il

I

- The facade is formed by self-supporting precast
stone facades and steel / timber balconies.

|

|

i

- The fit out comprises off-site manufactured and
traditional drylined walls, partitions and ceilings,
timber batten acoustic floors, joinery, kitchens,
sanitary ware, floor finishes and decorations.

"

WILLIAM STREET QUARTER
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Carbon content of the facade panel is a sum of the —  FasdeCabinBidget
B fi & 153 Risk Contingency
carbon content of all of its Eompunents. The table below - Insulated Gilazing, Double Pane
=t £ [ Standard Brick [102.5mm)
allows for a fagade build up to be tested based on the sia @ Mineral wool eulation
area of each of ifs paris. Use the diagrams as a guide = SteelSupport Channel for Handset Brick
] SFE zystem [100mm ) @400mm centres & Sheating Board

for reqmred Iayers for each far_.ade type at Er’.’ll’“ﬂr Stage.
=

100
Input legend
There ars tuminput g or. Onz i numerizal and anather ubichrele st fram afised
drapdaun. 0

-
|kgC0Ze/m2 FSA)
inpathod Yol i biahsrha el panelares )
Facade Build-Up
Area Carbon Factor] Carbon Contey Carbon Conted Weight
Typical Fagade Bay Totzl Panel [m]  Window [m] Opaque Panel [m) Type m‘] Buildup [kaCO,eim?) [kaC0ee) [kaTTaedm® Fn) (kal
‘width Gilazin Insulated Glazing, Double Pane 20 20 24
Heighit Cladding Standard Erick (102 5mm] 32 a2 154
Total Area [m?] In=ulation Melineral Wool Insulation 43
Total Insulation ¥olume Cladding Steel Support Channel For Handzet Brick 94
WWR (3] Eacking SFS zystern [100mm) @400mm centres & Sheating Board (2] B3 43
»
Facade Carbon Budget
[kaCOgeim? FSA]
Typical Bay Carbon Con!
[kaC0eim? FSA) inel. Cantingensy
Typical Bay Weight 03
[tonnes] inzl. Cantingensy Contingency 162 12 a4
To remas alementz, plenze sraze the dats from the input Fieldz, do nat remave rows
i RAINSCREEN SYSTEM PANELISED SYSTEM UNITISED SYSTEM

Explalner Unicirss Subgrop Wl 2 et Vot St Unicinns Subgroug: Panal Wl St Wiciass Susqgros. Frame YWl
The Fagade Build-Up chart allows for combining different pre-defined build-up layers to Q) tanng @ Giea @ Gary
create cUIbom configurations, @ Catom 0 © Cinising
The term Backing refers to a system that supports the auter layers of the build-up, @ Backng @ i @ Lneina 5 e
‘when selecting a Structural Framing System, the area input refers tothe tatal area whers 0 insuiamon © Orvieina 5y O it
SF S iz the support system, the stud spacing has been accounted for, @ Dry -

‘When Insulation iz selected, the calculation uses the Insulation Y olume calculatedin
previous step, Similarly, Steel Supports for Handzet Brick use width of the pane|to
caleulate the carbon intensity.

Flzaze zee the Caleulation Worksheet toquery any build-ups, additionally, System
Ewilder can be used boinpuk custom materials or systems.

Include Cladding: Steel Support Channel for Handset Brick
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Home / Ratings / Ourratings / NABERS Embodied Carbon

NABERS Embodied Carbon

Today'’s construction decisions cement tomorrow’s environmental footprint.

With embodied carbon poised to dominate Australia’s building emissions in the Featured downloads
next few years, it’s vital to address this from the very first brick. El Niticrial omission factors
database - v1.0.xisx
On this page l:;—_ National emission factors
database - Technical workbook
Measure and compare your embodied carbon with NABERS — .

Built through partnerships and engagement .
L;] National emission factors

' rd in emissi database - EPD list - v1.0.xisx
What does embodied carbon mean 1o your building?




