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Carbon dioxide (CO2)

Carbon dioxide (CO2): Carbon dioxide enters the atmosphere through burning fossil fuels (coal, natural gas, and
oll), solid waste, trees and other biological materials, and also as a result of certain chemical reactions (e.g., cement
production)..Carbon digxide is removed from the atmosphere (or "sequestered"”) when it IS absorbed by plants as
part of the biologica ibon cy le,

.-_rl.—_.
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Methane (CH4) small fraction

lost to stratosphere in
reactions with OH™, ClI~, and O~

=

melting permafrost

anaerobic methanotrophs methanogens
oxidation by in soil

microbes co, H,0 nutrient-rich seabeds

hydrates and clathrates

dry soil oxidation
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Nitrous oxide (N20)

Total N2O-N Emission = 17.0 Tg N2O-N yr'
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I | 1; 0.4 (2.4 %) | 1
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Fluorinated gases

Milestones in the History of Stratospheric Ozone Depletion

- Scientific Milestones | AT | Peakglobal emissions 1995 Nobel Prize in Chemistry |
0 0 UltraViolet (BUV) of azone-depletin :
e Z n e aye r e p e I 0 n el |[ instrument | substances?i 987g terCratzen; balinaand Hokland |
Sos?;':fllg%?l | launched-1570 | | Stratospheric abundance of EESC |
y WMO World Ozone Ozone hole reported | | in midlatitudes down 18% |
0 (0 ) 0 (0 ) IData Centre-1960 : overAntarcltica—‘IQSS | | from 1997 pelak-2018 |
zone (03 xygen (O, | ]
[HEHE- EEEEEEEEE SR o cHEo  BEEEE CH EEEEEEE - BEEEEEEEEEEEEEEEE ) BEN: B
CFC molecule re——— —
o Global surface observations l ; = Ulpper stratospheric ozlone begins to iracrealse
/ I of CFCs reported-1973 | Stratcsphgnc Aerosol & as a result of the ODS phaseout
I ) | Gas Experiment | (SAGE-1)
(o) CFC ozonefde.pletlon | instrument launched-1979 Peak stratospheric abundance of chlorine
hypothesis-1974 and bromine (EESC) in midlatitudes—1997
I i ) .
| e e . i ggzaclt%znc:r;teer:na F(J)pr:flnS% Lﬁb@miﬁryt field, S?Jd quel:jng ftudles
Stratosphere & reported as inst tl hed-1978 show chlorine and bromine deplete
Chlorine potent greenhouse gases-1975 INSTMIENE IR UNCHEE polar stratospheric ozone-1985-1989
| | | | | |
0204/5‘ monoxide (ClO) International Scientific | WMO Atmospheric | | |
I WMO World Plan of Action '

on the Ozone Layer-1977 | 1989 1991 1994 1998 2002 2006 2010 2014 2018
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WMO The Stratosphere 1981: |

Theory and Measurements |

STRATOSPHERE

2005-IPCC/TEAP Special
Report on Safeguarding the

|

[

|

|

|

J

[

Assessments

44}2(;? l Ozone-1985 ! UNEP/WMO Scientific Assessments of Ozone Depletion :
I

]

I

I

WMO Report of the International :

Ozone Trends Panel-1988
|

I

| |
I Ozone Layer and the |
| Global Climate System |
| |
| |

Montreal Protocol Montreal Protocol I Control of production

|
|
|
|
Milestones | Amendments
|
[
[

London-1990 | Global production | and consumption
| Copenhagen-1992 of CFCs and °fa|] ODSs by all
| Vienna—1995 I halons ends-2010 | parties-2013
| Montreal-1997 HCFC accelerated phaseout Kigali
Beijing-1999 (Montreal-2007 Adjustment) Amendment

Montreal Protocol on Substances |

that Deplete the Ozone Layer-1987 I' il l l ll 1 ]
| EEEER B EE HCER ECE ENEEEEEC 0 HE.-HECEEN
| Vienna Convention for the J L _]

2016 ;

i — "y

|
Global consumption of ODSs

reduced by 98%-1986 to 2008

Montreal Protocol I
universal ratification
(196 parties)-2009

—=

Protection of the Ozone Layer-1985
| | I
| [ |

FIGURE 2: Global HFC Consumption by Sector, 2012 (tonnes CO;-eq)

