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Significance of Embodied Carbon
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Latest Facade Carbon
Reduction Initiatives (UK)

Table 1: LETI's embodied carbon targets by EPC rating. The design target was band C by 2020, which seems largely to have been
achieved, and for 2030 is band A. Note: figures include all building fittings and fixtures; targets for structure alone are typically 50—

65% of these values

EPC Target (kg/m? of gross internal
rating area)
——— Office Residential Education Retail
Upfront carbon (A1-AS] Current practice fagade design LET1 2020 target LETI 2030 target
KgCO/mpcaoe )
H Fagade contribution
Fagade solutions vs. targets | 10 overallcarbon A++ <100 <100 <100 <100
""""""""""""""""" 16% =
\ ey 3% s )
+ Unitised curtainwall \ N \ """" A+ <225 <200 <200 <200
+ 60% glazed (DGU) 0 k %
+ AverageEuropean ; i 8 ¥
I il — ! m— o A <350 <300 <300 <300
* External decorative / " /
elements
" ProseafromEane / B <475 <400 <400 <425
20%
(&) <600 <500 <500 <550
* Brick faced precast
concrete D <775 <675 <625 <700
AN * Aluminium windows
PO + 40% glazed (TGU)
« Average European
aluminium E <950 <850 <750 <850
1 * Mineral wool
* SFSsubstrate
* Procured from UK
F <1,100 <1,000 <875 <1,000
LETI targets (kgCO,/m?,.) converted 1o kgCO,/m?y,cae usinga form factor of
e ollicmsncoazion ol G <1,300 <1,200 <1,100 <1,200

Ref: https://wwa3.rics.org/uk/en/journals/built-environment-journal/reducing-

Ref: https://igsmag.com/features/carbon-led-facade-design/ embodied-carbon-in-building-materials.html
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Strategy Facade Facade Facade Facade
Architect
Consultant Designer Engineer Manufacturer
Building and fagade ratios for efficiency

Push dimensional efficiency

ARCH
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Cutback overshadowed features
Reduce mass of aluminium in frames
Green/recycled aluminium sources
More efficient design/engineering
Limit EC in external features

Thermal separation to external metal
Restrict total glass build-up

Reduce layers of materials in spandrel

(ﬁ
:—é 11 Embodied energy of fagcade materials
E 12 Low embodied carbon masonry
= 13 Benchmarks for precast concrete
14 Reconsiderrecycling impact
15  Avoid shadow boxes
(Z) 16  Duplication of stud wallsin CW
% 17 Avoid dark framing
% 18  Avoid vertical BIPV
8 19  Evaluate active facades

20  Packing materials



1. Building and facade ratios for efficiency

In the planning stage make facade , -
efficiency ratios as effective as possible:
. Wall to floor ratio

Taipei 101 Petronas Towers JinMao  International | Cln'lc Shun Hing CE&S' pet e Centre
. . Tower  Finance Centre Plaza Square P ina
Window to wall ratio 033 0.40 030 032 033 033 034 031 036

Optimize cladding zone
Orientation for performance

b~

Aim to achieve a high level of building
efficiency for a credit, wall to floor of 0.32

Heron Tower The Shard Pinnacle Bishopsgate 20 Fernchurch

or less and window to wall of 0.4 N/W/E 062 061 0.60 050 047 037 030

Figure 2. Comparison of the wall-to-floor ratio between London vs. Asian towers.
© AECOM Davis Langdon

D & Refer: https://global.ctbuh.org/resources/papers/download/255-

0 B S S — office-vs-residentialthe-economics-of-building-tall.pdf | ‘




2. Push dimensional efficiency

Floor-to-floor height (8% to 10% facade savings)
Residential 3.3m to 3.0m Commercial 3.8m to 3.5m

Cladding zone:
Structural optimization 150-170mm mullions

Changing Paradigm to improve efficiency:

« Exposed Ceilings (material and zone reduction)
« Ultra-thin LED Lighting

« Laser surveying for tighter building tolerances

« Reduce access floors (Wi-Fi vs fixed cabling)

« Planned duct set-downs at core perimeter

Aim to achieve a high efficiency floor-to-floor height
of 3.6m or less for commercial building, and 3.1m or
less for residential — based on premium grade internal
floor to celling.

2022 example 3.97m typical floors — illustrate
lots of room to make carbon savings:

Pitt St North  3750mm

Martin North 3800mm

Martin South 3780mm



3. Cutback features where overshadowing occurs

Consider self shading and shading
from adjacent buildings:

Carry out shading analysis
Assess areqas in permanent shade
Finalize location of sunshades

Avoid redundant shading devices,
where they are not required.




4. Reduce Mass of Aluminium in Frgmes
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5. Use Green Energy and Recycling in Aluminium Production

. , 100 200
Zero-_c?rbon power sources fuel less than a third of the world's ? Aluminium production MT =
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Source: Wood Mackenzie

https://www.woodmac.com/news/opinion/is-green-aluminium-an-

achievable-goal/ https://www lightmetalage.com/news/industry-news/recycling-
remelt/worldwide-post-consumer-aluminum-scrap-intake-surpasses-
20-million-tonnes/

Propose starting point 50% renewable power source and/or 25% recycled aluminium.