,‘ Materials and Embodied Carbon Leaders Alliance HOME ABOUT ~ PARTNERS ~ RESOURCES ~ EVENTS NEWS ~ CONTACT ~

Home » Resources

Resources

MECLA has over 150 member organisations collaborating across 10 different Working Groups creating resources about embodied carbon. MECLA pools

knowledge and expertise from across the supply chain to provide openly accessable documents for anyone in the construction sector and related industries

7

to use to help reduce embodied carbon. You can access these documents below:

=3. | Ik
DT

MECLA has partnered with the Supply Chain Sustainability School Limited to host their learning resources. Follow the link and create a free account to

view resources and track your personal learning history for professional development or accreditation programs.

https://mecla.org.au/resources/
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OPERATIONAL CARBON
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OPERATIONAL CARBON e

2 Fagade reducng

3 Sman senviong and controls

Site Layout

How the building responds to the potential of its site

Building Form

Balancing natural air & lighting with form factor & loose fit

Thermal Envelope
Careful design & detailing help manage the energy balance

Ventilation Heating & Cooling

Reduce energy requirements with natural ventilation

Solar Gain
Location and the orientation of glazing on a building

Occupant density
Number and density of people influence energy use

User Control
Giving people control over their environment and
ensuring they understand how their building works




SOLAR GAIN & MIXED MODE VENTILATION

D7 NHAM PARK SCHOOL g
m: Park Church Of EngiemG.& che




OPERATIONAL ENERGY e

2 Fagade reducng

3 Sman senviong and controls

Renewable Technologies
Onsite generation where a building generates through
PV and solar thermal

Energy Storage
Energy can be stored in a building passively or actively
through thermal heat stores and batteries

Review of Performance
Review operational energy performance of the building in
use and overall performance of the design

In-use optimisation
Optimisation right from handover to on-going use to
minimise energy consumption

Smart Buildings
Integration of automated controls to provide efficient and
targeted lighting, heating and cooling




WHITE COLLAR FACTORY
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INTEGRATED SYSTEMS

1. tall ceilings 2. smart servicing 3. simple passive facade 4. deep plan 5. concrete structure

2\ @ |
simple passive ':Q~’ concrete structure

tall ceilings Ml smart servicing
c ® 3 facade

thermal mass/

ﬂ ﬂ ﬁ * ﬂ* ﬂ | night time cooling
AddAdddd |

a7, iR e

glazing where it counts
natural ventilation when ek U L

solar shading where LT /

minimal provision

upgradable
passive systems




USER CONTROL
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FACADE OPTIMISATION| COMMERCIAL

SOUTH EAST FACADE

L09 E2 fagade

* Recass 400mm

» 5 x vartical shades

* hcrease depth of vertical and
honzontal shades

Level 09 E2

o sl soiar gan - 30wmy’
* Gvare
* \erticai ahaoe dapth - 8750w

* Horzontal aface aepth - S00mm

LO9 SE corner lagade

« Racess 400mm

* & x vertical shades, rotate 45 dey

« 3 x horizortal shades

* ncroease depth of vertical and
horizontal shades

Level 09 SE cormer

® amal sl gan - 30wm

e Govihe - 0.3

* Vertical shade degpth - B00mm, 45 deg acw
* Horizontal shade depth - 750mm

LOS E2 fagade

* 4 x vertical shads, rotate 45 deg
* Increase depth of vertical and
horizontal shades

Level 05 E2

o Intsemal gsolar gain - 29 2wy

e Govalue - 03

o Vstical shacke depth - 400mm, 45 deg acw
o Hanzonial ahade cepth - 400mm

LOS SE comer fagade
« 4 x vertical shade, rotate 45deg

* Increase depth of vertical and horlzontal shaces

Lovel 05 SE cormer

& Interml solar Gain - 29 Baim

® Gvalus - 03

» Vartical shade depth - 850mm, 45dsg sow
o Horizorial shade dagth - 775mim

LO2 E2 facade

* 2 x vertical shade, rotate 45 deg

* Increase depth of vertical and
'u‘mlwdm

Level 02 E2

® iren solar gan - 282w

o Gvaue - 03

* ‘Vartical shads depth - 275mm, 25deg acw
o Horzontal shade depth - 275mm

LO2 SE corner facade
* Incraase depth of hordzontal shades

| xﬁ |

Level 02 SE cornesr

© irdoonal solar Qan - 20 twiny

® Gy - (13

* Yertical shade depth - mm, Ooeg
o Harizontal shade depth - S50mn




LIFETIME EMBODIED CARBON
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FIGURE 1

A lifecycie chart shawing the
whole life carbon emissions over
tha e af a bullding and their

relaticnship to AIBA work stages
and RICS lifecycle modules
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LIFETIME EMBODIED CARBON 1.