Aerosols  Fire 20 [ Emissions of halogen source gases (ODSs + natural sources) 7]
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1000 |~ — <1% 15 |~  observations or industry data |

- O Future projections
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Embodied
Carbon

Embodied carbon—also known as embodied greenhouse gas (GHG)
emissions—refers to the amount of greenhouse gas emissions associated with
upstream—extraction, production, transport, and manufacturing—stages of a
product’s life.
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DEFINITIONS AND ACRONYMS

GWP - Global Warming Potential - as developed to allow comparisons of the
global warming impacts of different gases. Specifically, it is a measure of how

much energy the emissions of 1 ton of a gas will absorb over a given period of
time, relative to the emissions of 1 ton of carbon dioxide (CO2).

PCR - Product Category Rules - are a set of specific guidelines that provide a
standardized method for assessing the environmental impact of a product or
service throughout its lifecycle.

LCA - Life Cycle Assessment - Is a tool to assess potential environmental
Impacts throughout a product's life cycle, i.e., from natural resource acquisition, via
production and use stage to waste management (including disposal and recycling).
The term 'product’ includes goods, technologies, and services.

WBLCA - Whole Building Life Cycle Assessment - method studies the totality of
products present in a building,

Baseline - the counterfactuals against which we compare the selected case — for
example the fuel, food, clothing and building material that would otherwise have
been used if the functional unit were not. OR an overview of the already available
data as well as the current applications of LCA in a country
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PCR Product Category Rules

B3| B4 | BS

: 0 1] 0 | 916E+0 | 248E+0 1 44E+0
QDR {kg CFC11-aqv | 1,23E-5 145E.5 | 4 58E.T 0 i 0 | 1.14E-6 | 3.92E.7 A04E-T
POCP kg CoHy-aqv SA4E-2 1.34E-2 | T21E4 0 ¥ 0 1.80E-3 | 302E-4 200E-4
AP kg SO, -aqv & 27EA 4 41E-1 | 281E:2 0 0 0 | 7.03E-2 | O.50E-3 0.33E.3
EF kg pnf'..aqu 2 H1E-1 105E-1 | 656E-3 0 0 0 | 164E.2 | 2.53E.3 2 26E.3
ADEM kg Sb-agqv S25E4 J00E4 | 580E-7 0 ¥ 0 1ASE-6 | GE4E-S 1 42E-6
ADPE MJ 2.51E+3 1.30E+3 | 2.06E+1 0 0 0 | 1.27E+2 | 3.66E+1 2. 76E+1

GWP Global warming potential; ODP Depletion potantial of the siratospheric ozone layer: POCP Formaltion potential of tropospheric
photechemical cxidants: AP Acidification potential of land and water: EP Eutrophication potential: ADPM Abiotic depletion potential for
non fossil resources: ADPE Ablotic depletion potential for fossil resources

Unit

AT-A3 Ad A5 | B1|Bz|B3|[B4a| B5| cCi c2 c3 c4
RPEE MJ 1.27TE+2 | 224E+1 | 2.1ME-1 1] i 0 i) 0 | 5.26E-1 | 5.20E-1 4] 2ATE-1
RFPEM MJ 3.29E+0 0.00E+D | 0.00E+D 1] 0 L o 0 | 0.00E+0 | 0.00E+D ¥ 0, 00E +0
TPE MJ 1. J0E+2 2ME+1 | 21EA ) 0 a 1} a 5.26E-1 | 5.20E-1 0 2. 1TE-1
MRFE MJ 280E+3 1.49E+3 | 51TE= ) 0 L 0 0 | 1.28E=+2 | 3.00E+1 0 2 88E+1
SI=1=F% MJ D00E+D | O00E«D [D0DE«D| & | O 0 i] 0 | 0.D00E+D | O.00E+D i) 0. 00E «0
TRFPE MJ 2 O9E«3 149E+3 | 547TE«1| O | 0O i i) 0 | 1209E+2 | 3.9DE+1 i) 2 BGE+1
SM 'E'g' T GAGE+l | ODOE+D |DOOE+D| O | O | © | O | O |ODDE+D|O00E+0| © 0.00E-0
RSF M.J 0.00E+D 0.00E+D | O.00E+D g1 0 0 o 0 | 000E+D | O.00E+D 0 0, 0E +0
RSF MJ O00E+0 | OODE+D | OOOE+D | © | O ] o 0 | 0D0E+D | 0.00E+D 1] 0 OOE +0
W m?' 4 98E+0D g.43E-1 1.42E-2 @ | U 0 H 0 355E-2 | 1.82E:2 3] 2.2TE-2