6. More Efficient Design and Engineering

see 1.2 chapter

Change the focus and imperative of design
and engineering to minimize material wastage.

[
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138 )
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*

see 1.3 chapte

Start with material efficient design concepts
Assess wind zones from Wind Tunnel Test
Determine wind load ranges for all zones
Carry out engineering analysis for each zone
Optimize mullion span to minimise section size
Propose a Low Carbon Design and Engineering - @i — o
\/eriﬂcgﬁon Cerﬂﬁccﬂ-e. Example of overdesign of framing and brackets

ok D




/. Limiting Embodied Carbon in External Features

Calculation of proposed limit:

Allow1mm thick of aluminium /m2
Assume 3.6m panel (commercial)
Equates to a 600mm fin

Fin build up 2 walls 3mm average
Proposed Limit = 30kgCO2/m2

Note: this is heavily influenced by
renewable energy and recycle
content (See ltem 3)

BUILDING ENVELOPE DESIGNED FOR DISS-ASSEMBLY

JEQUENCED IN REVERSE ORDER OF INSTALLATION
(ALL ASSEMBLIES / MECHANICAL CONNECTIONS ONLY
10 SITE CUTTING OF PRIMARY OR SECONDARY
SOMPONENTS REQD)"




8. Thermally Efficient Design

Minimize heat transfer through the facade by
fproviding thermal separators to all cladding and
rames.

Particular attention needs to be paid to the
influence of exposed metals that can be of the
order of 100°C when ambient conditions are in
the range of 30°C.

Design windows and solid panels to optimise
thermal efficiency (i.e. 1.5m to 2.0m wide panels)

RO.54
RO.53

RO.37

600mm  800mm 1000mm 1200mm 1400mm 1600mm 1800mm 2000mm 2200mm 2400mm

Figure: Relationship of window width to R-value (typical
curtain wall)
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9. Restrict the Total Glass Build U
Optimize the thickness of glass || [
Considering:
 Module size

« Treatment of hotspots
« Efficiency of Build-up
« Safety — Impact Issues

Proposal to limit DGU average
glass thickness to 16mm

Examples with laminated external panel and

laminated + mono DGU’s — well in excess of 16mm
https://docplayer.net/56702629-Council-on-tall-buildings-and-urban-habitat.ntml h ‘



10. Reduce Layers of Materials In Spandrel Zones

2022 Current High Embodied Carbon
Detail (5 parts):

1.

oML

13.52 Laminated Glass
6mm Toughened Glass
1.2mm Zincalum Back Pan
50mm Mineral Insulation
1.2mm Zincalum Back Pan

Low Carbon Alternative (3 parts):

1.
2.

6mm Heat Strengthened Glass
1.2mm Zincalum Back Pan

3. 50mm Mineral Insulation with foil face

Propose to limit spandrels to single back pan
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11. Embodied Energy of Facade Materials

Determine Embodied Carbon for
All Facade Cladding Options and

set an appropriate Limit.

50kgCO2/m2 is suggested as @
starting point based for low
carbon cladding

HAND-SET GRC STAINLESS BRICK ALUMINIUM PRECAST TERRACOTTA GLASS
STONE (FIBRE-C) STEEL CLADDING CONCRETE

Comparative Summary of Common Cladding Material Embodied Energy Ranges

Aluminium
(anodised)

Glass

Masonry

CFC
Steel
GRC
Precast

Figure

Embodied
Product Carbon
(kgCO2/m?)

3mm (93% recycled, 30% 58
renewable)

3mm (non-recycled, non- 175
renewable)

6mm toughened 45
6/12/6mm IGU 106
7.52mm lam. (PVB interlayer) 94
Terracofta 34
50mm natural stone 54
Single brick 38
Slip brick (25mm) 10
6mm Hardieflex 56
Imm sheet equiv. 20
20mm 30

150mm Concrete (100kg steel/m3) 121

: Indicative Embodied Carbon of Fagcade

Materials by Fagade Area hl



12. Promote Reduced Embodied Carbon In Masonry

Need to promote the reuse of existing
brick and the production of new low
carbon brick products.

(Proposal set initial benchmark at 25%
recycled - subject to availability)

Supply chains are needed for sun
dried and solar fired bricks in the
Australion market,

(Proposal - allow a benchmark of 25%
as an alternative to re-cycled bricks).

Note: Comparison of brick wall
options from USA, not Australia.