3 Floxitle partition systams
4 Soft spots n the dab to enable
adaptation across floor plates

Defining Lifetime Embodied Carbon 5 Domourtatie tiing slments
Carbon associated with changes over time, climate and
emerging technology based on assumptions for the
replacement and maintenance rates of building elements
and components

~%

Replacement Repair & Maintenance

- 4‘ /‘
Materials, components and building elements, o~ p
need to be maintained and/or replaced a building’s life ;, -t
T W
Adaptation & Reuse 1Al ¢
Ensure that buildings can accommodate changes of use by fﬂ'}' ,. "‘

designing for future flexibility

\ AR
AT

Design for Disassembly

Investment of embodied carbon should be treated

as a future resource bank such that every component can _
be recycled or reused at the end of the building’s lifespan =

A

Lifespan v S 5
Components are designed so that their embodied carbon S ~d

can be given a useful life for as long as possible with - K
material passports to capture this information I A ‘ =




HIGH QUALITY | LONG LIFE

i

TOWER HAMLETS TOWN HALL | ADAPTIVE REUSE & CIVIC




DECARBONISATION & GRID FLEXIBILITY

wa T _
Live Supply & Demand
Mon 12 Aug, 11:45 (NEM Time)
s N 9
2]
L id "2
SA .
vic T ——
NSW
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> |
oo N g
Demand (Met by Rooftop Solar) == Black Coal
== Brown Coal - Gas
== iquid Fuel == Other
== Hydro = Wind
== Large Solar == Small Solar
Battery Storage Demand (AEMO Operational)
= Demand (Pumping Hydro) ** Demand (Battery Charging)

m Demand (Other)

http://reneweconomy.com.au/nem-watch/ National Energy Market



DECARBONISATION & GRID FLEXIBILITY

Figure 6: Annual share of renewable energy generation to total generation in the NEM, inclusive of largescale wind
and solar PV, rooftop solar, hydro and biomass

100% i

- i

o 90%

@

- 80%

&

B 70%

© .

5 ® Renewable energy supplies

é 60% 91% of the NEM's annual

§ 50% electricity needs by 2030

< in Deep decarbonisation,

g 40% and 100% by 2035

o)

g 30% ,

3 ® [nour business as usual,

§ 20% Current trends scenario,

© renewable energy is

2 10% : o

o projected to supply 64%

< 0% of the NEM's annual
2020 2025 2030 2035 2040 2045 j0s0  clectricity needs by 2030

and 94% by 2050
@ Current trends @ Deep decarbonisation ¢ Prosumer power
@ De-industrialisation death spiral States go it alone @ Clean energy superpower

https://reneweconomy.com.au/unstoppable-transition-australia-can-hit-91-renewables-by-2030/



GOLDEN TRIANGLE > CARBON SQUARE

Extending the project programme
decreases pressure on scope
and/or quality, carbon and/or cost

Shortening the project programme
increases pressure on scope and/or
quality, carbon and/or cost

Increasing the project budget
decreases prassure on scope
and/or schedule, cost and carbon

COST

Decreasing the project budget
increases pressure on scope and/or
quality, schedule and cost

Increasing carbon focus increases
pressure on scope and/or schedule,
quality and cost

Decreasing carbon focus reduces
pressure on scope and/or schedule,
quality and cost

Incraasing quality requirements
increases pressure on scope
and/or schedule, cost and carbon

QUALITY

Decreasing the quality decreases
pressure on scope and/or schedule,
cost and carbon



ECONOMY | EFFICIENCY | ELEGANCE

Efficiency

The principle of using the minimum amount of
material required to meet present need and future
flexibility can be applied to reducing emissions

Economy

The careful management of resources is an
approach to avoiding excessive carbon
emissions in the design, construction, operation
and decommissioning of a building

Elegance

Recognising when the attractive appearance of
materials in their finished state reduces, or even
eliminates the need to add more materials solely
for aesthetic reasons




KEY LESSONS

1. Performance Based Modelling
2. Set Clear & Ambitious Targets
3. Rethinking Appointments

4. Communication Is Key

5. Early Contractor Engagement
6. Team Coordination

7. Design Team Capabilities

S
b
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for net zero
\xiundings
—