RPEE Renewable primary energy resources used as energy carrier; RPEM Renewable primary energy resources used as ravw materials:
TPE Total use of renewable primary energy resources; NRPE Mon renevwable primary energy resources used as energy carmer; NRPM
Mon renewable primary energy resources used as matenals; TRPE Total use of non renevwakble primary energy resources, SM Use of
secondary malterials; RSF Use of renewable secondary fuels; NRSF Lise of non renewable secondary fuels; W Use of net fresh water
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Life Cycle Assesment (LCA)

STAGE
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THE

CONSTRUC-
PRODUCT TION

LIFECY-
MAINTAIN AND USE END OF LIFE CLE

Embodied Embodied Embodied Operational Embodied Embodied

GHG
Emissions

ﬂ[l]]k é‘)_ﬂ_L,ﬁ'ﬁ--m{“’

[
Time
Extract Transport Manu-  Transport Con- Use hMainte-  Repair Replace- Refur-  Energy Water Demol- Haul away Recycling Disposal Reuse/
=0 to factory  facture o site struct nance ment  bishment Use Use ish the waste Recovery
materials products the building  materials
Building
a1 | a2 [ as | e | as B o1 [calcslca| o

MODULE | | | @ Mew Buildings Institute

+—Cradle to gate

< Cradle to grave >
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Design process implementation

schematic Design Design Development Construction Documentation
a1
TYPICAL =
PROCESS ‘
Life-Cycle
Assessment
ITERATIVE LCA (1 ? ! I:Ill ?..
WORKFLOW 'O 'O O | O O o O :

Analysis of Design-Option Whale-Bullding
Building Components Comparison Analysis
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Baseline / Design Studies

A Tale of Five Bricks

GWP

Baseline

2.9%

Thin Brick

< Pre-cast
- Concrete

S—

<Metals

Spray
Foam

Brick

Precast w/
Thin Brick

24%

31%

Min Wool

Batt Insul Min Wool

58%

Metal Lath

Brick e Cement

Mod 2 Board
iﬂﬁn Brick

Brick
Mod 1

Brick over Insul
Metal Panel

Brick on
MTL Studs

Brick on
MTL Studs

Thin Brick on
MTL Studs
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MEP _ Substructure ™

Where is the Embodied Carbon?

47%

Facade |
47,940
Internal &k_ i
Finishes Superstructure

6%

3%

6%

STRUCTURAL FOUNDATIONS STRUCTURAL COLUMNS WALLS FLOORS STRUCTURAL FRAMING

M Commercial M Education M Domestic
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Kg of CO:2 created (or stored) to create
each tonne of building materials

2500
2000
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0
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Wood Steel Brick
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CaCO3 > CaO + CO2

e

&

Raw Kiln and preheater/ Cooler? Cement mill Logis- Total

Quarry Crusher Transport’
mill precalcinator? tics®
Energy, 40 b 40 100 3,150 160 285 116 3,896
mega-
Joule/ton
CO,, 3 1 T 17 479 319 28 49 22
kilogram/ton Calcination Fossil

process  fuels
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[ ess cement = eSS embodied carbon

4000psi NW Concrete
NRMCA Industry Average LCA
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OPTIMIZATION - COMPOSITE FLOORS

Slab System - Typ. 40% of Struct EC

NW 2" 7.8 kgCO2e /sf

18 GA. =3.0 kgCO2e/sf LW3" 122 kgCO2e /sf 4==56% Increasel

20 GA. = 2.3 kgCO2elsf

2" Deck =27 kgCOZ&fo

3" Deck = 3.8 kgCOZe!Sf
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Case
Studies
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Stacked Bar Chart - Baseline vs. Proposed in GWP/m2