A Tale of Five Bricks

Baseline 2.5%
v <Metals S
y . ; . (J
-'Thln Brick | 31%
o - Spray Min Wool
E Foam Batt Insul Min Wool
© <Pre-cast 58%
- Concrete < Metal Lath
Brick Brick Cement
Mod 1 Mod 2 Board
Thin Brick
Precast w/ Brick over Insul Brick on Brick on Thin Brick on
Thin Brick Metal Panel MTL Studs MTL Studs MTL Studs

h’r’rps://cqrbonleodershipforum.org/focode—design—climo’re—chonge/




13. Precast Concrete Facades

Strategies for lower Embodied Carbon

Minimize extent of precast

Lower strength using less cement
Use fly-ash additive to concrete
Use blast slag additive to concrete

Assess new technologies — CO2 capture
admixtures

Minimize redundant steel reinforcement

Insulated precast subject to market
availability

NOo kb~

The following benchmarks are proposed for
limits on embodied energy in precast
facades:

* Non-load bearing precast 200kgCO2/m2
* Load bearing precast 250kg/m?2

Concrete Conarete ECO, (lkgCO/m?)

type (slump
class) CEMI
concrete

Blinding,
mass fill, strip
e GEN1 (52) 165
foundations
Reinforced RC25/30 —
foundations (52) **
RC28/35
Ground floors 295
(52)*
Structural:
in-situ,
superstructure, {RS?EW 345
walls, )
basements

Higher strength RC 40/50

concrete (52) ** “IE

* includes 30 kg/m? steel reinforcement
** includes 100 kg/m? steel reinforcement

https://www.concretecentre.com/Publications-Software/Concrete-
Compass/Low-Carbon-Concrete.aspx

30%
fly ash
concrete

120

245

245

295

330

509
GGBS
concrete

95

175

220

255



14. Design Lite, Durability and Long Term Recycling

Long term benefits of recycling
building materials in Phase D,
occur from 2070 onward for a

Supplementary

: - information beyond
Use stage embodied carbon the building life cycle

R, . . . A13 A4-5 B1-7 cl-4 D .
bUI|dIﬂg with a 50 year deSIgh life. ‘ PRODUCT | ’%g:gggctnm ‘ USE stage ‘ ‘ END OF LIFE Benefits and loads '

P . "‘c * stage stage stage _beyond the 1
This is well after the projected 2050 2|8 R bullding fe cycle I8
tipping point — so no benefit. s | S |[eS - el ;
Durability sufficient for a 50 year = | 5 |IEAEARYImEN S
facade design life and not rely on : il -

materials that are justified based
on recycling, when 2070 is too late.

Operational carbon* End of life carbon*

*Terms used in this report and B7 Operational water use

defined in the glossary below
Out of scope

It is still important to design for dis-assembly + recycling — but it doesn’t help short term emission targets h ‘



15. Avoid Shadow Boxes due 1o Dynamic Solar Heat Gain
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Therm, Windows Etc... More advanced models required

Ref:Lerum,K, "Dynamic Solar Heat Gain of Opaque Facade” Arizona State University, 2006



16. Duplication of Stud Walls Behind Curtain Walls

Avoid duplication of Structure: T

Use facade mullions to support
lightweight wall lining — and
avoid unnecessary stud framing.

Criteria to minimize wasted floor

area with knock-on increase to the
embodied carbon in of the |
structure. |




17. Avoid Dark Framing due to Radiant Heat Effects

Globe Temperatures

&
2
2
o
5]
Q
£
2
14
& & & & & & & &
\@Q 9 b'EQ S &8 K \,%QO n_‘bd) H%QO «%QO q'bQO & 5F 6“59 6'159
. & & & B
Example: External fins R S S A A
reaching elevated Time

Tempercﬁures of 100C - . = - e Globe Temperature(°C)- Unit 1103 Bed 1/ (New Blinds)
rodiofe heOT in-l-ernO”y 2 ~ i =l = = Globe Temperature(°C]- Unit 1003 Bed 1/ (Existing Blinds)

= External Temperature [°C)

Avoid metal with SA>0.45 and minimize metal



Nishi Canberra — wall mounted PV, embodied Under-utilization of far more efficient industrial roofing with
carbon break-even exceeds 20 years. (excessive) operation to embodied carbon breakeven of 4 to 6 yeor].

Note: PV panel lifespan of less than 20 years, makes it unviable in walls to reduce carbon emissions.



19. Active Facades — Initial vs. Operational Carbon Savings

Outer Skin: Unitized Curtain Wall
Frame

Inner Skin: Unitized Curtain Wall

Frame

A trade-off is needed energy savings S B
from active facades and the Ghase
embodied energy from the initial
construction. This needs to reflect the
urgent need to reduce carbon
emissions, meaning it is unrealistic to
justify energy savings over a long
period.

Inner Skin: Double Glazed

Proposal: To address the urgency of :,f;;::‘;’:ﬁ:.’eu
CO2 reduction the building running { ——— Materia
cost savings must offset the excess in KAshmaech fiee
embodied carbon of the active A BN Y
facade based on 10 years of normal Double Skin Facade

|h|

building operation.

Refer: https://gbdmagazine.com/closed-cavity-facades/



20. Packing Materials / Pallets / Stillages

Packing systems are re-usable including:
« Pallets

« Stillages

« Canvas Covers

« Packing materials

Require stillage designed for dis-assembly,
returning to the factory, recertification if
needed and reuse, plus recycling other
materials.
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