350

Building Unitized Panel Analysis

Life Cycle Stages A1-Ad, B4, C1.C4

Life cycle stages A1-A3

14.4% reduction
in total GWP

% - from basedline
25% reduction 6% reduction 8 Conared Sb
4000000 : ' in total GWP mcoroste Com
. X 0 F 5
—__ from basedline 2 ol e
: -—-_..--.__,____._‘__h‘ B  37% reduction T B Unitized Facade
‘ 8 & : Lebby and Roof Shell
- L SCM 50/ \ -
5000000 . 19% reduction ; g m Structural Framing
of mullion ~ 20% reduction _ mlmerior Prton
4m - : f ﬂ. X - 180 27% reduction ®Door
of mullion £ uni 13% reduction
; 9 ::ntltl:d B s et # Railing and Stair
& guardrail u Wall Finish
100 ® Floor Finish
« Ceilings
50
Interiors
G i o B | i === ae—— = — - S—
kg €O E/m Basalne Corcons Unitized Panel Windscrean & Guardrail
5' panel + intermediate 6' panel + intermediate 6' panel - intermediate
mullion mullion deletion
Embodied Carbon and Design Decisions
Life Cycle Stages A1-A3

§
g !r ?:mm:: m Unsm m hdiwu:u.:tm mﬂ m Amenity ::;::ﬂ Windscreen Thickness  Guardrail Thickness
. E i recycled content intermediate mullion deletion  height for security mdmwm mm mﬂ

8 70,000 kg COE 94,000 kg COE 20,000 kg CO,E
! 5B% incresse 63% reduction 15% reduction
O 1} it it »
i Design Development Set GMP Permit Set Cunain Wall Design Future Studies ¥
6/2022 12/2022 Assist 1/2023 ' i
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PARAPET FRAMING DESIGN -

e il S /e CONTINUOUS INSULATION
: e e e g oD Tramed I g i S 2,0 When More is Less - Although 50% thicker than
purup-h r.du“turbbn hr].?tcc'ﬂliminﬂﬁn t 'lll-ll.l.ll-lllllllll-llrllii ----- L L N R eI I iass .."' 1 @ l : . H g
ks o it t?n:nahd o oE \ / | i \ILCLI7 Polyiso(PIR), mineral wool board has 65% less carbon
e T
F o Ry Ny 7 2 i AR
ACOUSTIC CEILING TILES 3 CAVITY INSULATION
Plant-based ceiling tiles in corridors AL " Cellulose insulation has 50% less carbon
have 33% of the carbon of typical ACT ! than conventional glass fiber insulation
CEMENTITIOUS UNDERLAYMENT Z80) 5 N N ' Z ==\ TRIPLE-PANE UPVC WINDOWS
2.0 Specify Specifically - Using a low carbon | @ | PERTTE I8 S sy AT Z SO : Whsssssnsed E | Highar. embodied carbon than double-pane; 1.45%
alternative specification saves 35% mors carbon / | ' : A\ operational carbon savings pays back in 2-5 years
— , -~ — ° Presented for further discussion
|

WOOD FRAMED PARTITIONS

Cost effective, low carbon alternative
to cold-formed steel framing

i : _ === ' ‘ BIO-BASED RESILIENT FLOOR
| R :mj - ek 42% less carbon than conventional LVT
' . I ' 1 flooring, and promotes PVC-free interiors
o 1:- . - . . *aasnnnasnssans .

COMPOSITE CARPET TILE MASS TIMBER FRAMING
Red List free and only 50% of the | 42% less carbon than structural steel and

carbon of conventional carpet tiles | added biophilia benefit fo the community

= X | i =
— | ;' .
UNDERSLAB INSULATION _,gmaN 5 /=g |MPROVED CONCRETE MIX
:wﬂ N“ T.clhnﬂl l“ - R' Iu‘:in 2" @ L LI L IR A ‘..-.n-n-n-n-uuu e ""-"‘"'.i l 2-u SP-:i'fy SP'c;ﬁcﬂ"y e Rﬁquiring r
XPS insulation with ;"lntu’sutld fgum-gﬁuu l.| o @ performance-based Supplemental Cementitious

aggregate saves 55 metric tons of CO,e — = : = Materials (SCMs) saves 35 metric fons of carbon
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GLOBAL WARMING POTENTIAL BY LIFE CYCLE STAGE AND RESOURCE TYPE

140
¥33%
r [ ] 1
|Gl
I ir:minn l

140

120

S
Al-A3

BARRIERS

STEEL
GIRTS

40

0
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Y
0
0

20
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FL

0
Baseline Proposed Lmnn; Iaa-nmud Baseline I.man; Iﬁuurnad
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91X of carpet was reused In s
as-found condition in the existing space
10 eliminate wasted material suil in
usabile condition. The exlsting carpet was
incorporated into the new project palette.

Where new carpet was unavoidable,
exigting, uncisimed attic stock from
fooring distributors was used.

Barn door built from
disearded faoring

HINES SEATTLE HEADQUARTERS

The path towards zero carbon

REUSED MATERIALS

S0% of the dodrs are existing of
relocated within the project. New
frames and ralites Whare necotary were
designed {e match existing conditions.

NEW SALVAGED
L&)

Lobby and Reception Furniture
built with wood products
manutactured from reclalmed
cargo dunnage

The 190 &1 entry glazing 15 salvaged and
reframed from a demolished conferonce

room in the axisting space.

CONSTRUCTION
o

Conference table bullt with salvaged
wood from locally felled trees.

Existing perimeter offices were
incorporated inlo the new renovalion
space plan, lowaring the need for
demelition and new paditions. Where
partition demolition was necessary,
Insulation was saved and donated to
e biailcling effarts af a local cemmunity
affected by food damage.

Feature Waill designed and bullt
utilizing more than 1,100 &f of
discarded offeuts fram local wood
manufacturers and fabricators.

TYPICAL RENOVATION
APPROACH

CARBON REDUCTIONS

|

65% embodied carbon
reduction made
possible by maximizing
material reuse

HEADQUARTERS

OVERALL CARBON SAVINGS

2 YEARS OF
OPERATIONAL
EMERGY NEEDED T0
POWER THIS OFFICE

|
| 852 LESS

| || PAssENSER cARs
| OMN THE ROAD

| FOR ONE YEAR

543,048 LESS
GALLONS OF
GASOLINE
CONSUMED
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Where Does Fast Furniture Go? 0.0%
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Office
Implementation

From today to carbon neutral
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Start with Simple Steps  (nflate your tires)

e Push structural our engineers

e Consider simple design choice that lower embodied carbon

« Start becoming comfortable using LCA applications and begin
looking at product LCA's and PCR's

* Implement strategy for marketing purposes

e Simply ask ourselves "how much embodied carbon does this

take?"

Concrete Rebar Insulation Glazing Finish Materials

Z% 0 &

Select low- or Select low- Select low- or
no-embodied-carbon embodied-carbon no-embodied-carb
insulation products glazing products on finish materials

Optimize Use high recycled
concrete mix content rebar

14%-33% reduction 4%-10% reduction 16% reduction 3% reduction 5% reduction
None to low cost premium  None to low cost premium No cost premium 10% cost premium None to low cost premium


sebastian.toro
Text Box
• Push structural our engineers
• Consider simple design choice that lower embodied carbon
• Start becoming comfortable using LCA applications and begin looking at product LCA's and PCR's
• Implement strategy for marketing purposes
• Simply ask ourselves "how much embodied carbon does this take?"
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Start with Simple Steps (Inflate your tires)
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TOTAL CARBON (kgCO2e) BASELINE VS PROPOSED

CRADLE TO GRAVE

55%

quﬂ's: 6652331- -L T |' | &1 J
t L
A4: 47 55&

A4: 240729.2
A1-A3: 3182601.29
ENCLOSURE

STRUCTURE A4:162794.69
A1-A3: 1478279.03

STRUCTURE

PASELINE FROFOSED
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Average values for developed
countries, based on current
EMmissions.

Hang dry Recycle Wash Replace Eata plant  Switch Buy green  Avoid one Live Have one
clothes clothesin  typical car based electric car  energy transatlantic  car free fewer child

cold water  with hybrid diet to car free flight

Moderate Impact High Impact

0.8-0.2tCOLe >0.8tCOLe

snmental Research Letters
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Low Impact’ Moderate Impact High Impact
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thank you
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